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Acronyms 

 Acronyms 
 
AAT  Adaptive Assessment Team 
ACM  Acoustic Current Meter 
AdaPT  Automated Data Processing Tools  
ADFM  Acoustic Doppler Flow Meter  
ADCP  Acoustic Doppler Current Profilers  
ADP  Acoustic Doppler Profiler  
ADV  Acoustic Doppler Velocity  
ANSI/ASQC  American National Standards/ American  
  Society for Quality Control  
ARDAMS  Automatic Remote Data Acquisition and 

Monitoring System  
ASTM  American Society for Testing and Materials  
AT  Assessment Team  
ATON  aids to navigation  
AVM  Acoustic Velocity Meter  
AWR  Animal Welfare Regulations  
BLS  Below land surface  
C  degrees Celsius  
CARSTAD Center for Airborne Remote Sensing Technology 

and Application Development 
CAS  Chemical Abstracts Service  
CCV  Continuing Calibration Verification  
CERP  Comprehensive Everglades Restoration Plan  
CFR   Code of Federal Regulations  
cfs   Cubic feet per second  
CGM  CERP Guidance Memorandum  
CIR  color infrared photography  
Cl  Chlorine  
cm  centimeters  
cm3  cubic centimeters  
COC  Chain-of-Custody  
CSDGM  Content Standard for Digital Geospatial 
Metadata 
CV  Calibration verification  
CWA  Clean Water Act  
D  Density  
DBH  diameter at breast height  
DCT  Document Control Team  
DEM  Digital Elevation Models  
DEP  Florida Department of Environmental Protection 
DERM  Department of Resources Management  
DET  Diffusive equilibration  
Dl  Distilled water  
DO  Dissolved Oxygen  
DOC  Demonstration of Capabilities  
DOC  Dissolved Organic Carbon  
DOD  Department of Defense  
DOH  Department of Health  
DOH  ELCP Department of Health Environmental  
  Laboratory Certification Program  
DOQ  Digital Orthophoto Quadrangles  
DM PMP  Data Management Program Management Plan 
DPD  Diethyl-P-Phenylene Diamine 
DQA  Data Quality Assessment 

DQI Data Quality Indicators 
DQO Data Quality Objectives 
DTW Depth to water 
EB Equipment Blanks 
EDD Electronic Data Deliverables 
EDTA  Ethylene Diamine Tetraacetic Acid 
ELCP  Environmental Laboratory Certification 

Program 
EM electromagnetic 
EOS Earth Observing System 
EPA United States Environmental Protection Agency  
EROS  Earth Resources Observation System 
ERT Environmental Response Team 
ETM Enhanced Thematic Mapper 
F Fahrenheit 
FAC Florida Administrative Code 
FAQ frequency asked questions 
FB Field Blank 
FCEB  Field Cleaned Equipment Blank 
FD Field Duplicate 
FDEP  Florida Department of Environmental 

Protection 
FDOH  Florida Department of Health 
FGDC  Federal Geographic Data Committee 
FQC Field Quality Control 
FSQM  Field Sampling Quality Manual 
ft foot or feet 
ft/s feet per second 
g grams 
GCP ground control points  
GHz  Gigahertz 
GIS Geographic Information Systems 
GPAS  Geospatial Positioning Accuracy Standards 
GPS Global Positioning Satellite 
GUI Graphical User Interface 
HCl Hydrochloric Acid 
HDPE  High density polyethylene 
Hg Mercury 
HT Holding Times 
HTRW  Hazardous Toxic and Radio Active Waste 
IACUC  Institutional Animal Care and Use Committee 
IC Initial Calibration 
ICV Initial Calibration Verification 
ID Identification 
IDW Investigation Derived Waste 
in Inch 
ISO International Standards Organization  
IUPAC  International Union of Pure and Applied 

Chemistry 
J/cm2  Joules per square centimeter 
K degrees Kelvin

KCl Potassium Chloride 
L liter 
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Acronyms 

 
LAI leaf area index  
LCS Laboratory Control Sample  
LFB Laboratory Fortified Blanks  
LiDAR  Light Detection and Ranging  
LIMS  Laboratory Information Management System  
m Meters  
MAP  Monitoring and Assessment Plan  
mB MilliBars  
MDL  Method Detection Limit  
MeHg  Methylmercury  
mg Milligrams  
mg/L  milligrams per Liter  
MHz  Megahertz  
Min  minute  
mL Milliliters  
mL/min  Milliliters per minute  
mm millimeters  
MP Monitoring Plans  
mph  Miles per hour  
MODIS  Moderate Resolution Imaging Spectroradiometer 
MOSCAD  Motorola SCADA  
MS/MSD  Matrix Spike/Matrix Spike Duplicate  
mV Millivolt  
mW/cm2 Milliwatts per square centimeter  
mWh/cm2  MilliWatts-hours per square centimeter  
NADP  National Atmospheric Deposition Program  
NAPP  National Aerial Photography Program  
NASA  National Aeronautical and  
Space  Administration  
NGVD 29  National Geodetic Vertical Datum of 1929  
NAVD 88  North American Vertical Datum of 1988  
NAD83/90  North American Datum of 1983/1990  
NELAC  National Environmental Laboratory Accreditation 

Conference  
NELAP  National Environmental Laboratory Accreditation 

Program  
NGVD  National Geodetic Vertical Datum  
NGS  National Geodetic Survey  
NHAP  National High Altitude Photography Program  
NIST  National Institute of Standards and Technology  
nm Nanometers  
NOAA  National Oceanic Atmospheric Administration  
NPDES  National Pollutant Discharge Elimination System  
NTU  Nephelometric Turbidity Units  
NWR  National Wildlife Refuge  
O&G  Oil and Grease  
ORCBS  Office of Radiation, Chemical and Biological 

Safety  
ORP  Oxidation Reduction Potential  
OSHA  Occupational Safety and Health Association  
OSW  Office of Surface Water  
PAR  photosynthetic active radiation  
PBSJ  Post, Buckley, Schuh and Jernigan  
PCEB  Pre-Cleaned Equipment Blank  
PDT  Project Delivery Teams 
PHS   Public Health Service   

 
PI Principal Investigator 
PM Project Manager 
pm planned maintenance 
pm polysulfone membrane 
PMP Project Management Plans 
ppb parts per billion 
ppm parts per million 
PQL Practical Quantitation Limit 
psi pressure per square inch 
PT Proficiency Test 
PTFE  Polytetrafluoroethylene 
PVC polyvinyl chloride 
QA Quality Assurance 
QA/QC  Quality Assurance/Quality Control 
QAM Quality Assurance Manual 
QAOT  Quality Assurance Oversight Team 
QAPP  Quality Assurance Project Plan 
QASR  Quality Assurance System Requirements 
QC Quality Control 
QM Quality Manual 
QSM Quality Systems Manual 
RACU  Remote Acquisition Control Unit 
RECOVER Restoration, Coordination and Verification 
RECOVER MAP Restoration, Coordination and 
 Verification Monitoring and Assessment 

Program 
RESORS  Remote Sensing On-Line Retrieval System 
RH Relative humidity 
RMS root mean square 
RMSE  root mean square error 
RPD Relative Percent Difference 
rpm Revolutions per minute 
RS Remote Sensing 
RS Replicate Sample 
RSAT  Remote Sensing Assessment Team 
RSD Relative Percent Standard Deviation 
RTU Remote Terminal Unit 
SAP Sampling and Analysis Plan 
SAR synthetic aperture radar 
SAV submerged aquatic vegetation 
SCADA  Supervisory Control and Data Acquisition 
SDSFIE  spatial data standard for facilities, 

infrastructure, and the environment 
SDTS  spatial data transfer standards 
SDVB  Styrene-divinylbenzene 
SFWMD  South Florida Water Management District 
SOP Standard Operating Procedures 
SOW Statement of Work 
SS Split-Sample 
TB Trip Blank 
TDS Total Dissolved Solids 
TFE tetrofluoroethylene 
TIR Thermal Remote Sensing 
TKN Total Kjeldahl Nitrogen 
TOC Total Organic Carbon 
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Acronyms 
 
 

TRPH Total Recoverable Petroleum Hydrocarbons 
THg Total Mercury 
TL Total length 
TW Total weight 
UCM Ultrasonic Current Meter 
μm  micrometers 
μmhos/cm  micro ohms per centimeter 
USACE  United States Army Corps of Engineers 
USFWS  U.S. Fish and Wildlife 
USEPA  United States Environmental Protection Agency 
USGS United States Geological Survey 
UVM Ultrasonic Velocity Meter 
VOC Volatile Organic Compounds 
WMDs   Water Management Districts 
WQ Water Quality 
WRDA   Water Resources and Development Act 
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1.0 INTRODUCTION 

1.1 Background 
The United States Congress passed the Water Resources and Development Act of 2000, Title VI, 
Comprehensive Everglades Restoration (WRDA 2000). WRDA 2000 authorizes the United 
States Army Corps of Engineers (USACE) to implement the Comprehensive Everglades 
Restoration Plan (CERP).  CERP addresses the cause of declining ecosystem health and provides 
solutions for restoration of the Everglades. The principal goal of the Everglades restoration is to 
recover more natural, system-wide patterns of water quantity, quality, timing, and distribution.  
CERP consists of 68 major components grouped into more than 50 projects, many of which are 
interrelated and work together to accomplish this goal. CERP implementation is a joint effort 
between the USACE and local sponsors, like the South Florida Water Management District 
(SFWMD), and will span more than 30 years.   

With multiple participants involved in environmental data collection and management, a defined 
system of quality assurance / quality control (QA/QC) practices and standard operating 
procedures (SOPs) is critical to ensure that data collected and analyzed are of acceptable and 
verifiable quality, are scientifically sound and defensible, and are compatibly formatted to 
facilitate sharing among CERP programs and projects.  The CERP quality assurance program is 
formalized in CERP Guidance Memorandum 41 (CGM 41), which establishes agency 
responsibilities, and provides guidance on establishment and administration of QA/QC and data 
validation program.  

This Quality Assurance System Requirements (QASR) manual was developed to address 
system-wide and project-specific environmental monitoring QA/QC, including data collection, 
analysis, and archiving activities, during implementation of CERP.  The manual provides details 
of QA/QC program requirements, including establishing data quality objectives (DQOs) and data 
management.  Also included in this manual are procedures and references for water quality, 
hydrometeorological and biological sample collection, laboratory methods, and data assessment 
protocols.  Links to other relevant technical documents are provided throughout this document. 

Environmental monitoring occurs on two levels within CERP.  The Restoration Coordination 
and Verification (RECOVER) program is responsible for system-wide assessment, evaluation 
and planning as detailed below.   Monitoring is also conducted at the project level.  Individual 
projects undertake environmental monitoring to insure that project objectives are met and that 
they are in compliance with applicable environmental regulations. 

1.2 Restoration Coordination and Verification  
The RECOVER program is an arm of CERP responsible for linking science to a set of system-
wide assessment, evaluation, and planning, with oversight provided by the RECOVER 
leadership group.  RECOVER activities are implemented by three teams: 

• Evaluation Team: responsible for forecasting the performance of plans and the designs 
relative to desired objectives by using predictive modeling and other tools 

• Assessment Team: responsible for measuring the actual performance of implemented 
projects and interpreting that performance based on the analysis of information obtained 
from research, monitoring, modeling, or other relevant resources 
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• Planning Team: responsible for developing recommendations to improve CERP 
performance and integrating RECOVER with appropriate USACE and SFWMD planning 
and operations activities. 

RECOVER Objectives are: 
• Evaluate and assess CERP performance 

• Refine and improve CERP during the implementation period 

• Ensure that a system-wide perspective is maintained throughout CERP 

• Review effects that other non-CERP restoration projects may have on the performance of 
CERP 

• Develop a consensus among Florida resource agencies, affected interests, and 
stakeholders regarding scientific and technical aspects of CERP. 

RECOVER activities are referenced directly in WRDA 2000 and in the design agreement 
between the USACE and SFWMD and in the Master Program Management Plan (MPMP). 

1.3 Scope and Application of the Quality Assurance Systems Requirements Manual 
The RECOVER teams are responsible for implementing the adaptive assessment and monitoring 
program and organizing and applying scientific and technical information to support the 
objectives of CERP. The teams maintain a system-wide focus during evaluation and assessment 
of CERP’s performance, recommend refinements and improvements in CERP design and 
operations, and review the effects that other non-CERP projects may have on the performance of 
CERP. The monitoring efforts associated with this process will be conducted under the 
guidelines presented in this QASR manual.  

Each Project Delivery Team (PDT) is responsible for assessing the environmental success of 
individual projects at the project level. Most, if not all, of the projects will include some level of 
water quality, biological, or hydrologic monitoring that must be conducted in accordance with 
the provisions of the QASR. 

The QASR manual serves as the basis of the QA program for all monitoring activities conducted 
during CERP implementation.  It will be updated and refined periodically to strengthen the QA 
program. All agencies involved in environmental data acquisition during CERP implementation 
are required to adhere to the provisions of the QASR.    

The implementation of the requirements included in this manual is the responsibility of the 
CERP QA oversight team (QAOT) and the QA representatives of key agencies, in coordination 
with program and project managers or their designees. Details of these responsibilities are 
included in Chapter 2.  The responsibilities of other team members are discussed in specific 
chapters of this manual as well.  

The CERP QASR manual was developed using a number of sources.  Chief among them for 
water quality were Chapter 62-160, Florida Administrative Code (FAC) and the National 
Environmental Laboratory Accreditation Program (NELAP).  The QASR is intended to 
supplement, rather than supplant, the State and Federal requirements for approved QA/QC 
procedures and documentation.  For instance, field activities associated with water quality 
monitoring must be conducted in accordance with the Florida Department of Environmental 
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Protection (FDEP) SOP Field Activities (FA) 3300 requirements, which are incorporated by 
reference in Chapter 62-160, FAC  For laboratories, QA/QC activities should be consistent with 
the latest National Environmental Laboratory Accreditation Conference (NELAC) standards 
(2003) posted at www.nelac-institute.org. Laboratories performing work for CERP must be 
accredited under NELAP.  It is also anticipated that entities conducting monitoring activities for 
CERP will have their own quality manual or documentation.  For those entities, the QASR 
manual establishes minimum QA/QC requirements. 

1.4 Intended Audience 
The QASR manual has been prepared for use by entities involved with implementing CERP 
environmental monitoring components. These include program managers, project personnel, 
agency representatives and private consultants involved in designing monitoring plans, preparing 
contractual statements of work for monitoring activities, and reviewing or validating data. 
Contractors involved in data gathering activities, such as field measurements, observations or 
examinations, calibrations, and data analyses may also utilize the QASR to determine program, 
sampling, and analytical protocols and requirements. 
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2.0  ADMINISTRATIVE PROCEDURES 

2.1 Intent and Purpose 

This chapter of the QASR manual summarizes policies, guidance documents, and procedures 
related to implementation of the CERP QA program. The procedures and guidance memoranda 
developed by RECOVER and Design Coordination Team as well as other subteams, e.g., the 
QAOT, Data and Information Management Team, supersede those provided herein. 
Development of CERP policies, guidance documents, and procedures is a dynamic, on-going 
process, and many of the teams of RECOVER and CERP may be currently working on 
procedural or CGM revisions while the QASR manual is also being revised. Each update to the 
QASR manual will refer to relevant documents developed by CERP teams as they become 
available. 

The minimum guidance for alternative laboratory or field procedures shall be the provisions of 
the following: 

• Chapter 62-160, FAC    
 http://www.dep.state.fl.us/legal/Rules/general/62-160/62-160.pdf 

• FDEP New and Alternative Analytical Laboratory Methods (DEP QA 001/01)       

• FDEP SOP 001/01, section FA 2000 (criteria for alternative procedures) 
 ftp://ftp.dep.state.fl.us/pub/labs/assessment/sopdoc/2008sops/fa1000.pdf 

Other alternative procedures are described in the following: 
• Code of Federal Regulations (CFR), Title 40

 http://www.epa.gov/regulations/search/40cfr.html 

• Department of Defense (DOD) Quality Systems Manual (QSM) (January 2006 or later)
 http://chppm-www.apgea.army.mil/dls/DoDV3.pdf 

• USACE Memorandum on Hazardous, Toxic and Radioactive Waste (HTRW) Chemical Data 
 Quality Management Policy for Environmental Laboratory Testing (9/30/2004) 

All participants who are conducting, monitoring, or performing laboratory analyses for CERP 
must adhere to the applicable procedures and protocols in the QASR manual. The process of 
review and approval of variances to the methods and requirements described in the QASR must 
follow the procedures identified in Section 2.3. The QASR will be reviewed and updated 
accordingly under the guidance of the QAOT. The procedure and frequency for this process is 
described in the QAOT implementation procedures manual. Interim updates and changes to the 
QASR will be distributed to the intended users via email and web postings. 

2.2 Responsibilities 

Each agency, contractor, consultant, and individual involved with CERP monitoring must share 
responsibility for maintaining knowledge of the QA/QC program and for adhering to the 
procedures identified in the QASR. However, the ultimate responsibility for implementation of 
the QA/QC program rests with the QAOT. 
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2.2.1 Quality Assurance Oversight Team 

The QAOT, working and coordinating with RECOVER’S Assessment is charged with 
implementation and oversight of the CERP QA/QC program and will ensure that monitoring 
adheres to the QASR. The QAOT is responsible for dealing with QA issues, establishing a 
mechanism for distribution of quality system information and changes, and ensuring data meet or 
exceed the DQOs of the Monitoring and Assessment Plan (MAP). Some of the team’s duties 
with respect to the MAP will entail the following: 

• Developing and implementing data review criteria 

• Conducting audits of field and laboratory activities 

• Performing QA reviews of monitoring data 

• Implementing laboratory and field performance evaluation (PE) programs to assess 
consistency among agencies involved in the data collection activities 

• Producing annual Quality Assessment Reports and submitting them to management 

• Developing Quality Management Plans for the MAP and associated quarterly quality 
assessment  reports 

• Coordinating a team of governmental and commercial laboratories to ensure adequate 
training, coordination, and consistency in laboratory and field procedures 

• Initiating/conducting systems audits, performance audits, and corrective actions 

• Reviewing new and alternative methods and requests for sample modifications 

• Conducting data verification, validation, and quality assessment as needed 

• Coordinating training for these functions and making sure the guidelines are followed and 
any deficiencies are corrected. 

How the elements should be monitored individually and collectively will be determined through 
consultation with the QAOT, RECOVER, and the agencies or organization(s) responsible for 
implementing the various elements of the monitoring plan (MP). Standardized monitoring/data 
collection methodologies, sampling schemes, laboratory analytical methods, and QA and 
reporting procedures for each of the monitoring parameters will be agreed upon and used by all 
participating investigators in the program for collecting, processing, and managing water quality 
and hydrologic data. Any changes in methods during the implementation of the plan, once 
approved, will be documented. The CERP QAOT will also interact with the CERP Data 
Management Program to review and comment on all data-related technical specification; ensure 
that a proper data QA/QC process will be in place, particularly for data acquisition contracts; and 
review contract Statements of Work (SOWs) for environmental monitoring. 

The following sections describe the specific duties of the four agencies (USACE, SFWMD, 
FDEP and Environmental Protection Agency (EPA)) responsible for implementing the QASR. 
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2.2.2 Florida Department of Environmental Protection 

FDEP is responsible for the maintenance and implementation of the department’s QA rule, 
Chapter 62-160, FAC.  The FDEP will also provide technical assistance to the QAOT. 

2.2.3 Environmental Protection Agency 

EPA will provide technical advice and participate in the QAOT. 

2.2.4 United States Army Corps of Engineers and South Florida Water Management 
District 

The USACE and SFWMD, as lead agencies in implementation and adherence of CERP projects 
to the QASR, will ensure that data meet or exceed each project’s DQOs. The major 
responsibilities of these agencies include the following: 

• Develop and implement data review and assessment procedures 

• Standardize data review and electronic data deliverables (EDDs) 

• Oversee approval of variances from approved methods 

• Oversee field and laboratory audits 

• Oversee data QA and data quality investigations 

• Oversee the laboratory and field PE program 

• Prepare Quality Assessment Reports for CERP management 

• Assist in developing CERP Quality Assurance Project Plans (QAPPs) or project MPs, 
depending on the program requirements  

• Review MPs for compliance with the QASR 

• Coordinate with the PDTs and RECOVER teams on QA/QC issues 

• Ensure adequate training, coordination and consistency in laboratory and field procedures  

• Standardize third-party validation procedures for field and laboratory analyses 

• Maintain familiarity with the provisions of the DOD QSM and the Memorandum on HTRW, 
which also must be followed during CERP implementation 

2.3 Alternative Procedures or Variance  

To maintain a level of standardization and consistency, and to help ensure verifiable data quality, 
it is critical that QASR provisions are adhered to.  However, the intention of QASR is not to be 
restrictive, and therefore, new methods and innovations are encouraged.  Proper approvals, 
including those of FDEP or EPA, if deemed necessary by the QAOT, are required prior to 
implementing a variance from the QASR.  Variances may involve the use of alternate laboratory 
or field procedures, QA/QC elements, and data validation or data management procedures. 
Variances may be driven by project limitations, a need for enhancements or improvements, such 
as better technology, or for experimental or research purposes. Figures 2.1 to 2.3 illustrate the 
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processes that will be used for review and approval of variances for water quality monitoring and 
analysis; alternate biological, ecological, and hydrologic procedures; and remote sensing 
procedures and protocols. The ultimate goal of the variance process is to ensure that the proposed 
alternative procedure or method will produce comparable or better results and maintain 
consistency within CERP data gathering activities. 
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Figure 2.1 Approval Process for Modification to Water Quality Monitoring Protocols 

(subject to change with implementation of QAOT procedures) 

Design and complete study to validate 
alternate or modified method 

Develop data validation package per 
Chapter 62-160.210, FAC 

and FA 2000.

Review and approval by  
CERP RECOVER or PDT 

representatives 

QAOT initial review 
Determine if FDEP or EPA 

approval needed 

Review by FDEP or EPA is necessary. 
FDEP approval; EPA approval may be 

required for some permits 

Approval by QAOT 
QASR updated with new or alternative 

method 

Review by FDEP or EPA 
is not necessary 

Implement New or Alternative Method 
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Figure 2.2 Approval Process for Modification to Water Quality Analysis Protocols 

(subject to change with implementation of QAOT procedures) 

Design and complete study to validate 
alternate or modified method 

Modify Quality Manual and SOP 
per Chapter 62-160.330, FAC, 

DEP-SOP-001/01, 
40 CFR Parts 136.4, 136.5 & 141.27

Review and approval by 
CERP RECOVER or PDT 

representatives

QAOT initial review 
Determine if FDEP or EPA  

approval needed

Review by FDEP or EPA is necessary. 
FDEP approval; EPA approval may be 

required for some permits 

QAOT approval 
QASR updated with new or alternative 

method

Review by FDEP and EPA 
is not necessary 

Implement new or alternative method 
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Figure 2.3  Approval Process for Alternate Biological, Ecological, Hydrologic, and 
Remote Sensing Procedures and QA/QC Protocols 

 
(subject to change with implementation of QAOT procedures)

Design and complete study,  
or compile published data, to validate 

alternate or modified method 

Assessment Team 
review and approval 

QAOT initial review 
Determine if FDEP or EPA 

approval needed

Review by FDEP or EPA is necessary. 
FDEP approval; EPA approval may be 

required for some permits 

Review by FDEP and EPA 
is not necessary 

Approval recommended 

QAOT approval 
QASR updated with new or 

alternative method 

Implement new or alternative method 
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2.3.1 Responsibilities 

The variance approval process involves technical review by the project management team and a 
designated QA representative, with final review by the QAOT (Figures 2.1 to 2.3). The QAOT 
will recommend an approved variance be included in the QASR, and the Design Coordination 
Team (DCT) will finalize approval of the QASR revisions. 

2.3.2 Required Documentation 

2.3.2.1 Method Performance Package 

Those individuals seeking approval of a variance from established methods must prepare a 
method performance package in accordance with the following: 

• DEP SOP FA 1000 – 2240 

• 40 CFR Part 136.4 (Application for alternate test procedures) and 136.5 (Approval of 
alternate test procedures)  

• 40 CFR Part 141.27 (Alternate analytical techniques) and 142.46 (Alternative treatment 
techniques) for drinking water monitoring. 

The variance proposal must demonstrate the effectiveness of the proposed alternative 
procedure. 

2.3.2.2 Documentation Package 

The documentation package must be comprised of the following information: 

• Title and description of the project 

• Project DQOs, with a clear discussion on the type of data that will be collected, proposed use 
of the data, and any constraints 

• Thorough description of the alternative method or variance 

• Justification for the use of the alternate method or variance 

• Performance validation procedure 

• Supporting data 

• Peer review report 

• Conclusions and recommendations, including scope and application of the alternate method 
or variance 
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2.4 Relevant CERP Guidance Memoranda 

CGMs are guidance documents created by program managers to address various issues pertinent 
to CERP projects. The entities involved in CERP projects must be familiar with and apply the 
relevant provisions of the CGM. Approved CGMs are posted on the website: 
http://www.evergladesplan.org/pm/program_docs/cerp-guidance-memo.aspx.  

Relevant CGMs are listed below: 

• CGM 23.01 - Addresses water quality considerations necessary for the formulation, 
evaluation, and design of CERP Project Management Plans and Project Implementation 
Reports. 

• CGM 27 - Provides guidance to USACE and SFWMD staff for conducting external, 
independent peer review of technical and scientific documents and other products of the 
RECOVER team. 

• CGM 28 - Provides guidance and recommendations for all Geographic Information Systems 
(GIS) datasets for CERP projects.  Ensures that a high quality, well-documented GIS data set 
is maintained.  

• CGM 40 - Provides guidance to USACE and SFWMD staff and members of the PDTs for 
incorporating monitoring, assessment, and costs in planning, design and implementation 
documents for CERP projects. 

• CGM 41 - Provides guidance to USACE, SFWMD and members of the Program and PDTs 
for establishing and administering the CERP QA/QC and data validation program.  Also 
establishes agency responsibilities for environmental data QA/QC and validation through the 
formation of a QAOT. 

• CGM 42 - Provides guidance on screening for toxic substances, such as mercury and 
pesticides, in CERP projects.  The purpose of this CGM is to provide project managers and 
teams with a uniform scheme for (1) screening project alternatives for the likelihood of 
unacceptable impacts from toxic substances; and (2) detecting project-related impacts of 
toxic substances and monitoring their mitigation. 

2.5 Data Quality Objectives 

Formulating project DQOs brings awareness to project participants of the minimum data quality 
required for a project.  The DQO process is a tool used to define the type, quality, and quantity of 
data needed to make defensible decisions for a project.  This process systematically defines the 
requirements for a field investigation and the limits on tolerable error rates.  It also identifies the 
intended end use of the data, including decisions that may be made based on the results of a 
project. 

The DQO process has both qualitative and quantitative components.  The qualitative steps 
encourage logical and practical planning for environmental data collection activities, while the 
quantitative steps use statistical methods to design a data collection operation that will efficiently 
control the probability of making an incorrect decision.  Although the quantitative steps of the 
DQO process are important, investigators and decision makers may choose not to apply statistics 
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to every environmental field investigation.  In some cases, the planning team may utilize only the 
qualitative steps of the DQO process during the investigation planning phases to generate 
authoritative data that may be used to confirm site characteristics. 

The DQO process comprises seven, iterative steps that should be revisited as new information 
about a problem becomes available.  This section is adapted from Guidance for the Data Quality 
Objective Process (EPA/600/R-96/055) and a simplified version prepared by the QAOT 
(Guidance in Understanding and Developing the Data Quality Objectives, effective 8/15/2005) 
posted at http://www.evergladesplan.org/pm/pm_docs/qaot/081505_qaot_dqo_process.pdf. 

2.6 Quality Assurance Project Plan  

A QAPP describes the activities of an environmental data operations project involved with the 
acquisition of environmental information, whether generated from direct measurements, 
collected from other sources, or compiled from computerized databases and information systems. 
The purpose of a QAPP is to document the results of a project’s technical planning process, 
provide a clear, concise, and complete plan for the environmental data operation and its quality 
objectives, and identify key project personnel. 

Developing a QAPP is recommended for CERP projects but is not required by either the FDEP 
or the CERP QA/QC program. CERP projects that do not have a QAPP are required to have the 
necessary QA elements in the project’s sampling and analysis plan or MP (See CGM 40). 

2.6.1 Quality Assurance Project Plan Development 

Developing a QAPP is a multi-step process, briefly summarized below: 

1. Assemble a project team and systematically plan what needs to be done, including 
establishment of DQOs 

2. Write the QAPP using the results of that planning process 

3. Submit the QAPP for review and approval 

4. Distribute the approved QAPP to all pertinent individuals involved with the project 

The QAPP should be reviewed periodically to ensure that it remains relevant to the project’s 
objectives. Any changes to the QAPP should be documented and, if necessary, submitted for 
review and approval, and re-distributed to all pertinent parties.  

2.6.2 Quality Assurance Project Plan Groups and Elements 

The EPA document Guidance for Quality Assurance Project Plan Elements (G-5) – (December 
2002, EPA/240/R-02/009) posted at http://www.epa.gov/QUALITY/qs-docs/g5-final.pdf provides 
guidance on developing a QAPP.  A checklist to assist in reviewing a QAPP, based on the EPA 
guidance, is included as Appendix 2-A and is posted at 
www.epa.gov/region3/esc/QA/qappprepcklist_rev1.doc 
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The level of detail for each element described in the QAPP will depend on the type of project, 
the data to be obtained, the decisions to be made, and the consequences of potential decision 
errors. For example, for a modeling project or a project using existing information, the elements 
concerning collecting samples may not be pertinent. The elements of a QAPP are categorized 
into groups, according to function, and are summarized as follows. 

Group A: Project Management – These elements address project administrative functions and 
project concerns, goal(s), and approach(es) to be followed, including identification of key project 
officials, project overview, pertinent background information, project and task organization, 
outputs from the DQO process, and measurement performance or acceptance criteria, and any 
required training or certification. Recordkeeping and documentation also are addressed in 
Group A. 

Group B: Measurement/Data Acquisition – These elements address all of the aspects of 
measurement system design and implementation to ensure that appropriate methods of sampling, 
analysis, data handling, and QC are applied and documented. These include sampling and 
analytical methodologies, sample handling and custody, field and laboratory QC provisions, data 
acquisition requirements and data management. 

Group C: Assessment and Oversight – Assessments or evaluations are designed to determine 
whether the QAPP is being implemented as approved (conformance/nonconformance), to 
increase confidence in the information obtained, and ultimately to determine whether the 
information may be used for its intended purpose.  The elements in this group detail what 
assessments or evaluations will occur both during and after the project. 

Group D: Data Validation and Usability – The elements in this group address the final project 
checks to determine if the data or product obtained will conform to the project’s objectives, and 
to estimate the effect of any deviations.  For projects that use existing data, these elements focus 
on evaluating how data values from these acquired data sets will be used to determine the quality 
objectives for the new data use.  For a modeling project, this process is similar to confirming that 
the steps in the modeling process were followed correctly to produce the model outputs and that 
the results meet project objectives. 

2.7 Preparing a Monitoring Plan 

A MP guides the activities and different processes within a project, and documents project 
design and procedures used for the project.  If the information relevant to the topics outlined 
below is already specified in other documents, those may be incorporated by reference.  A MP 
should encompass all aspects of the contract. 

A good start when planning to write a MP is CGM 40.  Although that guidance is currently 
specific to water quality and hydrometeorologic monitoring, there are general sections that also 
apply to biological monitoring and assessment work.  Refer also to Section 2.5 on DQO 
preparation.   

The basic elements of a MP are:  

• Introduction about the project 
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• Data Quality Objectives – DQO is the scientific process that identifies the intended use of the 
data including the types of decisions that will be made based on the results of the project. 
Refer to QASR Section 2.5 for DQO process and Appendix 2-A for checklist of preparing or 
reviewing a QAPP; 

• Data Quality Indicators (DQIs) – DQIs are specific calculations that measure performance as 
reflected in the DQOs and performance and acceptance criteria.  DQIs include precision, 
accuracy, representativeness, completeness, consistency, and sensitivity.  These indicators 
are defined in the QASR Appendix 2-A for QAPP elements; 

• Field Activities – Methodologies, equipment, and instrumentation; maintenance and 
documentation procedures.  Refer to QASR, Chapter 3, Chapter 6, Chapter 7, Chapter 8 
and Chapter 9. 

• Laboratory Activities – methodologies, equipment, and instrumentation; maintenance and 
documentation procedures. Refer to QASR, Chapter 4, Chemical Analysis; 

• Documentation and Record Keeping Requirements – Refer to QASR, Chapter 10.  

• Reporting Requirements; 

• Quality Control Requirements – Refer to QASR, Chapter 3, Chapter 6, Chapter 7, 
Chapter 8 and Chapter 9. 

• Data verification and validation procedures – Refer to QASR, Chapter 5. 

• Data management procedures – Refer to QASR, Chapter 10. 

2.8 Sampling Strategy and Statistical Power Analysis 

When preparing a MP, an important factor to consider is selecting the specific sampling plan or 
strategy that can be used to improve the quality of the environmental data collected.  Sampling 
strategies are developed by the project team to satisfy the project-data needs. More detailed 
information on evaluating various sampling strategies is presented in Chapter 3, Section 3.6.2 
(Sampling Strategies) of the QASR. Also, refer to “Guidance for Choosing a Sampling Design 
for Environmental Data Collection (EPA QA/G-5S)”.   

2.9 Contracting Guidelines 

This guide is to help project managers and consultants in planning, implementing, and managing 
biological or ecological assessment work for CERP.  The guide is divided into these major 
phases of contracting: 

• Contract Preparation - Developing a SOW 

• Contractor Selection 

• Contract Implementation Management 

• Deliverables 

• Contingencies 

• Peer Review 
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2.9.1 Contract Preparation - Developing a Statement of Work  

A clear, specific, and thorough SOW can help avoid misunderstanding, misinterpretations, 
incomplete work, unsatisfactory deliverables, delays, budget exceedances, and legal challenges. 
SOWs and MPs should clearly state the studies at each phase of the assessment.  They should 
describe the following: 

• Which studies should be conducted? 

• Why they should be conducted? 

• When and where they should be conducted? 

• Why the data should be collected? 

• What data should be collected? 

• How samples should be collected, handled and analyzed? 

• How data should be evaluated? 

• What reports should be produced? 

2.9.1.1 Critical Elements of a Statement of Work 

Project Background Information 

This section should include information on any preliminary assessments, background data, site 
inspections, any available literature citations, or any relevant studies.  Information should relate 
to site history, physical features of the site, species expected at or near the site, etc.  This 
information helps the contractor understand the nature of the project and provides a basis for the 
MP or study design, if its development is part of the contract. 

Project Objectives  

Project Objectives should include DQOs (also see DQOs in Section 2.5).  DQOs are quantitative 
and qualitative statements of the overall level of uncertainty that a decision-maker is willing to 
accept. Consequently, DQOs reflect the statistical design of the study and the level of 
significance needed to support any conclusion that might be drawn from the study.  The study 
design should specify a sample size large enough to account for natural variability to ensure that 
DQOs are met.  In outlining project objectives, the SOW should do the following: 

• Discuss the intended use of the data, including the types of decisions that will be made based 
on the results 

• Specify what biological indicators are being assessed and what are the expected outcomes 

• Discuss the types of quality control measures to be used to monitor the data quality and how 
frequently will they be used 

• Identify the methods that they must use or the requirements for a new or alternative method if 
the contractor is to develop a method 
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Health and Safety Requirements 

It is strongly advisable to require a written health and safety plan for projects involving field 
work.  This plan covers all aspects of on-site field operations and activities associated with the 
contract.  This plan must comply with all applicable health and safety regulations and any 
project-specific requirements specified.  Having a health and safety plan does not relieve the 
contractor of the responsibility for providing employees with a safe and healthful work 
environment.  This concept should be communicated to the contractor by the Contract Manager 
and also incorporated into the contract document. 

Regulatory Requirements 

The contract should specify that contractors must follow all local, state, and federal regulations 
that must be conformed to while carrying out the responsibilities under the contract.  A list of 
some of these regulations specific to biological studies is included in QASR Chapter 8. 

Technical Requirements 

Ask for a monitoring plan.  Listed below are example questions to address in the SOW: 

• What are the specific monitoring or assessment parameters, measurements, or surveys that 
are required? 

• What is the frequency of collections or surveys? 

• Where are the specific sites?  Are these fixed sites, or is there flexibility? 

• Are there any specific methods or procedures that must be used?  Is the PI (Principal 
Investigator) being required to develop and present a new procedure?  If yes, what are the 
required data quality and reporting elements? 

• From how deep does the sample need to be collected? 

• Is power-driven equipment necessary? 

• Can power equipment reach the site? 

• What is the amount of material to be sampled? 

• What is the physical state of the sample (i.e., aerobic vs. anaerobic)? 

• What are the units of measure (dry weight vs. wet weight)? 

• What is the moisture content? 

• What are the processing requirements (drying, fractionation, partitioning of plants, etc.)? 

Quality Assurance and Quality Control  

The SOW should specify the required QA/QC elements, data quality objectives, data quality 
indicators, and required documentation.  The project manager should be specifying this 
whenever possible; it should not be left to the discretion of the PIs.  These elements are usually 
also presented in the MP. 
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Reporting and Documentation Requirements  

The contract should be specific in identifying what needs to be recorded during the course of the 
work and what needs to be reported in the data submission.  Include any recording template or 
forms that may be available to ensure that all data elements are recorded regardless of whom is 
performing the work.  Since the PIs or contractors may change during the life of the project, it is 
best to request a copy of all field, laboratory, and other documents related to the data gathering 
activities.  Specify when these documents must be submitted and in what format.  For auditing 
purposes, these documents must be organized and traceable to the original source. 

To avoid delays in data loading, the contract should also specify the format and provide any data 
reporting templates.  These may be obtained from the CERP Data and Information Team or 
designated CERP Data Steward. 

2.9.2 Contractor Selection 

2.9.2.1 Evaluating the Contract Proposal or Bid  

Different agencies may have different procedures for the selection of contractors.  The following 
sections discuss some critical items that should be considered when evaluating contract proposals 
or bids. 

Understanding of Scope and Proposed Approach  

Verify that the contractor has a good understanding of the work that is being asked.  This can be 
accomplished by examining the entire proposal.  Some of the red flags follow: 

• Proposed cost is too low 

• Proposed cost is too high 

• Specified project staff do not have the right qualifications 

• Proposed approach is not sufficient to address what is required by the contract 

• Proposed method or equipment are not acceptable 

Technical Capabilities and Company Qualifications 

Verify that the contractor has the relevant knowledge and demonstrable experience, trained 
personnel, proper facilities, and specialized equipment necessary to carry out the work.  Ask for 
proof of training and experience, as well as references that are directly relevant to the type of 
work that is being asked for in the contract.  For example, for a contract requiring benthic 
invertebrate sampling and identification, the contractor must: 

• Be familiar with the types of equipment appropriate to the study site 

• Know how and where to collect samples 

• Know what kinds of environmental data to collect along with the biological or ecological 
surveys 
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• Have the requisite taxonomic expertise to identify the organisms collected? 

Technical publications in a nationally recognized journal or textbook may be an added indication 
of the individual’s or firm’s capability. 

Verification of Capability 

Evaluating a contractor based on submitted proposal alone is often times insufficient.  The PI or 
designated contract manager should verify the information stated in written proposals.  This can 
be done in different ways, including a reference check, verification of the firm’s performance in 
projects of similar scope, (PEs), and actual hands-on tests. 

2.9.3 Contract Implementation Management 

The work scope should coordinate with other activities, such as sample collection for chemistry 
analysis, if correlation with chemistry data is part of project objectives. 

Consider a phased/tasked approach implementation so that if one aspect of the contract or project 
fails, then contractor’s work would not proceed. 

2.9.4 Deliverables: 

All deliverables should be specified in the MP.  An example of a Work Breakdown Schedule is 
listed: 

Task 1 - Site Description and Reconnaissance 

Task 2 - Draft of MP (Deliverable Due) 

Task 3 - Data Collection 

Task 4 - Preliminary Data Presentation (Deliverable Due) 

Task 5 - Final Data Collection 

Task 6 - Draft Report Preparation (Deliverable Due) 

Task 7 - Final Reporting (Deliverable Due) 

2.9.5 Contingencies 

There should be sufficient and clear provisions in the contract regarding contingencies, such as 
in cases when deliverables are unacceptable, or if sampling or surveys cannot be done for any 
reasons. 
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2.9.6 Peer Review  

Routine to CERP program is the peer review of technical documents. This should include any 
SOW, QAPP, and MPs. The documents should be reviewed by those who are most familiar with 
the project and methodologies, as well as those who would be evaluating the data and 
information gathered from the contracted project.  Proper time should be scheduled into the 
project to allow for peer review of specific deliverables. 
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Checklist for Review of a QAPP 
 
This example checklist, based on the elements in EPA Requirements for QA Project Plans (QA/R-5) (EPA, 2001a), may be 
used either to prepare or review a QAPP, especially those involving field sampling and laboratory analyses.  
  
PROJECT TITLE:        
 
Prepared by: ______________________________   Date Submitted for Review:  ___________________ 
Reviewed by: _____________________________     Date of Review: __________________ 
 

 
 
Element 

 
 Acceptable  

(Yes/No) 

 
Page/  
Section 

 
 
Comments 

 
A1. Title and Approval Sheet 
Indicates project title    
Indicates revision number, if applicable    
Indicates organization’s name    
Date signed by organization’s project manager    
Dated signed by organization’s QA manager    
Other signatures, as needed    
 
A2. Table of Contents 
Lists QAPP information sections    
Lists Document control information    
 
A3. Distribution List 
Includes all individuals, and their organizations, who are to receive a copy of 
the QAPP 

 
 

 
 

 
 

 
A4. Project/Task Organization 
Identifies key individuals involved in all major aspects of the project, including 
contractors 

 
 

 
 

 
 

Discusses responsibilities of key individuals and any contractors    
Indicates Project QA Manager is independent from unit generating data     
Identifies individual responsible for maintaining the official, approved QAPP  

 
 
 

 
 

Organizational chart indicating the chain of command and reporting 
responsibilities 

   

 
A5.  Problem Definition/Background 
States decision(s) to be made, actions to be taken, or outcomes expected from 
the project 

 
 

 
 

 
 

Clearly explains the reason for initiating the project; includes site background 
or historical information  

 
 

 
 

 
 

Identifies applicable regulatory criteria   
 

 
 

 
 

 
A6.  Project/Task Description 
Summarizes work to be performed, for example, measurements to be made,  
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Element 

 
 Acceptable  

(Yes/No) 

 
Page/  
Section 

 
 
Comments 

data files to be obtained, etc., that support the project’s goals 
Provides work schedule indicating critical project milestones, e.g., start and 
completion dates for activities such as sampling, analysis, data or file reviews, 
and assessments 

 
   

Details geographical locations to be studied, including maps where possible    
Discusses resource and time constraints, if applicable    
 
A7.  Quality Objectives and Criteria 
Identifies performance, measurement, and acceptance criteria for all data to be 
collected and for data obtained from previous studies. Includes project action 
limits and laboratory method detection limits and range of anticipated 
concentrations of each parameter of interest 

 
 

 
 

 
 

Discusses precision    
Addresses bias    
Discusses representativeness    
Identifies the need for completeness    
Describes the need for comparability    
Discusses desired method sensitivity    
 
A8.  Special Training/Certifications 
Identifies any needed specialized training or certifications for project personnel    
identifies how this training will be provided    
Indicates personnel responsible for assuring training requirements are met    
Identifies where this information is documented    
 
A.9  Documentation and Records 
Identifies report format  

 
 
 

 
 

Lists all project documents, records, and electronic files that will be produced   
 

 
 

Identifies where project information should be kept and for how long    
Discusses back-up plans for records stored electronically    
States how individuals identified in A3 will receive the most current copy of the 
approved QAPP, identifies the individual responsible for QAPP distribution 

 
 

 
 

 
 

 
B1. Sampling Process Design (Experimental Design) 
Identifies type and number of samples required. Provides justification for MDL 
rationale, background samples if applicable 

 
 

 
 

 
 

Identifies sample matrix and analytical methods  
 

 
 

 
 

Indicates where sampling locations, how locations will be identified  
 

 
 

 
 

Discusses contingencies if sampling sites are inaccessible    
Identifies project schedules including sampling events, sample custody, etc.  

 
 
 

 
 

Specifies what information is critical and what is for informational purposes 
only 
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Element 

 
 Acceptable  

(Yes/No) 

 
Page/  
Section 

 
 
Comments 

Identifies sources of variability and how variability should be reconciled  
 

 
 

 
 

 
B2. Sampling Methods 
Identifies methods, sample collection procedures, sampling SOPs  

 
 
 

 
 

Indicates how instruments should be deployed and operated for in situ 
monitoring to avoid contamination and to ensure collection of appropriate data 

 
 

 
 

 
 

For continuous monitoring, indicates averaging time and how instruments 
should store and maintain raw data, or data averages 

 
 

 
 

 
 

Indicates how samples are to be homogenized, composited, split, or filtered, if 
needed 

 
 

 
 

 
 

Indicates what sample containers and sample volumes should be used    
Identifies applicable sample preservatives and methods  

 
 
 

 
 

Indicates applicable decontamination procedures for sampling equipment and 
how to properly dispose of any rinsate 

 
 

 
 

 
 

Identifies needed equipment and support facilities    
Addresses corrective actions if problems occur, identifies individual(s) 
responsible and appropriate documentation 

 
 

 
 

 
 

 
B3. Sample Handling and Custody 
Stipulates maximum holding times for each sample type from sample collection 
to extraction and/or analysis, for in-situ or continuous monitoring, the 
maximum time before retrieval of information 

 
 

 
 

 
 

Identifies how samples should be physically handled, transported, and received 
and held by the laboratory or office (including temperature upon receipt) 

 
 

 
 

 
 

 
Indicates how sample or information handling and custody information should 
be documented, such as field notebooks or forms, identifies individual 
responsible for sample custody procedures 

 
 

 
 

 
 

Discusses system for identifying samples, for example, numbering system, 
sample tags and labels, and attaches forms to the plan 

 
 

 
 

 
 

Identifies chain-of-custody procedures and includes form to track custody    
 
B4. Analytical Methods 
Identifies all analytical SOPs (field, laboratory and/or office) that should be 
followed by number, date, and regulatory citation, indicating options or 
modifications to be taken, such as sub-sampling and extraction procedures 

 
 

 
 

 
 

Identifies equipment or instrumentation needed    
Specifies any specific method performance criteria    
Identifies procedures to follow when failures occur, identifying individual 
responsible for corrective action and appropriate documentation  

 
 

 
 

 
 

Identifies sample disposal procedures    
Specifies required laboratory turnaround time    
Provides method validation information and SOPs for nonstandard methods    
 
B5. Quality Control 
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Element 

 
 Acceptable  

(Yes/No) 

 
Page/  
Section 

 
 
Comments 

Identifies QC requirements, including frequency, for each type of sampling, 
analysis, or measurement technique, e.g., blanks, spikes, duplicates, etc.  

 
 

 
 

 
 

Details what should be done when control limits are exceeded, and how 
effectiveness of control actions will be determined and documented 

 
 

 
 

 
 

Identifies procedures and formulas for calculating applicable QC statistics, e.g., 
for precision, bias, outliers and missing data 

 
 

 
 

 
 

 
B6. Instrument/Equipment Testing, Inspection, and Maintenance 
Identifies the maintenance schedule for field and laboratory equipment   

 
 
 

 
 

Identifies testing criteria    
Notes availability and location of spare parts    
Indicates procedures in place for inspecting equipment before usage    
Identifies individual(s) responsible for testing, inspection and maintenance of 
equipment 

   

Indicates how deficiencies should be resolved, re-inspections performed, and 
effectiveness of corrective action is determined and documented 

 
 

 
  

 
B7. Instrument/Equipment Calibration and Frequency 
Identifies the frequency of calibration for equipment, tools, and instruments  

 
 
 

 
 

Describes how calibrations should be performed and documented, indicating 
test criteria and standards 

 
 

 
 

 
 

Identifies how deficiencies should be resolved and documented     
 
B8. Inspection/Acceptance for Supplies and Consumables 
Identifies critical supplies and consumables for field and laboratory, noting 
supply source, acceptance criteria, and procedures for tracking, storing and 
retrieving these materials 

 
 

 
 

 
 

Identifies the responsible individual(s) for supplies and consumables    
 
B9. Non-direct Measurements 
Identifies appropriate data sources, e.g., computer databases or literature files, 
or models 

 
 

 
 

 
 

Describes the intended use of this information and the rationale for their 
selection, i.e., relevance to project 

 
 

 
 

 
 

Indicates the acceptance criteria for these data sources and/or models    
Identifies needed key resources and support facilities    
Describes how limits to validity and operating conditions should be determined, 
for example, internal checks of the program and Beta testing 

 
 

 
 

 
 

 
B10. Data Management 
Describes data management scheme from field to final use and storage    
Discusses standard record-keeping and tracking procedures, and document 
control system. May also cite other written documentation such as SOPs 

 
 

 
 

 
 

Identifies data handling equipment/procedures that should be used to process, 
compile, analyze, and transmit data reliably and accurately 
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Element 

 
 Acceptable  

(Yes/No) 

 
Page/  
Section 

 
 
Comments 

Identifies individual(s) responsible for data management    
Describes the process for data archival and retrieval    
Describes procedures to demonstrate acceptability of hardware and software 
configurations 

   

Attaches checklists and forms that should be used    
 
C1. Assessments and Response Actions 
Lists the number, frequency, and type of assessment activities that should be 
conducted, with the approximate dates  

 
 

 
 

 
 

Identifies individual(s) responsible for conducting assessments, indicating their 
authority to issue stop work orders, and any other possible participants in the 
assessment process 

 
 

 
 

 
 

Describes how and to whom assessment information should be reported    
Identifies how corrective actions should be addressed and by whom, and how 
they should be verified and documented 

 
 

 
 

 
 

 
C2. Reports to Management 
Identifies what project QA status reports are needed and their frequency    
Identifies who should prepare and receive the reports  

 
 
 

 
 

 
D1. Data Review, Verification, and Validation 
Describes criteria that should be used for accepting, rejecting, or qualifying 
project data  

 
 

 
 

 
 

 
D2. Verification and Validation Methods 
Describes process for data verification and validation, providing SOPs and 
indicating what data validation software should be used, if any 

 
 

 
 

 
 

Identifies who is responsible for verifying and validating different components 
of the project data/information, for example, chain-of-custody forms, receipt 
logs, calibration information, etc. 

 
 

 
 

 
 

Identifies issue resolution process, the method and individual responsible for 
conveying these results to data users 

 
 

 
 

 
 

Attaches checklists, forms, and calculations     
 
D3. Reconciliation with User Requirements 
Describes procedures to evaluate the uncertainty of the validated data    
Describes how limitations on data use should be reported to the data users    
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3.0 WATER QUALITY SAMPLING PROCEDURES 

3.1 Purpose 
The sampling requirements for each project will vary depending on project objectives. A 
project’s scope may range from permit compliance monitoring to an experimental nature. 
Sample types may include surface water, groundwater, and atmospheric deposition. These 
samples will be collected by numerous groups and analyzed by numerous laboratories. Despite 
the sampling and analytical variability, the data generated by these activities will be shared by 
various groups in order to integrate the environmental restoration efforts. Therefore, all data 
must meet a minimum level of quality and completeness to assure consistency within the 
program and to allow effective sharing of data. At the same time, data must be of the right type, 
quality and quantity to meet project requirements. To attain this goal, projects must follow 
federal and state regulations for monitoring and sample analysis, as well as meet project specific 
DQOs and specific CERP guidance. 

3.2 Scope 
The goals of this chapter of the QASR are to outline the minimum QA requirements for sample 
and field data collection and to provide specific procedures for performing field activities in the 
collection of water samples. 

The chapter discusses: 

• General considerations for water quality sampling; 

• General procedures and guidance for selection of field equipment; 

• Requirements and procedures for cleaning and decontamination of field equipment; 

• Sampling procedures for surface water, groundwater and atmospheric deposition; 

• Field measurement procedures and instrument calibration requirements; 

• Field Quality Control (FQC) measures and sampling; and 

• Field documentation and record retention. 

This chapter is not intended to be “prescriptive” as to stifle professional judgment, but is 
intended to assure that acceptable field methods and QA/QC procedures are used when 
performing environmental investigations. It is intended to be a dynamic document that will be 
periodically reviewed and updated. 

3.3   Requirements and Regulations 
The SOPs and QA/QC procedures in this QASR Manual should be incorporated by reference 
into any monitoring activity conducted for CERP. General QASR requirements and regulations 
are provided in Chapter 2, Administrative Procedures. If a deviation from this QASR manual 
occurs as a result of unforeseen field events, then justification for the deviations must be 
documented in the field notebook(s), or on standardized field data sheets. Alternative or new 
procedures must be submitted to the CERP QAOT and approved before implementation. This 
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document does not negate the requirement for Field SOPs, as well as a Field Sampling Quality 
Manual (FSQM) that is specific for each sampling agency.  

In addition to the requirements presented in this chapter, all field sampling and data collection 
activities performed for CERP projects must conform to the relevant requirements in: 

3.3.1 Federal Requirements and Regulations 

• USACE EM-200-1-3, 1 February 2001 (for projects contracted by the USACE), 
Requirements for the Preparation of Sampling and Analysis Plans (SAP) 

• CGM 40, Project Level Water Quality and Hydrometeorologic Monitoring Assessment 

• EPA QA/G4, Guidance of Systematic Planning using the Data Quality Objectives 

• EPA-QA/G5, Guidance for Quality Assurance Project Plans 

• CFR, Title 40 

3.3.2 State Requirements and Regulations 

• FDEP Quality Assurance Rule Chapter 62-160, FAC  

• FDEP SOPs for sample collection and quality control FDEP SOPs are available at 
http://www.dep.state.fl.us/labs/qa/sops.htm. 

3.3.3 Other Requirements and Regulations 

• FSQM 

• Any other regulations dictated by project requirements  

3.4 Responsibilities of Key Personnel 
Each project must have a defined organizational structure describing the person responsible and 
their responsibilities, as shown in Table 3.1 Refer to Chapter 2, Section 2.2 for more 
information on agency responsibilities. 

 

Table 3.1 Key Responsibilities 
Responsible Party Key Responsibilities 

QAOT 

Responsible for overseeing CERP QA program, establishing and setting guidance, ensuring 
compliance, reviewing data quality, and ensuring that data integrity is maintained. Reviews new and 
alternative methods, request for sampling modifications, and conduct data quality assessment as 
needed. Serves as an arbiter in data quality issues. Coordinates training related to procedures and data 
quality.  

Project or agency QA 
Officer (QAO) 

Initiate/conduct field audits and ensure that corrective actions are taken to correct any deficiencies. 
The project QA Officer coordinates and oversees data quality activities, monitors adherence to 
policies, procedures and corrective actions, and recommends and implements corrective measures. 
The QA Officer reviews quality control data and the results of systems and performance audits for 
acceptability and compliance with quality assurance requirements and standard operating procedures. 
The QA officer conducts quality checks and audits.  QA staff may not perform any other duties which 
might bias the performance of QA responsibilities. 
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Responsible Party Key Responsibilities 

Project Manager 
(PM) 

Responsible for all aspects of project initiation, field activities, development and implementation, 
including development of DQOs, ensuring that there are adequate resources to complete the project 
within time and quality specifications, and performing Data Quality Assessment (DQA). The 
contractor PM (if applicable) acts as liaisons between the agency/client and the contract sampling 
organization.  

Field Supervisors 

Ensure that sample/data collection activities are performed according to methods and protocols 
specified in the QASR, FSQM, MP, and DEP Field SOPs. They coordinate field activities to assure 
completion of tasks within established time frames. Field supervisors verify and validate field data, 
identify quality control problems, and initiate and monitor corrective actions.  

Field Sampling 
Personnel 

Perform field measurements and/or collect samples according to the QASR, FSQM, MP, and DEP 
Field SOPs. Field technicians are responsible for following all documentation requirements, ensuring 
that the appropriate equipment is used, and implementing any corrective action procedures. 

 

3.5 Training and Personnel Qualification 
All personnel involved in data collection activities must have the necessary education, 
experience and skills to perform their duties. Training activities and demonstration of capabilities 
must be documented. The training must include expectations on ethical behavior and data 
integrity.  

An effective training program should include an actual field sampling exercise with an 
experienced sampler. During this training period, under the guidance of the trainer, the new 
employee should perform all facets of field activities, including trip preparation, equipment 
maintenance, calibration, sampling, collecting QC samples, and completing the necessary 
documentation, under the direction and supervision of experienced staff. Training procedures, 
training records, and demonstration of capabilities must be documented indicating the specific 
field task, date of training, and proper signatures. 

3.5.1 Occupational Safety and Health Administration and Environmental Protection 
Agency Regulations 

Each participating agency and contractor must have a safety plan in place to ensure that all 
operations are conducted in a manner that instills safety and meets compliance with all 
Occupational Safety and Health Administration (OSHA) regulations and EPA safety policies. 
Prior to deploying and authorizing any personnel, operating equipment, or handling chemicals to 
the project location, personnel must have up-to-date knowledge of the potential and obvious 
hazards, how to avoid them, and what to do in case of an accident. This should include hazards 
and safety concerns about the site, the chemicals, and equipment that are to be used for the 
project. The personnel must be equipped or be provided with the proper and operational safety 
equipment. Individual agency or contractor is responsible for ensuring that the established safety 
protocols are complied with at all times. These agencies or contractors are also individually 
responsible for complying with local, state and federal safety regulations. 

Each sampling company or agency must follow all local, state and federal requirements relating 
to health and safety, including the storage and disposal of any hazardous or investigation-derived 
wastes. Although the CERP program will not be monitoring hazardous wastes, preservatives, 
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calibration solutions and all other chemicals must be stored, transported and disposed of 
following required protocol. 

CERP PMs or contract personnel should ensure that safety provisions and responsibilities are 
included as contract requirements. A field safety plan should be required as a deliverable for 
contractors.  

All personnel must follow agency/company safety requirements related to monitoring activities, 
including, but not limited to, personal protection equipment, labeling and chemical handling. 

3.6 Project Planning and Review 

• Guidance and discussion on preparing MPs, refer Chapter 2, Section 2.7. 

• QAPP guidelines refer to EPA-QA/G5 and Chapter 2, Section 2.6.  

• Contracting Guidelines refer Chapter 2, Section 2.9. 

•  Technical Project Planning refers to USACE guidance EM 200-1-2. 

3.6.1 Data Quality Objectives 
DQOs are quantitative and qualitative statements of the overall level of uncertainty that a 
decision-maker is willing to accept. General QASR guidelines for formulating project-specific 
DOQs are presented in QASR Chapter 2, Section 2.5. Also EPA QA/G-4, Guidance for the 
DQOs Process outlines a logical step-by-step method of identifying the study objective, defining 
the appropriate type of data to collect, clarifying the decisions that will be based on the data 
collected, and considering the potential limitations with alternate sampling designs. 

3.6.2 Sampling Strategy 
One of the main goals of any investigation is to collect samples that are representative of the site 
conditions so that an accurate assessment of the study area can be made with a minimum number 
of samples. A "representative sample" is a sample that reflects one or more characteristics of the 
population sampled and is defined by the study objectives. 

Successful investigations are highly dependent on an effective sampling plan. Development of a 
sampling plan to characterize a site should follow the fundamentals of the scientific approach 
and a logical design to allow an evaluation of site sample results in relation to background 
conditions, vertical extent, horizontal extent, and mobility in various media, i.e., water and soil. 
Typically, more than one sampling strategy or approach is necessary when several media or 
types of contamination are under investigation, and most sampling plans employ a combination 
of sampling strategies. Sampling strategies are developed by the project team to satisfy project-
specific data needs. Table 3.2 summarizes basic descriptions, applications, and limitations for 
some frequently used sampling strategies. 

Types of Sampling Strategies:  

• Directed or authoritative approaches typically rely on the judgment and experience of the 
investigators (or PM), as well as available information on the matrix of concern. It does 
not necessarily result in a sample that reflects the average characteristics of the entire 
matrix. The primary advantages are that the designs tend to be quick, simple, and 
relatively inexpensive to implement. It is ideally for sites where contaminants of concern 
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greatly exceed, or are significantly below, predetermined action levels. Because the 
experience of the PM is often the basis for sample collection, personal bias (depending on 
the study objectives) is a potential problem. However, for preliminary or screening 
investigations and for certain regulatory investigations, directed sampling may be the 
most appropriate strategy. There are two types of directed sampling strategies: 
judgmental sampling and biased sampling.  

• Probabilistic or statistical approaches main feature is that each location at the site has an 
equal probability of being sampled; therefore, statistical bias is minimized.  Probabilistic 
approaches include simple random sampling, stratified random sampling, and systematic 
grid sampling. Sometimes simple random or systematic grid sampling is used in 
conjunction with adaptive cluster sampling designs. By using adaptive clustering 
sampling, additional decision units or sample locations are selected depending on the 
interpretation of measurements or observations made during an initial survey. Additional 
sample locations are selected when a contaminant of concern in one or more units 
exceeds some predetermined action level in the initial survey. Adaptive cluster sampling 
is a beneficial design for sites where a contaminant of concern is sparsely distributed but 
highly concentrated. 

When an area is evaluated, sampling can be conducted by random, systematic, or biased 
sampling.  

• Biased samples are those collected at locations that were chosen based on historical 
information, knowledge about the behavior of the target analyte, and/or knowledge about 
the effects of the physical system on the fate of that analyte.  

• Random sampling depends on the theory of random chance probabilities to choose the 
most representative sample.  

• Systematic sampling over time and/or space is useful to evaluate data trends. 

Often biased and random sampling techniques can be used together to address an entire area 
thoroughly. Some samples may be biased to potentially impacted areas. In areas with little 
available background information, random samples may be used to allow adequate assessment of 
the entire study area.  

To ensure that samples are representative, a statistical approach is often used to design an 
appropriate sampling strategy and to provide a sound basis for supporting project decisions. 
Depending on data needed to support project decisions, input from a statistician may be 
beneficial. In addition, software programs (e.g., DQO Pro, DEFT, DataQuest, and Visual 
Sampling Plan) are available to CERP personnel to assist in evaluating various sampling 
scenarios and associated uncertainties. 

The sampling design ultimately must meet specific study objectives. Factors to be defined in the 
sampling design include: 

• Selection of site locations 

• Determining the types of samples to be collected 

• Quantity and frequency of sampling  
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• Analytical and field parameters to be measured 

• Protocols to be used 

• Regulations 

• Physical site constraints, safety, and cost 

• Representative Sampling 

 

Table 3.2 Comparison of Sampling Strategies 
Sampling Strategy Description Application Limitations 

Probabilistic (or Statistical/Classical) Sampling Strategies 

Simple Random 
Sampling 

Representative sampling locations are 
chosen using the theory of random 
chance probability 

Site where background 
information is not available and 
no visible signs of contamination 
are present. 

May not be cost effective for 
samples located too close 
together. Does not take into 
account spatial variability of 
media. 

Stratified Random 
Sampling 

Site is divided into several sampling 
areas (strata) based on background or 
site survey information; each stratum 
is evaluated using a separate random 
sampling strategy 

Large sites characterized by a 
number of habitat types, 
topographic features, past/present 
uses, or manufacturing/ storage 
areas. 

More difficult to implement 
in the field and analyze 
results. Does not take into 
account spatial variability of 
habitats. 

Systematic Grid 
Sampling 

Most common statistical strategy 
involves collecting samples at 
predetermined, regular intervals 
within a grid pattern. 

Best strategy for minimizing bias 
and providing complete site 
coverage. Can be used 
effectively at site where no 
background information exists. 

Does not take into account 
spatial variability of media. 

Hot Spot Sampling Systematic Grid sampling strategy 
tailored to search for hot spots 

Sites where background 
information or site survey data 
indicate that hot spots may exist. 

Does not take into account 
spatial variability of media. 

Geostatistical 
Sampling 

Representative sampling locations are 
chosen based on spatial variability of 
media. Resulting data are analyzed 
using kriging, which creates contour 
maps of the contaminant 
concentrations and the precision of 
concentration estimates 

More appropriate than other 
statistical sampling strategies 
because it takes into account 
spatial variability of media. 
Especially applicable to site 
where presence of contamination 
is unknown. 

Previous investigation data 
must be available and such 
data must be shown to have a 
spatial relationship. 

Directed (Non-Statistical) Sampling Strategies 

Biased Sampling Sampling locations are chosen based 
on available information as historical 
information, knowledge about the 
behavior of the target analyte, and/or 
knowledge about the effects of the 
physical system on the fate of that 
analyte. 

Sites with specific known 
contamination sources.  

Contaminated areas can be 
overlooked if they are not 
indicated by background 
information or visual signs of 
contamination. Best if used 
with statistical approach, 
depending on the project 
objective. 

Judgmental Sampling An individual subjectively selects 
sampling locations that appear to be 
representative of average conditions 

Homogeneous, well-defined 
sites.  

Not usually recommended 
due to bias imposed by 
individual, especially for 
final investigation. 
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3.6.2.1 Sample Site Locations 
Sampling is usually conducted in an attempt to identify the presence of a contaminant and to 
define its extent and variability. With such an objective, it is most logical to choose sample 
locations that will yield the most information about site conditions. Other factors also need to be 
considered when selecting locations. 

Before any sampling, an initial reconnaissance should be made to locate suitable sampling 
locations. The relevance of site locations is dependent on the objectives of the monitoring 
program. If the program’s objective is to investigate a specific water use, such as a source of 
water supply, recreation, or other discrete use, then considerations such as accessibility, velocity, 
and physical characteristics, are not critical from a water quality investigation standpoint. If the 
objective of the monitoring program is to determine patterns of pollution, provide data for 
mathematical modeling purposes or to conduct assimilative capacity studies where more than a 
small area or short stream reach is to be investigated, then these factors need to be considered in 
sampling location selection. 

3.6.2.1.1 Rivers, Streams, and Creeks 
Generally, for small streams less than 20 feet wide, a sampling site should be selected where the 
water is well mixed. In such cases, a single grab sample taken at mid-depth at the center of the 
channel is adequate to represent the entire cross-section. A sediment sample could also be 
collected in the same vicinity if applicable. 

Select areas with the greatest degree of cross-sectional homogeneity. Sites that are located 
immediately upstream or downstream from the confluence of two streams or rivers should 
generally be avoided since flows from two tributaries may not immediately mix, and at times can 
produce possible backflow that can upset the depositional flow patterns. 

When several locations along a stream reach are to be sampled, they should be strategically 
located: 

• At intervals based on time-of-water-travel, not distance 

• At the same locations if possible, when the data collected is to be compared to a previous 
study 

• Whenever a marked physical change occurs in the stream channel; and 

• To isolate major discharges, as well as major tributaries. 

When major changes occur in a stream reach, an upstream station, a downstream station, and an 
intermediate station should be selected. Tributaries should be sampled as near the mouth as 
feasible. Care should be exercised to avoid collecting water samples from stratified locations, 
which are due to differences in density resulting from temperature, dissolved solids, or turbidity. 

3.6.2.1.2 Lakes, Ponds, and Impoundments 
Lakes, ponds, and impoundments have a much greater tendency to stratify than rivers and 
streams. The relative lack of mixing generally requires that more samples be obtained. 
Temperature, dissolved oxygen, and specific conductivity profiles of the water column, as well 
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as visual observation of lake samples, can often detect the different layers that can be sampled 
separately. 

The number of water sampling stations on a lake, pond, or impoundment will vary with the 
objective of the investigation, as well as the size and shape of the reservoir. In ponds and small 
impoundments, a single vertical composite at the deepest point may be sufficient. Dissolved 
oxygen, pH, temperature and specific conductivity are generally measured for each vertical 
composite aliquot.  

In lakes and larger impoundments that are vertically heterogeneous, several vertical sub-samples 
should be composited to form a single sample. These vertical sampling locations are often 
collected along grid or transect. The number of vertical sub-samples and the depths at which sub-
samples are taken are usually at the discretion of the PM and field supervisor. 

In lakes with irregular shapes and with several bays and coves that are protected from the wind, 
additional separate composite samples may be needed to adequately determine water quality. 
Similarly, additional samples should be collected where discharges, tributaries or land use 
characteristics are suspected of influencing water quality. 

3.6.2.1.3 Estuarine Waters 
Estuarine areas are zones where inland freshwaters (both surface and ground) mix with oceanic 
waters. Estuaries are generally categorized into three types, dependent upon freshwater inflow 
and mixing properties: 

Mixed estuary - Characterized by an absence of vertical halocline (gradual or no marked 
increase in salinity in the water column) and a gradual increase in salinity seaward. Typically, 
this type of estuary is found in major freshwater sheetflow areas, featuring shallow depths. 

Salt wedge estuary - Freshwater inflow that is channeled into a deep estuary. In these estuaries, 
the vertical mixing forces cannot override the density differential between fresh and saline 
waters. In effect, a salt wedge tapering inland moves horizontally and back and forth with the 
tidal phase. 

Oceanic estuary - Characterized by salinities approaching full strength oceanic waters. 
Seasonally, freshwater inflow is small with the preponderance of the fresh and saline water 
mixing occurring near or at the shoreline. 

A reconnaissance investigation should be conducted for each estuarine study unless prior 
knowledge of the estuarine type is available. The reconnaissance should focus upon the 
freshwater and oceanic water dynamics with respect to the study objective. 

Water sampling in estuarine areas is normally based upon the tidal phases, with samples 
collected on successive slack tides. All estuarine sampling should include vertical salinity 
measurements coupled with vertical dissolved oxygen and temperature profiles. A variety of 
water sampling devices are used, but in general, the Van Dorn (or similar type) horizontal 
sampler or peristaltic pump are suitable. Samples are normally collected at mid-depth in areas 
where the depths are less than 10 feet, unless the salinity profile indicates the presence of a 
halocline (salinity stratification). In that case, samples are collected from each stratum. 
Depending upon the study objective, when depths are greater than 10 feet, water samples may be 
collected at the one-foot depth from the surface, mid-depth, and one-foot from the bottom. 
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Generally, estuarine investigations are two-phased, with study investigations conducted during 
wet and dry periods. Depending upon the freshwater inflow sources, estuarine water quality 
dynamics are not normally determined by a single season study. 

3.6.2.1.4 Groundwater Sampling 
Because of the difficulty and expense of installing groundwater wells, it is essential that 
sampling objectives be firmly established well in advance of the field activities. These objectives 
dictate the parameters to be measured, the necessary reliability of the water quality data, 
analytical methodology, and consequently, the sampling procedures necessary to meet these 
objectives. Groundwater moves slowly, therefore there is a slow rate of change of water quality 
and sampling is required less frequently than for surface water. In any groundwater sampling 
network, knowledge of hydrogeologic framework is important to determine the direction of 
groundwater movement and geochemical considerations that affect the quality of groundwater. A 
necessary component of any groundwater monitoring program is sampling of a background 
(control) site. 

3.6.2.2 Sample Collection Types 
The type of sample should be designated when selecting a sampling method. Sample collection 
types are: 

• Discrete (grab) sample is a discrete aliquot representative of a specific location at a given 
point in time. The sample is collected at one particular point in the sample matrix. The 
representativeness of such samples is defined by the nature of the materials being 
sampled. In general, as sources vary over time and distance, the representativeness of 
grab samples will decrease. 

• Composites are samples composed of two or more specific aliquots (discrete samples) 
collected at various sampling locations and/or different points in time. Analysis of this 
type of sample produces an average value and in certain instances can be used as an 
alternative to analyzing a number of individual grab samples and calculating an average 
value. It should be noted, however, that compositing can mask the presence of low level 
analytes by diluting isolated concentrations that may be present in the environmental 
matrix. 

3.6.2.3 Quantity and Frequency of Sampling 
The number of samples required is typically based on several factors such as the sampling 
strategy, project objectives, properties of the matrix, degree of confidence required, access to 
sampling points, and resource constraints. 

Determination of the number of samples needed to characterize a site depends upon sampling 
objectives and site-specific conditions. For example, if the objective of the event is to determine 
whether or not a target analyte is present within the study area, a limited number of samples from 
properly chosen locations will yield useful information. If, however, a target analyte is known to 
be present within the study area and delineation is the objective, a greater number of samples 
may be needed. In many cases, statistical considerations can be helpful in determining sampling 
strategy. It may also be necessary to strategically plan the timing of sampling. For example, 
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regulations covering storm water runoff sampling require that sampling be performed during a 
qualifying storm event. 

Classical statistical methods are most applicable to sampling media that are considered fairly 
homogeneous as ground water and surface water. Statistics can also be used to determine the 
number of samples required to reach a prescribed level of certainty. However, when statistical 
calculations result in an unacceptably high number of samples being defined, the use of field 
analytical technologies or field screening techniques may be pursued to reduce the cost of sample 
analyses while maintaining a desired level of site coverage.  

A related factor to consider is the distribution of a constituent within the environmental medium, 
and how this may impact the use of the data or what is considered representative. Information on 
how a constituent was dispersed into the environment may help in assessing whether the 
constituent is present on a molecular scale (e.g., solvent or solution spills) or on a macroscale 
(e.g., lead shot, debris, etc.). The latter situation increases the likelihood that samples may 
exhibit a high short-range heterogeneity, and the challenge of obtaining representative samples 
becomes even more difficult. The use of compositing and homogenizing techniques can improve 
representatives of samples (i.e., when amenable to the eventual physical/chemical analyses) by 
invoking the physical process of averaging. 

3.6.2.3.1 Sampling Method Selection 
The sampling method is determined by the project goal, purpose of the data (permit compliance 
or research), required matrices, required analytes, permissible sampling equipment, acceptable 
equipment construction materials, water body characteristics, site accessibility, transportation 
mode, and available resources. 

Samples collected for permit compliance must be collected using methods specified by the 
permit. Other samples may be collected by a variety of approved methods and may be found in 
the specific section of the QASR for the matrix of interest, the FDEP SOPs (DEP-SOP-001/01), 
and the EPA document EPA/600/2-80/018 (Samplers and Sampling Procedures for Hazardous 
Waste Streams). 

3.6.2.4 Method Evaluation 
Methods should be evaluated by the PDT which should include the PM, chemist, 
biologist/ecologist and geologist to determine the best method suitable for a specific project. Site 
accessibility and transportation mode must also be considered when selecting and evaluating a 
sampling method. Available resources may limit the sampling method and should also be 
evaluated during method selection. It may be necessary to use an auto-sampler and composite the 
samples instead of collecting discrete grab samples. Choice of equipment may also be limited. 

3.6.2.5 Alternative Methods and Procedures 
Alternate methods may be used for CERP projects, but must be approved by the QAOT before 
implementation. Alternative methods must be appropriate for the established project DQOs. The 
QAOT may facilitate approval of an alternative method when the alternative offers an 
improvement over the existing procedure. Refer to Chapter 2, Section 2.3. 
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3.7 Procedures 
Guidance and specific procedures for implementing the technical and quality procedures to be 
used under CERP are provided in this section. The information is presented in two major topic 
areas: technical procedures; and sample handling, receipt and custody procedures. 

3.7.1 Technical Procedures 
Careful planning and coordination is critical to a successful sampling event. Based on the MP, 
the sampling team must know the sampling design, sampling stations, number and types of 
samples to collect, the frequency of collection, source of supplies and equipment, and where the 
samples will be submitted.  

Once the overall project requirements have been addressed, critical details relevant to sampling 
equipment, field analytical equipment, standard operating procedures and quality assurance must 
be carefully addressed.  

3.7.1.1  Choosing Appropriate Field Sampling Equipment  

“Sampling equipment” in this document refers to all equipment in the sample equipment train 
that has contact with the sample before it is transferred to the sample bottle or jar. Sampling 
equipment is selected based upon the sampling method, the type of sample(s) required and the 
parameters of interest. Other factors to consider in selecting the appropriate sampling equipment 
include: 

• Desired sample depth 

• Tidal influences 

• Sample disturbance 

• Sample volume 

• Ease of decontamination 

• Equipment cost 

• Construction materials 

The sampling equipment must be constructed of materials appropriate for the collection of the 
desired sample types and analytes as mandated in Rule Chapter 62-160 FAC. Refer to FDEP FS 
1000.  

The equipment brought to the field must be pre-cleaned at the base of operations or certified pre-
cleaned by the vendor or laboratory. Equipment decontamination must be performed and 
documented according to the FDEP SOPs and the QASR. 

3.7.1.2 Cleaning and Decontamination 
The cleaning and decontamination procedures are based on FDEP FC1000. Also refer to FS 
1000 for General Sampling Procedures. Alternative procedures to the DEP SOP may only be 
used upon approval by the QAOT before implementation. 

• The specific equipment cleaning procedures to be used are dependent on the construction 
material of the equipment and the analyte(s) being sampled. 
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• Heavily contaminated equipment is not expected for CERP projects on a routine basis. If 
equipment does become heavily contaminated, the equipment will be placed in a tightly 
sealed untreated plastic bag, separated from clean equipment, and transported back to the 
base for decontamination. If cleaning must occur in the field, a field cleaned equipment 
blank must be collected. 

3.7.1.3 Water Sampling Procedures 
Before beginning a sampling project, a MP, or other project specific document must be written 
that describes the management, the data generation and acquisition procedures, the assessment 
and oversight, and the data validation and usability for the project (see EPA Requirements for 
QAPP, EPA QA/G-5). The sampling agency may reference procedures from their organization’s 
FSQM and the SOPs when writing the SAP, as long as all procedures comply with Chapter 62-
160, FAC, and any applicable permit requirements. 

General sampling requirements: 

• Sampling according to SAP, QASR, DEP SOPs and FSQM. 

• Using the appropriate sampling procedures specific for substances of interest  

• Using the appropriate equipment based on collected analytes or groups and following 
cleaning requirements. 

• Using the appropriate sample containers as specified in CFR 40 and following cleaning 
requirements. 

• Using the appropriate preservative as specified in CFR 40, only after filtration (if 
required). 

Refer to FDEP SOPs: 

• FDEP FS 1000 General Sampling Procedures 

• FDEP FS 2000 General Aqueous Sampling 

• FDEP FS 2100 Surface Water Sampling  

• FDEP FS 2200 Groundwater Sampling 

3.7.1.3.1 Sampling Surface Water 
This section presents guidelines for collecting representative samples from surface water bodies 
for CERP projects. Surface water bodies can be classified into two primary types: flowing and 
standing. Flowing bodies include rivers, canals, streams, or any other water body. Standing 
bodies include ponds, lakes, or any other lentic water body. Surface water samples can be 
collected from various depths of the water bodies using the techniques described herein. 

Each collection event must be performed so that samples are representative of the media being 
sampled, are not contaminated, altered from improper handling, or so that the sampling 
procedure meets federal and state requirements. To accomplish this, follow the procedures 
presented in the FDEP SOPs (DEP-SOP-001/01): 

• FDEP FS 1000 General Sampling Procedures 
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• FDEP FS 2000 General Aqueous Sampling 

• FDEP FS 2100 Surface Water Sampling  

Any deviations from these procedures must be approved by the CERP QAOT before 
implementation. 

Sampling Moving (Dynamic) Water 
If filtered sample is to be collected from moving sources, such as rivers or streams, or just 
below the surface, samples may be collected into an intermediate container and filtered with 
syringe-type or tripod-type filtration units or by using vacuum filtration. 

Sampling Static Water 
If collecting filtered samples from static surface water sources (i.e., subsurface samples from 
lakes, ponds, lagoons or ocean) use the sampling protocols that are specified for groundwater 
since exposure to air can change the concentration of metals in solution. Also when 
collecting filtered samples for trace metals, filters should be acid washed to minimize 
contamination of the sample by the filter. 

Sampling Marshes  
The bottom sediments of many marshes are easily disturbed by foot travel, vehicles and the 
sample collection process, making it is difficult to obtain a sample free of debris, plants or 
sediments. When sampling in areas with vegetation, care must be taken not to dislodge 
detritus, which is attached to the stems or leaves of the vegetation. Materials floating on the 
surface of the water are not representative of the sample and should not be collected. The 
sampling device must be carefully inserted and handled to prevent collection of detritus, 
floating particulates and disturbed sediments. When collecting samples, alligator holes, 
airboat trails and other non-representative areas should be avoided. The sampling procedure 
for collecting surface water samples in marsh environments can be found in A Protocol for 
Collecting Surface Water Samples in Marshes of the Florida Everglades, FDEP, November 
1995 (revised May 1996). 

3.7.1.3.2 Sampling Stormwater Runoff 
Stormwater sampling may be required for some CERP projects. Grab and flow-weighted 
composite sampling techniques could be utilized. It is recommended to refer to Grab Sampling 
Procedure for Stormwater Runoff. For more information see EPA/833/B-92/001 posted at 
http://www.epa.gov/npdes/pubs/owm0093.pdf. 

3.7.1.3.3 Sampling of Groundwater 
The following section presents guidelines for collecting representative groundwater samples for 
CERP projects from temporary and permanent groundwater monitoring wells and, where 
applicable, from other direct push well screen samplers. Guidance for the installation of 
temporary wellpoints by direct push methods for sampling groundwater at discrete points may be 
found in American Society for Testing and Materials (ASTM) D 6001 (http://www.astm.org/). 
Instructions presented herein are intended to include sample collection from wells that have not 
been completed as production or extraction wells.  
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All field activity related to the collection of groundwater must meet state requirements as 
specified in Chapter 62-160 FAC and outlined in the FDEP SOP FS 2200 Groundwater 
Sampling.  Also FS 1000 and FS 2000 are applicable. Project specific requirements, as described 
in the project MP or in any project SOPs, must also be followed. 

• Groundwater samples are typically discrete samples. The sample is collected once at a 
particular point in the sample matrix. The representativeness of such samples is defined 
by the nature of the materials being sampled. In general, since analytes in groundwater 
disperses over time and distance, it will take more grab samples to characterize the 
groundwater as the time increases. 

• Groundwater Sampling Frequency is dependent upon the objectives and the site-specific 
conditions. Concentrations in groundwater vary across both time and space. Therefore, it 
is important to consider the potential temporal variability of the data collected. Often 
statistical considerations can be helpful in determining sampling strategy. 

• Groundwater Sampling Techniques involve two major phases: purging the well and 
collecting the sample. Wells may be purged by centrifugal pump, submersible pump, 
bladder pump and peristaltic pump. Samples may be collected by submersible pump, 
bladder pump and peristaltic pump. Note: Bailer with lanyard is not allowed. 

• Groundwater Sampling Equipment depends on the depth of the well, the depth to 
groundwater, the volume of water to be evacuated, the sampling and purging technique, 
and the analytes of interest 

3.7.1.3.4 Sampling Atmospheric Deposition 
The purpose of this section of the QASR is to provide procedures for the collection and data 
assessment of atmospheric deposition data for CERP projects. Even though data will be collected 
for CERP projects, data must also be collected according to current procedures so that data may 
be integrated into the atmospheric deposition monitoring program data. 

The quality of atmospheric deposition monitoring and analysis for the National Atmospheric 
Deposition Program (NADP) posted at http://nadp.sws.uiuc.edu// is assured by the Atmospheric 
Deposition Network Quality Assurance Program. The Atmospheric Deposition Network Quality 
Assurance Program consists of proper site selection, the use of approved sampling and analytical 
methods, the adherence to both field and laboratory quality assurance protocol, and the quality 
assessment of network operations. 

• Site Selection must be according to NADP guidelines unless sampler location is 
mandated by permit. 

• Sampling Methods for Atmospheric deposition should follow approved procedures as 
specified by the FDEP SOP, DEP-SOP-001/01. The agency or group performing the 
sample collection and processing must have a FSQM as well as a SOP in place. 

• Follow manufacturer’s instructions on maintaining and calibrating the equipment. 
Document the calibration procedure and results in a calibration logbook.  

3.7.1.4  Sampling Procedures Specific to Substances of Interest 
Refer to FDEP FS 2000 and FS 2200 for sampling analyte groups. 
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3.7.1.5 Manual Sampling Procedures 
Manual sampling techniques should be used for the collection of grab samples for immediate in-
situ field analysis. Manual sampling is preferred over the use of automatic equipment over 
extended periods of time for composite sampling, especially when it is necessary to observe 
and/or note unusual conditions. Refer to FDEP FS 2100 for more information of manual 
sampling.  

Types of Manual Sampling: 

• Surface Grab Sampling-A grab sample is an individual sample collected over a period of 
time, usually all in one motion, not exceeding 15 minutes for aqueous samples. 

• Grab Sample Directly into Sample Container - Collection directly into the sampling 
container is possible when the sample is collected at the surface (for shallow depths) and 
does not require filtration. 

• Grab Sample Collection into Intermediate Container - An intermediate container should 
be used to collect a grab surface sample when the sample can not be collected directly 
into the sample containers or if the laboratory provides pre-preserved sample containers. 

• Grab Sample Collection using a Peristaltic Pump-An advantage of the peristaltic pump is 
its design, which isolates the sample from the moving part of the pump and allows for 
easy decontamination by removal or replacement of the flexible tubing. This method can 
both extend the lateral reach of the sampler and allow sampling from depths below the 
water surface.  

3.7.1.6 Automatic Sampling Procedures 
Automatic samplers may be used when several sites are to be sampled at frequent intervals or 
when a continuous sample is required. Automatic samplers also help reduce human error, 
specifically in complex sampling activities such as flow proportional sampling, and reduce 
exposure to potentially hazardous environments. The primary disadvantage to automatic 
sampling is the cost of the equipment and maintenance requirements. The use of automatic 
samplers for collecting surface water samples is more applicable to situations where sampling 
equipment is deployed on-site for long term or dedicated to the site. 

A wide variety of automatic samplers are commercially available. Most have the following five 
interrelated subsystem components: 

• Sample intake 

• Sample gathering  

• Sample transport  

• Sample storage  

• Controls and power 

Automatic sampling equipment must meet the FDEP FC 2100 specific requirements. 
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3.7.1.6.1 Composite Sampling 
An auto-sampler may be used to collect discrete samples and composite samples. A composite 
sample is a sample collected over time, formed either by continuous sampling or by mixing 
discrete samples. Composite samples reflect the average characteristics during the compositing 
period. Composite samples are used when stipulated in a permit or when: 

• The water or wastewater stream is continuous; 

• Analytical capabilities are limited; 

• Determining average pollutant concentration during the compositing period; 

• Calculating mass/unit time loadings; or 

• Associating average flow data to parameter concentrations. 

Composite samples may be collected individually at equal time intervals or they may be 
collected proportional to the flow rate. The permit or SAP must specify which composite sample 
type to use, either time composites or flow proportional composites. Complete details on 
composite methods are in FDEP FS 2000. Select the tubing for the pump head and sampling 
train according to the analytes of interest and the allowable construction material specified. 
Different composite sample methods are: 

• Time Composite Sample 

• Flow Proportional Composite Sample 

• Sequential Composite Sample 

• Continuous Composite Sample 

3.7.1.7 Field Measurement Procedures 
This section indicates the procedures to be used for field measurements, including calibration, 
and documentation.  

Field measurements include: 

• Field Measurement of Hydrogen Ion Activity (pH) - FDEP FT 1100  

• Field Measurement of Oxidation Reduction Potential (ORP) – (FDEP FT 1100 if used a 
pH meter with mV reading capability to ± 1400 mV) 

• Field Measurement of Specific Conductance - FDEP FT 1200 

• Field Measurement of Salinity - FDEP FT 1300 

• Field Measurement of Temperature - FDEP FT 1400 

• Field Measurements of Dissolved Oxygen - FDEP FT 1500 

• Field Measurement of Turbidity - FDEP FT 1600 

• Field Measurement of Field Light Penetration-Secchi Depth - FDEP FT 1700  

• Field Measurement of Sulfite - EPA 377.1 
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• Field Measurement of Chlorine Residual. FDEP FT 2000  See Table 3.3 

 

Table 3.3 Summary of Chlorine Residual Methods Discussed in DEP-SOP 

Method Applicability and Notes 

DPD Colorimetric: Spectrophotometric 
Filter photometric 
Color wheel comparator 

Recommended by FDEP if testing level 0.2 – 4.0 mg Cl/L 
Measures only Total Residual Chlorine 
Best suited for polluted waters because it is the method least affected by the presence 
of organic matter in the sample 
The color wheel comparator is only approved by drinking water compliance 

Titrimetric  Not recommended by FDEP for field sampling unless the expected concentration 
levels are below the detectability of colorimeters 

Selective Ion Electrode 

Not recommended for on-site use  
May only be used if a method detection limit study verifies that the method can 
achieve the desired permit/regulatory limit  
Use of this method must be approved by the CERP QA Oversight Team 

Standard Addition  
Used by wastewater treatment facilities to detect the absence of any chlorine  
May be used to verify, but not to report the absence of chlorine residual 

 

3.7.1.7.1 Calibration and Documentation Requirements for Field Measurements 
Field instruments must meet specifications. The minimum calibration requirements must be 
followed regardless of the instrument make or model and manufacturer instructions must be 
followed for operation and maintenance. Field measurements for all CERP projects must meet 
minimum calibration and quality control requirements indicated in FDEP FT 1000 and FDEP FD 
4100. Otherwise, the instrument must be recalibrated using the initial calibration procedure or 
removed from service. If a calibration check fails to meet the acceptance criteria and it is not 
possible to reanalyze the sample(s), then the results between the last acceptable calibration check 
and the failed calibration checks must be reported as estimated (following FDEP data qualifiers, 
Chapter 5, Section 5.8.1).  A narrative description of the problem must also be included. 

3.7.2 Sample Handling, Receipt and Custody 
This section contains guidance and procedures for sample container types and preservation 
requirements, sample holding time information, and sample custody and transport procedures. 

3.7.2.1 Sample Containers 
The construction of sample containers must not contaminate or interfere with the sample, while 
the volume collected must be adequate to analyze all tests. Requirements for sample container 
types are provided in the FDEP FS 1000. Deviations from the cleaning sample container 
procedures must be approved by the CERP QAOT before implementation. 

3.7.2.2 Sample Preservation 
Samples must be preserved according to FDEP FS 1000. Dispose of all preservatives and 
reagents according to local and federal guidelines. 
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If the only analyte of interest is Total Phosphorus and the project is unrelated to an NPDES 
permit, the sample must be chemically preserved with sulfuric acid, but it does need to be cooled 
to 4oC with wet ice. The acid must be in the container prior to drawing the first composite 
sample into the container. Auto-samplers using acid preservation and not thermal preservation 
must be set up to collect samples into discrete bottles and not large five gallon jugs to prevent 
over or under acidification of the sample. If parameters other than Total Phosphorus are to be 
analyzed, appropriate additional preservation (e.g., cooling with ice or refrigeration) is required.  

If the sampling is required for an NPDES permit, EPA Region four may grant approval to use 
this preservation method on a case-by-case basis, upon petition by the permit holder. 

Refer to FDEP FD 1000 for documentation of sample preservatives. 

3.7.2.3 Sample Holding Times 
Samples must be analyzed by the laboratory within the time period specified in FDEP FS 1000 
and following EPA requirements in 40 CFR Part 136. Failure to meet sample holding times will 
result in qualifying of the data. 

3.7.2.4 Sample Custody 
A Chain of Custody (COC) is an unbroken trail of accountability that ensures the physical 
security of samples and includes the signatures of all who handle the samples (NELAC). Legal 
COC (a special type of sample custody in which all events such as possession, transport, storage, 
and disposal, and all time intervals that are associated with a specific sample, must be 
documented in writing) will not be used for CERP projects. However, careful documentation of 
sample collection activities and sample transfer to the laboratory, whether direct or via a courier 
or shipping company, must be maintained. All samples must be maintained reasonably secured 
under the proper storage conditions, and meet temperature and transportation requirements so 
that the validity of the data is not compromised. In addition, all samples must be traceable from 
the time of collection to disposal and data archival. 

3.7.2.5 Sample Transport 
Sample transport must not adversely affect the samples in terms of causing contamination or 
violating preservation requirements. If shipping the samples by common carrier, overnight 
shipping is recommended in order to maintain the samples at the required temperature and to 
ensure that sample holding times can be met. If the U.S. Postal Service is used, the shipper is 
responsible for compliance with postal laws and regulations. 

Each sample bottle should be labeled and filled out with permanent marker. Each label must 
include: 

• Station ID number or field number; 

• Date and time of collection; and 

• Sample type/preservation. 

All comments and notes pertinent to the samples should be placed on the COC form and not on 
the sample labels. 
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3.8 Quality Assurance and Quality Control 

3.8.1 Corrective Actions 
The QC results must be within the acceptance criteria for the project in order for the data to meet 
the DQOs. Should FQC results not fall within the predetermined acceptability limits, corrective 
action must be taken. Corrective action includes investigation to determine the cause of FQC 
failure and may result in re-sampling (if possible) or qualifying the affected data.  

Sample data associated with positive blanks (exceeding criteria) should also be reviewed and 
validated according to the procedure in Chapter 5. 

Corrective action may also be initiated based upon audit results, calibration failures, or other 
measures indicating that field activities may not be producing data of the desired quality level. 
The CERP QAOT may initiate corrective actions as needed, and has the authority to determine 
the final outcome of any corrective actions, based upon the findings. The primary goal of 
corrective action is to determine the cause of the measurement failure, identify the affected data, 
determine the quantitative effect on the data (if possible), and to qualify the data as necessary. 
Another goal of corrective action is to prevent further loss of usable data. All corrective action 
must be documented and submitted to the CERP QAOT for review. 

3.8.2 Data Qualification 
FQC samples and field measurements are evaluated during data verification and validation. Data 
verification is the process of evaluating the completeness, correctness, and 
conformance/compliance of a specific data set against the method, procedural, or contractual 
requirements. Those performing the activity conduct this type of review in conjunction with the 
sampling activity.  

Data validation determines the analytical quality of a specific data set. This review is performed 
subsequent to data generating activities and is conducted by those independent of the activities. 
Data validation determines whether or not the data quality goals established for the project were 
achieved.  

It is necessary to review the FQC results in order to evaluate the effectiveness of the sample 
collection activities. 

When qualifying data, the FDEP qualifiers as specified in Chapter 62-160, FAC must be used 
Table 3.4 lists the minimum criteria for FQC samples and the recommended corrective actions. 
Laboratory confirmation of the unacceptable FQC is necessary before initiating the suggested 
field corrective actions. The FQC acceptance criteria may be more stringent if required by the 
project. 
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Table 3.4 Field Quality Control Sample Criteria and Corrective Action 

FQC Requirement Acceptance 
Limit Corrective Action 

Field Blank (FB) One per sampling trip if no 
EB is collected 

 <MDL Qualify associated samples up to ten times the 
contamination level. Investigate environmental 
conditions, sample bottles, AFW and container, 
preservatives, shipping, etc. 

Pre-cleaned 
Equipment Blank 
(EB) 

One per sampling trip if no 
equipment is cleaned in the 
field, and one per quarter per 
project 
For Autosampler, collect one 
EB each time intake tubing 
is replaced 

<MDL Qualify associated samples up to ten times the 
contamination level. Investigate equipment 
cleaning, AFW and container, sample bottles, 
environmental conditions, preservatives, shipping, 
etc. 

Field Cleaned 
Equipment Blank 
(FCEB) 

At least one per sampling 
trip and at a rate of 10%, if 
equipment is cleaned in the 
field 

<MDL Qualify associated samples up to ten times the 
contamination level. Investigate equipment 
cleaning, cleaning reagents, AFW and container, 
sample bottles, environmental conditions, 
preservatives, shipping, etc. 

Field Duplicates or 
Replicate Samples 
(FD) or (RS) 

Varies per project: at least 
one per quarter 
recommended 

< 20 % RPD 
or RSD* 

Qualify affected samples. Investigate collection 
procedure, sample bottles, equipment cleaning, etc. 

Trip Blank (TB) One set per transport 
container for VOCs, (not to 
be opened) 

<MDL Qualify affected samples. Investigate shipping, 
transport containers, laboratory AFW and 
containers, etc. 

Split Samples (SS) Varies per project: as needed <20 % RPD or 
RSD* 

Qualify affected samples. Investigate laboratory 
analyses. Then, evaluate splitting techniques. 

*Relative Percent Difference (RPD) is used when comparing two results and Relative Percent Standard Deviation (RSD) is used 
when comparing three or more results. 

3.8.3 Quality Control Requirements and Procedures 
CERP data must meet the DQOs for the project and meet the minimum quality requirements for 
the overall program. To achieve a standard minimum level of quality throughout the CERP 
program, data quality must be carefully controlled in the laboratory and in the field when 
performing each activity. FQC is an overall system of technical activities performed during the 
trip preparation, sample collection, field data collection, and data verification/assessment phases 
of the data collection process. The goal of FQC activities is to ensure that a representative 
sample is collected at the correct frequency and site, under proper conditions so that data have 
stated limits of precision and accuracy, are legally valid, and are not adversely affected by the 
collection process. FQC is typically, but not always, applied by field personnel. Activities 
include: 

• Collection of the appropriate sample volumes in approved sample containers; 

• Use of appropriate sampling and processing equipment; 

• Use of appropriate preservatives; 

• Observation of sample holding times; 

• Use of the appropriate water type; 
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• Performance of preventive maintenance, calibration and calibration checks when 
collecting field data; 

• Collection of FQC samples; 

• Documentation; 

• Field data verification and validation; 

• Corrective action; and 

• Audits of field activities. 

The procedures for field preparation, field data collection and sample collection may be found in 
the QASR, the sampling group’s FSQM, the FDEP SOPs, and EPA SOPs. In all cases, state and 
federal requirements must be adhered to, including Chapter 62-160, FAC. Sampling and field 
data collection performed for regulatory purposes must meet specific permit and FDEP and EPA 
requirements. Information pertaining to the project, including collection methods and equipment, 
sample type and frequency, FQC, may be found in the project MP. No modifications to sampling 
or field data collection methods may be made without previous approval by the CERP QAOT.  

3.8.3.1 Preventative and Routine Maintenance 
Preventive maintenance activities are necessary to ensure that the equipment can be used to 
obtain the expected results and to avoid unusable or broken equipment while in the field. FDEP 
FS 1000 presents the instrument specific maintenance activities and frequencies for analytical 
balances and field instruments. Follow the manufacturer’s suggested maintenance activities and 
document all troubleshooting and maintenance activities. 

3.8.3.2 Field Quality Control Samples 
FQC measures the effectiveness of FQC activities in ensuring that data meet stated limits of 
precision and accuracy. Three main types of FQC to be used for CERP projects: 

• Field quality control blanks; 

• Field duplicates; and 

• Split samples. 

FQC samples must be prepared in the field (except for trip blanks) and treated in the same 
manner as routine samples, including sample bottle type, preservation, documentation, sample 
transport and laboratory analysis. Once collected, they must remain with the sample set until the 
laboratory has received them. All QC samples must be analyzed for the same parameters as the 
associated samples. Refer FDEP FQ 1000. 

3.8.4 Quality Assurance Requirements 
Field systems audits should be conducted annually and as needed. The purpose of a field audit is 
to determine conformance with the QASR, FSQM, SAP, FDEP SOPs and other required 
standards. A sample audit checklist is presented in Appendix B. A determination that field 
activities do not meet QA/QC requirements, or the activities do not produce data meeting project 
DQOs, is sufficient cause for initiating corrective actions and may require qualifying/rejecting all 
or part of the data. 
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A field audit is an essential tool in assessing compliance with quality documents or measuring 
the performance of a system. The goal of a field audit is to identify areas of noncompliance, 
whether quantitative or qualitative, determine the extent of the noncompliance, and to initiate 
corrective action as needed. If all systems are in compliance or being performed according to 
predetermined standards, then the audit serves to bracket the data between the latest audit and the 
previous audit, as having been produced under valid procedures.  

3.8.4.1 Field System Audits 
Field system audits are essential in order to verify and document compliance with the QASR, 
MP, and FSQM. System audits must be conducted at least annually for all CERP projects either 
by the project team member, sampling group, or consultants. PMs must take the cost of and 
effort involved in field audits into consideration when budgeting for their project or when 
contracting out work. The CERP QAOT may request and conduct additional field system audits 
as needed. 

Audits follow a standardized audit checklist, either in electronic or hardcopy format. An example 
audit checklist is included in Appendix B. Personnel conducting the audit must not be involved 
with the field activities in any way that might bias results. The audit involves observing sample 
collection and field data collection activities, from equipment decontamination procedures to 
sample custody transfer to the laboratory or shipper. 

The sampling technician/field supervisor should be told immediately of unacceptable procedures 
or problems. The audit report should be available within a reasonable amount of time and 
forwarded to the QAOT, the project manager, and the field supervisor. Corrective measures must 
be implemented immediately. Corrective action may include review of previous data and 
procedures, and may result in data qualification. Audit findings and corresponding corrective 
actions are summarized in an audit report and sent to the specific field project manager and field 
supervisor. The field supervisors and field project managers are ultimately responsible for 
preparing and submitting a corrective action plan and for ensuring that corrective actions are 
implemented. 

3.8.4.1.1 Project Audits 

A project audit is a review of all sampling and analytical documentation associated with a 
specific project or event in order to determine if the resulting data are valid and acceptable 
according to pre-established validation criteria and DQOs. Enough documentation must be 
available so that a reviewer is able to reconstruct the history of a sample from time of sample 
collection (or sample container acquisition) through final results and sample disposal. The 
QAOT may request and conduct project audits as needed or as a part of routine data quality 
assessment procedures. 

3.8.4.1.2 Performance Audits 
A performance audit is where quantitative data are independently obtained for comparison with 
routinely obtained data in a measurement system and is recommended before allowing new 
personnel to begin sample collection and data collection activities. Performance audits may 
include evaluation of field quality control samples and comparison of the results with previous 
field quality control results and DQOs. If the DQOs are not met or FQC results are different from 
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previously collected data, then more training is needed before independent sampling may begin. 
This type of performance audit should be documented in the staff training records. 

3.9 Data Management 

3.9.1 Documentation Requirements 
Thorough documentation of all field sample collection and processing activities is necessary for 
proper interpretation of results. Since field records are the basis for later written reports, 
language should be objective, and factual. Once completed, these field records become legal 
documents and must be maintained as part of the official project files. All aspects of sample 
collection and handling, as well as visual observations, must be documented in the field logbooks 
or on standardized field note sheets as appropriate.  

All sample collection activities shall be traceable through field records from the person 
collecting the sample, to the specific piece of sampling equipment (where appropriate) used to 
collect that sample, the methods to be analyzed for, and the laboratory that the sample(s) were 
sent. All maintenance and calibration records for sampling equipment (where appropriate) shall 
be kept so that they are similarly traceable. All records shall be maintained for five years beyond 
the life of the project, and meet the storage, custody, accessibility, and security standards 
specified in FDEP SOPs and specific project documents. All sampling references must be 
available for consultation in the field. FDEP FS 1008 listed some of these documents. Also any 
other documents applicable as EPA SOPs, FSQM of the sampling agency/company and QASR 
manual must be available in the field for reference. 

FDEP FD 1000 provided detail on documentation procedures for: 

• sample label information 

• sample identification requirements 

• sample transmittal record 

• COC 

• documentation of field activities 

• FQC documentation 

• groundwater documentation requirements 

3.9.2 Data Review 
Field QC samples and field measurements are evaluated during data verification and validation. 
Data verification is the process of evaluating the completeness, correctness, and 
conformance/compliance of a specific data set against the method, procedural, or contractual 
requirements. Those performing the activity conduct this type of review in conjunction with the 
sampling activity. 

Data validation determines the analytical quality of a specific data set. This review is performed 
subsequent to data generating activities and is conducted by those independent of the activities. 
Data validation determines whether or not the data quality goals established for the project were 
achieved. 
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In addition to these checks, it is necessary to review the FQC results in order to evaluate the 
effectiveness of the sample collection activities. 

3.10 Reporting 
Final reported sampling data must be supported by adequate documentation. Adequate 
documentation is defined as being legible and complete, so that any final result can be 
independently reconstructed from raw data. Document types and elements are presented in Table 
3.5. 
 

Table 3.5 Document Types and Elements 
Document Purpose Documentation Elements 

Field Notes Raw field data Field measurements and observation data 
Field equipment information 
Chain of Custody Forms 
Completed field sheets  

Laboratory Notes Raw data Results and associated observations 
Incorporates applicable qualifiers 
QA/QC data 
Summary of non-conformance problems and resolutions 

Quality Manual Organizational level document to 
stipulate policies and procedures to 
ensure data quality  

Retain copies of applicable laboratory and field QMs that 
were used to perform data collection activities. Analytical 
laboratories are required by NELAC to have a QM. Field 
sampling organizations are required by DEP and this QASR 
to have a field QM.  

SOPs Process level document to outline 
procedures for a given method 

Retain copies of SOPs used for the project. May follow the 
format described in EPA document QA/G-6, Guidance for 
Preparing Standard Operating Procedures. 

Method References Reference document for a given data 
development method  

Each organization must maintain either a SOP or method 
reference that outlines the procedure used to collect the data 
reported for the CERP. References and SOPs must be 
complete, stand-alone documents that describe the actual 
process used for data development. 

Contract SOW Specifies requirements of the contract 
and the expected deliverables 

Retain copy of each version of the SOW; effective dates 
must be clearly specified in the document. 

Work Plans (MP, 
SAP, QAPP, project 
plans) 

Provides the details of the work to be 
done, the project objectives, DQOs, 
project design, project organization 
and QA/QC elements. 

Retain copy of each version of the work plan. Each version 
must specify the effective dates for the plan. 

Training and Skill 
Verification 
Certificates 

Documents demonstrated capability. Date of verification, participating individual, individual 
administering the verification, applicable parameters, 
references, criteria used to issue certificate, and projected 
follow-up verification date. 

Equipment Logs Documents information for each 
instrument or piece of equipment 

Name of item, unique identifier, date received and date 
placed in service, placement of equipment (where 
appropriate), copy of manufacturer’s instructions, dates and 
results of calibrations (if applicable), details and dates of 
maintenance, and dates equipment was out of, and put back 
in, service. 

Reference Standard 
Logs 

Documents information for standard 
reference 

Type of standard reference, source of reference, date of 
creation of reference, and applicable methodology.  
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Document Purpose Documentation Elements 
Reagent Logs Documents chemicals used in field or 

laboratory activities 
Name of reagent, manufacturer, date of receipt, and 
expiration date. If applicable: preparation method, date of 
preparation, date of expiration, and preparer’s initials. 

Quality Assessment 
Reports 

Report on the quality of activities 
related to monitoring and assessment  

QC results, QC failures and resolutions, audit outcomes and 
corrective actions. 

Audit Reports (Field, 
Processing, or 
Laboratory 
Examination) 

To assess the quality of field 
activities, sample collection, data 
collection activities, and 
conformance to documented 
requirements. 

Compares actual field procedures to referenced methods. 

COC Documentation to track specimens 
from collection through disposal. 

Unique identifier, identification link to parent sample, date 
and time of sample receipt, date of sample disposal, 
condition of sample on receipt, sample preservation, 
applicable holding times, sample transmittal and tracking 
forms. 

3.11  Archiving  

3.11.1 Data Archives 
Incorporate efficient archival design and succinct documentation schemes for all record systems. 
Ensure that the history of a sample is clearly evident in the retained records and documentation 
and can be independently reconstructed. 

Link any miscellaneous or ancillary records (photographs, videotapes, maps, etc.) to specific 
sampling events such that these records are easily traceable in the data archives associated with 
the project, sampling date and sampling source(s). Keep all documentation archives for a 
minimum of five years after the date of project completion or permit cycle unless otherwise 
specified, and meet the storage, custody, accessibility, and security standards specified. Refer to 
FDEP FD1100 and FDEP FD 1200. 

Types of the documentation  

• Electronic Documentation  

• Paper/Hardcopy 

3.11.2 Sample Archives 

The quality of the archive will be assured through an archiving process checklist, which will be 
reviewed and signed by the supervisor. Sample custody will be maintained through a sign-out 
procedure using a COC form. 

An archive record book should be maintained that contains information about the archived 
samples. Each archive sample should be recorded. The record should consist of a line entry that 
includes: 

• Sample set I.D.; 

• Box number; 

• Archived samples contained in the box; 

• Archive sample weight, and  
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• Archive date.  

Additional space should be left for the annotation of future events (such as thawing, sub-
sampling, or sample disposal). An example archive record entry is given in Table 3.6. 

 

Table 3.6  Example Archive Record Entry 
Sample Set 

I.D. 
Box  
# /# 

Samples 
Contained Site Collection 

Date 
Sample 
Weight 

Archive 
Date Comments 

PIII-98 2/7 PE13B ES2 8/5/98 20g 9/8/98  

 

Once samples have been archived, it may become necessary to access a particular sample for 
reanalysis or for alternative analysis. If and when a sample is accessed, notation should be made 
about who accessed the sample, when, why, and the amount of sample removed. 

Archived samples should be handled using clean-hands protocols. In many cases the freezing 
process will act to desiccate the sample. It is recommended that the samples be completely 
thawed and re-homogenized using a spatula before a sub-sample is taken. 

3.11.2.1 Archive Maintenance and Routine Inspection 
The archive freezer should be kept clean and neat at all times. Archived samples should be kept 
organized by sample type. The temperature should be maintained at no warmer than 0o Celsius. 
Temperature should be monitored using a max-min thermometer that is checked during the 
monthly inspection. This information should be recorded in the archive record book whenever 
the freezer is accessed. If sample containers are damaged they should be replaced immediately. 
The entire freezer should be defrosted, cleaned and inspected on a yearly basis. At this time, the 
following items should be checked: 

• Sample container integrity; 

• Sample label legibility; and 

• Freezer temperature. 

These items should also be checked in the event of power failure, (discussed below). All work 
performed must be documented in the archive record book. 

3.11.2.1.1 Failure Modes 

The potential exists for the loss of power to the refrigeration unit. To minimize the consequences 
of power loss, the archive refrigerator should be maintained on an electrical system that includes 
an automatic emergency generator. However, the emergency generator may fail and, as a result, 
the archive refrigerator may lose power.  

Short-term power failures last usually less than five hours and derive from lightning strikes, 
downed power lines or rolling brownouts. This class of power loss poses no real threat to sample 
integrity as long as the lid to the archive refrigerator remains closed.  

Mid-term power losses lasting from 5 to 24 hours may compromise samples. If a power loss has 
persisted for between 5 and 24 hours, the freezer should be kept closed to allow it to return to its 
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normal operating temperature. If temperatures rise above 10° Celsius, or power loss exceeds 24 
hours, then mitigation methods must be implemented. 

Mitigation methods include consolidation of samples from other refrigeration units, the use of ice 
and coolers, and prioritization of samples. In the event of power losses between 24 and 72 hours, 
bags of ice should be used to keep the samples frozen, or to at least slow their thawing, until 
appropriate freezer space can be provided. 

Long-term power failures last more than 72 hours, and will most likely be the result of a major 
hurricane. In this situation, it is unlikely that staff will be able to gain timely and regular access 
to the sample archive. It is therefore suggested that after 72 hours of power loss, if temperatures 
are unable to be maintained such that the samples remain frozen, then the samples should be 
disposed of in an appropriate manner. 

The freezer may fail in a manner unrelated to power failure. The freezer will be fitted with an 
alarm that alerts to a condition where the temperature rises above –10°C. 

3.11.2.1.2 Sample Disposal of Archived Samples 
Due to the number of samples and the limited amount of space in the archive refrigerator, 
samples can only be archived for a limited amount of time. It is suggested that, following review 
of the need for continued archiving of a sample set, archived samples that are over five years old 
be disposed of properly. 
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       FIELD AUDIT CHECKLIST  

 Designation       
 1 All = Questions apply to all sampling events    
 2 AS = Autosampler events     
 3 FT = Field testing (multiparameter instrumentation)      

 4 
SW = Surface water collection - Subsections for a) Grab b) secchi c) EVPA (special condition of grab 
sampling)   

 5 ORG = Organics collection     
 6 GW = Ground water     
 7 BACT = Bacteriological samples     

 8 
HG = There are no questions here for the Mercury method but there needs to be a section for 
it.      

# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

        Section 1       
1 1a ALL, INFO NA Was a briefing held with the project participants?       

2 
1a 

ALL, INFO  FA 3100.1.2 Was training for the tasks performed of all participants 
documented in a training logbook?     

Training of each individual for their 
assigned duties must be specified and 
documented. (FA3100 1.2) 

3 1a ALL, INFO NA Was there a written list of sampling locations?       

4 1a ALL, INFO NA Was the transportation to the site Van/truck?       

5 1a ALL, INFO NA Was the transportation to the site Power Boat?       

6 
1a 

ALL, INFO NA Was the transportation to the site Air boat?       

7 
1a 

ALL, INFO NA If sample was collected from a boat, was it collected 
upstream and upwind of the motor?       

8 1a ALL, INFO NA Was the transportation to the site Helicopter?       

9 
1a 

ALL, INFO NA Was sample collected by wading?       

10 1a ALL, INFO NA Was a GPS needed to assist in locating sampling sites?       

11 
1a 

ALL, INFO NA  Were samples and sampling equipment segregated from 
personal gear as appropriate?         

12 1a ALL, INFO NA Were samples collected for all required analyses?          

13 1a ALL, INFO NA Was sample collected directly into the Sample bottle?       

14 1a ALL, INFO NA Was sample collected using a horizontal sampling bottle?       

15 
1a 

ALL, INFO NA Was sample collected using an Intermediate collection 
device?       

16 
1a 

ALL, INFO NA Was the sample collected from a weir?       
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

17 

1a 

ALL, INFO NA Was the sample collected from a gate?       

18 1a ALL, INFO NA Was the sample collected from a pump station grate?       

19 1a ALL FS 1001 Was equipment construction appropriate for the analytes of 
interest?     The equipment construction must be 

appropriate for the analytes of interest. 

20 1a ALL FS 1001 Was equipment brought precleaned to the field?     Equipment brought to the field must 
be precleaned. 

21 1a ALL FS 1001 Was dedicated equipment decontaminated prior to use?     Decontaminate all dedicated 
equipment prior to use. 

22 1a ALL FS 1001 Were sample container construction and materials 
appropriate for the analytes collected?     

The sample container construction and 
materials must be appropriate for the 
analytes collected. 

23 1a ALL FS 1001 
Were all containers and container caps free of cracks, chips, 
discoloration and other features that might affect the 
integrity of collected samples? 

    

All containers and container caps must 
be inspected and be free of cracks, 
chips, discoloration and other features 
that might affect the integrity of 
collected samples. 

24 1a ALL FS 1002 Was every effort was made to prevent cross-contamination 
of samples and contamination of environment?     

Take every effort to prevent cross-
contamination of samples and 
contamination of environment. 

25 1a ALL FS 1002 
Where possible, did sampling originate from the least 
contaminated or background location (source or site) first 
and progress to the most contaminated location? 

    

If possible, collect samples from the 
least contaminated sampling locations 
(background sampling locations) to 
the most contaminated sampling 
location. 

26 1a ALL FS 1002 
Were samples segregated during storage, transport and 
shipping where cross-contamination potential was 
suspected? 

    

Where cross-contamination potential 
is suspected, samples must be 
segregated during storage, transport 
and shipping. 

27 1a ALL FS 1002 
Were samples for different analyte groups collected in the 
appropriate order, unless field conditions or the sampling 
plan required an alternative collection sequence? 

    

Unless field conditions or the 
sampling plan required an alternative 
collection sequence, samples for 
different analyte groups must be 
collected in the appropriate order. 

28 1a ALL FS 1003 
Were gloves were worn by all samplers handling purging 
equipment, sampling equipment, measurement equipment 
and sample containers as applicable? 

    

Gloves must be worn by all samplers 
handling purging equipment, sampling 
equipment, measurement equipment 
and sample containers. 
(recommendation only) 

29 1a ALL FS 1003 Was care was taken to avoid contact with sample and sample 
container interiors?     Take care to avoid contact with 

sample and sample container interiors. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

30 1a ALL FS 1003 Were new, clean unpowdered gloves used for each glove 
change?     New, clean unpowdered gloves are to 

be used for each glove change. 

31 1a ALL FS 1003 Were gloves worn and changed as needed to avoid sample 
contamination and personal exposure?     

Gloves are worn and changed as 
needed to avoid sample contamination 
and personal exposure. 

32 1a ALL FS 1004 
For aqueous samples, was the sampling equipment rinsed 
with a portion of the sample prior to collection of the 
sample? 

    

When collecting aqueous samples,  
the sampling equipment must be 
rinsed with a portion of the sample 
prior to taking the sample. 

33 1a ALL FS 1006 Did all sample preservation conform to DEP SOP 
requirements?     Preserve all samples following DEP 

SOP requirements. 

34 1a ALL FS 1011 
Were wastes generated as a result of the sampling project 
containerized and stored for proper disposal according to 
applicable local, state and federal regulations? 

    

Wastes generated as a result of the 
sampling project must be 
containerized and stored for proper 
disposal according to applicable local, 
state and federal regulations. 

35 1a ALL FS 1011 Were all Hazardous Waste and Investigation Derived Waste 
containers properly labeled?     

Properly label all Hazardous Waste 
and Investigation Derived Waste 
containers. 

36 1a ALL FS 1007 
Were manufacturer's suggested maintenance activities and 
any repairs performed and documented for all applicable 
equipment and instruments? 

    

Document manufacturer's suggested 
maintenance activities and any repairs 
performed for all applicable 
equipment and instruments. 

37 1a ALL FS 1007 
Is each equipment or instrument unit requiring documented 
maintenance or repair assigned a unique identification code 
or designation? 

    

Assign a unique identification code or 
designation to each equipment or 
instrument unit requiring documented 
maintenance. 

38 1a ALL FS 2000 Were sample containers containing premeasured 
preservatives NOT rinsed with sample prior to collection?     

Sample containers containing 
premeasured preservatives must NOT 
be rinsed with sample prior to 
collection. 

39 1a ALL FS 2001 Were all samples requiring pH adjustment tested for proper 
pH preservation during first-time sampling for the project?     

During the first-time sampling for the 
project, all samples requiring pH 
adjustment must be tested for proper 
pH preservation. 

40 1a ALL FS 2001 
Was one sample per analyte group requiring pH adjustment 
tested for proper pH preservation during repeat sampling for 
the project? 

    

During repeat sampling for the 
project, one sample per analyte group 
requiring pH adjustment must be 
tested for proper pH preservation. 

41 1a ALL FS 2001 
For sampling projects repeated weekly, was one sample per 
analyte group requiring pH adjustment tested for proper pH 
preservation once per month? 

    

One sample per analyte group 
requiring pH adjustment must be 
tested for proper pH preservation once 
per month for sampling projects 
repeated weekly. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

42 1a ALL FS 2001 
For sampling projects repeated daily, was one sample per 
analyte group requiring pH adjustment tested for proper pH 
preservation once per week? 

    

Test one sample per analyte group, 
requiring pH adjustment, for proper 
pH preservation once per week for 
sampling projects repeated daily. 

43 1a ALL FS 2001 Was pH paper inserted into sample containers?     Do not put the pH paper directly into 
the sample container. 

44 1a ALL FS 2000 Were samples filtered within 15 minutes of collection before 
addition of chemical preservatives where appropriate?     

Filter samples within 15 minutes of 
collection before addition of chemical 
preservatives where appropriate. 

45 1a ALL FS 2000 Unless otherwise specified by the sampling plan, were 
applicable samples filtered using a 0.45 um pore size?     

Filter applicable samples using a 
 0.45 um pore size unless otherwise 
specified by the sampling plan. 

46 1a ALL FS 2110 Were pre-preserved (pre-dosed) containers used as the 
sample collection device?     

Pre-preserved (pre-dosed) containers 
must not be used as the sample 
collection device. 

47 1a ALL, DOC FD1000 
Were the lot numbers and inclusive dates of use recorded for 
all reagents, detergents, solvents and other chemicals used 
for decontamination and preservation of samples? 

    

Record the lot numbers and inclusive 
dates of all reagents, detergents, 
solvents and other chemicals used for 
decontamination and preservation of 
samples. 

48 1a ALL, DOC FA 3300 Did the organization have a QM as described in the 
DEPSOP?     

Each field sampling organization must 
have a QM as described in the DEP 
SOP. 

49 1a ALL, DOC FA 3100.1.2 Were the sampling personnel's qualifications and /or training 
certifications adequate for the tasks performed?     

Sampling personnel must have 
adequate qualifications and /or 
training certifications for the tasks 
performed. 

50 1a ALL, DOC FD1000 Was waterproof ink used for all paper documentation?     Use waterproof ink for all paper 
documentation. 

51 1a ALL, DOC FD1000 Were any errors in documentation corrected without 
obliteration?     

Any errors in documentation must be 
corrected without obliteration.  
Corrections are made by drawing a 
line through the error and initialing 
the error. (if the error was not dated 
recommend dating the error.) 

52 1a ALL, DOC FD1000 Were all cleaning procedures associated with the project 
properly documented?     Document all cleaning procedures 

associated with the project. 

53 1a ALL, DOC FD1000 Were names of all sampling personnel recorded?     Record the names of all sampling 
personnel. 

54 1a ALL, DOC FD1000 Does the field record contain the type(s) of sampling 
equipment used to collect all samples?     

Record the type(s) of sampling 
equipment used to collect all samples 
in the field notes. 

55 1a ALL, DOC FD1000 
Where applicable to the analyte groups collected, the 
location and use of fuel-powered vehicles or equipment 
during the sampling project was recorded. 

    

For applicable analyte groups, record 
the location and use of fuel-powered 
vehicles or equipment during 
sampling. 

56 1a ALL, DOC FD1000 Was date of sample collection was recorded for all samples?     Record the date of sample collection 
for all samples. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

57 1a ALL, DOC FD1000 Was the time of sample collection recorded for all samples 
having maximum holding times of <24 hours?     

Record the time of sample collection 
for all samples having maximum 
holding times of <24 hours. 

58 1a ALL, DOC FD1000 Were the ambient field conditions recorded for all samples?     Document the ambient field 
conditions for all samples. 

59 1a ALL, DOC FD1000 Was a specific description of all sampling locations 
(sources) recorded?     

Include a specific description of all 
sampling locations (sources) in the 
field notes. 

60 1a ALL, DOC FD1000 Where applicable, were latitude and longitude recorded for 
all sampling locations?     Note the latitude and longitude for all 

sampling locations, where applicable. 

61 1a ALL, DOC FD1000 Where applicable, were sampling locations designated on 
scaled maps and drawings?     

Designate the sampling locations  on 
scaled maps or drawings, where 
applicable 

62 1a ALL, DOC FD1000 Was the matrix collected recorded for all samples?     Record the matrix collected for all 
samples. 

63 1a ALL, DOC FD1000 

For composite samples were the following recorded: the 
number of subsamples, the amount collected for each 
subsample, the location of collection (sampling point or 
source) and, where applicable, the time of collection for each 
subsample? 

    

For composite samples document the 
following:  the number of subsamples, 
the amount collected for each 
subsample, the location of collection 
(sampling point or source) and, where 
applicable, the time of collection for 
each subsample. 

64 1a ALL, DOC FD1000 
Were the types, number, collection location and collection 
sequence of all field quality control samples recorded in the 
field record? 

    

Note the types, number, collection 
location and collection sequence of all 
field quality control samples in the 
field record. 

65 1a ALL, DOC FD1000 Was preservation information and verification recorded for 
each sample, as applicable?     Record preservation information and 

verification for each sample. 

66 1a ALL, DOC FD1000 
Were all ancillary records such as photographs, videotapes 
and maps archived and linked to the sample unique field 
identification codes and the date of the sampling project? 

    

When archiving ancillary records, 
such as photographs, videotapes and 
maps, use the sample unique field 
identification code and the sampling 
date as a link to the project sampling. 

67 1a ALL, DOC FD1000 
Was each sample container or group of containers tagged or 
labeled with a unique field identification code that 
distinguishes the sample from all other samples? 

    

Tag or label each sample container or 
group of containers with a unique 
field identification code that 
distinguishes the sample from all other 
samples. 

68 1a ALL, DOC FD1000 
Were sample containers and labels attached so as to prevent 
contact between the sample and the label or tag when 
pouring or dispensing from the container? 

    

Attach labels so as to prevent contact 
between the sample and the label or 
tag when pouring or dispensing from 
the container. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

69 1a ALL, DOC FD1000 
Were the unique identification codes for samples recorded in 
a manner that linked the codes to all other field records 
associated with the samples? 

    

Record the unique identification codes 
for samples in a manner that links the 
codes to all other field records 
associated with the samples. 

70 1a ALL, DOC FD1000 For sediment and soil sampling, was the areal location of 
sample recorded for all samples? (FD5200)     

For sediment and soil sampling, 
record the areal location of sample for 
all samples. (FD 5200) 

71 1a ALL, DOC FD1000 Were collection devices used to collect all samples 
recorded?     Record the sample collection 

equipment used to collect all samples. 

72 1a     Was the following information  recorded for each sample, as 
applicable:     na 

73 1a ALL, DOC FD1000 Was the sampling depth recorded for all samples and 
subsamples?     Record the sampling depth for all 

samples and subsamples. 

74 1a ALL, DOC FD1000 Was the Type of composite sample recorded for all 
samples?     When compositing samples, record 

the type of composite collected. 

        For all samples, was the following information 
transmitted to the analyzing lab or other party:      

  

75 1b ALL, DOC FD1000 Site name and address?     Record the site name and address 
on sample transmittal forms. 

76 1b ALL, DOC FD1000  Date and time of sample collection?     
Record the date and time of sample 

collection, on sample transmittal 
forms. 

77 1b ALL, DOC FD1000 Name of sampler responsible for sample transmittal?     Record the name of sampler 
responsible for sample transmittal. 

78 1b ALL, DOC FD1000 Unique field identification code for each sample container 
or group of containers?     

A unique field identification code 
for each sample container or group of 
containers must be recorded. 

79 1b ALL, DOC FD1000 Total number of samples collected?     
Record the total number of samples 

collected, on sample transmittal 
forms. 

80 1b ALL, DOC FD1000 Required analyses for each sample container or group of 
containers?     

Record the required analyses for 
each sample container or group of 
containers on sample transmittal 
forms. 

81 1b ALL, DOC FD1000 Sample preservation used for each container or group of 
containers?     

Record the sample preservation 
used for each container or group of 
containers. 

82 1b ALL, DOC FD1000 Comments about samples, sample sources or other 
relevant field conditions?     

Record comments about samples, 
sample sources or other relevant field 
conditions in the field notes. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

83 1b ALL, DOC FD1000 Identification of common carrier used to transport the 
samples, when applicable?     

Record the Identification of 
common carrier used to transport the 
samples to the laboratory. 

84 1b ALL, DOC FD1000 Shipping invoices and related records from common carriers 
were archived with the field records, when applicable?     

Archive shipping invoices and related 
records from common carriers with 
the field records. 

        

If sampling kits (sample containers, sampling 
equipment and ancillary supplies) were provided to 
another party, was the following information recorded 
for the kit:   

    

  

85 1c ALL, DOC FD1000 Quantity, description and material composition of all 
containers, container closures or closure liners?     

For sampling kits provided to 
another party, record the quantity, 
description and material composition 
of all supplied containers, container 
closures or closure liners. 

86 1c ALL, DOC FD1000 
Intended application for each sample container type 

indicated by approved analytical method or analyte 
group(s)? 

    

For sampling kits provided to 
another party, record the intended use 
for each supplied sample container 
type by analytical method or analyte 
group(s). 

87 1c ALL, DOC FD1000 
Type and concentration of preservative added to clean 

sample containers and/or shipped as additional 
preservative? 

    

For sampling kits provided to 
another party, document the type and 
concentration of supplied preservative 
added to clean sample containers 
and/or shipped as additional 
preservative and used in the field. 

88 1c ALL, DOC FD1000 Intended use of any additional preservatives or reagents?     

 For sampling kits provided to 
another party, record the intended use 
of any additional preservatives or 
reagents, provided. 

89 1c ALL, DOC FD1000 Description of any analyte-free water (i.e., deionized, 
organic-free, etc.)?     

For sampling kits provided to 
another party, describe the source of 
any analyte-free water (i.e., deionized, 
organic-free, etc.) provided. 

90 1c ALL, DOC FD1000 Date of analyte-free water containerization?     

For sampling kits provided to 
another party, document the date the 
provided analyte-free water was 
containerization. 

91 1c ALL, DOC FD1000 Date of sampling kit preparation?     

For sampling kits provided to 
another party, record the date of 
preparation for the provided sampling 
kit. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

92 1c ALL, DOC FD1000 
Description and material composition of all reagent 

transfer implements (e.g., pipettes) shipped in the sampling 
kit? 

    

For sampling kits provided to 
another party, describe all reagent 
transfer implements (e.g., pipettes), 
including material composition, 
shipped in the sampling kit. 

93 1c ALL, DOC FD1000 Intended use of all implements?     
For sampling kits provided to 

another party, record the Intended use 
of all provided implements. 

94 1c ALL, DOC FD1000 Quantity, description and material composition of all 
sampling equipment?     

For sampling kits provided to 
another party, record the quantity, 
description and material composition 
of all provided sampling equipment. 

95 1c ALL, DOC FD1000 
Were the lot numbers and inclusive dates of use recorded 
for all reagents, detergents, solvents and other chemicals 
used for decontamination and preservation of samples? 

    

Document the lot numbers and 
inclusive dates of use for all: reagents, 
detergents, solvents and other 
chemicals provided for 
decontamination and preservation of 
samples. 

96 1c ALL, DOC FD1000 

Was each applicable instrument or equipment unit 
(inventory item) identified with a unique designation or 
identification code that distinguishes the unit from all 
others? 

    

Assign a unique designation or 
identification code that distinguishes 
the unit from all others for each 
applicable instrument or equipment 
unit (inventory item). 

        Was the following information recorded for all 
equipment associated with the sampling project:       

  

97 1d ALL, DOC FD1000 Maintenance and repair procedures for equipment or 
instrument unit?     

Document maintenance and repair 
procedures for each equipment or 
instrument unit. 

98 1d ALL, DOC FD1000 Routine cleaning procedures for each unit?     Document the routine cleaning 
procedures for each unit. 

99 1d ALL, DOC FD1000 Filling solution replacement for probes?     Document filling solution 
replacement for probes. 

100 1d ALL, DOC FD1000 Parts replacement for instruments or probes?     Document parts replacement for 
instruments or probes. 

101 1d ALL, DOC FD1000 Calendar date for each procedure performed on each 
unit?     Record the calendar date for each 

procedure performed on each unit. 

102 1d ALL, DOC FD1000 Names of personnel performing maintenance and repair 
tasks for each unit?     

Document the names of personnel 
performing maintenance and repair 
tasks for each unit. 

103 1d ALL, DOC FD 1000 Description of malfunctions associated with any 
maintenance and repair for each unit?     

Document description of 
malfunctions associated with any 
maintenance and repair for each unit. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

104 1d ALL, DOC FD 1000 
Were vendor service records retained for all affected 
equipment or instruments associated with the sampling 
project? 

    
Retain vendor service records  for all 
affected equipment or instruments 
associated with the sampling project. 

105 1d ALL, DOC FD 1000 
Were the inclusive rental dates, types and unique 
descriptions of rental equipment associated with the 
sampling project recorded? 

    

Document the inclusive rental dates, 
types and unique descriptions of rental 
equipment associated with the 
sampling project. 

106 1d ALL, DOC FD 1000 
Were manufacturers’ operation & maintenance manuals and 
instructions retained for all equipment and instruments 
associated with the sampling project? 

    

Retain the manufacturers’ operation & 
maintenance manuals and instructions  
for all equipment and instruments 
associated with the sampling project? 

        Decontamination of equipment and sample containers       

107 1e ALL, DOC, 
decon FD 1000 

Cleaning steps in all procedures used for decontamination 
were documented either by description or reference to an 
SOP (DEP SOP or internal SOP). 

    

Describe all cleaning steps in all 
procedures used for decontamination 
or reference to an SOP (DEP SOP or 
internal SOP). 

108 1e ALL, DOC, 
decon FD 1000 

Certificates of cleanliness provided by vendors supplying 
cleaned equipment or sample containers were archived and 
linked to the date of the sampling project and the types of 
equipment or sample containers used for the project. 

    

Archive certificates of cleanliness 
provided by vendors supplying 
cleaned equipment or sample 
containers and link to the date of the 
sampling project and the types of 
equipment or sample containers used 
for the project. 

109 1e ALL, DOC, 
decon FD 1000 

For equipment decontaminated on-site in the field, was the 
date and time of the cleaning procedure associated with the 
affected equipment recorded in the field records or 
referenced in the agency's QM or internal SOP? 

    

Document the date and time of the 
cleaning procedure associated with the 
affected equipment in the field records 
for equipment decontaminated on-site 
in the field.  Or reference this 
information in the quality manual or 
internal SOP. 

        Field QC Requirements       

110 1f ALL, FQ FQ1000 

Were equipment blanks or field blanks collected at a rate of 
5% of the number of field samples collected over the life of 
the project for each reported test result and matrix 
combination?  

    

For each reported test result and 
matrix combination, collect equipment 
blanks or field blanks at a rate of 5% 
of the total number of field samples 
collected. 

111 1f ALL, FQ FQ1000 
Was at least one equipment blank or field blank collected 
for each test result and matrix combination for each year of 
the project? 

    

Collect one or more equipment blanks 
or field blanks  for each analytical 
method and matrix combination for 
each year of the project. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

112 1f ALL, FQ FQ1000 Were field-cleaned equipment blanks collected if equipment 
was decontaminated in the field?     

Collect field-cleaned equipment 
blanks when equipment is 
decontaminated in the field. 

113 1f ALL, FQ FQ1000 

Were precleaned equipment blanks collected if equipment 
was cleaned by the sampling organization or if equipment 
vendors did not certify cleanliness of equipment for the 
specific uses for the project? 

    

Precleaned equipment blanks must be 
collected if equipment was cleaned by 
the sampling organization or if 
equipment vendors did not certify the 
cleanliness of equipment for the 
analyte(s) of interest. 

114 1f ALL, FQ FQ1000 Were field blanks collected when the sample containers were 
used as the sampling device?     

Collect field blanks when sample 
containers are used as the sampling 
device. 

115 1f ALL, FQ FQ1000 Were field blanks collected if no equipment was cleaned by 
the sampling organization?     

Collect field blanks if no equipment 
was cleaned by the sampling 
organization. 

116 1f ALL, FQ FQ1000 

Where applicable to the project, was one trip blank 
transported in each storage container, shipping container or 
ice chest containing empty, clean VOC sample containers or 
VOC samples? 

    

Transport one trip blank in each 
storage container, shipping container 
or ice chest containing empty, clean 
VOC sample containers or VOC 
samples. 

        Section 2       

117 2 AS FS 1002 Were any composite samples collected according to the 
sampling plan, permit or other DEP program requirements?     

Follow the sampling plan, permit or 
other DEP program requirements 
when collecting composite samples. 

118 2 AS FS 1002 Were composite subsamples or aliquots collected from each 
designated sampling point (source, location or depth)?     

At each designated sampling point 
(source, location or depth) collect the 
required composite subsamples or 
aliquots. 

119 2 AS FS 1002 For composites, were equal amounts of each subsample or 
aliquot collected in appropriate cleaned sample containers?     

When compositing, collect equal 
amounts of each subsample or aliquot 
into appropriate cleaned sample 
containers. 

120 2 AS FS 1002 
Were approximate or measured amounts of each aliquot or 
subsample collected recorded in the field documentation, if 
applicable to the sampling plan? 

    

Record the approximate or measured 
amounts of each aliquot or subsample 
collected as required by the sampling 
plan. 

121 2 AS FS 1002 if required by the sampling plan, were soil and sediment 
samples collected without mixing?     

When collecting soil and sediment 
samples without mixing, follow the 
requirement of the sampling plan. 

122 2 AS FS 1002 if required by the sampling plan, was the analyzing 
laboratory instructed to mix the composite sample?     

Follow the sampling plan, when 
instructing the analyzing laboratory to 
mix composite samples. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

123 2 AS FS 2001 
Were all composite samples that were collected with 
automatic samplers preserved within 15 minutes of 
collection of the last composite subsample? 

    

Preserve within 15 minutes of 
collection of the last composite 
subsample any composite sample 
collected using an automatic sampler. 

124 2 AS FS 2001 Applicable samples collected with automatic samplers were 
chilled on wet ice or refrigerated at 4 oC.     

Chill on wet ice or refrigerate at 4 oC 
samples collected by an autosampler, 
as required. 

125 2 AS, DOC FD1000 Were both beginning and ending times for all timed 
composites recorded for all samples?     Record the beginning and ending 

times for all timed composites. 

        Section 3       

126 3a FT FD4000 Were all field measurement tests and related data recorded 
and linked to the project, the date and the sample source.     

Link all field measurement tests and 
related data recorded to the project, 
the date, and the sample source. 
(FD4000) 

127 3a FT FD4000 

Were all field measurements recorded with the appropriate 
units, the value of the test result, the parameter measured, the 
name of the analyst performing the test, the time of the 
measurement and the unique identification for the test 
instrument used? 

    

Record all field measurements with 
the appropriate units, the value of the 
test result, the parameter measured, 
the name of the analyst performing the 
test, the time of the measurement and 
the unique identification for the test 
instrument used. (FD4000) 

128 3a FT, all FD4000 Does the field instrumentation documentation include the 
standard concentrations used for calibration?      

Include the standard concentrations 
used for calibration with the field 
instrumentation documentation. 
(FD4000) 

129 3a FT, all FD4000 Does the field instrumentation documentation include results 
of each calibration check?       

Include results of each calibration 
check with the field instrumentation 
documentation. (FD4000)   

130 3a FT, all FD4000 Does the field instrumentation documentation include the 
date and time of the calibration?      

Include the date and time of the 
calibration with the field instrument 
documentation. (FD4000) 

131 3a FT, all FD1000 
Does the field instrumentation documentation include the 
location where the calibration and calibration verifications 
were performed?  

    

Include the location where the 
calibration and calibration 
verifications were performed with the 
field instrumentation documentation. 
(FD4000) 

132 3a FT, all FD4000 Does the field instrumentation documentation include the 
individual's name/initials performing the check?      

Include the individual's name/initials 
performing the check with the field 
instrumentation documentation. 
(FD4000) 

133 3a FT, all FD4000 
Does the field instrumentation documentation include 
sample readings associated with a failed calibration or 
verification  

    

Include the sample readings 
associated with a failed calibration or 
verification with  the field 
instrumentation documentation.  
(FD4000) 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

134 3a FT, all FD1000 Does the field instrumentation documentation include the 
unique meter identification number?      

Include the unique meter 
identification number with the field 
instrumentation documentation. 
(FD4000) 

135 3a FT FT 1000 Did all field-testing equipment and instruments brought to 
the field appear to function properly?     

Verify that all field-testing equipment 
and instruments to be brought to the 
field function properly.  

136 3a FT FT 1000 Were all sample measurements chronologically bracketed 
between acceptable calibration verifications?     

All sample measurements must be 
bracketed by acceptable calibration 
verifications.  

137 3a FT FT 1000 
Were all sample measurements quantitatively bracketed with 
an appropriate choice of calibration standards for calibration 
and calibration verifications? 

    

All sample measurements must be 
quantitatively bracketed with an 
appropriate choice of standards for 
calibration and calibration 
verifications. 

138 3a FT FT 1000 
Were any instruments that fail to meet calibration or 
calibration verification acceptance criteria either recalibrated 
or removed from service? 

    

Recalibrate or remove from service 
any instruments failing to meet 
calibration or calibration verification 
acceptance criteria. 

139 3a FT FT 1000 
If the instrument calibration could not be verified, were all 
associated sample measurements qualified as estimated (“J” 
data qualifier code)? 

    

Qualify all associated sample 
measurements as estimated (“J” data 
qualifier code) if the instrument 
calibration could not be verified. 

140 3a FT FT 1000 
If calibration or calibration verification of field parameter 
failed, was a narrative description of the problem in the 
calibration report or trip notes?  

    
Include a narrative description of the 
problem in the trip notes if calibration 
of field parameter failed.  

141 3a FT FT 1400 Were groundwater samples measured in situ (downhole) or 
by using a flow-through container?     

Groundwater samples must be 
measured in situ (downhole) or by 
using a flow-through container. 

142 3a FT FT 1000 
Did the time interval between calibration verifications 
exceed one month, or, if less, the life of the sampling project 
(except for temperature measurements)? 

    

When using historically generated 
data to demonstrate the stability of an 
instrument, the maximum time 
interval between initial and continuing 
calibration is one month (excluding 
temperature) or at the conclusion of 
the sampling event, which ever is less. 
(  

        pH Measurement       

143 3b FT FT 1100 Did the pH meter and electrode system met DEP SOP 
specifications for accuracy, reproducibility and design?     

The pH meter and electrode system 
must met DEP SOP FT 1100 
specifications for accuracy, 
reproducibility and design. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

144 3b FT FT1400 Were all measurements corrected for temperature (manual or 
automatic)?     Correct all measurements  for 

temperature (manual or automatic). 

145 3b FT FT 1100 Was a pH 7 buffer used as the first calibration standard for 
the initial calibration?     

Use a pH 7 buffer used as the first 
calibration standard for the initial 
calibration. 

146 3b FT FT 1100 Were all sample measurements were chronologically 
bracketed with acceptable calibration verifications?     

Chronologically bracket all sample 
measurements with acceptable 
calibration verifications. 

147 3b FT FT 1100 For pH, did all calibration verifications met the acceptance 
criterion of + 0.2 standard pH units?     

All pH calibration verifications must 
be within + 0.2 standard units of the 
stated buffer value. 

148 3b FT FT 1100 Was the pH meter system checked on a weekly basis to 
ensure a >90% theoretical electrode slope?     

Check the pH meter system on a 
weekly basis to ensure a >90% 
theoretical electrode slope. 

149 3b FT FT 1100 
Were the field instrument probes rinsed with deionized or 
distilled water between standard solutions and between 
sample measurements? 

    

Rinse the pH electrode with deionized 
or distilled water between buffer 
solutions and between sample 
measurements. 

150 3b FT FT 1100 Were instrument pH readings allowed to stabilize before pH 
values were recorded?     Allow instrument pH readings to 

stabilize before recording pH values. 

        Conductivity Measurement       

151 3c FT FT 1200 
Did the specific conductance meter and electrode system 
meet DEP SOP specifications for accuracy, reproducibility 
and design? 

    

The specific conductance meter and 
electrode system must meet DEP SOP 
FT 1200 specifications for accuracy, 
reproducibility and design. 

152 3c FT FT 1200 Did all calibration verifications meet the acceptance criterion 
of + 5% of the verification standard value?     

Reject the conductance calibration or 
calibration verifications if readings 
fall are outside + 5% of the standard 
value. 

153 3c FT FT 1200 Were all conductivity measurements corrected for 
temperature (manual or automatic)?     

Correct all conductivity measurements 
for temperature (manual or 
automatic). 

154 3c FT FT 1200 Were the instrument conductivity readings allowed to 
stabilize before measurement values were recorded?     

Allow the instrument conductivity 
readings to stabilize before recording 
measurement values. 

        Temperature Measurement       

155 3d FT FT 1400 Did the temperature measurement device meet DEP SOP 
specifications for design and measurement resolution?     

The temperature measurement devices 
meet DEP SOP FT 1400 
specifications for design and 
measurement resolution. 

156 3d FT FT 1400 

Were all sample measurements quantitatively bracketed with 
calibration verifications of the temperature measurement 
device at a minimum of two temperatures using a NIST-
traceable thermometer? 

    

Quantitatively bracket all sample 
measurements with calibration 
verifications of the temperature 
measurement device at a minimum of 
two temperatures using a NIST-
traceable thermometer. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

157 3d FT FT 1400 Were all sample measurements chronologically bracketed 
with acceptable calibration verifications?     

Chronologically bracket all sample 
measurements with acceptable 
calibration verifications. 

158 3d FT FT 1400 Were any calibration verification intervals of greater than 
one month justified by historical, instrument-specific data?     

Calibration verification intervals of 
greater than one month must be 
justified by historical, instrument-
specific data. 

159 3d FT FT 1400 Were the temperature device readings allowed to stabilize 
before measurement values were recorded?     

Allow the temperature device readings 
to stabilize before measurement 
values are recorded. 

        Dissolved Oxygen Measurement       

160 3e FT FT 1500 
Did the dissolved oxygen meter and electrode system meet 
DEP SOP specifications for accuracy, reproducibility and 
design? 

    

The dissolved oxygen meter and 
electrode system meet DEP SOP FT 
1500 specifications for accuracy, 
reproducibility and design. 

161 3e FT FT 1500 

If the calibration and calibration verifications did not meet 
the acceptance criterion of + 0.3 mg/L dissolved oxygen 
when compared to the table of theoretical values for water-
saturated air, was the calibration or verification identified as 
a failure and was this documented in the calibration log? 

    

If the calibration and calibration 
verification failures did not meet the 
acceptance criterion of + 0.3 mg/L 
dissolved oxygen when compared to 
the table of theoretical values for 
water-saturated air, the calibration or 
verification must be identified as a 
failure and documented in the 
calibration log. 

162 3e FT FT 1500 Were all measurements corrected for temperature (manual or 
automatic)?     Correct all measurements for 

temperature (manual or automatic). 

163 3e FT FT 1500 Were all measurements were corrected for salinity, where 
applicable (manual or automatic)?     

Correct all measurements for salinity, 
where applicable (manual or 
automatic). 

164 3e FT FT 1500 Was the salinity (conductivity) sensor calibration was 
verified according to FT 1200?     

Verify the salinity (conductivity) 
sensor calibration according to FT 
1200. 

165 3e FT FT 1500 Was the dissolved oxygen electrode stored in a water-
saturated air environment when not in use?     

Store the dissolved oxygen electrode 
in a water-saturated air environment 
when not in use. 

166 3e FT FT 1500 Were the instrument dissolved oxygen readings allowed to 
stabilize before measurement values were recorded?     

Allow the instrument dissolved 
oxygen readings to stabilize before 
recording measurement values. 

        Turbidity Measurement       

167 3f FT FT 1600 Did the turbidimeter meet DEP SOP design specifications?     The turbidimeter must meet DEP SOP 
FT 1600 design specifications. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

168 3f FT FT 1600 
Did any alternative design turbidimeters used for 
groundwater stabilization measurements meet DEP 
performance criteria? 

    

Alternative design turbidimeters used 
for groundwater stabilization 
measurements must meet DEP FT 
1600 performance criteria. 

169 3f FT FT 1600 Were all sample measurements chronologically bracketed 
with acceptable calibration verifications?     

Chronologically bracket all sample 
measurements with acceptable 
calibration verifications. 

170 3f FT FT 1600 
Were all sample measurements quantitatively bracketed with 
an appropriate choice of calibration standards for 
calibrations and verifications? 

    

Use standards that quantitatively 
bracket sample measurements for 
initial or continuing calibration 
verification. 

171 3f FT FT 1600 

Was the initial calibration of the turbidimeter performed 
using formazin or styrene divinylbenzene primary standards, 
whichever was required by the manufacturer of the 
instrument? 

    

Initially calibrate the turbidimeter 
using formazin or styrene 
divinylbenzene primary standards as 
required by the manufacturer of the 
instrument. 

172 3f FT FT 1600 
Did all calibration verifications meet the DEP SOP 
acceptance criteria applicable to the NTU ranges associated 
with the verification standard values?  FT 1600 section 3.2.2 

    

Calibration verifications must meet 
the DEP SOP acceptance criteria for 
the NTU ranges associated with the 
verification standard values (FT 1600 
section 3.2.2). 

173 3f FT FT 1600 
Were the sample cells (optical cuvettes) inspected for 
scratches and discarded or coated with a silicone oil mask, as 
necessary? 

    

Inspect the sample cells (optical 
cuvettes) for scratches; either 
discarded or coat the cells with a 
silicone oil mask, as necessary. 

174 3f FT FT 1600 Were the sample cells (optical cuvettes) optically matched 
for calibrations and sample measurements?     

Optically match the sample cells 
(optical cuvettes) used for calibrations 
and sample measurements. 

175 3f FT FT 1600 
Were the sample cells (optical cuvettes) cleaned with 
detergent and deionized or distilled water between standard 
solutions and between sample measurements, as applicable? 

    

Clean the sample cells (optical 
cuvettes) with detergent and deionized 
or distilled water between use 
standard solutions and between 
sample measurements, as applicable. 

176 3f FT FT 1600 Were the sample cells (optical cuvettes) rinsed with sample 
prior to filling with sample for measurement?     

Rinse the sample cells (optical 
cuvettes) with sample prior to sample 
measurement. 

177 3f FT FT 1600 
Was the exterior of the sample cell (optical cuvette) kept free 
of fingerprints and dried with a lint-free wipe prior to 
insertion in the turbidimeter? 

    

Dry and remove fingerprints from the 
exterior of the sample cell (optical 
cuvette) with a lint-free wipe prior to 
insertion in the turbidimeter. 

        Field Instrument Calibration       

178 3g FT, CAL  FD 1000 

Was information about all calibration standards and reagents 
used for field testing linked to the calibration information 
associated with the field testing measurements for the 
project? 

    

Link the calibration information 
associated with the field testing 
measurements to the project for all 
calibration standards and reagents 
used for field testing. 
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section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

179 3g FT, CAL  FD 1000 

Were the concentration or other assay value, the vendor 
catalog number and the description of the standard or reagent 
recorded for all preformulated solutions, neat liquids and 
powders? 

    

Record the concentration or other 
assay value, the vendor catalog 
number and the description of the 
standard or reagent recorded for all 
preformulated solutions, neat liquids 
and powders. 

180 3g FT, CAL  FD 1000 

Were certificates of assay, grade and other vendor 
specifications for all standards and reagents retained and 
recorded for the standards and reagents linked to the 
sampling project? 

    

Retain all certificates of assay, grade 
and other vendor specifications for all 
standards and reagents; and link the 
standards and reagents to the sampling 
project. 

181 3g FT, CAL  FD 1000 
For standards formulated in-house for use on the sampling 
project, were the dates of preparation and all calculations 
used to prepare calibration standards and reagents recorded? 

    

Record the dates of preparation and all 
calculations used to prepare 
calibration standards and reagents for 
standards formulated in-house used on 
the sampling project. 

182 3g FT, CAL  FD 1000 

For standards formulated in-house for use on the sampling 
project, were the records of preparation for all related 
calibration standards and reagents linked to indicate the 
source of parent standards or reagents and any dilutions 
performed? 

    

Link and record the source of 
standards or reagents formulated in-
house and used on the sampling 
project. 

183 3g FT, CAL  FD 1000 Were the expiration dates for all calibration standards and 
reagents used on the sampling project recorded?     

Document the expiration dates for all 
calibration standards and reagents 
used on the sampling project. 

184 3g FT, CAL  FD 1000 Were expired standards and reagents used on the sampling 
project after the standards had been verified?     

Recommend not using expired 
standards and reagents.  Standards are 
also not to be reused.  

185 3g FT, CAL  FD 1000 

Were preparation steps in all procedures used for preparation 
of standards or reagents in-house documented either by 
description or reference to an SOP (DEP SOP or internal 
SOP)? 

    

Document by reference to an SOP 
(DEP SOP or internal SOP) or 
describe preparation steps for 
standards or reagents made in-house. 

186 3g FT, CAL  FD 1000 
Were all acceptable initial calibrations and calibration 
verifications documented and linked to the field 
measurements for the sampling project. 

    

Record all acceptable initial 
calibrations and calibration 
verifications and link to the field 
measurements for the sampling 
project. 

187 3g FT, CAL  FD 1000 
Were manufacturer-certified calibration specifications 
retained for all factory-calibrated instruments used for the 
sampling project? 

    

Retain all manufacturer-certified 
calibration specifications for all 
factory-calibrated instruments used for 
the sampling project. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

        
For each instrument unit used for the sampling project, 
was the following information recorded for all 
calibrations: 

      

188 3g FT, CAL  FD 1000 Unique identification (designation code) for the 
instrument calibrated?     

Assign an unique identification 
(designation code) to the calibrated 
instrument. 

189 3g FT, CAL  FD 1000 Date and time of each calibration and calibration 
verification?     

Note the date and time of each 
calibration and calibration 
verification. 

190 3g FT, CAL  FD 1000 
Instrument reading or result (display value) for all 

calibration verifications, with appropriate measurement 
units? 

    

Document the Instrument reading 
or result (display value) for all 
calibration verifications, with 
appropriate measurement units. 

191 3g FT, CAL  FD 1000 Names of analyst performing each calibration or 
verification for the instrument?     

Record the names of analyst 
performing each calibration or 
verification for the instrument. 

192 3g FT, CAL  FD 1000 
Designation of each calibration standard used to calibrate 

or verify the instrument, linked to the associated records for 
the calibration standard? 

    

Link the associated records for the 
calibration to the standard designation 
of each standard used to calibrate or 
verify the instrument. 

193 3g FT, CAL  FD 1000 
The acceptance criteria for each calibration and 

verification used to accept the instrument calibration or 
verification? 

    

Note the acceptance criteria for 
each calibration and verification used 
to accept the instrument calibration or 
verification. 

194 3g FT, CAL  FD 1000 
The assay specifications or acceptance criteria for any QC 

standard or sample used to independently verify the 
calibration of the instrument? 

    

Record the assay specifications or 
acceptance criteria for any QC 
standard or sample used to 
independently verify the calibration of 
the instrument. 

195 3g FT, CAL  FD 1000 Was there an indication that the calibration and calibration 
verifications passed or failed?     

Indicate whether the calibration and 
calibration verifications passed or 
failed. 

196 3g FT, CAL  FD 1000 

All corrective actions performed on the instrument prior to 
attempting re-verification or recalibrations of the instrument 
are linked to the records required for preventive 
maintenance? 

    

Link corrective actions performed 
on the instrument, prior to attempting 
re-verification or recalibration of the 
instrument, to the records required for 
preventive maintenance. 

197 3g FT, CAL  FD 1000 
Were any instances of discontinuation of use of the 

instrument due to calibration or verification failures 
documented in the maintenance log? 

    

Document instances of 
discontinuation of use of the 
instrument due to calibration or 
verification failures in the 
maintenance logbook. 
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section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

198 3g FT, CAL  FD 1000 
Was there a specific description or citation of the specific 

calibration and verification procedures used for the 
instrument (DEP SOP or internal SOP) available? 

    

Describe or cite the specific 
calibration and verification 
procedures used for the instrument 
(DEP SOP or internal SOP). 

        Section 4       

199 4a SW, 
SECCHI 

FSQM 6.14 Was secchi conducted on the shady side of the boat? 
(FSQM 6.14)     Deploy the Secchi disk on the shady 

side of the boat (FSQM 6.14). 

200 4a SW, 
SECCHI 

FSQM 6.14 Was secchi depth recorded to the nearest 0.01 meter? 
(FSQM 6.14)     Record Secchi depth to the nearest 

0.01 meter (FSQM 6.14). 

201 4a 

SW, PAR 

FSQM 
6.15.M 

Were the deck and submerged cell sensor readings verified 
and were deck cell readings always higher than submerged 
cell readings? (FSQM 6.15 (M)) 

    

Verify the deck and submerged cell 
sensor readings and confirm that deck 
cell readings always measure higher 
than submerged cell readings (FSQM 
6.15 (M)). 

202 4a SW, PAR 
FSQM 
6.15.U Were all the meter data documented? (FSQM 6.15 (U))     Document all the meter data (FSQM 

6.15 (U)). 

203 4a 
SW, PAR 

FSQM 
6.15.V 

Was the PAR extinction coefficient documented? (FSQM 
(V))     Record the PAR extinction coefficient 

(FSQM (V)). 

204 4a 
SW, PAR 

FSQM 
6.15.R 

Where the PAR readings collected in triplicate? (FSQM 
6.15. R)     Collect PAR readings in triplicate 

(FSQM 6.15. R). 

        SW Sampling       

205 4b SW FS 2100 Were samples collected starting at the downstream location 
and progressed to the upstream location, where applicable?     

Collect samples starting at the 
downstream location and progress to 
the upstream location. 

206 4b SW FS 2100 Were water samples collected prior to sediment sampling at 
the same location or sample source where applicable?     

Collect water samples prior to 
sediment sampling at the same 
location or sample source. 

207 4b SW FS 2100 
Were representative sampling locations and depths selected 
to account for homogeneous and heterogeneous conditions 
in the water body? 

    

Select representative sampling 
locations and depths to account for 
homogeneous and heterogeneous 
conditions in the water body. 

208 4b SW FS 2100 
Unless directed by permit or other regulation, were samples 
collected away from artificial structures such as bridges, 
docks, weirs, dams, etc? 

    

Unless directed by permit or other 
regulation, collect samples away from 
artificial structures such as bridges, 
docks, weirs, dams, etc. 

209 4b SW FS 2110 For surface collection using a pump, was the pump tubing 
intake placed 6-12 inches below the water surface?     

Place the pump tubing intake  6-12 
inches below the water surface for 
surface collection using a pump. 
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section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

210 4b SW FS 2110 

For surface collection using a pump, was the pump or tubing 
intake placement at the required depth accomplished by 
appropriate weighting or anchoring with non-contaminating 
materials to ensure unobstructed flow at the intake? 

    

For surface collection using a pump 
place the pump or tubing intake at the 
required depth by weighting or 
anchoring with non-contaminating 
materials to ensure unobstructed flow 
at the intake. 

211 4b SW, DOC FD1000 Was the sample collection depth recorded for all samples?     Record the sample collection depth for 
all samples. 

        SW Grab Sampling       

212 4c SW, GRAB FS 1006 Where applicable, were all grab samples filtered, preserved 
with acid and placed in ice within 15 minutes of collection?     

Where applicable, all grab samples 
must be filtered, preserved with acid 
and placed in ice within 15 minutes of 
collection. 

213 4c SW, GRAB FS 2000 Were intermediate collection devices rinsed with ample 
amounts of site water prior to collecting the sample?     

Rinse intermediate collection devices 
with ample amounts of site water prior 
to collecting the sample. 

214 4c SW, GRAB FS 2000 Was rinse water from intermediate devices discarded away 
from and downstream of the sampling location?     

Discard rinse water from intermediate 
devices away from and downstream of 
the sampling location. 

215 4c SW, GRAB FS 2100 Was the bow of the motorized watercraft pointed upstream 
or upwind, where applicable?     

Point the bow of the motorized 
watercraft pointed upstream or 
upwind, where applicable. 

216 4c SW, GRAB FS 2100 
Were samples collected at or near the bow of the watercraft, 
away and upwind from the watercraft engine and any other 
fuel or oil sources? 

    

Collect samples at or near the bow of 
the watercraft, away and upwind from 
the watercraft engine and any other 
fuel or oil sources. 

217 4c SW, GRAB FS 2100 When wading, were samples collected upstream and away 
from the body?     

When wading, collect samples 
upstream and away from the body 
when wading. 

218 4c SW, GRAB FS 2100 When wading, was appropriate care exercised to not disturb 
bottom sediments during sample collection?     

When wading, exercise appropriate 
care so not to disturb bottom 
sediments during sample collection. 

219 4c SW, GRAB FS 2110 

Were sample containers submerged neck first, inverted into 
the oncoming direction of flow where applicable, slowly 
filled and returned to the surface for preservation, if 
appropriate? 

    

Submerge the sample container neck 
first and invert into the oncoming 
direction of flow; slowly fill the and 
return the container to the surface and 
preserve sample.   

220 4c SW, GRAB FS 2110 

When using pole samplers, was the sample container 
submerged neck first and inverted into the oncoming 
direction of flow; slowly filled and return the container to 
the surface?   

    

When using pole samplers, submerge 
the sample container neck first and 
invert into the oncoming direction of 
flow; slowly fill the leaving headspace 
and return the container to the surface. 
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(Y, N, Na) Comments Suggested Corrective Action (CA) 

221 4c SW, GRAB FS 2110 
Was the use of intermediate collection devices avoided when 
sampling for VOCs, oil & grease or microbiologicals, where 
practical? 

    

Avoid the use of intermediate 
collection devices when sampling for 
VOCs, oil & grease or 
microbiologicals. 

222 4c SW, GRAB FS 2110 Were any Intermediate collection devices constructed of 
material appropriate for the analytes to be measured?     

Intermediate collection devices must 
be constructed of material appropriate 
for the analytes to be measured. 

223 4c SW, GRAB FS 2110 
For depth sampling, was the water column measured for 
maximum depth or was otherwise determined from reference 
information? 

    

For depth sampling, measure the 
water column for maximum depth or 
otherwise determine maximum from 
reference information. 

224 4c SW, GRAB FS 2110 For depth sampling, was the sampling depth accurately 
determined and recorded?     

For depth sampling, accurately 
determine and record the sampling 
depth. 

225 4c SW, GRAB FS 2110 
For depth sampling, was the appropriate care exercised to 
keep bottom sediments undisturbed during the depth-
sampling procedure? 

    

For depth sampling, exercise 
appropriate care to keep bottom 
sediments undisturbed during the 
depth-sampling procedure. 

        SW Pump Sampling       

226 4d SW FS 2110 If using a peristaltic pump was an organic trap (vacuum trap) 
assembly used to collect extractable organics?     

Use an organic trap (vacuum trap) 
assembly  to collect extractable 
organics when using a peristaltic 
pump. 

227 4d SW FS 2110 
If using a peristaltic pump, were VOC samples not pumped 
through the roller assembly (pump head) of the peristaltic 
pump and was the “straw technique” was used instead? 

    

If using a peristaltic pump, VOC 
samples must not pumped be through 
the roller assembly (pump head) of the 
peristaltic pump.  The “straw 
technique” must be used instead. 

228 4d SW FS 2110 Were all Oil & grease, FL-PRO and TRPH samples not 
collected with pumps?     

Oil & grease, FL-PRO and TRPH 
sample must not be collected with 
pumps. 

229 4d SW FS 2110 
Were the pump and tubing assembly flushed with site water 
to allow at least 3 volumes of the pump and tubing to pass 
through the system prior to collecting the sample? 

    

Prior to collecting the sample, flush 
the pump and tubing assembly with 
site water to allow at least 3 
equipment volumes to pass through 
the system. 

230 4d SW FS 2008 
Were cyanide samples tested for the presence of sulfides and 
pretreated, if necessary, before preservation with sodium 
hydroxide? 

    

When collecting cyanide samples, test 
for the presence of sulfides and 
pretreat, if necessary, before 
preserving with sodium hydroxide. 

231 4d SW FS 2008 Were cyanide samples which were untested or untreated for 
sulfides designated with a holding time of 24 hr?     

Cyanide samples which are untested 
or untreated  for sulfides must be 
designated with a holding time of 24 
hr. 
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        Section 5       

232 5 ORG FD1000 Was the tare weight of VOC vials recorded, if applicable 
(EPA method 5035)?     Record the tare weight of VOC vials 

(EPA method 5035). 

233 5 ORG FD1000 Was the weight of VOC sample and vial recorded, if 
applicable (EPA method 5035)?     Record the weight of VOC sample 

and vial (EPA method 5035). 

234 5 ORG FS 1004 
In the case of petroleum hydrocarbons, oil & grease or 
containers with premeasured preservatives, were the sample 
containers not rinsed? 

    

In the case of petroleum 
hydrocarbons, oil & grease or 
containers with premeasured 
preservatives, the sample containers 
must not be rinsed? 

235 5 ORG FS 2000 Sample containers for oil & grease or TPH samples were not 
rinsed with sample prior to collection.     

Sample containers for oil & grease or 
TRPH samples are not rinsed with 
sample prior to collection. 

236 5 ORG FS 2001 
Were VOC samples dechlorinated, if applicable, with 
chemical preservative added to the VOC vial prior to 
addition of the sample? 

    

The dechlorination agent must be in 
the vial before the sample is sample is 
added; after which other preservatives 
(e.g., acid) may be added. 

237 5 ORG FS 2001 
Were dechlorinated VOC samples preserved with acid after 
dechlorination and prior to complete filling to convex 
meniscus? 

    

The dechlorination agent must be in 
the vial before the sample is sample is 
added; after which other preservatives 
(e.g., acid) may be added. 

238 5 ORG FS 2004 Were VOC sample containers kept removed and protected 
from any fuel sources and fuel-powered equipment?     

Protect VOC sample containers from 
any fuel sources or fuel-powered 
equipment. 

239 5 ORG FS 2004 
Did VOC sample containers remained capped until just prior 
to sample collection and did they remained capped after 
sample collection? 

    

 VOC sample containers must 
remained capped until just prior to 
sample collection and remain capped 
after sample collection. 

240 5 ORG FS 2004 
If any bubbles present in the VOC sample comprise a 
combined volume of greater than 5mm in diameter (pea-
sized), was the sample submitted? 

    

If any bubbles present in the VOC 
sample comprise a combined volume 
of greater than 5mm in diameter (pea-
sized), the sample must not be 
submitted. 

241 5 ORG FS 2004 
Were unacidified VOC samples collected where 
effervescence or large bubbles were observed after addition 
of acid? 

    
Collect unacidified VOC samples 
where effervescence or large bubbles 
are observed upon addition of acid. 

242 5 ORG FS 2006 Were all oil & grease samples collected as discrete grab 
samples?     Oil & grease samples must be 

collected as discrete grab samples. 

243 5 ORG FS 2006 
Unless specified otherwise by the sampling plan, samplers 
avoided surface skimming when collecting oil & grease or 
TPH samples. 

    

Avoided surface skimming when 
collecting oil & grease or TRPH 
samples, unless specified in the 
sampling plan. 
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244 5 ORG FS 2006 
When collecting samples for oil and grease or TRPH, were 
containers and intermediate sampling device not prerinsed 
with sample water? 

    

When collecting samples for oil and 
grease or TRPH, containers and 
intermediate sampling device must not 
prerinsed with sample water. 

245 5 ORG FS 2006 Automatic samplers were not used for organics sample 
collection.     Automatic samplers may not be used 

for organics sample collection. 

        Section 6       

246 6a GW FS 1005 

Verify that all fuel-powered equipment and vehicles were 
downwind of or well away from sampling locations where 
fuel contamination of samples, purging equipment or 
sampling equipment may have interfered with representative 
sample collection. 

    

Position all fuel-powered equipment 
and vehicles downwind of or well 
away from sampling locations where 
fuel contamination of samples, 
purging equipment or sampling 
equipment may interfere with 
representative sample collection. 

247 6a GW FS 1005 
Verify that samplers wore disposable gloves while handling 
fuel powered equipment and disposed of fuel contaminated 
gloves downwind or well away from the sampling location. 

    

Wear disposable gloves while 
handling fuel powered equipment and 
disposed of fuel contaminated gloves 
downwind or well away from the 
sampling location. 

248 6a GW FS 1005 
If applicable, were sampling activities interrupted while 
fueling of vehicles or storage tanks occurred near the 
sampling location? 

    
While fueling vehicles or storage 
tanks near  the sampling location 
interrupt sampling activities. 

249 6a GW FS 2200 If present, verify that any standing water present in the 
wellhead was removed.     

Remove any standing water present in 
the wellhead, prior to removing the 
well cap. 

250 6a GW FS 2200 Were water levels were measured to the nearest 0.01 foot?     Measure water levels to the nearest 
0.01 foot. 

251 6a GW FS 2200 Verify that the well bottom was not sounded with the 
measuring tape.     Do not sound the well bottom with the 

measuring tape. 

252 6a GW FS 2200 Was well volume was correctly determined?     Determine the well water volume 
using the equation in FS 2211. 

253 6a GW FS 2200 Was equipment volume correctly determined?     Determine the equipment volume 
using the equation in FS 2211. 

254 6a GW FS 2200 Verify that the pump or tubing was not allowed to drop to 
the bottom of the well.     Do not allow the pump or tubing to 

drop to the bottom of the well. 

255 6a GW FS 2200 Was depth to groundwater measured at frequent intervals 
during purging?     

Measure depth to groundwater 
(drawdown) at frequent intervals 
during purging. 
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(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

256 6a GW FS 2200 

Was the placement of the pump or tubing intake correctly 
determined according to the position of the water level in 
relation to the well screen interval and the purging procedure 
used? 

    Place the pump or tubing intake and 
purge following FS 2212 procedures. 

257 6a GW FS 2200 Was the placement depth of the pump or tubing intake 
recorded for each instance of positioning?     

Record the placement depth of the 
pump or tubing intake for each 
instance of positioning. 

258 6a GW FS 2213 If purging with a bailer, was the bailer lowered and raised at 
the rate of 2 cm/sec into the top of the water column?     

Lower and raise the bailer at the rate 
of 2 cm/sec into the top of the water 
column, when purging. 

259 6a GW FS 2213 If purging with a pump, was drawdown stabilized so that the 
pumping rate matched the formation recharge rate?     

Adjust the purging rate so that it 
matches the well recharge rate to 
minimize drawdown. 

260 6a GW FS 2213 If purging minimal (equipment) volumes with a pump, was 
the well screen interval (length) <10 feet?     

If purging minimal (equipment) 
volumes with a pump,  the well screen 
interval (length) must be  <10 feet. 
(FS 2213.1.1) 

261 6a GW FS 2213 
If purging minimal (equipment) volumes with a pump, was 
the pump or tubing intake placed within the middle of the 
screen interval? 

    

If purging minimal (equipment) 
volumes with a pump from a well 
with a fully submerged well screen 
interval, place the pump or tubing 
intake  within the middle of the screen 
interval. 

262 6a GW FS 2213 If purging minimal (equipment) volumes with a pump, was a 
minimum of three equipment volumes purged?     

If purging minimal (equipment) 
volumes with a pump, purge a 
minimum total of at least 3 equipment 
volumes. 

263 6a GW FS 2213 
If purging minimal (equipment) volumes with a pump, was 
the same pump used to purge the well used to collect the 
sample? 

    

If purging minimal (equipment) 
volumes with a pump, use the same 
pump to purge the well and collect the 
sample. 

264 6a GW FS 2213 

For conventional purging with a completely submerged well 
screen, was the pump or tubing placed at the top of the water 
column above the submerged well screen and a minimum 
total of 1 well volume was purged prior to collection of the 
stabilization parameters? 

    

For conventional purging with a 
completely submerged well screen, 
the pump or tubing must be placed at 
the top of the water column above the 
submerged well screen and a 
minimum total of 1 well volume must 
be purged prior to collection of the 
stabilization parameters. 
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265 6a GW FS 2213 

If purging a well with a partially submerged screen interval, 
and different pumps are used to purge and collect sample, 
was the pump or tubing placed at the top of the GW column 
and a minimum of at least 1 well vol purged prior to meas of 
stab params? 

    

If purging a well with a partially 
submerged screen interval and 
different pumps are used to purge and 
collect sample, the pump or tubing 
must be placed at the top of the GW 
column and a minimum of at least 1 
well vol must be purged prior to meas 
of stab params. 

266 6a GW FS 2213 

If purging a well with a partially submerged screen interval, 
and the same pump is used to purge and collect sample, was 
the pump or tubing placed in the middle of the submerged 
screen portion and a minimum of at least 1 well vol purged 
prior to meas of stab params? 

    

If purging a well with a partially 
submerged screen interval, and the 
same pump is used to purge and 
collect sample, the pump or tubing 
must be placed in the middle of the 
submerged screen portion and a 
minimum of at least 1 well vol is 
purged prior to meas of stab params. 

267 6a GW FS 2213 

If the well screen or borehole is partially submerged, and the 
purging pump was also used to collect the samples, was the 
tubing or pump placed midway between the measured water 
level and the bottom of the screened interval? 

    

If the well screen or borehole is 
partially submerged, and the purging 
pump was also used to collect the 
samples, place the tubing or pump 
midway between the measured water 
level and the bottom of the screen 
interval. 

268 6a GW FS 2212 Was a flow cell used to measure stabilization parameters 
during pumping?     

Use a flow cell to measure 
stabilization parameters during 
pumping. 

269 6a GW FS 2212 

If the well was purged from the top of the GW column above 
a fully sub screen, was at least 1 well vol purged prior to 
purge stabilization meas and was at least ¼ well vol purged 
at the stabilized pump rate between consec purge stab 
measurements? 

    

When purging the well from the top of 
the groundwater column above a fully 
submersed screen, at least 1 well 
volume is purged prior to purge 
stabilization measurement and at least 
¼ well volume is purged at the 
stabilized pump rate between 
consecutive purge stabilization 
measurements. 

270 6a GW FS 2212 

If the well was purged from the top of the GW col in a 
partially sub screen int, was at least 1 well vol purged prior 
to purge stab meas and at least 2 min of cont purging at the 
stab pump rate elapsed between consec purge stab 
measurements? 

    

When purging from the top of the 
groundwater column in a partially 
submerged screen interval,  at least 1 
well volume must be purged prior to 
purge stabilization measurement and 
at least 2 minutes of continuous 
purging at the stab pump rate elapsed 
between consec purge stab 
measurements. 
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271 6a GW FS 2212 

If the well was purged from the mid of a fully sub screen int, 
was at least 1 equip vol  purged prior to purge stabilization 
measurements and at least 2 min of cont purging at the 
stabilized pump rate elapsed between consec purge stab 
measurements? 

    

When purging from the mid of a fully 
submerged screen interval,  at least 1 
equipment volume is  purged prior to 
purge stabilization measurements and 
at least 2 min of continuous purging at 
the stabilized pump rate must elapse 
between consecutive purge stab 
measurements. 

272 6a GW FS 2212 

If DO<20% sat and Turbidity <20NTUs, were three (3) 
consecutive measurements of the following three parameters 
within stated limits? 1) Temperature: ±0.2° C, 2) pH: ±0.2 
standard pH units, 3) Specific Conductance: ± 5.0% of 
reading 

    

If DO<20% sat and Turbidity 
<20NTUs, were three (3) consecutive 
measurements of the following three 
parameters within stated limits for 
purging to be considered complete. 1) 
Temperature: ±0.2° C, 2) pH: ±0.2 
standard pH units, 3) Specific 
Conductance: ± 5.0% of reading? 

273 6a GW FS 2212 

For determining the purging completion requirements were 
the measured dissolved oxygen and turbidity were below the 
following thresholds? 1) DO <20% saturation at the 
measured temperature, 2) Turbidity <20 NTU 

    

If DO>20% sat and Turbidity 
>20NTUs, temperature, and specific 
conductance measurements have 
stabilized the second or third purging 
criteria must be used. 

274 6a GW FS 2212 

For wells where DO and turb thresholds were not met, were 
consec meas w/in the stated limits for pH, cond, and temp 
and were DO and turb meas within: 1) DO: ±0.2 mg/L or 
10%, whichever is greater; 2) Turbidity: ±5 NTUs or 10%, 
whichever is greater? 

    

For wells where DO and turbidity 
thresholds were not met, consecutive 
measurements must fall within the 
stated limits for pH, cond, and temp as 
well as DO and turbidity 
measurements within: 1) DO: ±0.2 
mg/L or 10%, whichever is greater; 2) 
Turbidity: ±5 NTUs or 10%, 
whichever is greater. 

275 6a GW FS 2212 

For wells failing to meet stabilization criteria after five (5) 
well vol, were testing instrumentation, calibrations, purge 
flow rate, flow cells and all tubing connections determined 
to be functional and acceptable for measuring stabilization 
parameters? 

    

Evaluate testing instrumentation, 
calibrations, purge flow rate, flow 
cells and all tubing connections for 
functionality if measurements fail to 
stabilize after five (5) well volumes. 

276 6a GW FS 2212 Were dry-purged wells purged only once according to FS 
2212, section 3.4.1?     Dry-purged wells are purged only 

once (FS 2212, section 3.4.1). 

277 6a GW FS2222 
Was the well known to purge dry due to low formation 
permeability and did the samplers determine that the well 
could not be purged according to FS 2212 and FS 2213? 

    

If the well is known to purge dry due 
to low formation permeability and the 
samplers must determine that the well 
can not be purged according to FS 
2212 and FS 2213 
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278 6a GW FS2222 
For purging Low Permeability Wells, were very small 
diameter Teflon, PE or PP tubing and the smallest possible 
pump chamber and flow cell volumes used? 

    

For purging Low Permeability Wells, 
use very small diameter Teflon, PE or 
PP tubing and the smallest possible 
pump chamber and flow cell volumes. 

279 6a GW FS2222 For purging Low Permeability Wells, was the pump tubing 
wall thick enough to minimize oxygen transfer?     

For purging Low Permeability Wells, 
use pump tubing with walls thick 
enough to minimize oxygen transfer. 

280 6a GW FS2222 For purging Low Permeability Wells, was the pump or 
tubing intake placed within the well screen interval?     

For purging Low Permeability Wells, 
place the pump or tubing intake within 
the well screen interval. 

281 6a GW FS2222 For purging Low Permeability Wells, was the purging flow 
rate <100 mL/min?     

For purging Low Permeability Wells, 
maintain a purging flow rate <100 
mL/min. 

282 6a GW FS2222 For purging Low Permeability Wells, was the Pump rate 
adjusted to minimize drawdown?     

For purging Low Permeability Wells, 
adjust the Pump rate to minimize 
drawdown. 

283 6a GW FS2222 
For purging Low Permeability Wells, was a minimum total 
of at least 2 equipment volumes purged before stabilization 
parameters were measured and samples were collected? 

    

For purging Low Permeability Wells, 
purge a minimum of at least 2 
equipment volumes (total) before 
stabilization parameters are measured 
and samples collected. 

284 6a GW FS2222 

For purging Low Permeability Wells, was temperature, pH, 
conductivity, DO and turbidity measured once immediately 
prior to collecting the samples during stabilized pumping 
after at least 2 equipment volumes were purged? 

    

For purging Low Permeability Wells, 
measure temperature, pH, 
conductivity, DO and turbidity once 
immediately prior to collecting the 
samples, during stabilized pumping, 
and after at least 2 equipment volumes 
are purged. 

285 6a GW FS2222 For purging Low Permeability Wells, was the same pump 
used to purge and collect the samples?     

For Low Permeability Wells, use the 
same pump to purge and collect the 
samples. 

286 6b GW FS2222 
When collecting samples from Low Permeability Wells, was 
the purge position of the pump or tubing intake maintained 
throughout sample collection? 

    

When collecting samples from Low 
Permeability Wells, maintain the 
purge position of the pump or tubing 
intake throughout sample collection. 

287 6b GW FS2222 

When collecting samples from Low Permeability Wells, was 
the stabilized purge pumping rate maintained throughout 
sample collection unless pumping was ceased to allow 
formation recharge? 

    

When collecting samples from Low 
Permeability Wells, maintain the 
stabilized purge pumping rate 
throughout sample collection unless 
pumping was ceased to allow the 
formation to recharge. 

288 6b GW FS2222 

When collecting samples from Low Permeability Wells, 
were the samples collected immediately after purging was 
completed while continuing a stabilized pumping rate or as 
soon as sufficient recharged sample water was available? 

    

When collecting samples from Low 
Permeability Wells, collect the 
samples immediately after purging 
was completed while continuing a 
stabilized pumping rate or as soon as 
sufficient recharged sample water is 
available. 
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289 6b GW FS2220 
Were stabilization parameters re-measured if the start of 
sample collection began more than one hour after 
completion of purging? 

    

If the start of sample collection begins 
more than one hour after completion 
of purging remeasure stabilization 
parameters. 

290 6b GW FS2220 
Was the well re-purged if the second set of stabilization 
measurements exceeded the original measurements by more 
than + 10%? 

    

If the second set of stabilization 
measurements exceeded the original 
measurements by more than +/- 10% 
re-purge the well. 

291 6b GW FS2220 
Were dry-purged wells allowed to recharge after one purge 
per FS 2212, section 3.4 before measuring stabilization 
parameters and collecting samples? 

    

Allow dry-purged wells to recharge 
after one purge per FS 2212, section 
3.4 before measuring stabilization 
parameters and collecting samples. 

292 6b GW FS2220 Were samples collected within 6 hours of purging 
completion?     Collect samples within 6 hours of 

purging completion. 

293 6b GW FS2220 Were pumps decontaminated or replaced between wells?     Decontaminate or replace pumps 
between wells. 

294 6b GW FS2220 Was pump tubing decontaminated or replaced between 
wells?     Decontaminate pump tubing or 

replaced between wells. 

295 6b GW FS2220 
Did material construction of pumps and tubing conform to 
requirements of Tables FS 1000-1 through FS 1000-3 and 
Table FS 2200-1 for the analytes collected? 

    

Material construction of pumps and 
tubing must conform to the 
requirements of Tables FS 1000-1 
through FS 1000-3 and Table FS 
2200-1 for the analytes collected. 

296 6b GW FS 2201 Were peristaltic pumps used with an organic trap assembly 
to collect extractable organic samples?     

When using peristaltic pumps to 
collect extractable organic samples, 
use an organic trap assembly. 

297 6b GW FS 2201 

Did collection of volatile organic (VOC) samples with 
peristaltic pumps employ the “straw technique” for 
collection from the well and either gravity flow or reverse 
pumping for container filling? 

    

Employ the “straw technique” for 
collection from the well and either 
gravity flow or reverse pumping for 
container filling when collecting 
volatile organic (VOC) samples with 
peristaltic pumps. 

298 6b GW FS 2201 Were VOC samples poured or drained into sample vials with 
no aeration or agitation?     

 Do not aerate or agitate samples 
poured or drained into sample vials 
when sampling for VOCs. 

299 6b GW FS 2201 
Were samples for sulfites, sulfides or hydrogen sulfide 
poured or drained into sample vials with no aeration or 
agitation? 

    

 Do not aerate or agitate samples 
poured or drained into sample 
containers when sampling for sulfates, 
sulfides, or hydrogen sulfide. 
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300 6b GW FS 2225 Was the metals sample filtration procedure preapproved by 
the project manager for the site or project?     

Obtain approval from the project 
manager for the site or project before 
filtering samples for metals. 

301 6b GW FS 2225 Was a 0.45 µm filter used for filtering constituents other 
than metals?     Use a 0.45 µm filter for filtering 

constituents other than metals. 

302 6b GW FS 2225 Was a 1µm in-line filter used for filtering metal samples?     Use a 1µm in-line filter for filtering 
metal samples. 

303 6b GW FS 2225 Was all oxygen (air) flushed from the in-line filter and any 
connected tubing prior to sample filtration?     

Flush all oxygen (air) from the in-line 
filter and any connected tubing prior 
to sample filtration. 

304 6b GW FS 2225 Did the equipment configuration for filtering metals conform 
with prohibitions in FS 2225 section 1.4?     

The equipment configuration for 
filtering metals must conform with the 
prohibitions in FS 2225 section 1.4. 

        Purging and sampling wells with in-place plumbing, air 
strippers or other plumbed remedial systems        

305 6b GW 

FS 2214, FS 
2215, FS 
2223, FS 

2224 

Was the purging and sampling point located upstream of 
storage or pressure tanks where possible?     

Select the purging and sampling point  
upstream of storage or pressure tanks 
where possible. 

306 6b GW 

FS 2214, FS 
2215, FS 
2223, FS 

2224 

Were hoses, aerators and filters removed prior to purging 
and sampling where possible?     

Remove hoses, aerators and filters 
prior to purging and sampling where 
possible. 

307 6b GW 

FS 2214, FS 
2215, FS 
2223, FS 

2224 

was the plumbed system purged at the selected purge point 
(valve or spigot) until the purge completion criteria listed in 
FS 2212 section 3 were met? 

    

Purge the plumbed system at the 
selected purge point (valve or spigot) 
until the purge completion criteria 
listed in FS 2212 section 3 are met. 

308 6b GW 

FS 2214, FS 
2215, FS 
2223, FS 

2224 

Were air strippers and other remedial systems purged for a 
minimum of one minute?     

Purge air strippers and other remedial 
systems for a minimum of one minute 
before sample collection. 

309 6b GW 

FS 2214, FS 
2215, FS 
2223, FS 

2224 

Was the flow rate reduced to less than 500 mL/minute (1/8"" 
stream) or approximately 0.1 gal/minute before collecting 
samples? 

    

Reduce the flow rate to less than 500 
mL/minute (1/8"" stream) or 
approximately 0.1 gal/minute before 
collecting samples. 

        For all GW sampling, was the following information 
recorded, as applicable:         

310 6c GW, DOC FD1000 Purging equipment     Document purging equipment type. 

311 6c GW, DOC FD1000 Purging procedure     Record the purging procedure. 

312 6c GW, DOC FD1000 Well casing composition     Note the well casing composition. 

313 6c GW, DOC FD1000 Well diameter     Document the well diameter. 

314 6c GW, DOC FD1000 Water table depth     Record the water table depth 
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315 6c GW, DOC FD1000 Depth of well     Note the depth of well 

316 6c GW, DOC FD1000 Volume of water in the well     Document the volume of water in the 
well 

317 6c GW, DOC FD1000 Equipment dimensions and volumes for pumps, tubing and 
flow containers (flow cells)     

Record equipment dimensions and 
volumes for pumps, tubing and flow 
containers (flow cells) 

318 6c GW, DOC FD1000 Purge volume calculations     Describe purge volume calculations 

319 6c GW, DOC FD1000 Total volume of water purged     Note total volume of water purged 

320 6c GW, DOC FD1000 Total well volumes or equipment volumes purged     Record total well volumes or 
equipment volumes purged 

321 6c GW, DOC FD1000 Date of purging      Document date of purging  

322 6c GW, DOC FD1000 Starting and ending times for purging     Note starting and ending times for 
purging 

323 6c GW, DOC FD1000 Purging rate (pumping or flow rate) and associated 
calculations     Record purging rate (pumping or flow 

rate) and associated calculations 

324 6c GW, DOC FD1000 Flow meter readings (if applicable)     Document flow meter readings (if 
applicable) 

325 6c GW, DOC FD1000 Stabilization measurements for purge completion criteria     Note stabilization measurements for 
purge completion criteria 

326 6c GW, DOC FD1000 Elapsed time for one well volume or equipment volume 
purge at stabilized flow rate     

Document elapsed time for one well 
volume or equipment volume purge at 
stabilized flow rate 

327 6c GW, DOC FD1000 Water level drawdown measurements during purging (depth 
to water table)     

Record water level drawdown 
measurements during purging (depth 
to water table) 

328 6c GW, DOC FD1000 For sampling of GW wells with plumbing, was the following 
information recorded for each sample, as applicable:      

For sampling of GW wells with 
plumbing, record for each sample: 
Plumbing and tap material 
construction, purge rate (flow rate), 
total purge time at stabilized purge 
rate, flow rate at time of sample 
collection, ID no. for public supply 
system (if applicable), name, address 
and emergency phone of public supply 
system. 

329 6c GW, DOC FD1000 

Plumbing and tap material construction, purge rate (flow 
rate), total purge time at stabilized purge rate, flow rate at 
time of sample collection, ID no. for public supply system (if 
applicable), name, address and emergency phone of public 
supply system? 

    

For sampling of GW wells with 
plumbing, record for each sample: 
Plumbing and tap material 
construction, purge rate (flow rate), 
total purge time at stabilized purge 
rate, flow rate at time of sample 
collection, ID no. for public supply 
system (if applicable), name, address 
and emergency phone of public supply 
system. 
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        Bacteriological Sampling       

330 7 BACT FS 2005 Unless specified otherwise in the sampling plan, were all 
bacteriological samples collected as grab samples?     

 Collect all bacteriological samples as 
grab samples, unless specified 
otherwise in the sampling plan. 

331 7 BACT FS 2005 Were all bacteriological samples collected in properly 
sterilized containers?     Collect all bacteriological samples in 

properly sterilized containers. 

332 7 BACT FS 2005 Were sterilized caps used with all bottles and vials which 
contain bacteriological samples?     

Use sterilized caps with all bottles and 
vials containing bacteriological 
samples. 

333 7 BACT FS 2005 
Did all sterilized containers remained sealed until just prior 
to filling with sample and did they remain sealed after filling 
with sample? 

    

Sterilized containers must remain 
sealed until just prior to filling with 
sample and re-sealed after filling with 
sample. 

334 7 BACT FS 2005 Verify that bacteriological sample containers were not 
prerinsed with sample.     Do not prerinse bacteriological sample 

containers with sample. 

335 7 BACT FS 2005 Was at least 125 ml collected for each bacteriological 
sample?     Collect at least 125 ml collected for 

each bacteriological sample.  

336 7 BACT FS 2005 
was appropriate caution taken to avoid contacting the 
opening (mouth) of bacteriological sample containers or cap 
interiors? 

    

Take appropriate caution  to avoid 
contact with the opening (mouth) of 
bacteriological sample containers or 
cap interiors. 

337 7 BACT FS 2005 
Where applicable, were bacteriological samples collected 
with rigid containers using standard surface water grab-
sample techniques? 

    
Collect bacteriological samples with 
rigid containers using standard surface 
water grab-sample techniques. 

338 7 BACT FS 2005 
Where applicable, were bacteriological samples collected 
with Whirlpak bags from surface water by immersing the 
closed Whirlpak and opening the bag underwater? 

    

When using Whirlpaks, collect 
bacteriological samples from surface 
water by immersing the closed 
Whirlpak and opening the bag 
underwater. 

339 7 BACT FS 2005 

Where applicable, were bacteriological samples collected 
with Whirlpak bags from surface water by immersing the 
closed Whirlpak upstream of the hands and fingers and 
opening the bag into (facing) the current? 

    

When using Whirlpaks, collect 
bacteriological samples with Whirlpak 
bags from surface water by immersing 
the closed Whirlpak upstream of the 
hands and fingers and opening the bag 
into (facing) the current. 
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# Checklist 
section Designation Reference 

(DEP SOPs) Current Question Compliance 
(Y, N, Na) Comments Suggested Corrective Action (CA) 

340 7 BACT FS 2005 

Where applicable, were bact samples collected with 
Whirlpak bags from SW  by opening the bag before 
attaching it to an extension pole, plunging the bag opening 
downward below the surf and towards the current in a cont. 
arc before returning to the surf? 

    

When using Whirlpaks and an 
extension pole, collect bacteriological 
samples from surface water  by 
opening the bag before attaching it to 
an extension pole, plunging the bag 
opening downward below the surface 
and towards the current in a 
continuous arc before returning the 
Whirlpak to the surface. 

341 7 BACT FS 2005 
Where applicable, were bacteriological samples collected 
from taps, spigots and faucets without interruption of flow 
from the plumbing? 

    

Collect bacteriological samples from 
taps, spigots and faucets without 
interrupting the flow from the 
plumbing. 

342 7 BACT FS 2005 
Where applicable, were bacteriological samples collected 
with an intermediate device without interruption of flow as 
the sample was poured or drained from the device? 

    

Bacteriological samples collected with 
an intermediate device are poured or 
drained from the device, without 
interruption of flow. 

343 7 BACT FS 2005 
Were bacteriological samples collected as the last analyte 
group in the collection sequence in order to maximize 
available holding time? 

    

Collect bacteriological samples as the 
last analyte group in the collection 
sequence in order to maximize 
available holding time. 

344 7 BACT FS 2005 Was headspace left in each bacteriological sample container 
after sample collection?     

Leave headspace in each 
bacteriological sample container after 
sample collection. 

345 7 BACT FS 2005 

Where applicable, were bacteriological samples 
dechlorinated by addition of sodium thiosulfate to the 
sample container to achieve a final sodium thiosulfate 
concentration of 100 mg/L? 

    

Dechlorinate bacteriological samples 
by adding sodium thiosulfate to the 
sample container to achieve a final 
sodium thiosulfate concentration of 
100 mg/L where applicable. 

        Mercury Sampling       

346 8 

HG 

SFWMD Hg 
in water SOP 

Was visqueen placed on the ground around the pump and 
secured to prevent slippage/flapping and reduce the 
possibility of contamination?  

    

Place visqueen on the ground around 
the pump and secure it to prevent 
slippage/flapping and to reduce the 
possibility of contamination.  

347 8 
HG 

SFWMD Hg 
in water SOP 

Prior to collection of an EB, was the sample train rinsed with 
at least 3 hose volumes?     

Rinse the sample train with at least 3 
hose volumes prior to collection of an 
EB. 

348 8 
HG 

SFWMD Hg 
in water SOP 

Was an EB collected prior to sampling and for each sample 
train utilized on the trip?     For each sample train utilized on the 

trip, collect an EB prior to sampling. 

349 8 
HG 

SFWMD Hg 
in water SOP 

Was a T-splitter used for split samples and a separate EB 
collected for split sample apparatus?     

Use a T-splitter for split samples and 
collect a separate EB collected for the 
split sample apparatus. 

350 8 
HG 

SFWMD Hg 
in water SOP 

Was an FCEB taken at the end of the day to check for 
carryover?     Take a FCEB at the end of the day to 

check for carryover. 
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# Checklist 

section Designation Reference 
(DEP SOPs) Current Question Compliance 

(Y, N, Na) Comments Suggested Corrective Action (CA) 

351 8 
HG 

SFWMD Hg 
in water SOP 

Was the filter capsule rinsed with DI prior to collection of 
the FCEB?     Rinse the filter capsule with DI prior 

to collection of the FCEB. 

352 8 
HG 

SFWMD Hg 
in water SOP 

Was the sample train flushed with 2 liters of DI prior to 
collection of the FCEB?     Flush the sample train with 2 liters of 

DI prior to collection of the FCEB. 

353 8 

HG 

FSQM 4.3.3 
(Hg) 

Were ultratrace Hg sample bottles rinsed three times with 
~50 ml of sample before the sample was collected? (FSQM 
4.3.3) 

    

Rinse ultratrace Hg sample bottles 
three times with ~50 ml of sample 
before the sample is collected (FSQM 
4.3.3). 

354 8 
HG 

SFWMD Hg 
in water SOP 

Were bottle caps kept facing downward during bottle rinse 
and other sample collection activities?     

Keep bottle caps facing downward 
during bottle rinse and other sample 
collection activities. 

355 8 

HG 

FSQM 4.3.3 
(Hg) 

Were a minimum of three sample hose volumes (200 ml) of 
sample water flushed through the tubing before the sample 
was collected? (FSQM 4.3.3) 

    

Flush a minimum of three sample 
hose volumes (200 ml) with sample 
water through the tubing before the 
sample is collected (FSQM 4.3.3). 

356 8 

HG 

FSQM 4.3.3 
(Hg) 

Were a minimum of three sample hose volumes (200 ml) of 
sample water flushed through the filter before the sample 
was collected? (FSQM 4.3.3) 

    

Flush a minimum of three sample 
hose volumes (200 ml) with sample 
water  through the filter before the 
sample is collected (FSQM 4.3.3). 

357 8 
HG 

SFWMD Hg 
in water SOP 

Was the sampling train broken down, covered and stored in a 
cooler or bag in between sites to avoid contamination?     

Break the sampling train down, cover 
and store in a cooler or bag in between 
sites to avoid contamination. 

358 8 

HG 

SFWMD Hg 
in water SOP 

Was the sample train marked and submerged to a depth of 
0.5 m below the surface or at half depth (minimum sampling 
depth is 0.1 m)? 

    

Mark the sample train and submerge 
to a depth of 0.5 m below the surface 
or at half depth (minimum sampling 
depth is 0.1 m). 

359 8 
HG 

SFWMD Hg 
in water SOP 

Was the sampling boom situated at least 2 m from shore or 
the sampling platform?     

Situate the sampling boom at least 2 
m from shore or the sampling 
platform. 

360 8 

HG 

SFWMD Hg 
in water SOP 

Was the reused sampling train flushed with in-situ water for 
a minimum of three minutes prior to sample collection at the 
next site? 

    

Flush the reused sampling train with 
in-situ water for a minimum of three 
minutes prior to sample collection at 
the next site. 

361 8 
HG 

SFWMD Hg 
in water SOP 

Was a new sample train used for each day of sample trip 
with associated QC samples?     

Use a new sample train  for each day 
of sample trip with associated QC 
samples. 

362 8 
HG 

FSQM 4.3.3 
(Hg) 

Was equipment shipped and stored in zip-type polyethylene 
bags? (FSQM 4.3.3)     Ship equipment and store in zip-type 

polyethylene bags (FSQM 4.3.3). 

363 8 
HG 

SFWMD Hg 
in water SOP 

Were shipping details (carrier, tracking #, work order # or 
RQ # for DEP) noted in the field logbook?     

Note shipping details (carrier, tracking 
#, work order # or RQ # for DEP) in 
the field logbook. 

364 8 
HG 

SFWMD Hg 
in water SOP 

Were deviations from the sampling procedure accurately 
documented in the field logbook?     

Document deviations from the 
sampling procedure accurately in the 
field logbook. 
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4.0 CHEMICAL ANALYSIS 

4.1 Purpose 

Numerous groups and laboratories conduct CERP monitoring and assessment activities. Data must 
meet a minimum level of quality and completeness. Data must meet NELAC standards. Federal and 
state regulations pertinent to monitoring and laboratory analysis also need to be met, in addition to 
project-specific DQOs. 

4.2 Scope 

This chapter of the QASR manual provides guidance on meeting. 

• QA/QC requirements for laboratory analyses. 

4.3 Basic Requirements 

• NELAC 2003 standards 

• QASR 

4.4 Federal Requirements and Regulations 

• Requirements for the Preparation of Sampling and Analysis Plans (USACE EM 200-1-3, 
2/1/2001) – provides guidance for USACE contracted projects 

4.5 State Requirements and Regulations 

• FDEP: Chapter 62-160, FAC 

• Chapter 64E-1, Florida Department of Health (FDOH) Environmental Laboratory 
Certification Program (ELCP) 

4.6 Laboratory’s Responsibilities 

Laboratories are required to have a quality system to provide structure for planning, implementing, 
and assessing analytical work and QA/QC requirements in accordance with NELAC. Laboratories 
performing analyses for CERP projects are required to develop and maintain a laboratory Quality 
Manual (QM) documenting the quality systems in accordance with the provisions of NELAC 2003, 
Chapter 64E-1, FAC, Chapter 62-160, FAC, and this QASR manual. Laboratories must be legally 
responsible and have a defined organization to support and implement quality systems to ensure 
commitment to laboratory ethics and data integrity. Managerial staff should be responsible for 
laboratory operations, personnel management, and allocating resources. 
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All measurement and testing equipment that affect the accuracy or validity of test results shall be 
calibrated and/or verified prior to use according to NELAC requirements. The laboratory shall have 
established written equipment calibration and verification procedures prepared in accordance with 
manufacturer’s specified calibration procedures, NELAC, and method requirements. 

Each laboratory must have a program of calibration and verification for reference standards 
according to NELAC standards. In addition, the laboratory must have a written preventative 
maintenance procedure according to NELAC standards. The laboratory must have a training 
program to ensure that new personnel are properly trained on laboratory policies and procedures, 
and that all personnel are continually updated on changes in procedures according to NELAC 
standards. 

Laboratories must have a list of approved analytical methods for which the laboratory is certified to 
meet the laboratory’s QA objectives. Laboratories must be NELAP-accredited (primary or 
secondary) with the FDOH for a specific program, matrix, method, and analyte. Analytical methods 
must be approved per 40 CFR or be validated per Chapter 62-160, FAC requirements. The QAOT 
must approve the use of alternate or modified methods for CERP projects. The methods must be 
chosen to meet the data quality objectives. 

Method Detection Limits (MDLs) must be matrix and analyte specific. Laboratories must maintain 
MDL determination and annual verification records as required by NELAC. NELAC requires that 
audits of internal laboratory systems be conducted annually by every laboratory to assess the 
laboratory’s conformance with its quality system. The laboratory must have established procedures 
for conducting regular internal systems audits and correcting any deficiencies identified during an 
audit in accordance with NELAC. In addition, each laboratory must have a documented procedure 
for specific corrective actions in accordance with NELAP standards.  

FDEP and EPA Maximum Contamination Levels are shown in Appendix C1. Surface Water 
Quality Classifications are shown in Appendix C2. Sediment Quality Assessment Guidelines are 
found at http://www.dep.state.fl.us/water/monitoring/seds.htm. 
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Contaminant
FDEP Maximum Contaminant 

Level (mg/L)
EPA Maximum Contaminant Level 

(mg/L)
1,1,1,-Trichloroethane 0.2 0.2
1,1,2-Trichloroethane 0.005 0.005
1,1-Dichloroethylene 0.007 0.007

1,2,4-Trichlorobenzene 0.07 0.07
1,2-Dichloroethane 0.003 0.005

1,2-Dichloropropane 0.005 0.005
2,3,7,8-TCDD (Dioxin) 3 X 10-8 3 X 10-8

2,4,5-TP (Silvex) 0.05 0.05
2,4-D 0.07 0.07

Acrylamide 0.05% dosed at 1mg/L
Alachlor 0.002 0.002

Alpha particles 15 pCi/L
Aluminum 0.2* 0.2*
Antimony 0.006 0.006
Arsenic 0.01 0.010

Asbestos 7 MFL 7 MFL
Atrazine 0.003 0.003
Barium 2 2
Benzene 0.001 0.005

Benzo(a)pyrene 0.0002 0.0002
Beryllium 0.004 0.004

Beta particles 4 millirems per year
Bromate 0.010
Cadmium 0.005 0.005

Carbofuran 0.04 0.04
Carbon Tetrachloride 0.003 0.005

Chlordane 0.002 0.002
Chloride 250* 250*

Chlorobenzene 0.1
Chlorite 1.0

Chromium 0.1 0.1
cis-1,2-Dichloroethylene 0.07 0.07

Coliform (total) 5% 5%
Color 15 color units* 15 color units*

Copper 1* 1.0*
Corrosivity noncorrosive*

Cryptosporodium  99% removal/inactivation
Cyanide 0.2 0.2
Dalapon 0.2 0.2

Di(2-ethylhexyl)adipate 0.4 0.4
Di(2ethylhexyl)phthalate 0.006 0.006

Dibromochloropropane (DBCP) 0.0002 0.0002
Dichloromethane 0.005 0.005

Dinoseb 0.007 0.007
Diquat 0.02 0.02
E-coli 0

Endothall 0.1 0.1
Endrin 0.002 0.002

Epichlorohydrin 0.01% dosed at 20 mg/L

FDEP and EPA Maximum Contaminant Levels for Drinking Waters

Quality Assurance Systems Requirements 4-A-1 March 2009
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FDEP and EPA Maximum Contaminant Levels for Drinking Waters
Ethylbezene 0.7 0.7

Ethylene dibromide (EDB) 0.00002 0.00005
Fecal coliform 0

Fluoride 4 4.0
Fluoride 2.0* 2.0*

Foaming Agents 0.5* 0.5*
Giardia lamblia  99% removal/inactivation

Glyphosate 0.7 0.7
Gross Alpha 15 pCi/L 15 pCi/L

Haloacetic acids (HAA5) 0.060
Heptachlor 0.0004 0.0004

Heptachlor epoxide 0.0002 0.0002
Heterotrophic plate count <500 bacterial colonies per mL

Hexachlorobenzene 0.001 0.001
Hexachlorocyclopentadiene 0.05 0.05

Iron 0.3* 0.3*
Lead 0.015 0.015

Lindane 0.0002 0.0002
Manganese 0.05* 0.05*

Mercury 0.002 0.002
Methoxyclor 0.04 0.04

Monochlorobenzene 0.1 0.1
Nickel 0.1

Nitrate (as Nitrogen) 10 10
Nitrite (as Nitrogen) 1 1
o-Dichlorobenzene 0.6 0.6

Odor 3 (threshold odor number)* 3 (threshold odor number)*
Oxamyl (vydate) 0.2 0.2

para-Dichlorobenzene 0.075 0.075
Pentachlorophenol 0.001 0.001

pH 6.5-8.5* 6.5-8.5*
Picloram 0.5 0.5

Polychlorinated biphenyl (PCB) 0.0005 0.0005
Radium-226 and Radium-228  5 pCi/L 5 pCi/L

Selenium 0.05 0.05
Silver 0.1* 0.10*

Simazine 0.004 0.004
Sodium 160
Styrene 0.1 0.1
Sulfate 250* 250*

Tetrachloroethylene 0.003 0.005
Thallium 0.002 0.002
Toluene 1 1

Total Dissolved Solids 500* 500*
Total Nitrate and Nitrite 10 as nitrogen

Total Trihalomethanes (TTHMs) 0.080
Toxaphene 0.003 0.003

trans-1,2-Dichloroethylene 0.1 0.1
Trichloroethylene 0.003 0.005

Turbidity 1 NTU

Quality Assurance Systems Requirements 4-A-2 March 2009
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FDEP and EPA Maximum Contaminant Levels for Drinking Waters
Uranium 0.03 0.03

Vinyl chloride 0.001 0.002
Viruses  99% removal/inactivation

Xylenes (total) 10 10
Zinc 5* 5.0*

*Secondary Standards

Quality Assurance Systems Requirements 4-A-3 March 2009
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  62-302.530, Criteria for  Surface Water Quality Classifications 
 

    Class III: Recreation, Propagation and 
Maintenance of a Healthy, Well-
Balanced Population of Fish and 

Wildlife 

  

 
 

Parameter 

 
 

Units 

Class I: 
 Potable Water 

Supply 

Class II: Shellfish 
Propagation or 

Harvesting 

 
Predominantly 
Fresh Waters 

 
Predominantly 
Marine Waters 

Class IV: Agricul-
tural Water Sup-

plies 

Class V: Naviga-
tion, Utility, and 
Industrial Use 

(1) Alkalinity Milligrams/L as 
CaCO3 

Shall not be 
depressed below 

20 

 Shall not be 
depressed below 20 

 < 600  

(2) Aluminum Milligrams/L  < 1.5    < 1.5   
(3) Ammonia  
      (un-ionized) 

Milligrams/L  as 
NH3 

< 0.02  < 0.02    

(4) Antimony Micrograms/L < 14.0 < 4,300 < 4,300 < 4,300   
(5) (a) Arsenic    
           (total)             

Micrograms/L ≤ 10 < 50 < 50  < 50 < 50 < 50 

(5) (b) Arsenic        
           (trivalent) 

Micrograms/L 
measured as total 
recoverable  
Arsenic 

  < 36   < 36   



 Appendix 4-B 

Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(6) Bacteriological 
Quality (Fecal 
Coliform Bacteria) 

Number per 100 ml 
(Most Probable 
Number (MPN) or 
Membrane Filter 
(MF)) 

MPN or MF counts 
shall not exceed a 
monthly average of 
200, nor exceed 
400 in 10% of the 
samples, nor 
exceed 800 on any 
one day.  Monthly 
averages shall be 
expressed as 
geometric means 
based on a 
minimum of 5 
samples taken over 
a 30 day period. 

MPN shall not 
exceed a median 
value of 14 with 
not more than 10% 
of the samples 
exceeding 43, nor 
exceed 800 on any 
one day. 

MPN or MF counts 
shall not exceed a 
monthly average of 
200, nor exceed 
400 in 10% of the 
samples, nor 
exceed 800 on any 
one day.  Monthly 
averages shall be 
expressed as 
geometric means 
based on a 
minimum of 10 
samples taken over 
a 30 day period. 

MPN or MF counts 
shall not exceed a 
monthly average of 
200, nor exceed 
400 in 10% of the 
samples, nor 
exceed 800 on any 
one day.  Monthly 
averages shall be 
expressed as 
geometric means 
based on a 
minimum of 10 
samples taken over 
a 30 day period. 

  

(7) Barium Milligrams/L < 1      
(8) Benzene Micrograms/L < 1.18 < 71.28 annual avg. < 71.28 annual avg. < 71.28 annual avg.   
(9) Beryllium  Micrograms/L < 0.0077 annual 

avg. 
< 0.13 annual avg. < 0.13 annual avg. < 0.13 annual avg. < 100 in waters 

with a hardness in 
mg/L of CaCO3 of 
less than 250 and 
shall not exceed 
500 in harder 
waters 
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Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(10) Biological 
Integrity 

Per cent reduction 
of Shannon-
Weaver Diversity 
Index  

The Index for 
benthic 
macroinvertebrates 
shall not be 
reduced to less than 
75% of back-
ground levels as 
measured using 
organisms retained 
by a U. S. Standard 
No. 30 sieve and 
collected and com-
posited from a 
minimum of three 
Hester-Dendy type 
artificial substrate 
samplers of 0.10 to 
0.15 m2 area each, 
incubated for a 
period of four 
weeks. 

The Index for 
benthic 
macroinvertebrates 
shall not be 
reduced to less than 
75% of established 
background levels 
as measured using 
organisms retained 
by a U. S. Standard 
No. 30 sieve and 
collected and com-
posited from a 
minimum of three 
natural substrate 
samples, taken with 
Ponar type 
samplers with mini-
mum sampling area 
of 225 cm2. 

The Index for 
benthic 
macroinvertebrates 
shall not be 
reduced to less than 
75% of established 
background levels 
as measured using 
organisms retained 
by a U. S. Standard 
No. 30 sieve and 
collected and com-
posited from a 
minimum of three 
Hester-Dendy type 
artificial substrate 
samplers of 0.10 to 
0.15 m2 area each, 
incubated for a 
period of four 
weeks. 

The Index for 
benthic 
macroinvertebrates 
shall not be 
reduced to less than 
75% of established 
background levels 
as measured using 
organisms retained 
by a U. S. Standard 
No. 30 sieve and 
collected and com-
posited from a 
minimum of three 
natural substrate 
samples, taken with 
Ponar type sam-
plers with mini-
mum sampling area 
of 225 cm2. 

  

(11) BOD 
(Biochemical 
Oxygen Demand) 

 Shall not be increased to exceed values which would cause dissolved oxygen to be depressed below the limit 
established for each class and, in no case, shall it be great enough to produce nuisance conditions. 

(12)  Boron Milligrams/L     < 0.75  
(13)  Bromates Milligrams/L  < 100    < 100   
(14)  Bromine (free 
molecular) 

Milligrams/L  < 0.1   < 0.1    
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Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(15) Cadmium Micrograms/L 
See Notes (1) and 
(3). 

 Cd < 
e(0.7409[lnH]-4.719) 
 

 

< 8.8  
  

 Cd < 
e(0.7409[lnH]-4.719) 
 

 

< 8.8  
 

  

(16) Carbon tetra-
chloride 

Micrograms/L < 0.25  annual 
avg.; 
 3.0 max 

< 4.42 annual avg. < 4.42 annual avg. < 4.42 annual avg.   

(17) Chlorides Milligrams/L < 250 Not increased more 
than 10% above 
normal back-
ground. Normal 
daily and seasonal 
fluctuations shall 
be maintained. 

 Not increased more 
than 10% above 
normal back-
ground. Normal 
daily and seasonal 
fluctuations shall 
be maintained. 

 In predominantly 
marine waters, not 
increased more 
than 10% above 
normal back-
ground. Normal 
daily and seasonal 
fluctuations shall 
be maintained. 

(18) Chlorine (total 
residual) 

Milligrams/L < 0.01 < 0.01 < 0.01 < 0.01   

(19) (a) Chromium 
(trivalent) 

Micrograms/L 
measured as total 
recoverable 
Chromium 
See Notes (1) and 
(3). 

Cr (III) ≤ 
e(0.819[lnH]+0.6848)  
 
 

 Cr (III) ≤ 
e(0.819[lnH]+0.6848)  
 
 

 Cr (III) ≤ 
e(0.819[lnH]+0.6848)  
 
 

In predominantly 
fresh waters, ≤ 
e(0.819[lnH]+0.6848)  
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Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(19) (b) Chromium 
  (hexavalent) 

Micrograms/L 
See Note (3) 

< 11 < 50 < 11 < 50 < 11 In predominantly 
fresh waters,  < 11.  
In predominantly 
marine  waters, 
<  50 

(20) Chronic 
Toxicity (see 
definition in 
Section 62-
302.200(4), F.A.C.  
and also see below, 
"Substances in 
concentrations 
which...") 

       

(21) Color, etc.  
(see also Minimum 
Criteria, Odor, Phe-
nols, etc.) 

Color, odor, and 
taste producing 
substances and 
other deleterious 
substances, includ-
ing other chemical 
compounds attribut-
able to domestic 
wastes, industrial 
wastes, and other 
wastes 

    Only such amounts 
as will not render 
the waters unsuit-
able for agricultural 
irrigation, livestock 
watering, industrial 
cooling, industrial 
process water 
supply purposes, or 
fish survival. 

 



 Appendix 4-B 

Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
Quality Assurance Systems Requirements 4-B-6 March 09 

(22) Conductance, 
Specific  

Micromhos/cm Shall not be 
increased more 
than 50% above 
background or to 
1275, whichever is 
greater.    

 Shall not be 
increased more 
than 50% above 
background or to 
1275, whichever is 
greater.    

 Shall not be 
increased more 
than 50% above 
background or to 
1275, whichever is 
greater.    

Shall not exceed 
4,000  

(23) Copper Micrograms/L 
See Notes (1) and 
(3). 

 Cu  ≤  
e(0.8545[lnH]-1.702) 

 
 

≤ 3.7 
 
 

 Cu  ≤  
e(0.8545[lnH]-1.702) 

 
 

≤ 3.7 
 
 

< 500 < 500 

(24) Cyanide Micrograms/L < 5.2  < 1.0 < 5.2  < 1.0 < 5.0  < 5.0  
(25) Definitions 
(see Section 62-
302.200, F.A.C.) 

       

(26) Detergents Milligrams/L < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 
(27) 1,1-Dichloro-
ethylene (1,1-
dichloroethene) 

Micrograms/L < 0.057 annual 
avg.; 

 < 7.0  max 

< 3.2 annual avg. < 3.2 annual avg. < 3.2 annual avg.   

(28) 
Dichloromethane 
(methylene 
chloride) 

Micrograms/L < 4.65 annual avg. < 1,580 annual avg. < 1,580 annual avg. < 1,580 annual avg.   

(29) 2,4-Dinitro-
toluene 

Micrograms/L < 0.11 annual avg. < 9.1 annual avg. < 9.1 annual avg. < 9.1 annual avg.   
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(30) Dissolved 
Oxygen  
 
 

Milligrams/L Shall not be less 
than 5.0.  Normal 
daily and seasonal 
fluctuations above 
this level shall be 
maintained. 

Shall not average  
less than 5.0 in a 
24-hour period and 
shall never be less 
than 4.0.  Normal 
daily and seasonal 
fluctuations  above 
these levels shall be 
maintained. 

Shall not be less 
than 5.0.   Normal 
daily and seasonal 
fluctuations above 
these levels shall be 
maintained. 

Shall not average 
less than 5.0 in a 
24-hour period and 
shall never be less 
than 4.0.  Normal 
daily and seasonal 
fluctuations above 
these levels shall be 
maintained. 

Shall not average 
less than 4.0 in a 
24-hour period and 
shall never be less 
than 3.0. 

Shall not be less 
than 0.3, fifty 
percent of the time 
on an annual basis 
for flows greater 
than or equal to 
250 cubic feet per 
second and shall 
never be less than 
0.1.  Normal daily 
and seasonal fluc-
tuations above 
these levels shall 
be maintained. 

(31)  Dissolved 
Solids 

Milligrams/L < 500 as a monthly 
avg.;  < 1,000 max 

     

(32) Fluorides Milligrams/L < 1.5  < 1.5   < 10.0  < 5.0 < 10.0  < 10.0  
(33) "Free Froms" 
(see Minimum 
Criteria in Section 
62-302.500, 
F.A.C.) 

       

(34) "General 
Criteria" (see 
Section 62-
302.500, F.A.C. 
and individual 
criteria) 

       



 Appendix 4-B 

Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
Quality Assurance Systems Requirements 4-B-8 March 09 

(35) (a) Halometh-
anes (Total trihalo-
methanes) (total of 
bromoform, 
chlorodibromo-
methane, 
dichlorobromome- 
thane, and chloro-
form). Individual 
halomethanes shall 
not exceed (b)1. to 
(b)5. below. 

Micrograms/L < 80 
 
 

     

(35) (b) 1. 
Halomethanes 
(individual): 
Bromoform 

Micrograms/L 
 
 

< 4.3 annual avg. 
 

< 360 annual avg. 
 

< 360 annual avg. 
 

< 360 annual avg. 
 

  

(35) (b) 2. 
Halomethanes 
(individual): 
Chlorodibromo-
methane 

Micrograms/L 
 
 

< 0.41 annual avg.
 

< 34 annual avg. 
 

< 34 annual avg. 
 

< 34 annual avg. 
 

  

(35) (b) 3. 
Halomethanes 
(individual): 
Chloroform 

Micrograms/L 
 
 

< 5.67 annual avg.
 

< 470.8  annual 
avg. 

 

< 470.8  annual 
avg. 

 

< 470.8  annual 
avg. 
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(35) (b) 4. 
Halomethanes 
(individual): 
Chloromethane 
(methyl chloride) 

Micrograms/L 
 
 

< 5.67 annual avg. < 470.8 annual avg.
 

< 470.8 annual avg. 
 

< 470.8 annual avg.
 

  

(35) (b) 5. 
Halomethanes 
(individual): 
Dichlorobromo-
methane 

Micrograms/L 
 
 

< 0.27 annual avg.
 

< 22 annual avg. 
 

< 22 annual avg. 
 

< 22 annual avg. 
 

  

(36) 
Hexachlorobuta-
diene 

Micrograms/L < 0.45 annual avg. < 49.7 annual avg. < 49.7 annual avg. < 49.7 annual avg.   

(37) Imbalance (see 
Nutrients) 

       

(38)  Iron Milligrams/L < 1.0 < 0.3  < 1.0   < 0.3 < 1.0  
(39) Lead Micrograms/L 

See Notes (1) and 
(3). 

Pb <  
 e(1.273[lnH]- 
                    4.705); 
  

≤ 8.5 
 
 

Pb <  
 e(1.273 [lnH] - 
                   4.705);  
  

≤ 8.5 
 
 

< 50 < 50 

(40) Manganese Milligrams/L  < 0.1      
(41)  Mercury Micrograms/L 0.012 0.025 0.012 0.025 < 0.2 < 0.2 
(42) Minimum 
Criteria (see 
Section 62-302. 
500, F.A.C.) 
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(43)  Mixing Zones 
(See Section 62-
4.244 , F.A.C.) 

       

(44) Nickel Micrograms/L 
See Notes (1) and 
(3). 

Ni ≤ e(0.846[lnH]+0.0584)

 
 

< 8.3 Ni ≤ e(0.846[lnH]+0.0584) 

 
 

< 8.3 < 100  

(45) Nitrate Milligrams/L as N < 10  or that con-
centration that 
exceeds the 
nutrient criteria 

     

(46) Nuisance 
Species 

 Substances in concentrations which result in the dominance of nuisance species:  none shall be present. 

(47) (a) Nutrients   The discharge of nutrients shall continue to be limited as needed to prevent violations of other standards contained 
in this chapter.  Man-induced nutrient enrichment (total nitrogen or total phosphorus) shall be considered 
degradation in relation to the provisions of Sections 62-302.300, 62-302.700, and 62-4.242, F.A.C. 

(47) (b) Nutrients  
 

 In no case shall nutrient concentrations of a body of water be altered so as to 
cause an imbalance in natural populations of aquatic flora or fauna. 

  

(48) Odor (also see 
Color, Minimum 
Criteria, Phenolic 
Compounds, etc.) 

Threshold odor 
number  

 Shall not exceed 24 
at 60 degrees C as a 
daily average. 

   Odor producing 
substances: only in 
such amounts as 
will not 
unreasonably 
interfere  with use 
of the water for the 
designated purpose 
of this classifi-
cation. 
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(49) (a) Oils and 
Greases  

Milligrams/L Dissolved or 
emulsified oils and 
greases shall not 
exceed 5.0  

Dissolved or 
emulsified oils and 
greases shall not 
exceed 5.0  

Dissolved or 
emulsified oils and 
greases shall not 
exceed 5.0  

Dissolved or 
emulsified oils and 
greases shall not 
exceed 5.0 

Dissolved or 
emulsified oils and 
greases shall not 
exceed 5.0  

Dissolved or 
emulsified oils and 
greases shall not 
exceed 10.0  

(49) (b) Oils and 
Greases  

 No undissolved oil, or visible oil defined as iridescence, shall be present so as to cause taste or odor, or other-
wise interfere with the beneficial use of waters. 

(50) Pesticides and 
Herbicides 

       

(50) (a) 2,4,5-TP Micrograms/L <  10      
(50) (b) 2-4-D Micrograms/L < 100      

(50) (c) Aldrin Micrograms/L < .00013 annual 
avg.;  

3.0 max 

< .00014 annual 
avg.;  

1.3 max 

< .00014 annual 
avg.;  

3.0 max 

< .00014 annual 
avg.;  

1.3 max 

  

(50) (d) Beta-
hexachlorocyclo-
hexane (b-BHC) 

Micrograms/L < 0.014 annual 
avg. 

< 0.046 annual avg. < 0.046 annual avg. < 0.046 annual avg.   

(50) (e) Chlordane Micrograms/L < 0.00058 annual 
avg.;  

0.0043 max 

< 0.00059 annual 
avg.;  

0.004 max 

< 0.00059 annual 
avg.;  

0.0043 max 

< 0.00059 annual 
avg.; 

 0.004 max 

  

(50) (f) DDT Micrograms/L < 0.00059 annual 
avg.;  

0.001 max 

< 0.00059 annual 
avg.; 

 0.001 max 

< 0.00059 annual 
avg.; 

 0.001 max 

< 0.00059 annual 
avg.; 

 0.001 max 

  

(50) (g) Demeton Micrograms/L < 0.1  < 0.1  < 0.1  < 0.1    
(50) (h) Dieldrin Micrograms/L < 0.00014 annual 

avg.;  
  0.0019 max 

< 0.00014 annual 
avg.;  

 0.0019 max 

< 0.00014 annual 
avg.;  

 0.0019 max 

< 0.00014 annual 
avg.;  

  0.0019 max 
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(50) (i) Endosulfan, Micrograms/L < 0.056  < 0.0087  < 0.056  < 0.0087   
(50) (j) Endrin Micrograms/L < 0.0023 < 0.0023 < 0.0023 < 0.0023   
(50) (k) Guthion Micrograms/L < 0.01  < 0.01  < 0.01  < 0.01    
(50) (l) Heptachlor Micrograms/L < 0.00021 annual 

avg.;  0.0038 max 
< 0.00021 annual 
avg.; 0.0036 max 

< 0.00021 annual 
avg.; 0.0038 max 

< 0.00021 annual 
avg.; 0.0036 max 

  

(50) (m) Lindane 
(g-benzene 
hexachloride) 

Micrograms/L < 0.019 annual 
avg.; 

 0.08 max 

< 0.063 annual 
avg.; 

 0.16 max 

< 0.063 annual 
avg.; 

 0.08 max 

 < 0.063. annual 
avg.; 

 0.16 max 

  

(50) (n) Malathion Micrograms/L < 0.1  < 0.1  < 0.1  < 0.1    
(50) (o) 
Methoxychlor 

Micrograms/L < 0.03 < 0.03 < 0.03 < 0.03   

(50) (p) Mirex Micrograms/L < 0.001 < 0.001 < 0.001 < 0.001   
(50) (q) Parathion Micrograms/L  < 0.04 < 0.04 < 0.04 < 0.04   
(50) (r) Toxaphene Micrograms/L < 0.0002 < 0.0002 < 0.0002 < 0.0002   
(51) (a) pH (Class I 
and Class IV 
Waters) 

Standard Units Shall not vary more than one unit above or below natural background provided that the pH is not lowered to less than 6 
units or raised above 8.5 units.  If natural background is less than 6 units, the pH shall not vary below natural background or 
vary more than one unit above natural background.  If natural background is higher than 8.5 units, the pH shall not vary 
above natural background or vary more than one unit below background. 

(51) (b) pH (Class 
II Waters) 

Standard Units Shall not vary more than one unit above or below natural background of coastal waters as defined in Section 62-
302.520(3)(b), F.A.C., or more than two-tenths unit above or below natural background of open waters as defined in 
Section 62-302.520(3)(f), F.A.C., provided that the pH is not lowered to less than 6.5 units or raised above 8.5 units. If 
natural background is less than 6.5 units, the pH shall not vary below natural background or vary more than one unit above 
natural background for coastal waters or more than two-tenths unit above natural background for open waters. If natural 
background is higher than 8.5 units, the pH shall not vary above natural background or vary more than one unit below 
natural background of coastal waters or more than two-tenths unit below natural background of open waters. 
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(51) (c) pH (Class 
III Waters) 

Standard Units Shall not vary more than one unit above or below natural background of predominantly fresh waters and coastal waters as 
defined in Section 62-302.520(3)(b), F.A.C. or more than two-tenths unit above or below natural background of open 
waters as defined in Section 62-302.520(3)(f), F.A.C., provided that the pH is not lowered to less than 6 units in 
predominantly fresh waters, or less than 6.5 units in predominantly marine waters, or raised above 8.5 units.  If natural 
background is less than 6 units, in predominantly fresh waters or 6.5 units in predominantly marine waters, the pH shall not 
vary below natural background or vary more than one unit above natural background of predominantly fresh waters and 
coastal waters, or more than two-tenths unit above natural background of open waters. If natural background is higher than 
8.5 units, the pH shall not vary above natural background or vary more than one unit below natural background of 
predominantly fresh waters and coastal waters, or more than two-tenths unit below natural background of open waters. 

(51) (d) pH (Class 
V Waters) 

Standard Units Not lower than 5.0 nor greater than 9.5 except certain swamp waters which may be as low as 4.5. 

(52) (a) Phenolic 
Compounds: Total 

 Phenolic compounds other than those produced by the natural decay of plant material, listed or unlisted, shall not taint the 
flesh of edible fish or shellfish or produce objectionable taste or odor in a drinking water supply. 
 
 

(52) (b) Total 
Chlorinated 
Phenols and 
Chlorinated Cresols 

Micrograms/L 1. The total of all chlorinated phenols, and chlorinated cresols, except as set forth in (c) 1. to (c) 4. 
below, shall not exceed 1.0 unless higher values are shown not to be chronically toxic.  Such higher 
values shall be approved in writing by the Secretary. 
2.  The compounds listed in (c) 1. to (c) 6. below shall not exceed the limits specified for each 
compound.  

1. The total of the 
following  
Phenolic 
compounds shall 
not exceed 50:  
a)  Chlorinated 
phenols;  
b)  Chlorinated 
cresols;  and  
c) 2,4-
dinitrophenol.  
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(52) (c) 1. Phenolic 
Compound:  2-
chlorophenol 

Micrograms/L  < 120 
 

 < 400 
See Note  (2).  

 < 400 
See Note  (2).  

 < 400 
See Note  (2).  

 < 400 
See Note  (2). 

 
 

(52)(c) 2. Phenolic 
Compound:  2,4-
dichlorophenol  

Micrograms/L < 93 
See Note  (2). 

< 790 
See Note  (2). 

< 790 
See Note  (2). 

< 790 
See Note  (2). 

< 790 
See Note  (2). 

 
 

(52) (c) 3.  
Phenolic Com-
pound: Penta-
chlorophenol 

Micrograms/L < 30 max;  
< 0.28 annual avg;

< e(1.005[pH]-
5.29) 

< 7.9 
 

< 30 max;  
< 8.2 annual avg; 
< e(1.005[pH]-

5.29) 

< 7.9 
 

< 30 
 

 
 

(52)(c) 4. Phenolic 
Compound:   2,4,6-
trichlorophenol  

Micrograms/L < 2.1 annual avg. 
 

< 6.5 annual avg. 
 

< 6.5 annual avg. 
 

< 6.5 annual avg. 
 

< 6.5 annual avg. 
 

 
 

(52) (c) 5. Phenolic 
Compound:            
2,4-dinitrophenol 

Milligrams/L < 0.0697 
See Note  (2). 

< 14.26 
See Note  (2). 

< 14.26 
See Note  (2). 

< 14.26 
See Note  (2). 

< 14.26 
See Note  (2). 

 
 

(52)  (c) 6. 
Phenolic Com-
pound:  Phenol  

Milligrams/L 
 

<  0.3  
 

<  0.3  
 

<  0.3  
 

<  0.3  
 

<  0.3  
 

<  0.3  
 

(53) Phosphorus 
(Elemental) 

Micrograms/L  < 0.1    < 0.1    

(54) Phthalate 
Esters 

Micrograms/L < 3.0   < 3.0    

(55) 
Polychlorinated 
Biphenyls (PCBs) 

Micrograms/L < 0.000044 annual 
avg.; 0.014 max 

< 0.000045 annual 
avg.; 0.03 max 

< 0.000045 annual 
avg.; 0.014 max 

< 0.000045 annual 
avg.; 0.03 max  
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(56) (a) Polycyclic 
Aromatic 
Hydrocarbons  
(PAHs). Total of: 
Acenaphthylene; 
Ben-
zo(a)anthracene; 
Benzo(a)pyrene; 
Benzo(b)fluoran-
thene; Benzo-
(ghi)perylene; 
Benzo(k)fluoranth-
ene; Chrysene; 
Dibenzo-
(a,h)anthracene; 
Indeno(1,2,3-
cd)pyrene; and 
Phenanthrene 

Micrograms/L < 0.0028 annual 
avg. 

< 0.031 annual avg. < 0.031annual avg. < 0.031 annual avg.   

(56) (b) 1   
(Individual PAHs): 
Acenaphthene 

Milligrams/L < 1.2 
See Note  (2). 

< 2.7 
See Note  (2). 

< 2.7 
See Note  (2). 

< 2.7 
See Note  (2). 

  

(56)(b) 2.  
(Individual PAHs): 
Anthracene 

Milligrams/L < 9.6 
See Note  (2). 

< 110 
See Note  (2). 

< 110 
See Note  (2). 

< 110 
See Note  (2). 

  

(56) (b) 3.  
(Individual PAHs):  
Fluoranthene 

Milligrams/L < 0.3 
See Note  (2). 

< 0.370 
See Note  (2). 

< 0.370 
See Note  (2). 

< 0.370 
See Note  (2). 
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(56) (b) 4.  
(Individual PAHs): 
Fluorene 

Milligrams/L < 1.3 
See Note  (2). 

< 14 
See Note  (2). 

< 14 
See Note  (2). 

< 14 
See Note  (2). 

  

(56) (b) 5.  
(Individual PAHs): 
Pyrene 

Milligrams/L < 0.96 
See Note  (2). 

< 11 
See Note  (2). 

< 11 
See Note  (2). 

< 11 
See Note  (2). 

  

(57)(a) Radioactive 
substances  
(Combined radium 
226 and 228) 

Picocuries/L < 5 < 5 < 5 < 5 < 5 < 5 

(57) (b) 
Radioactive 
substances (Gross 
alpha particle 
activity including 
radium 226, but 
excluding radon 
and uranium) 

Picocuries/L < 15 < 15 < 15 < 15 < 15 < 15 

(58) Selenium Micrograms/L < 5.0 < 71  < 5.0 < 71   
(59) Silver Micrograms/L 

See Note (3). 
< 0.07 See Minimum 

criteria in Section 
62-302.500(1)(c)  

 

< 0.07 See Minimum 
criteria in Section 
62-302.500(1)(c)  

 

  

(60) Specific 
Conductance (see 
Conductance, 
Specific, above) 
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hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(61) Substances in 
concentrations 
which injure, are 
chronically toxic to, 
or produce adverse 
physiological or 
behavioral response 
in humans, plants, 
or animals 

  
 
 

None shall be present. 
 
 

(62) 1,1,2,2-Tetra-
chloroethane 

Micrograms/L < 0.17 annual avg. < 10.8 annual avg. < 10.8 annual avg. < 10.8 annual avg.   

(63) 
Tetrachloroethyl-
ene (1,1,2,2-
tetrachloroethene) 

Micrograms/L < 0.8 annual avg., 
<  3.0 max 

< 8.85 annual avg. < 8.85 annual avg. < 8.85 annual avg.   

(64) Thallium Micrograms/L <  1.7  < 6.3 < 6.3 < 6.3   
(65) Thermal 
Criteria (See 
Section 62-
302.520) 

       

(66) Total 
Dissolved Gases 

Percent of the 
saturation value for 
gases at the existing 
atmospheric and 
hydrostatic 
pressures 

< 110% of 
saturation value 

< 110% of 
saturation value 

< 110% of 
saturation value 

< 110% of 
saturation value 
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Parameter Units Class I  Class II Class III: 
 Fresh 

Class III:  
Marine 

Class IV Class V 

   

Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3.   For metals criteria involving equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is > 400 mg/L; (2) This criterion is 
protective of human health not of aquatic life.  (3) For application of dissolved metals criteria see 62-302.500(2)(d), F.A.C. 
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(67) (Transparency Depth of the com-
pensation point for 
photosynthetic 
activity 

Shall not be 
reduced by more 
than 10% as com-
pared to the natural 
background value. 

Shall not be 
reduced by more 
than 10% as com-
pared to the natural 
background value. 

Shall not be 
reduced by more 
than 10% as com-
pared to the natural 
background value. 

Shall not be 
reduced by more 
than 10% as com-
pared to the natural 
background value. 

  

(68) 
Trichloroethylene 
(trichloroethene) 

Micrograms/L < 2.7 annual avg., 
< 3.0 max 

< 80.7 annual avg. < 80.7 annual avg. < 80.7 annual avg.   

(69) Turbidity Nephelometric 
Turbidity Units 
(NTU) 

< 29 above natural 
background 
conditions 

< 29 above natural 
background 
conditions 

< 29 above natural 
background 
conditions 

< 29 above natural 
background 
conditions 

< 29 above natural 
background 
conditions 

< 29 above natural 
background 
conditions 

(70) Zinc Micrograms/L 
See Notes (1) and 
(3). 

Zn ≤ e(0.8473[lnH]+0.884)

 

 

< 86 Zn ≤ e(0.8473[lnH]+0.884) 

 

 

< 86 < 1,000 < 1,000 

 
Specific Authority  403.061, 403.062, 403.087, 403.504, 403.704, 403.804 FS. Law Implemented  403.021, 403.061, 403.087, 403.088, 403.141, 403.161, 403.182, 403.502, 403.702, 403.708 
FS. History – New 1-28-90, Formerly 17-3.065, Amended 2-13-92, 6-17-92, Formerly 17-302.540, 17-302.550, 17-302.560, 17-302.570, 17-302.580, Amended 4-25-93, Formerly 17-
302.530, Amended 1-23-95, 1-15-96, 5-15-02, 7-19-04,   -  -06. 
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5.0 VERIFICATION AND VALIDATION OF 
 ANALYTICAL CHEMISTRY DATA 

5.1 Purpose 

Data quality verification and validation are essential to ensuring the generation of scientifically 
sound and legally defensible data. Failure to verify or validate data could lead to wrong decisions 
and, consequently, to costly errors. This chapter is intended to serve as a data quality verification 
and validation guide for those performing work for CERP environmental monitoring and 
research projects. Additional information on this topic may be found in EPA QA/G-8, posted at 
www.epa.gov/quality/qs-docs/g8-final.pdf, and other references provided in Chapter 12 of this 
QASR manual. 

Data verification is the process of evaluating the completeness, correctness, and 
conformance/adherence of a specific data set against the method, procedural, or contractual 
requirements. Data validation is an analyte- and sample-specific process that extends the 
evaluation of data beyond method, procedural, or contractual conformance to determine the 
analytical quality of a specific data set (EPA QA/G-8). 

Confidence in the data quality will be established through the data verification and validation 
process. If, during this process, it becomes evident that regulatory or conformance limits have 
been exceeded, these occurrences should be investigated. 

5.2 Scope 

For CERP projects, the primary goal of data verification and validation is to ensure that data 
meet the minimum requirements specified in the QASR and in specific project plans. This 
ensures that the data used for planning, monitoring, and evaluation purposes are reliable, 
defensible, and comparable among various sources. Data must satisfy the need for which they 
were collected, comply with applicable standards, specifications and statutory requirements, and 
reflect a consideration for cost and economics. Careful project planning with routine project and 
data review are essential to ensuring that the data collected meet project requirements, in terms 
of completeness and quality.  

5.3 Requirements and Regulations 

5.3.1 Federal Requirements and Regulations 

• EPA QA/G-8, Guidance on Environmental Data Verification and Data Validation 
www.epa.gov/quality/qs-docs/g8-final.pdf 

• CFR, Title 40 
http://www.epa.gov/regulations/search/40cfr.html 
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5.3.2 State Requirements and Regulations 

• FDEP: Chapter 62-160, FAC, Quality Assurance 
http://www.dep.state.fl.us/legal/Rules/general/62-160/62-160.pdf 
FDEP: A Tiered Approach to Data Quality Assessment (DEP EAS 00/01) 
ftp://ftp.dep.state.fl.us/pub/labs/assessment/guidance/eas0001.pdf.  

• FDEP-QA-002/02, Requirements for Field and Analytical Work 
ftp://ftp.dep.state.fl.us/pub/labs/assessment/qa/qa00202.doc 
 

5.3.3 Other Requirements and Guidance  

• NELAP; 
• CGM 23: Water Quality Considerations for the Project Implementation Report Phase; 
• CGM 40: Project Level Water Quality and Hydrometeorologic Monitoring and 

Assessment; 
• CGM 41: Agency Responsibility & Coordination for QA, QC and Data Validation for 

CERP Environmental Monitoring; 
• Field Sampling Quality Manual, SFWMD; 
• Environmental Resource Assessment Quality Management Plan, SFWMD; 
• Chemical Quality Assurance for HTRW Projects; USACE EM 200-1-6; 
• Environmental Quality – Guidance for Evaluating Performance Based Chemical Data, 

USACE EM 200-1-10; and, 
• Chemical Data Quality Management for HTRW Remedial Activities,  

USACE ER 1110-1-263. 

5.4 Responsibilities 

Key personnel involved in each project share responsibility for maintaining consistency and 
ensuring collection of data of acceptable and verifiable quality through the implementation of a 
QA/QC program. Responsibilities of key personnel are described in Chapter 2, Section 2.2. 

Responsibility for data verification and validation rests with both the analyst and analytical 
laboratory performing the analyses, designated project personnel, and independent third party 
data validators. If deficiencies in the data are identified, then those deficiencies should be 
documented for the data user’s review and, whenever possible, resolved by corrective action. 
Data verification and validation apply to activities in the field as well as in the laboratory. 

5.5 Training 

Personnel should have the required experience in performing water quality data verification and 
validation. Laboratory personnel will meet NELAC requirements for Individual Demonstration 
of Capabilities (IDCs) and annual Ongoing Demonstration of Capabilities (ODCs). 

5.6 Project Planning and Review 

Refer to Chapter 2, Sections 2.6-2.7 for guidance and discussion on preparing a MP or a QAPP. 
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Data review procedures comprise an evaluation of field data, laboratory analytical data, 
laboratory QC data, and the final laboratory analytical report for each sample delivery group 
against the data quality objectives and project specific requirements. Manual verification should 
be performed periodically to ensure that a laboratory’s automated laboratory information 
management system (LIMS) is working properly. Appropriate corrective action should be taken 
(e.g., re-analysis, data qualification, troubleshooting, or documentation) if any errors or problems 
are identified by the review procedures. 

5.6.1 Data Quality Objectives 

Guidelines for formulating project-specific DQOs are presented in QASR Chapter 2, 
Section 2.5. 

5.7 Procedures 

5.7.1 Laboratory Data Verification Checks 

Contract laboratories performing analytical services for CERP are required to implement 
Automated Data Processing Tools (ADaPT) for data review into their LIMS and provide EDDs 
(EDD; QASR, Appendix D) to the customer. For CERP work, acceptable automated data 
review tools include: Florida ADaPT, USACE Automated Data Review (ADR), or equivalent.  

ADaPT is an FDEP software program that aids data users in an accelerated review and 
assessment of analytical data. The ADaPT was developed on a Microsoft ACCESS 2000/2002 
platform as tools to support technical staff in the evaluation of analytical chemistry data using an 
expedited and cost effective automated process.  EDD provides a standardized format, allowing 
laboratories to streamline the data deliverable process.  USACE developed ADR software and its 
corresponding database, Environmental Data Management System (EDMS). ADR allows users 
to do 100% level III summary review on laboratory data packages in a fraction of the time it 
takes to do the same review manually, leaving ample time to assess the data. After data has been 
reviewed in ADR, it then can be compiled into EDMS, which contains tools needed to assess 
overall project goals. This software package is available free of charge to customers working 
with the USACE. 

The laboratory’s QM must specify the procedure for data verification before data are released 
from the laboratory by the analyst and the supervisor. Final verification by the project manager, 
or QA officer of the raw analytical data and verify that the accuracy and precision goals are met 
and that the documentation is accurate and complete. Special attention must be made to ensure 
that any manual data entries are correct. 

Laboratory procedures for QC checks and acceptance criteria are described in the laboratory’s 
QM as well as project specific documents (i.e., QAPP, task order, etc.). Table 5.1 comprises a 
checklist for laboratory data verification and includes, at the analyst’s level, the most common 
checks necessary to maintain comparable data quality among CERP contract laboratories. Details 
of the procedures for laboratory QC checks are provided in Section 5.7.3. 
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Table 5.1 Laboratory Data Verification Checklist 

Analyst/Technician: Analytical/Prep Method No.: 

Analysis/Prep Date: Test Name: 

Analysis/Prep Time:  

Supervisor Review:  

Part A:  Chemistry Checklist 

 Sample IDs match on all paperwork  
 Sample matrix verified and documented 
 Test method and project requested target analytes verified and documented 
 Reporting units are correct 
 Method Detection Limit (MDL) verified with low level Quality Control (QC)standard 
 Sample preservation verified and documented 
 Sample preparation holding time met 
 Sample analysis holding time met 
 Analytical sensitivity present 
 Correlation coefficient within limits 
 Calibration standards within historical limits  
 Internal standards within limits 
 Dilution factors and concentration calculations verified 
 Check for over-range samples performed 
 Laboratory blanks < MDL, or within method prescribed project specific limits 
 QC recoveries within project specific limits  
 Matrix spike (MS) recoveries within project specific limits 
 Surrogate spike recoveries within limits 
 Analytical precision within limits 
 Required number of laboratory QC samples used and sample concentration range bracketed 
 Required number of laboratory duplicate samples used 
 Calculations and data reductions correct 
 Any nonconformance explained and documented 
 Accuracy of all manual transcriptions of raw data verified 

 

Part B:  Additional Supervisor or Laboratory Project Manager Checks  

 All required analyses were performed and data were reported.  
 Electronic Data Deliverables (EDD) format is correct and all required entries are present.  
 FDEP qualifiers are applied per Chapter 62-160, F.A.C.  
 Verify correctness of sequence of reported collection, preparation and analysis times.  
 Project-required MDLs were met and demonstrated through MDL or Practical Quantitation Limit 

(PQL) checks and method blanks.  
 Clear case narrative provided with indication of any non-conformance and corrective action taken. 
 Verify accuracy of all data entries and completeness of document.  
 Check of reasonable results (e.g., pH not >14) 
 Conduct comparison checks 
 Check for reversals and inter-parameter relationships (total > dissolved, results of Conductivity vs. 

Total Dissolved Solids (TDS)) 
 Ionic balance checks performed and within limits (if permitted by test list) 
 Check field blanks and field precision recovery, if identified in the batch. Ensure project Data Quality 

Objectives (DQOs) are met. 
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5.7.2 CERP Data Validation Checks 

The following approach to data validation is based on FDEP’s A Tiered Approach to Data 
Quality Assessment (DEP EAS 00/01) and is posted at: 

ftp://ftp.dep.state.fl.us/pub/labs/assessment/guidance/eas0001.pdf.  

The tiered approach is applicable to data in both paper and electronic format, and builds on the 
tier below it (i.e., a Tier 2 data assessment includes activities in both Tiers 1 and 2). This series 
of tiered validation checks is included in the ADaPT/ADR software.  

Tier 1 - Basic Electronic Data Review: This is performed to determine if the EDDs (EDD, 
QASR Appendix D) meet the project-specific DQOs, including: 

• Confirm that all stations sampled are included with Laboratory EDD with no additional 
stations 

• Verify that COC forms have been properly signed and dated by laboratory 
• If holding times were met 
• If the MDLs were reported correctly as per requirement and if blank or MDL check 

shows that this was achieved 
• Case narrative, paying close attention to any non-conformances 
• If samples were properly preserved 
• Use of data qualifiers 
• Evidence of any data reversals (e.g., totals versus dissolved) 
• Inter-parameter check (ex. conductivity vs. total dissolved solids, Section 5.7.3.9) 
• Reasonable range checks (ex. pH). 
• Completeness of entries and verify if data were reported in proper format 

Tier 2 - Advanced Electronic Data Review: This is performed to evaluate the quality of 
laboratory analyses. This series of checks is included in ADaPT/ADR, except for calibration 
data. 

• Laboratory method blanks 
• Field blanks 
• Matrix spike recovery 
• Precision checks (analytical replicates, field replicates) 
• Surrogate recovery 
• Calibration data 

Tier 3 - In-depth Review of Paper Records: Generally, this is performed in conjunction with a 
field or laboratory audit or when a more extensive data assessment is required; for example, if a 
significant laboratory quality question arises, when a contract laboratory is to be used for the first 
time, or if the project is of a particularly sensitive nature. 

• Calibration curves 
• MDL studies 
• Mass spectra, chromatograms, and other instrument outputs 
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• Bench notes 
• Field notes 
• COC (laboratory and field) 
• Field and laboratory sample IDs 

Table 5.2 comprises a checklist for laboratory data validation. Details of the procedures for 
laboratory QC checks are provided in Section 5.7.3. 

Table 5.2 Data Validation Checklist 

QA Staff/Project Manager: Project: 

Review date: Contract Laboratory: 

 Report Date/Number: 

 Verify that laboratory performing analysis is identified by name and Florida Department of Health 
(FDOH) certification number in the Electronic Data Deliverables (EDD), and is certified to 
perform the specified methods, where applicable  

 Verify that copies of internal chain of custody forms are included 

 Verify that any subcontracted work has been previously approved 

 Verify that field and laboratory IDs are linked and that information matches (date, time station , 
etc.) with analytical runs and log-in information 

 Check field information data entry for accuracy 

 Check that values of field measurements are reasonable 

 Verify that calibration requirements for field measurements have been met 

 Review field notes to determine if data qualifiers need to be applied 

 Verify that field duplicates are identified and that (Result - Duplicate) / √(Original Error2 + 
Duplicate Error2) ≤ 1.42 for radiological analytes 

 Verify preparation batch numbers 

 Review sample discrepancy reports/ comments to determine if data qualifiers need to be applied 

 Verify that holding times for sample preparation have been met 

 Verify that holding times for sample analysis have been met 

 Verify that Matrix Spike (MS) recoveries comply with project Data Quality Objectives (DQOs), or 
are at least within 80-120% or as defined in the methods 

 Verify Matrix Spike Duplicates (MSD) comply with project DQOs, or are at least < 20 RPD or as 
defined in the methods 

 Verify that laboratory Quality Control (QC) samples are within acceptable range and at correct 
frequency 

 Verify laboratory precision within acceptable range 

 Verify method blanks < Method Detection Limit (MDL), or within method prescribed limits 

 Verify MDL achieved per low level QC and blanks 

 Verify surrogate recoveries within limits 

 Review trace/ carrier data recoveries for compliance with control limits for radiological analytes 
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 Verify minimum detection activity for radiological analytes 

 Check that analytical sensitivity is present 

 Check for acceptable calibration criteria (correlation coefficient, standard results) 

 Check that sample results are bracketed by appropriate initial and continuing calibration checks 

 Verify hard copy sample results with EDD 

 Observe QC recoveries for trends 

 Observe precision values for trends 

 Observe blank values for trends 

 Check that required methods and method numbers are identified 

 Check sample results to ensure that they are reasonable 

 Compare sample duplicate results 

 Check for reversals 

 Conduct comparison checks 

 Review or conduct ion balance checks 

 Verify that field and equipment blanks are < 2 × MDL or better, if required by DQOs (consult field 
notes if not acceptable/qualify related samples) 

 Verify that field precision is < 20 RPD for samples > Practical Quantitation Limit (PQL) or better, 
if required by DQOs (consult field notes if not acceptable/ qualify related samples) 

 Verify data qualifiers comply with Chapter 62-160 F.A.C. 

 Check that regulatory/ conformance levels are not exceeded (if applicable) 

 Verify that QC checks were performed for any extraction clean-up procedures in accordance with 
the method 

 

5.7.3 Description of Verification and Validation Checks 

The verification and validation measures included in Tables 5.1 and 5.2 are described in detail 
below. 

5.7.3.1 Analytical Report Review 

Laboratory analytical reports must comply with the requirements of NELAC 2003 or most recent 
update. All QA/QC criteria should be within acceptable limits. Any QC data (e.g., blanks, 
surrogates, Matrix Spike/ Matrix Spike Duplicates (MS/MSDs), Laboratory Control Sample 
(LCS)/ LCS duplicates, calibration checks) that do not meet the laboratory or project-specific 
criteria should be properly documented and adequately explained in the case narrative portion of 
the analytical report. The number and frequency of QC samples must also meet minimum 
requirements. Verify that holding times for sample preparation and analysis have been met, that 
project-required MDLs were met, and that analytical sensitivity was present. Analytical 
documentation must be complete, accurate, and organized. 
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5.7.3.2 Analytical Range 

Periodically, the numerical magnitude of a sample result may not make sense, and warrants 
closer examination for data entry or recording errors (e.g., a pH value that is impossible to 
measure (>14)). 

5.7.3.3 Blanks Collected in the Field 

Any detection reported for Equipment Blanks (EB) and Field Blanks (FB) should be less than 2x 
the MDL. Qualify any EB or FB result that does not meet the criteria. Qualify sample results 
associated with a trip blank, that have sufficiently low concentrations that may have been 
affected by the positive blank results. Generally, qualify samples with concentration levels that 
are less than 10x the value of the detection in the blank (unless the sample result is less than the 
MDL). 

5.7.3.4 Field Precision 

Verify that field precision is less than 20%, depending on the project DQOs. Consult field notes 
for any relevant information that may explain poor precision. Qualify associated results if the 
criteria are not met. Provide feedback to the sampling groups and/or the laboratory so that 
investigation and corrective action may be initiated. 

5.7.3.5 Field Parameters and Data Entry 

Review log-in information for correct station IDs and other data entries. Verify that the field 
parameter values are reasonable and the data entries are correct. 

5.7.3.6 QC Tracking 

Observe QC recoveries and blank trends. Investigate any bias or outliers. For example, if a 
method blank detection is greater than the MDL, all associated samples in which the results fall 
between the MDL and 10x the value detected in the method blank should be flagged with a “V” 
data qualifier. If spike recoveries are below the laboratory’s acceptance range but are above the 
rejection point, the associated data must be flagged with a “J” qualifier. If a recovery falls 
outside of the acceptable criteria, all associated non-detections must be flagged with an “R” 
qualifier (unusable) and all detections flagged with a “J” qualifier. 

5.7.3.7 Reworked Values  

Compare multiple results for the same sample and test. If, for example, the original result and 
reworked result are greater than five times the Practical Quantitation Limit (PQL), and the 
Relative Percent Difference (RPD) between the two is greater than 20%, both results should be 
flagged with a “J” (assuming all associated laboratory QC data are acceptable). If possible, 
determine whether the loss of precision is due to laboratory deficiencies or sample non-
homogeneity.  
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5.7.3.8 Data Reversals 

The allowable difference for most routine measurements is less than 20% (per FDEP-
QA-002/02, posted at http://www.dep.state.fl.us/labs/qa/index.htm) for the following analytes: 

• Total phosphorus ≥ Total dissolved phosphorus > Ortho-phosphate 
• Total Kjeldahl nitrogen ≥ Total dissolved Kjeldahl nitrogen > Ammonia 
• Total organic carbon ≥ Dissolved organic carbon 
• Nitrate + nitrite ≥ Nitrite 
• Total suspended solids ≥ Volatile suspended solids 
• Total Hg ≥ Dissolved Hg 
• Total Hg > or MeHg 

5.7.3.9 Inter-Parameter Comparisons  

The following comparisons must be calculated, as specified in DEP-QA-002/02, when relevant 
chemical analyses are performed. Any observed failure of the criteria must be investigated by re-
analysis of sample aliquots. Only results for samples meeting the criteria will be accepted, unless 
the laboratory provides a plausible documented explanation. 

The total anion charge must be 80–110% of the total cation charge if the measured conductivity 
is greater than 100 μmhos/cm.  

(0.8) × (Total cation charge) < (Total anion charge)< (1.1) × (Total cation charge) 

At a minimum, calcium, magnesium, sodium, alkalinity, sulfate, and chloride must be analyzed 
for the charge balance check to be valid. Potassium and nitrate analyses must be included in the 
calculation if these analyses were performed. Ion balance checks are an integral component of 
ADaPT. Note: USACE ADR software does not contain this capability. If using ADR and if 
necessary, the user will need to perform charge balance manually. 

The measured specific conductivity (μmhos/cm) must be within 80-120% of the conductivity 
estimated from major cation concentrations (calcium, magnesium, sodium and potassium).  

(0.8) × (Measured conductivity.) < (Estimated conductivity, cations) 

 < (1.2) × (Measured conductivity) 

The conductivity may be estimated from the major cations by multiplying the sum of the 
major cation concentration in mg/L by a factor of five. For measured conductivities 
below 100 μmhos/cm, meeting this criterion is unnecessary. If the initial charge balance 
calculation passes the criterion, comparison of conductivity with major cation 
concentrations is not required. 
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The measured specific conductivity (μmhos/cm) must be within 80-120% of the conductivity 
estimated from major anion concentrations.  

(0.8) × (Measured conductivity.) < (Estimated conductivity, anions) 

< (1.2) × (Measured conductivity) 

The conductivity may be estimated from the major anions by multiplying the quantity 
[0.6 x (alkalinity concentration in mg/L as CaCO3) + (chloride concentration in mg/L) + 
(sulfate concentration in mg/L)] by a factor of three. For measured conductivities below 
100 μmhos/cm, meeting this criterion is unnecessary. If the initial charge balance 
calculation passes the criterion, comparison of conductivity with major anion 
concentrations is not required. 

The measured laboratory conductivity must be within 80-120% of the measured field 
conductivity.  

(0.8) × (Measured lab conductivity) < Measured field conductivity  

< (1.2) × (Measured lab conductivity) 

If both measurements are below 100 μmhos/cm, meeting this criterion is unnecessary. 

The Total Dissolved Solids (TDS) concentration in mg/L must be within 40-120% of the 
measured conductivity in μmhos/cm.  

(0.4) × (TDS) < Measured conductivity < (1.2) × (TDS) 

If both measurements are below 100 in mg/L or μmhos/cm, respectively, meeting this 
criterion is unnecessary. 

The measured TDS must be within 80% - 130% of the calculated TDS.  If both measurements 
are below 100 umho/cm, meeting this criterion is unnecessary. 

The total ammonia concentration must be less than 120% of the Total Kjeldahl Nitrogen (TKN) 
concentration. 

The ortho-phosphate concentration must be less than 120% of the total phosphorus 
concentration. 

The Dissolved Organic Carbon (DOC) must be less than 120% of the Total Organic Carbon 
(TOC) concentration. 

The nitrate concentration must be less than 120% of the total nitrite/nitrate concentration. 

The nitrite concentration must be less than 120% of the total nitrite/nitrate concentration. 
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The nitrite sum of the nitrite and nitrate concentrations must be within 80-120% of the measured 
total nitrite/nitrate concentration. 

All filtered sample results must be less than 120% of the corresponding unfiltered sample results. 

5.7.3.10 Data Qualifiers 

Data qualifiers should be reviewed for compliance with Chapter 62-160.700, FAC (Table 5.3). 
Qualifiers such as “<” or “BDL” rather than “U” are not acceptable. 

5.7.3.11 Descriptions in Comment Fields 

Comment fields contain useful information that may be used to determine the quality of sample 
results; e.g., “contaminated,” “incorrect preservation,” “thaw,” “over calibration,” and “expired.” 
Many possible conditions may be indicated in a comments field that may not be captured in 
fields designated for more specific information and may be associated with the laboratory 
procedures, field activities, the sample aliquot, the method, or the sample results. 

5.8 Quality Assurance and Quality Control 

Typically, the data validation process results in a summary of the quality of the data and the 
application of "flags" or "qualifiers" which provide the data user with a qualitative assessment of 
the data (e.g., "estimated" or "rejected"). 

5.8.1 Data Qualifiers 

Data qualifiers should be reviewed for conformance with the provisions of FDEP’s QA rule 
(Chapter 62-160, FAC). Table 5.3 comprises the list of FDEP data qualifiers posted at 
http://www.dep.state.fl.us/legal/Rules/general/62-160/62-160.pdf. 

Table 5.3 FDEP Data Qualifiers (Chapter 62-160.700, FAC) 

A  
Value reported is the arithmetic mean (average) of two or more determinations. This code shall be 
used if the reported value is the average of results for two or more discrete and separate samples. 
These samples shall have been processed and analyzed independently. Do not use this code if the 
data are the result of replicate analysis on the same sample aliquot, extract or digestate.  

B  

Results based upon colony counts outside the acceptable range. This code applies to 
microbiological tests and specifically to membrane filter colony counts. The code is to be used if 
the colony count is generated from a plate in which the total number of coliform colonies is 
outside the method indicated ideal range. This code is not to be used if a 100 mL sample has been 
filtered and the colony count is less than the lower value of the ideal range.  
 

F  When reporting species: F indicates the female sex.  

H  
Value based on field kit determination; results may not be accurate. This code shall be used if a 
field screening test (i.e., field gas chromatograph data, immunoassay, vendor-supplied field kit, 
etc.) was used to generate the value and the field kit or method has not been recognized by the 
Department as equivalent to laboratory methods.  

I  The reported value is greater than or equal to the laboratory method detection limit but less than 
the laboratory practical quantitation limit.  
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J  

Estimated value. A “J” value shall be accompanied by a detailed explanation to justify the 
reason(s) for designating the value as estimated. Where possible, the organization shall report 
whether the actual value is estimated to be less than or greater than the reported value. A “J” 
value shall not be used as a substitute for K, L, M, T, V, or Y, however, if additional reasons exist 
for identifying the value as an estimate (e.g., matrix spiked failed to meet acceptance criteria), the 
“J” code may be added to a K, L, M, T, V, or Y. Examples of situations in which a “J” code must 
be reported include: instances where a quality control item associated with the reported value 
failed to meet the established quality control criteria (the specific failure must be identified); 
instances when the sample matrix interfered with the ability to make any accurate determination; 
instances when data are questionable because of improper laboratory or field protocols (e.g., 
composite sample was collected instead of a grab sample); instances when the analyte was 
detected at or above the method detection limit in a blank other than the method blank (such as 
calibration blank or field-generated blanks and the value of 10 times the blank value was equal to 
or greater than the associated sample value); or instances when the field or laboratory calibrations 
or calibration verifications did not meet calibration acceptance criteria.  

Off-scale low. Actual value is known to be less than the value given. This code shall be used if:  

1. The value is less than the lowest calibration standard and the calibration curve is known to be 
non-linear; or  

2. The value is known to be less than the reported value based on sample size, dilution.  
K  

This code shall not be used to report values that are less than the laboratory practical quantitation 
limit or laboratory method detection limit.  

L  
Off-scale high. Actual value is known to be greater than value given. To be used when the 
concentration of the analyte is above the acceptable level for quantitation (exceeds the linear 
range or highest calibration standard) and the calibration curve is known to exhibit a negative 
deflection.  

M  

When reporting chemical analyses: presence of material is verified but not quantified; the actual 
value is less than the value given. The reported value shall be the laboratory practical quantitation 
limit. This code shall be used if the level is too low to permit accurate quantification, but the 
estimated concentration is greater than or equal to the method detection limit. If the value is less 
than the method detection limit use “T” below.  

Presumptive evidence of presence of material. This qualifier shall be used if:  
 

1. The component has been tentatively identified based on mass spectral library search; or  N  
2. There is an indication that the analyte is present, but quality control requirements for 
confirmation were not met (i.e., presence of analyte was not confirmed by alternative procedures). 

O  Sampled, but analysis lost or not performed.  

Q  
Sample held beyond the accepted holding time. This code shall be used if the value is derived 
from a sample that was prepared or analyzed after the approved holding time restrictions for 
sample preparation or analysis.  

T  Value reported is less than the laboratory method detection limit. The value is reported for 
informational purposes only and shall not be used in statistical analysis.  

U  
Indicates that the compound was analyzed for but not detected. This symbol shall be used to 
indicate that the specified component was not detected. The value associated with the qualifier 
shall be the laboratory method detection limit. Unless requested by the client, less than the 
method detection limit values shall not be reported (see “T” above).  
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V  
Indicates that the analyte was detected at or above the method detection limit in both the sample 
and the associated method blank and the value of 10 times the blank value was equal to or greater 
than the associated sample value. Note: unless specified by the method, the value in the blank 
shall not be subtracted from associated samples.  

X  
Indicates, when reporting results from a Stream Condition Index Analysis (LT 7200 and FS 
7420), that insufficient individuals were present in the sample to achieve a minimum of 280 
organisms for identification (the method calls for two aliquots of 140-160 organisms), suggesting 
either extreme environmental stress or a sampling error.  

Y  The laboratory analysis was from an improperly preserved sample. The data may not be accurate.  

Z  

Too many colonies were present for accurate counting. Historically, this condition has been 
reported as “too numerous to count” (TNTC). The “Z” qualifier code shall be reported when the 
total number of colonies of all types is more than 200 in all dilutions of the sample. When 
applicable to the observed test results, a numeric value for the colony count for the 
microorganism tested shall be estimated from the highest dilution factor (smallest sample volume) 
used for the test and reported with the qualifier code.  

?  
Data are rejected and should not be used. Some or all of the quality control data for the analyte 
were outside criteria, and the presence or absence of the analyte cannot be determined from the 
data.  

*  Not reported due to interference.  

The following codes deal with certain aspects of field activities. The codes shall be used if the 
laboratory has knowledge of the specific sampling event. The codes shall be added by the 
organization collecting samples if they apply: 

SYMBOL MEANING  
D  Measurement was made in the field (i.e., in situ). This code applies to any value (except 

field measurements of pH, specific conductance, dissolved oxygen, temperature, total  
residual chlorine, transparency, turbidity or salinity) that was obtained under field 
conditions using approved analytical methods. If the parameter code specifies a field 
measurement (e.g., “Field pH”), this code is not required.  

E  Indicates that extra samples were taken at composite stations.  

R  Significant rain in the past 48 hours. (Significant rain typically involves rain in excess of 
1/2 inch within the past 48 hours.) This code shall be used when the rainfall might 
contribute to a lower than normal value.  

!  Data deviate from historically established concentration ranges.  

 
5.8.2 Data Uncertainty 

All measured values, whether generated in the field or in the laboratory, are subject to both 
systematic and random errors. Therefore, no measured value can be stated with absolute 
certainty. In general, the result of a measurement is only an approximation or estimate of the 
value of the specific quantity subject to measurement and, thus the result is complete only when 
accompanied by a quantitative statement of its uncertainty. 

Laboratories are required by NELAC, Chapter 5, Section 5.5.4.6 to have a protocol for 
estimating measurement uncertainty and for reporting uncertainty to clients when requested. 
Data uncertainty must always be reported with the sample results for radiological measurements. 
For CERP projects, each laboratory and field contractor must determine the uncertainty of the 
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measured values they report. Each project work plan or monitoring plan, if required by the 
DQOs, should specify the calculation method used to determine uncertainty for each field or 
laboratory activity. Uncertainty in each field or laboratory activity contributes to the total 
uncertainty of the data and must be described and provided to the end user. Each agency should 
evaluate and implement measures that may help improve the uncertainty of measured values. 

Examples of data uncertainty are listed: 

• The parameter may be a standard deviation (or a given multiple of standard deviations) or 
the half-width of an interval having a stated confidence level. 

• Some uncertainty components may be evaluated from the statistical distribution of the 
results of a series of measurements and can be characterized by the following: 

o Experimental standard deviations 
o Assumed probability distributions based on experience 
o Other information 

• All components of uncertainty contribute to dispersion, including those arising from 
systemic effects such as those associated with corrections and reference standards. 

• Potential sources of uncertainty in environmental quality monitoring in both field and 
laboratory activities, including the following: 

o Non-representative sampling 
o Personal bias 
o Instrument error or limitations 
o Inexact values of measurement standards and reference materials (inaccuracy) 
o Method limitations due to varying matrices 
o Limited repeatability 
o Environmental conditions 

Standard uncertainties (standard deviations) should first be determined based on the contribution 
of an individual factor (e.g., laboratory uncertainty can be determined from the laboratory QC or 
Round Robin (RR) results). Combined standard uncertainties should then be determined by 
incorporating uncertainties from independent factors. Last, calculate the combined expanded 
uncertainty using a chosen overage factor that encompasses a large fraction of the distribution of 
values that could reasonably be attributed to the measured value. 

Quantitative statements of uncertainty must be determined for each project and made available to 
the data users so that they can make their own judgments in using and reporting data for research 
projects and in decision making scenarios. 

5.8.3 Corrective Actions 

Laboratories must establish a policy and procedure and designate appropriate individuals to 
implement corrective action when nonconforming work, or departures from the laboratory’s 
acceptance criteria, have been identified. Table 5.4 comprises laboratory QC samples, their 
acceptance criteria, and recommended corrective action when QC results fall outside of the 
acceptance range. 
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Table 5.4 Laboratory Quality Control Checks and Corrective Actions 

QC Activity Acceptance Criteria Recommended Corrective Action 

Matrix spikes 

80 – 120 %, (or as specified by the method) 
recovery at a frequency of w/analytical 
batch, not to exceed 20 samples 
Spike level 2-5 times the measured 
background level and the total 
concentration within analytical range 

Re-make spike and re-analyze. If acceptable, re-analyze 
affected portions of the analysis. If not acceptable, check for 
matrix interference. Also check other samples in the 
sampling group for matrix interference. Qualify samples as 
necessary. 

Laboratory 
fortified blanks 
(LFB) 

85 – 115 % recovery at the same spiking 
level as the matrix spike 

Re-make LFB and re-analyze. If acceptable, re-analyze 
affected portions of the analysis. If not acceptable, check for 
spiking solution degradation or contamination, dispenser/ 
pipette calibration, or instrument calibration problems.  

Laboratory 
duplicates/  
Matrix spike 
duplicates 

Precision < 20 (or as specified by the 
method) Relative Percent Difference (RPD) 
if concentration over the Practical 
Quantitation Limit (PQL) 

Determine and eliminate cause of problem (baseline drift, 
carryover, etc.). Re-analyze all affected samples. 

Field blanks/ 
Equipment blanks ≤ Method Detection Limit (MDL) 

Re-analyze blanks, if same response, re-digest (if applicable) 
and re-analyze. If same response, qualify blanks. If different 
response, re-analyze/ re-digest all samples in the analytical 
batch. 

Field duplicates/ 
Field replicates, if 
known to the 
laboratory 

Precision < 20 RPD if concentration over 
the PQL 

Re-analyze duplicates, if same response, re-digest (if 
applicable) and re-analyze. If same response qualify samples. 
If different response, re-digest/re-analyze all samples in the 
analytical batch. 
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Appendix 5-A:  Electronic Data Deliverables Requirement for ADAPT CERP Projects 
Data Element Name Data 

Type Description Required SVL Error Check 

Client_Sample_ID Text(35) Client’s identifier for a sample.  If a sample is analyzed 
as a duplicate, matrix spike, or matrix spike duplicate, 
append suffixes “DUP”, “MS”, and “MSD” 
respectively.  For laboratory QC samples such as 
blanks and Laboratory Control Samples (LCS) enter 
the Lab Sample ID in this field. 
 

Yes No • Not null  
• Length ≤ 35 
• Correct naming convention for Lab 

Duplicates, MS, and MSD samples 

Lab_Analysis_Ref_Method_ID Text(80) The laboratory reference method ID.  Standard values 
for methods are specified by Florida DEP and 
SFWMD. 

Yes Yes • Not null  
• Length ≤ 80 
• SVL check against project library 
 

Lab_Sample_ID Text(35) Laboratory tracking number for field samples and 
laboratory generated QC samples 
 

Yes No • Not null  
• Length ≤ 35 

Lab_ID Text(7) Identification of the laboratory performing the 
analysis.  Use FDOH certification number if possible 

Yes Yes • Not null 
• Length ≤ 7 
• SVL check against ADaPT standard value 

list 
Client_Analyte_ID Text(30) Unique identifier for an analyte name.  This is 

typically the CAS number, NELAC number, or Florida 
specified ID number 

Yes Yes • Not null  
• Length ≤ 30 
• SVL check against Client_Analyte_ID 

entered in the project library 
• Completeness (in the project target analyte 

list for the method and matrix or reported 
as a spike or surrogate for the method and 
matrix as applicable) 

Analyte_Name Text(60) The chemical name for the analyte.  Values for 
Analyte Names are specified by Florida DEP and 
SFWMD. 

Yes Yes • Not null  
• Length ≤ 60 
• SVL check against Analyte_Name entered 

in the project library for a method and 
matrix 

• Spikes reported in EDD for  LCS and 
MS/MSD match project library for 
method and matrix 

• For organics, correct surrogates are 
reported according to the method 
requirements established in the project 
library 
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Data Element Name Data 
Type Description Required SVL Error Check 

Result Number 
(10) 

Reported result for the analyte 
 
 
 
 
 

Yes No • Not null  
• Length ≤ 10 
• Numeric except for microbiologicals, 

which may be text; and REDOX, which 
may be negative 

• Result = MDL if  Lab_Qualifiers contains 
“U” 

Error Text(10) The two sigma error for radiochemistry results.  Do not 
enter the “+” or “-” character in this field 
 
 

Conditional No • Not null for radiochemistry result, spike, 
and tracer or carrier records 

• Numeric 
• Length < 10 

Result Units Text(10) Units for the result 
 
 
 
 

Yes Yes • Not null  
• Length ≤ 10 
• SVL check against the units entered in 

project library for the method, matrix, and 
analyte 

Lab_Qualifiers Text(7) A string of single letter result qualifiers assigned by the 
laboratory.  Always use the “U” qualifier for non-
detects.  Other qualifiers may apply.  Order is 
insignificant. 
 
 
 

Conditional Yes • Not null  according to conditions listed at 
the end of this table 

• Length ≤ 7 
• SVL check against ADaPT standard 

values for Lab_Qualifiers 
• Consistency check (see list at end of this 

table) 
Detection_Limit Number 

(10) 
Method detection limit for the measured analyte 
 
 
 
 
 
 

Yes No • Not null unless target analyte is on 
exception list or Analyte_Type = “SURR” 

• Length ≤ 10 
• Numeric 
• Less than or equal to the Reporting_Limit 
• Not zero or negative 

Analyte_Type Text(7) Defines the type of result such as surrogate, spike, or 
target compound. 
 
 

Yes Yes • Not null  
• Length ≤ 7 
• SVL check against the ADaPT standard 

values for Analyte_Type 
Dilution Number 

(10) 
Overall dilution of the sample aliquot.  A value of one 
(1) corresponds to nominal method conditions.  Insert 
value of one (1) for method blanks, LCS, and LCS 
Duplicate (LCSD). 
 

Yes No • Not null  
• Length ≤ 10 
• Numeric 



   Appendix 5-A 

Quality Assurance Systems Requirements  5-A-3    March 09 

Data Element Name Data 
Type Description Required SVL Error Check 

Percent Moisture Number 
(10) 

Percent of sample composed of water.  Enter value for 
soil and sediments sample only. 
 

Conditional No • Not null if matrix is a soil or sediment 
• Length ≤ 10 
• Numeric 

Percent Recovery Text(5) Percent recovery value of a spiked or surrogate 
compound.  If sample dilution yields no or very low 
recovery enter “DIL”.  If sample matrix interference 
yields no recovery, enter “INT”.  If the spike or 
surrogate was not added to a sample with 
Analyte_Type = “SPK” or “SURR”enter “NS”. 
 
 

Conditional No • Not null if Analyte_Type = “SURR”, 
“SPK”, or “TRACER” 

• Length ≤ 5 
• Numeric or “DIL”, “INT”, or “NS” 

Relative_Percent_Difference Number 
(5) 

Relative Percent Difference between two QC results 
 
 
 

Conditional No • Not null  if Analyte_Type = “SPK” and 
QC_Type = “LCSD” or “MSD”; or Not 
null  if QC_Type = “DUP 

• Length ≤ 5 
• Numeric 

Reporting_Limit 
 

Text(10) Practical Quantitation Limit for the measured analyte.  
Also used as the reporting limit 
 
 
 

Conditional No • Not null  if Analyte_Type = “TRG” or 
“SPK” 

• Length ≤ 10 
• Numeric 
• Not zero or negative 

Project_Number Text(30) Number assigned by the client to associate a sample to 
a project, purchase order, or requisition 
 

Yes Yes • Length ≤ 30 
• SVL check against ADaPT standard 

values for Project_Number if entered. 
Project Name Text(90) Project name assigned by the client 

 
 

Yes Yes • Length ≤ 90 
• Check against ADaPT standard values for 

Project Name if entered. 
End_Date_Collected Date/ 

Time 
The date and time of sample collection.  Format as: 
MM/DD/YYYY hh:mm  where MM = two digit 
month, DD = two digit date, YYYY = four digit year, 
hh = two digit hour, and mm = two digit minutes 
 
 
 

Conditional No • Not null if QC_Type = “N”, “DUP”, 
“MS”, or “MSD” 

• Valid date/ time value 
• Correctly formatted as MM/DD/YYYY 

hh:mm 
• Logical (does not supersede sample 

preparation and/or sample analysis date/ 
time value) 

Matrix_ID Text(20) The sample matrix for the reported analyte.  The 
standard values for Matrix_ID are specified by the 
State of Florida 
 

Yes Yes • Not null  
• Length ≤ 20 
• SVL check against ADaPT standard 

values for Matrix_ID 
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Data Element Name Data 
Type Description Required SVL Error Check 

QC_Type Text(7) Identifies the type of sample (i.e. method blank, LCS, 
LCSD, laboratory duplicate, MS, MSD, or normal field 
sample.  For normal field samples enter “N”. 
 

Yes Yes • Not null  
• Length ≤ 7 
• SVL check against ADaPT standard 

values for QC_Type 
Shipping_Batch_ID 
 

Text(25) Unique identifier assigned to a cooler or shipping 
container or group of coolers or shipping containers 
that links samples together.  The Shipping_Batch_ID is 
provided by the client on the chain of custody. 
 

Conditional No • Required if QC_Type = N, DUP, MS, or 
MSD 

• Length ≤ 25 

Temperature Number 
(10) 

Temperature in degrees C of the sample as received by 
the lab. 
 

No No • Numeric, if reported 
• Length ≤ 10 if reported 

Preparation_Type Text(25) The method used to prepare the sample.  For methods 
that do not have a preparation method as part of the 
analysis enter “No Prep”. 
 

Yes Yes • Not null  
• Length ≤ 25 
• SVL check against ADaPT standard 

values for Preparation_Type 
Analysis_Type Text(10) Indicates the type of analysis (i.e. dilutions, re-analyses 

or re-extracts).  This field provides distinction among 
records when multiple analyses are submitted for the 
same sample and method.  Enter RES for the initial 
analysis. 
 

Yes Yes • Not null  
• Length ≤10 
• SVL check against ADaPT standard 

values for Analysis_Type 

Reportable_Result Text(3) Indication of whether or not the laboratory chooses an 
individual analyte result as reportable.  Enter “YES” if 
the result is reportable.  Enter “NO” if the result not. 
 

Conditional Yes • Not null  if Analyte_Type = “TRG” 
• Length ≤ 3 if reported 
• Value = “YES” or “NO” 
• Duplicate “YES” for a given 

Client_Sample_ID, Method, Matrix, 
Client_Analyte_ID, and 
Total_Or_Dissolved value 

Date_Prepared Date/ 
Time 

The date and time of sample preparation or extraction.  
Format as:  MM/DD/YYYY hh:mm where MM = two 
digit month, DD = two digit date, YYYY = four digit 
year, hh = two digit hour, and mm = two digit minutes.  
For analyses with no preparation, insert the analysis 
date. 
 

Yes No • Not null 
• Valid date/ time value 
• Correctly formatted as MM/DD/YYYY 

hh:mm 
• Logical (Date_Prepared does not precede 

Date_Collected and supersede 
Date_Analyzed) 
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Data Element Name Data 
Type Description Required SVL Error Check 

Date_Analyzed Date/ 
Time 

The date and time of sample analysis.  Format as:  
MM/DD/YYYY hh:mm where MM = two digit month, 
DD = two digit date, YYYY = four digit year, hh = 
two digit hour, and mm = two digit minutes. 
 

Yes No • Not null 
• Valid date/ time value 
• Correctly formatted as MM/DD/YYYY 

hh:mm 
• Logical (Date_Analyzed does not precede 

Date_Collected and/or  Date_Prepared) 
Total_Or_Dissolved Text(3) Indicates if the result is reported on a total or dissolved 

sample fraction.  Report only for aqueous results 
 
 

Yes Yes • Not null 
• Reported as “TOT” or “DIS” for water 

matrices and “N/A” for non-water 
matrices 

• Length ≤ 3 
Prep_Batch_ID Text(13) Unique laboratory identifier for a batch of samples of 

similar matrix prepared together for analysis by one 
method and treated as a group for method blank, LCS, 
and LCSD association.  The Prep_Batch_ID links 
method blanks and laboratory control samples 
(LCS/LCSD) to associated samples. 
 
 
 
 

Yes No • Not null 
• Length ≤13 
• Each distinct Prep_Batch_ID for a method 

and matrix has records for the same 
method and matrix  where QC_Type = 
“MB” and “LCS” 

• Each distinct Prep_Batch_ID for a method 
and matrix for each MB and LCS contains 
one or more sample records with the same 
method, matrix, and Prep_Batch_ID. 

Method_Batch_ID 
 

Text(13) Unique laboratory identifier for a batch of samples of 
similar matrix analyzed by one method and treated as a 
group for laboratory duplicate, matrix spike, and 
matrix spike duplicate association.  The 
Method_Batch_ID links laboratory duplicates, matrix 
spikes, and matrix spike duplicates to associated 
samples. 
 
 
 
 
 
 
 
 
 
 
 

Yes No • Not null 
• Length ≤ 13 
• For non-metal inorganic methods, each 

distinct Method_Batch_ID for a method 
and matrix has records reported where 
QC_Type = MS and DUP 

• For metals each distinct 
Method_Batch_ID for a method and 
matrix has records reported where 
QC_Type = “MS” and “MSD”  or 
QC_Type = “MS” and “DUP” 

• For organic methods each distinct 
Method_Batch_ID for a method and 
matrix has records where QC_Type = 
“MS” and “MSD” 

• Each Method_Batch_ID for a method and 
matrix has sample records with the same 
method, matrix and Method_Batch_ID 

Preservation_Intact Text(3) Indicates if the sample was preserved properly based 
on measurement at the time of sample receipt at the 

Yes Yes • Not null 
• Length ≤ 3 
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Data Element Name Data 
Type Description Required SVL Error Check 

laboratory.  This applies to each bottle collected 
 

• Reported as “Yes” or “No” 
• Preservation_Intact = “No” if 

Lab_Qualifiers contains “Y” 
QC_Spike_Added Number 

(5) 
Value of spike or surrogate compound entered as a 
numeric character 
 

Conditional No • Length ≤ 5 if reported 
• Required for  SFWMD 

Result_Comments Text 
(255) 

Free-form text where data provider relates information 
they consider relevant to the sample that is not 
included in the above fields. 
 

Conditional No • Not null for certain constraints 
• Length ≤ 255 

Lab_Reporting_Batch_ID 
 

Text(13) Laboratory identifier for a group of samples and 
laboratory QC all reported within one EDD or batch.  
The Lab_Reporting_Batch_ID is equivalent to the 
sample delivery group, lab work number, login ID, etc. 
 

Yes No • Not null 
• Length ≤ 13 
• The same value is reported in all records 

within the EDD 
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Additional Error Checks 
 
Lab Qualifiers Consistency Check: 

1. Lab_Qualifiers contains “Y” in sample result record if Perservation_Intact  = “No” 
2. Preservation_Intact = “No” if Lab_Qualifiers in sample result record contains “Y” 
3. Result exceeds holding time of preparation and/or method requirements if sample result Lab_Qualifiers contains “Q” 
4. Result > Detection_Limit in associated method blank if Lab_Qualifiers in sample result record or method blank result record contains “V”  
5. Lab_Qualifiers contains “T” in sample result record if  Result < Detection_Limit 
6. Result < Detection_Limit if Lab_Qualifiers contains “T” 
7. Lab_Qualifiers contains “U” in sample result record if Result = Detection_Limit. 
8. Result = Detection_Limit if Lab_Qualifiers contains ‘U” 
9. Lab_Qualifiers contains “I” or “J” if Detection_Limit < Result < Reporting_Limit 
10. Detection_Limit < Result < Reporting_Limit if Lab_Qualifiers contains “I” 
11. Result > or = Reporting_Limit if Lab_Qualifiers contains “K” 
12. Lab_Qualifiers does NOT contain “J” if Lab_Qualifiers contains “K”, “L”,“M”,“T”,“V”, “Y”, and/or “I” 
13. Result_Comment field is populated if Lab_Qualifiers contains “J” 
14. Result = Reporting_Limit if Lab_Qualifiers contains “M” 

 
Duplicate Record Check 

Duplicate records are reported if two or more records hold identical values among the following fields: 
1. Client_Sample_ID 
2. Lab_Analysis_Ref_Method_ID 
3. Lab_Sample_ID 
4. Client_Analyte_ID 
5. Analyte_Name 
6. Analysis_Type 
7. Total_Or_Dissolved 

 
Location_Code Text(80) Location where the sample was taken Yes Yes • Not null if for SFWMD 

• Length ≤ 80 
• SVL check against ADaPT standard 

values for Location_Code if EDD is 
reported for SFWMD  

Project_Number Text(30) Number assigned by the client to associate a sample to 
a project, purchase order, or requisition 

Yes Yes • Length ≤ 30 
• SVL check against ADaPT standard 

values for Project_Number 
Lab_ID Text(7) Identification of the laboratory performing the 

analysis.  Use the FDOH certification number if 
possible 

Yes Yes • Not Null 
• Length ≤ 7 
• SVL check against ADaPT standard 

values for Lab_ID 
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Client_Sample_ID Text(35) Client’s identifier for a sample.  If a sample is analyzed 
as a duplicate, matrix spike, or matrix spike duplicate, 
append suffixes “DUP”, “MS”, and “MSD” 
respectively.  For laboratory QC samples such as 
blanks and Laboratory Control Samples (LCS) enter 
the Lab Sample ID in this field. 
 

Yes No • Not null  
• Length ≤ 35 
• One distinct Client_Sample_ID for a given 

Lab_Sample_ID 

End_Date_Collected Date/ 
Time 

The date and time of sample collection.  Format as: 
MM/DD/YYYY hh:mm  where MM = two digit 
month, DD = two digit date, YYYY = four digit year, 
hh = two digit hour, and mm = two digit minutes 
 

Yes No • Not null 
• Valid date/ time value 
• Correctly formatted as MM/DD/YYYY 

hh:mm 
o Logical (does not supersede 

Lab_Receipt_Date) 
Sampling_Personnel Text(40) Person collecting sample Yes No • Not null 

• Length ≤ 40 
Collection_Agency Text(20) Agency collecting sample 

 
Conditional Yes • Length ≤ 20 

• Not null for SFWMD 
• SVL check against ADaPT standard 

values for Collection_Agency if EDD is 
reported for SFWMD 

Lab_Receipt_Date Date/ 
Time 

Date and time sample received by the laboratory. .  
Format as:  MM/DD/YYYY hh:mm  where MM = two 
digit month, DD = two digit date, YYYY = four digit 
year, hh = two digit hour, and mm = two digit minutes 
 

Yes No • Not null 
• Valid date/ time value 
• Correctly formatted as MM/DD/YYYY 

hh:mm 
o Logical (does not precede 

End_Date_Collected) 
Matrix_ID Text(20) The sample matrix for the reported analyte. The 

standard values for Matrix_ID are specified by the 
State of Florida 
 

Yes Yes • Not null  
• Length ≤ 20 
• SVL check against ADaPT standard 

values for Matrix_ID 
Lab_Sample_ID Text(50) Laboratory tracking number for field samples and 

laboratory generated QC samples 
Yes No • Not null  

• Length ≤ 50 
• One distinct Lab_Sample_ID for a given 

Client_Sample_ID 
Lab_Analysis_Ref_Method_ID Text(80) The laboratory reference method ID.  These should be 

specified by Florida DEP and entered into the project 
specific library 

Yes Yes • Not null  
• Length ≤ 80 
• SVL check against ADaPT standard 

values  
Preservation_Intact Text(3) Indicates if the sample was preserved properly based 

on measurement at the time of sample receipt at the 
laboratory.  This applies to each bottle collected 
 

Yes Yes • Not null 
• Length ≤ 3 
• Reported as “Yes” or “No” 

Custody_Intact_Seal Text(3) Indication of whether the custody seal was intact if Yes Yes • Not null   
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custody seals were used.  Enter “NO” only for those 
containers with seals that have been broken and “YES” 
for containers with intact seals or no seals used. 
 

• Length ≤ 3 
• Reported as “Yes”, “No”, or “N/A” 
 

Receipt_Comments Text 
(255) 

Information related to the samples received by the 
laboratory that is not captured in other fields 

No No • Not null if Preservation_Intact or 
Custody_Intact_Seal = “No” 

• Length ≤ 255 
Shipping_Batch_ID Text(25) Unique identifier assigned to a cooler or shipping 

container, or group of coolers or shipping containers 
that links samples together.  The Shipping_Batch_ID is 
provided by the client on the chain of custody. 
 

Yes No • Length ≤ 25 

Lab_Reporting_Batch_ID Text(13) Laboratory identifier for a group of samples and 
laboratory QC all reported within one EDD or batch.  
The Lab_Reporting_Batch_ID is equivalent to the 
sample delivery group, laboratory work number, log-in 
ID, etc. 
 

Yes No • Not null 
• Length ≤ 13 

Program_Type Text(20) Type of program, e.g., experimental or monitoring Yes Yes • SVL (Either MON or EXP) 
• Not Null 

Sampling_Method Text(80) As per Header Sheet 
 

Yes No • Not Null 

Sample_Depth Text(15) Sample Collection Dept 
 

Yes No • Double ≤ 15 

SVL = Standard Value List 
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6.0 HYDROMETEOROLOGICAL AND HYDRAULIC MONITORING 

6.1 Purpose 
The purpose of the hydrometeorological and hydraulic monitoring chapter is to provide 
guidelines for an efficient and effective collection, processing, and dissemination of hydrologic 
data for CERP projects by the various agencies in Central and South Florida. Hydrologic 
measurements include the stage of surface water levels, groundwater levels, and operational 
information at gate structures and pump stations that are used to derive flow data; and 
meteorology information collected at weather stations such as rainfall, evapotranspiration, and 
pan evaporation. These data play a significant role in our ability to understand the behavior of 
our abundant but complex hydrologic resources. 

CERP is a joint partnership of Federal, State and Tribal agencies. The guidelines developed here 
reference existing documentation developed by CERP, USACE, USGS, FDEP, SFWMD, and 
various agencies. Each section of this chapter is comprised of a topical discussion, including both 
theoretical and practical information, with internet links to relevant guidelines, examples, and 
reference materials. This chapter is intended to supplement, not supersede, existing CERP 
guidelines and standards. 

6.2 Scope 

The scope of this chapter of the QASR manual is to outline the minimum quality assurance (QA) 
requirements for accuracy that should be met in the collection of hydrometeorological and 
hydraulic data. These protocols can help establish operating standards for the collection of a 
variety of data types that relate to the hydrologic system. The purpose of these protocols is to 
provide for the efficient and effective analysis of data collected by the various agencies in 
Central and South Florida. The standardized protocols will help ensure that data was collected 
with similar accuracy and processing standards across various agencies. In addition, these 
protocols provide guidance, with respect to accuracy and precision and to those involved with 
establishing new monitoring stations. 

Standardized protocols include procedures for data collection, processing, analysis and 
interpretation of data, quality assurance, and measurement of uncertainty. References to industry 
guidelines, standards and published documents covering the most relevant aspects of hydrologic, 
meteorologic, and field flow (discharge) measurements are provided in this chapter. The 
approach is to provide broad guidelines that establish criteria for accuracy and precision for each 
data type. The actual procedures for calibrating and using the various instruments that may be 
deployed to actually measure, record, and transmit hydrologic data are not included in this 
chapter. However, sensor or measurement device documentation should be reviewed to ensure 
that the sensor is capable of achieving the accuracy and precision specified in this chapter.  

The chapter discusses: 
• General considerations for minimum QA/QC requirements for hydrometeorological and 

hydraulic data collection; 
• General guidelines for hydrologic sensor installations, site selection, datum reference 

elevation, recalibration, preventive maintenance and field checks; 
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• General guidelines for data processing concepts and principles, validation, quality 
assurance and archiving of hydrometeorological data, and post-processing calculations of 
derived parameters such as flows and evapotranspiration; 

• General guidelines for audits of data production processes including installations, 
preventive maintenance and data processing. 

This chapter is not intended to be “prescriptive,” but is intended to assure that acceptable 
methods and QA/QC procedures are used when performing environmental monitoring. It is 
intended to be a dynamic document that will be periodically reviewed and updated. 

6.3 Requirements and Regulations 

Since data are collected for a variety of uses within CERP, the data collection network addresses: 
(1) legal mandates, such as hydrologic documentation of the Central and South Florida (C&SF) 
Control Project Operations and the Everglades Forever Act (EFA); (2) key resource issues, such 
as well field protection; and (3) general purpose and restoration needs, such as the Kissimmee 
River and Everglades Restoration efforts. The guidelines described in this chapter of the QASR 
manual are intended to supplement, not supersede, existing guidelines and standards. In addition 
to the requirements presented in this document, all data collected and analysis activities 
performed for CERP projects should conform to the relevant requirements in the following: 

6.3.1 Federal Requirements and Regulations 

• Comprehensive Everglades Restoration Plan (CERP) Projects. 

• Code of Federal Regulations (CFR), Title 40. 

• CERP Guidance Memorandum, CGM 28. 

• CERP Guidance Memorandum, CGM 40, Project Water Quality and 
Hydrometeorological Monitoring Assessment. 

• EPA QA/G-8, Guidance Environmental Data Verification and Data Validation. 

6.3.2 State Requirements and Regulations 
• FDEP Quality Assurance Rule Chapter 62-160, FAC 
• Florida Forever Act (Section 259.105, F.S.) 
• Florida Statutes (Section 373.042, F.S.) Minimum Flow and Level (MFL). 

6.3.3 Other Requirements and Regulations 

• South Florida Environmental Report, Volumes, I and II, www.sfwmd.gov/SFER 

• The most common method of improving surface and groundwater quality is through the 
application of Best Management Practices, or BMPs, 

• Any other regulation dictated by project requirements. 
 



Hydrometeorological and Hydraulic Monitoring 

Quality Assurance Systems Requirements 6-3 September 10 

6.4 Responsibilities 
Key personnel involved in each project share responsibility for maintaining consistency and 
ensuring collection of data of acceptable and verifiable quality through the implementation of a 
QA/QC program. Responsibilities of key personnel are described in QASR Chapter 2, Section 
2.3. Responsibility for data verification and validation rests with the hydrometeorological and 
hydraulics data monitoring networks, operations control center, field personnel, and data 
processing staff. If deficiencies in the data are identified, then those deficiencies should be 
documented, and whenever possible, resolved by corrective action. 

6.5 Training and Personnel Qualification 

All personnel involved in hydrologic measurement and data collection activities must have the 
necessary education, experience, and skills to perform their duties. Training activities and 
demonstration of capabilities must be documented. The training must include expectations on 
ethical behavior, safety, and data integrity. Hydrologic measurements are made under an 
extremely wide range of conditions, many of which are potentially hazardous to the personnel 
taking them. Knowledge of the hazards and the means by which they can be minimized are 
essential for hydrological personnel. Each person has the responsibility to themselves and to their 
companions to work as safely as possible. Employers have the responsibility to promote an 
awareness of hazards and work practices to minimize them and to provide an appropriate level of 
safety equipment and training. All personnel should be properly trained in the required quality 
control procedures and the specific field procedures to be conducted for each task. Training in 
new skills or methods may be conducted via a mentoring procedure or by working with 
experienced colleagues and must be properly documented. Training procedures, training records, 
and demonstration of capabilities must be documented indicating the specific field task, date of 
training, and proper signatures. 

6.6 Project Planning and Review 

The quality assurance and quality control of hydrometeorological and hydraulic time-series data 
are collected for a variety of data types (selected parameters). Each hydrologic monitoring 
project should adequately select sensors or measurement devices to ensure that they are capable 
of meeting and complying with their accuracy and precision requirements, and other quality 
indicators as provided in Table 6.1. Information on the quality of discrete measurements of 
hydrologic or meteorologic data can be found in QASR Chapter 3, Section 3.7.1.7, as these 
measurements are usually taken as part of a selected site field sampling event.  

Refer to QASR Chapter 2, Sections 2.6-2.7, and 2.9 for guidance and discussion on preparing a 
monitoring plan (MP), a quality assurance project plan (QAPP), or a statement of work (SOW). 
Data review procedures comprise an evaluation of the data acquisition system, field data 
collected, data analysis, and QC assessment against the data quality objectives and project 
specific requirements. Appropriate corrective action should be taken (i.e., re-analysis, data 
verification, or documentation) if any errors or problems are identified by the review procedures. 

6.6.1 Data Quality Objectives 

Guidelines for formulating project-specific DOQs are presented in QASR Chapter 2, Section 
2.5.   
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Table 6.1: Guidelines for Hydrometeorological & Hydraulic Field Measurement Instrumentation 

 
 

Accuracy Precision6
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Reporting Frequency & Timeliness

Evapotranspiration ±0.02 inches N/A 1 day
Reliability: 24 months
Maintainability2: 72 hours 95%3 Reporting Frequency: 1 sample per day

Air Temperature
±0.4 Celsius over full range
Reported resolution=0.1 °C
Instrument range: -33-48 °C

±0.1 °C
2 seconds to 
15 minutes

Reliability: 24 months
Maintainability2: 72 hours 95%3

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Barometric Pressure
±0.375 mm Hg (millimeters Mercury)
Reported resolution=0.1 mm Hg
Measurement range: 600.35-795.475 mm Hg

±0.75218 mm Hg 20 seconds to 
1 minute

Reliability: 12 months
Maintainability2: 72 hours

95%3
Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Solar Radiation

±5% for readings > 0.0926 kw/m2

±0.0046 kw/m2 for readings < 0.0926 kw/m2

Reported resolution=0.001 kw/m2

Measurement range: 0-1.3 kw/m2

±.001 kw/m2 1 minute
Reliability: 24 months
Maintainability2: 72 hours

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Net Radiation

±5% for readings > 0.0926 kw/m2

±0.0046 kw/m2 for readings < 0.0926 kw/m2

Reported resolution=0.001 kw/m2

Measurement range:
 -0.1-1.0 kw/m2 land-based station
-0.2-1.1 kw/m2 wetland surrounded by open water

N/A 1 minute
Reliability: 12 months
Maintainability2: 72 hours

99%3
Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Photosynthetically Active 
Radiation

±5% in µmol/m2/s
Reported resolution= 1 µmol/m2/s
Measurement range: 0-2,500 µmol/m2/s

N/A 1 minute
Reliability: 24 months
Maintainability2: 72 hours 99%3

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

PARAMETER

QUALITY DIMENSION1
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Table 6.1: Guidelines for Hydrometeorological & Hydraulic Field Measurement Instrumentation (continued) 

 

 
 
 

Accuracy Precision6
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Reporting Frequency & Timeliness

Wind Speed

±1.1 mph < 22 mph
5% of readings > 22 mph
Reported resolution=0.2 mph
Measurement range: 0-155+ mph

±1 mph± 1 second
Reliability = 24 months
Maintability = 72 hours2 95%3

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Relative Humidity
±5%
Reported resolution=1%
Measurement range: 5-100%

±1°C and ±1% 1 minute
Reliability: 6 months
Maintainability2: 72 hours 

95%3
Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real-time delay
Timeliness: max 1 day post-process delay

Rainfall ±0.01 inches
Reported resolution=0.01 inches

±0.01 inch 15 minutes
Reliability: 24 months
Maintainability2: 72 hours

99%3 

(Jun-Oct)
95% 

(Nov-May)

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Surface Water Stage

±0.02 feet for critical sites
±0.03 feet for non-critical sites
Reported resolution=0.01 feet
Instrument range: 0-20 feet

±0.01 feet
2 seconds to 
15 minutes

Reliability: 18 months
Maintainability2:
24 hours critical sites
72 hours non-critical sites

95%3
Reporting Frequency: 4 samples per minute
Timeliness: max 15-minute real-time delay
Timeliness: max 1 day post-process delay

Groundwater Stage
±0.03 feet
Reported resolution=0.01 feet
Instrument range: 0-30 feet

±0.01 feet
1 minute to 
15 minutes

Reliability: 24 months
Maintainability2: 72 hours 95%3

Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

PARAMETER

QUALITY DIMENSION1
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Table 6.1: Guidelines for Hydrometeorological & Hydraulic Field Measurement Instrumentation (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Accuracy Precision6
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m
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Availability
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Reporting Frequency & Timeliness

Gate Position
±0.5 feet
Reported resolution=0.01 feet
Gate position range: 0-75/0-550 inches

±0.02% full stroke N/A

Reliability:
24 months critical sites
18 months non-critical sites
Maintainability2:
24 hours critical sites
72 hours non-critical sites

95%3
Reporting Frequency: 4 samples per hour
Timeliness: max 15-minute real time delay
Timeliness: max 1 day post-process delay

Pump RPM*
±25 RPM
Reported resolution=1 RPM
Pump RPM range: 0-3,000 RPMs

N/A 10 samples 
per second

Reliability:
24 months critical sites
18 months non-critical sites
Maintainability2:
24 hours critical sites
72 hours non-critical sites

95%3
Reporting Frequency: 1-360 samples per hour
Timeliness: max 15-minute real-time delay
Timeliness: max 1 day post-process delay

Computed Flows

Uncertainy limits (95% C.I.)5: 
    Inland spillways ±10%
    Culvert ±15%
    Pumps ±15%

Velocity 
instruments: 
±0.01 ft/s;
varies with 

instrument type

4 flow records 
per hour 

(real-time 
operations)

Reliability: 18 months
Maintainability2:
24 hours critical sites
72 hours non-critical sites

95%3

Reporting Frequency: 4 flow records per hour 
(real-time operations)
Timeliness: max 15-minute real-time delay
Timeliness: max 15 days post-process delay

PARAMETER

QUALITY DIMENSION1

5 Accuracy is correlated with flow; figures assume head differentials in the order of magnitude of 0.20 feet or higher
6 Values from CERP (2007)

1A definition for each Quality Dimension is available in SFWMD, 2009.

3The percentage of a site's reported samples actually received

2 Mean time to repair 95% of incidents

*This standard applies to diesel pumps only

µmol/m2/s - microMols per square meter per second
kw/m2 - kilowatts per square meter

±0.05 feet 
Reported resolution=0.01 feet 
Gate position range: 0-75/0-550 inches 
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6.7 Procedures 

6.7.1 QA/QC Guidelines for Data Management 

The SFWMD and other agencies hydrologic and meteorological monitoring networks include the 
collection of several data elements, (i.e., rainfall, measurements of surface and groundwater 
levels, streamgauging, atmospheric pressure, wind speed and direction, atmospheric temperature 
and moisture, evaporation, solar radiation). These agencies require accurate data collection, 
processing and archival of the data collected by the hydrology monitoring network for many 
purposes. There is a constant need to add new stations/sites with instrumentation for hydrologic 
data collection.  

The optimization and/or design of the monitoring networks involve consideration of the 
following elements: 

• Purpose or objective of monitoring; 

• Total optimal number of monitoring stations (or points) needed; 

• Locations of the monitoring stations (spatial distribution); 

• Sensor(s) needed for the monitoring station; and 

• Frequency of data sampling needed at the monitoring station (temporal distribution). 

Criteria for optimal locations for sampling would vary with the hydrologic parameter that is 
under consideration. For example, the criteria used for rain gauge location would be different 
than the criteria used for locating flow sites.  

The overall goal of guidelines and standard protocols is to create a high quality database that is 
characterized by accuracy, precision, availability, reliability, maintainability, completeness and 
timeliness. The guidelines and standard protocols are developed for the measurement of the 
following hydrologic parameters and take into account factors such as instrumentation; 
resolution; precision; accuracy; calibration/recalibration specifications; field checks, datum, and 
collection frequency.  

• Rainfall - determining rainfall gauge type, sitting, measurement standards, inspection, 
and maintenance.  

• Stage and water levels (headwater, tailwater, groundwater, surface water). 

• Solar radiation, air temperature, atmospheric pressure, water surface temperature, wind 
velocity, and relative humidity to compute evaporation and evapotranspiration. 

• Pan evaporation measurements. 

• Flow or discharge at control structures, necessary for flood prediction and control and for 
management of water supply and water quality impact assessment, which must take into 
consideration velocity, cross-sectional area, and pump revolutions per minute (rpm). 
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6.7.2 Meteorological Monitoring 

Meteorological (weather) monitoring contains information about measurements of rainfall, air 
temperature, barometric pressure, relative humidity, solar radiation (net, photoactive and total), 
wind direction, gust, speed, vector direction and vector magnitude, pan evaporation, and soil 
temperature and moisture.  

The SFWMD and other agencies weather stations are valuable in providing monitoring and 
prediction in the following areas: 

• Evapotranspiration; 

• Hurricanes/tropical storms;  

• Soil dryness and associated wildfire conditions; 

• Wet/dry season monitoring; 

• Rainfall driven water management decisions and actions; 

• Ecosystem and species monitoring; 

• Surface/ground water monitoring and responses to rainfall events; and 

• Monitoring the effects of climate change, sea level rise, rainfall patterns, etc. 

Various meteorological instruments may be used, and the measured data input into the remote 
terminal unit (RTU/dataloggers). The uncertainty with which a meteorological variable should be 
measured varies with the specific purpose for which the measurement is required. In general, the 
limits of performance of a measuring device or system will be determined by the variability of 
the parameter to be measured on the spatial and temporal scales appropriate to the application. 

Refer to the following reference information: 

• Office of Surface Water (OSW) Technology Memo No. 2006.01, Collection, Quality 
Assurance, and Presentation of Precipitation Data. 

• WMO, World Meteorological Organization, Guide to Hydrological Practices, No. 168. 
http://ftp.wmo.int/e-catalog/index_en.php?q=hydrological 

• Technical Publication SJ92-1, Volume 2, of the Lower St. Johns River Basin 
Reconnaissance, Surface Water Hydrology, M. Bergman, 1992. 
http://www.sjrwmd.com/technicalreports/pdfs/TP/SJ92-1.pdf 

• SFWMD, Q204 QA/QC of Meteorological and Evapotranspiration (ET) Data Procedures 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 

https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

• ISO, International Organization for Standardization, ISO 9001:2008 standards. 
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• WMO, World Meteorological Organization, Guide to Meteorological Instruments and 
Methods of Observation, Seventh Edition, WMO-No.8. 
http://www.wmo.int/pages/prog/www/IMOP/publications/CIMO-
Guide/CIMO%20Guide%207th%20Edition,%202008/CIMO_Guide-7th_Edition-
2008.pdf 

 

6.7.3 Rainfall Monitoring 

Rainfall is the amount of water that has fallen to the ground as precipitation and is reported by 
SFWMD in inches. Daily precipitation varies even within a radius of a few miles, particularly in 
locations and seasons where meteorology is dominated by convective thunderstorms. The greater 
the distance from a site, the greater deviation in precipitation pattern. Precipitation measurements 
should be compared within geographically similar regions. 

Rainfall may be measured by a combination of radar/satellite data from national networks to 
complement rainfall readings taken at standard and automatically recording gauges for areal 
analyses. These data are input to much-used regional maps and information printouts. The most 
prominent methods are the in-situ ground based rain gauges, and remote-sensing methods 
(ground based radar and satellite based instruments).  

Rain gauges and radars are difficult to compare directly because they measure the same physical 
process in two fundamentally different ways. Rain gauges essentially sample rainfall at a “point” 
location. Radar does not measure rainfall rate but uses theoretical concepts to estimate the 
spatially distributed average rainfall measurement. Rain gauge accumulations are used to 
calibrate the radar rainfall estimates. However, radar rainfall estimates are extremely useful 
because the radar image provides spatial patterns of rainfall, whereas rain gauges are only point 
measurements.  

There are many sources of rain gauges available, such as: the weighing type, the float type, and 
the tipping-bucket type coupled with electronic dataloggers that record precipitation amounts 
every 5 to 15 minutes. The measurement accuracy of precipitation is dependent upon the specific 
purpose of the measurement.  

Typically, rain gauges can measure rainfall totals to the nearest one-hundredth of an inch and to 
the nearest one millimeter. Sampling frequency is project-dependent, and may range from 5-
minute to one-day totals. Many variables affect the accuracy of rain gauges, including the choice 
of site, the form and exposure of the measuring gauge, the prevention of loss by evaporation, the 
effects of wind and splashing, replacing broken equipment, moving the gauge due to 
maintenance or vegetation growth, the size of the tipping bucket, tip time, gauge height, and 
initial gauge calibration. Also, rain gauge measurements taken by identical gauges located a few 
feet apart have experienced differences as much as 20%. 

For guidelines in collecting, processing, presenting, and archiving precipitation data refer to the 
following references. 

• Office of Surface Water (OSW) Technology Memo No. 2006.01, Collection, Quality 
Assurance, and Presentation of Precipitation Data. 
http://water.usgs.gov/admin/memo/SW/sw06.012_Revised_122009.pdf 
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• WMO, World Meteorological Organization, Guide to Hydrological Practices, No. 168. 
http://ftp.wmo.int/e-catalog/index_en.php?q=hydrological 

• SFWMD, Q202 QA/QC of Rainfall Data Procedures. 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 
https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 
 

6.7.4 Hydrologic Monitoring 

The SFWMD and other agencies hydrologic monitoring networks provide near-real-time 
surface-water-level stages, groundwater elevations, and water surface modeling to aid scientists 
and managers with current data for use in the assessment of ecological information. 

6.7.4.1 Surface Water Stage 

Accurate surface water (stage) level data are needed by research scientists in regional modeling 
development, by ecologists in monitoring the health of the ecosystem and species, and by water 
managers for operational decisions (i.e., gate openings and pump activity). These data are also 
indispensable for estimating flow at hydraulic (water control) structures and other SFWMD 
flow-monitoring sites.  

Surface water levels are typically recorded in canals, lakes, rivers, and wetlands. Lake stages can 
vary over a wide range of time scales, from short-term, storm-related rises over a period of days, 
to long-term fluctuations caused by seasonal variations during the year. Water levels in Florida 
lakes, though driven by inflows (rainfall, runoff, and ground-water seepage), ultimately are 
determined by out-flows. In drainage lakes, outflows generally increase and decrease rapidly 
with small changes in water levels. Precipitation (rainfall) is probably the single greatest driving 
factor affecting water levels in lakes. When rain falling on the surface of a lake exceeds outflows 
from the lake, an increase in the volume of water in the lake causes a rise in water levels. A lack 
of rainfall causes lake levels to fall because water losses (from evaporation and pumping from 
the lake) are not balanced by inflows from rainfall.  

Surface water stage is defined as the height (elevation) of the water surface above an established 
datum. Stage also refers to headwater (upstream), and tailwater (downstream) water levels at a 
control structure. Stage is usually expressed in units of feet above the established datum (or point 
of reference). There are two vertical datums currently used in Florida: the National Geodetic 
Vertical Datum of 1929 (NGVD29), and the North American Vertical Datum of 1988 
(NAVD88). SFWMD and other agencies have decided to upgrade from the NGVD29 and move 
to the more accurate elevation standard called the NAVD88.  

Water level measurements can be measured using a variety of methods (i.e., non-recording and 
recording). One common approach is through the use of a stilling well in a river bank to reduce 
errors induced by surges and wind wave action. Water from the river enters and leaves the 
stilling well through underwater pipes allowing the water surface in the stilling well to be at the 
same elevation as the water surface in the river. The stage is then measured inside the stilling 
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well using a float or a pressure, optic, or acoustic sensor. The measured stage value is stored in a 
remote-terminal unit (RTU/dataloggers) on a regular interval, usually every 15 minutes. Surface 
water levels in a water body are influenced by the size of the contributing drainage basin, amount 
of precipitation in the basin, and inflow from groundwater withdrawals and groundwater 
recharge. Stage is often measured relative to a fixed point using a staff gauge. The vertical staff 
gauge is used in the stilling well as a reference gauge or in the river (stream) as an outside gauge. 

For additional information refer to the following: 

• USGS Water Resources, Florida Annual Water Data Report, http://wdr.water.usgs.gov/ 

• USGS Everglades Depth Estimation Network, http://sofia.usgs.gov/eden/ 

• SFWMD, Q201 QA/QC of Stage Data Procedures. 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 

https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

 

6.7.4.2 Groundwater Level Monitoring 

The SFWMD, USACE, and various agencies jointly manage and fund an extensive groundwater 
monitoring well network in Central and South Florida to assess regional groundwater conditions. 
The wells penetrate the principal aquifer systems in Florida. The principal aquifers monitored are 
the Floridan Aquifer System (FAS), Intermediate Aquifer System (IAS), and the Surficial 
Aquifer System (SAS). An aquifer is a layer or a combination of several layers of permeable 
soils or rocks that yield usable quantities of water. Water-level measurements from monitoring 
wells are the principal source of information about aquifers and groundwater recharge, storage, 
and discharge. 

Groundwater elevations in the unconfined Surficial Aquifer vary from being very close to the 
land surface (top of the water table) near Lake Okeechobee and in wetlands to being farther 
below the ground surface in areas with higher ground elevations. The SAS is directly connected 
to (and influenced by) surface water variations such as canal stages, precipitation, and 
evapotranspiration. Active monitoring wells automatically record water-levels on continuous 15-
minute, monthly, or greater than 1-month intervals. Water-quality samples are taken manually at 
the monitoring well head. Groundwater level (head) for the water table (unconfined) aquifer is 
simply the elevation of the upper surface that indicates the uppermost extent of groundwater, and 
is usually expressed in units of feet or meters above an established datum. The reference 
elevation is a measuring point that represents the elevation of the top of the well casing or 
transducer in the well relative to the location of a datum or benchmark. 

The Floridan Aquifer System (FAS) is one of the highest producing aquifers in the world and 
underlies south Florida. Although the FAS are a confined artesian aquifer, not all wells that 
penetrate the FAS are artesian wells (i.e., free flowing at land surface). Because salt water is 
denser than freshwater, the wells penetrating the lower FAS are referred to as static wells. The 
Intermediate Aquifer System (IAS) lies between the FAS and the SAS and is only present in 
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southwestern Florida. This is a confined aquifer system (like the FAS) and consists of one or 
more water-bearing units separated by confining units. For wells in a confined artesian aquifer, 
such as the FAS, the groundwater is under pressure so the groundwater level (head) is measured 
in pounds per square inch (psi) and is then converted to feet. This elevation corresponds to 
pressure at the transducer in feet of fresh water (1 psi = 2.31 ft of fresh water). If the hydraulic 
head in the confined aquifer is above the land surface, this calculated fresh water elevation is 
added to the elevation of the transducer (usually placed on top of the well). 

Groundwater monitoring wells are constructed to accommodate various means of water-level 
measurement, including floats for mechanically operated, continuous water level recorders, 
slender sensors for submergence in static wells, or a screw-on sensor that can be attached to the 
outside of flowing artesian wells. Groundwater wells range in size from 2-inches to over 
36-inches in diameter. The actual accuracy and precision of groundwater level measurements 
depends on the type of instrumentation used. There are several types of water level measuring 
devices available, but the two basic types are recording and non-recording. Recording type 
instruments keep track of groundwater levels at preset intervals and non-recording gauges 
require a field observer to read head elevation from a gauge.  

Site selection conditions and characteristics can affect data collected from a monitoring well, or 
can produce an intended or unintended bias in interpreting the data being collected. Site selection 
is influenced by the purpose of the monitoring well as to whether it is intended for collecting 
water levels, water quality data or geophysical logs. Both the physical aspects of the monitoring 
well system and the sensor itself must meet accuracy requirements. Two task categories are 
needed to fulfill accuracy and precision requirements: (1) installation with high workmanship 
standards, and (2) maintenance and calibration by an experienced field technician.  

The reasons for groundwater level data problems and data changes are varied. The most common 
are datum adjustments (reference elevation changes) and instrumentation problems (missing 
data, equipment malfunctions, etc). 

For additional information on groundwater monitoring refer to the following: 

• FDEP Guidance for Groundwater Monitoring Plan (2008).  

• SFWMD, Q205 QA/QC of Groundwater Data Procedures. 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 

https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

 

6.7.5 Datum 

Elevations used to describe water levels throughout the databases are derived from monuments 
set in the ground, which have been assigned an elevation based on measurements against a 
vertical datum. A vertical datum is a set of constants that defines a system for comparisons of 
elevations. A vertical datum is important because all elevations need to be referenced to the same 
system. Otherwise, surveys using different datums would have different elevations for the same 
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point. The two standards in use nationwide are the National Geodetic Vertical Datum of 1929 
(NGVD29) and the North American Vertical Datum of 1988 (NAVD88). Historically, SFWMD 
and other agencies have referenced the National Geodetic Vertical Datum of 1929 (NGVD29). 

However, as a result of advances in technology, an updated vertical datum was created and has 
been officially adopted by the Federal Government as a new basis for measuring heights: the 
North American Vertical Datum of 1988 (NAVD88). The North American Vertical Datum of 
1988 (NAVD88) is more compatible with modern surveying and mapping technologies like 
Global Positioning Systems (GPS). It is also more accurate than the previous national vertical 
datum, NGVD29, which is no longer supported by the Federal Government. All data collection 
for the CERP project shall be based on survey monuments set for NAVD88 datum. All 
monitoring wells and gauging stations will be tied-in to the new monuments to ensure systems 
connectivity. 

Refer to the following references: 

• QASR Chapter 9 Section 9.7.3.3. 

• CERP Guidance Memorandum (CGM) 28 addresses Technical Specifications for CERP 
Geographical Information (GIS). 

• CERP Guidance Memorandum (CGM) 36 addresses Vertical Datum Standards for 
CERP. 

A vertical reference benchmark should be located within site of a stilling well or groundwater 
well according to the requirements for vertical control. The same benchmark will be used for all 
surveys. Providing an accurate vertical reference is perhaps the most important aspect in 
hydrometeorologic and hydraulics monitoring. This is especially critical on river and harbor 
navigation projects that are subject to varying tidal phase and range, sloping river stage, and 
uncertain vertical network benchmark accuracies. Periodically, the station datum must be 
resurveyed to check for movement of any of the structures because of geologic changes to the 
surface of the earth, these changes are due to subsidence and uplift or gradual changes in sea 
level. 

6.7.6 Surface Water Flow Monitoring 

The SFWMD, USACE, USGS, and other agencies operate and maintain active surface water 
flow monitoring sites that provide instantaneous 15-minute intervals and mean daily flow data. 
These sites include pump stations, spillways, culverts, weirs, and open channel measurements. 
Flow values are either measured or derived from instantaneous headwater and tailwater levels 
(i.e., stage data, measured at every structure and pertinent operating control information such as 
pump speed or spillway gate opening conditions). Accurate flow or discharge estimates are 
essential elements of water resource planning, development and management. The amount of 
surface water that moves through a location per unit of time is usually expressed in cubic feet per 
second (cfs) or cubic meters per second (cms).  

The rate of flow will change based on the elevation of the water surface, amount of water and 
size of the water body. (i.e., canal, river, lake or stream). Flow also refers to the volume 
discharge of water through a given point in a channel or through a water control structure. 
SFWMD structures (spillways, culverts, pumps, weirs, flumes, or a combination of them) are 
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typically designed to operate under a combination of water levels (stages) and operating 
conditions, which in turn result in different flow conditions. To measure flow through SFWMD 
structures, standard parameters are established for each structure. These parameters include 
water levels, gate opening conditions, and pump speed. The best practices for field flow 
measurements vary with the monitored site and specific instrumentation.  

Since continuous measurement of flow (discharge) is not usually feasible, records of discharge 
are estimated from relationships between stage and periodic discharge measurements. Many 
discharge measurements are necessary at a new site to define the stage-discharge relationship 
throughout the entire range of the stage. Periodic measurements are then necessary to define 
changes in the stage-discharge relationship. Field flow measurements of discharge may be made 
with a current meter or acoustic Doppler current profiler (ADCP), acoustic Doppler flow meter 
(ADFM), acoustic Doppler velocity meter (ADV), or ultrasonic velocity meter (UVM) at water 
control structures for the purpose of developing, calibrating and validating discharge rating 
equations.  

Streamgauging and hydraulics engineers assist in identifying data needs, performing quality 
assurance/quality control of new field data collected for the purpose of reviewing, improving and 
verifying existing ratings, or developing new ratings at new sites.  

The following measurements are performed: 

• Compare flow measurements to existing rating equations and identify the need for new 
rating equations. 

• Perform rating analysis using discharge measurements and provide flow computation 
recommendations. 

• Provide QA/QC of all parameters used in flow computation at water control structures. 

• Summarize all activities pertaining to field flow measurements, rating analysis, and flow 
data QA/QC in reports. 

The reasons for flow data problems and data changes are varied; among them are datum 
adjustments (reference elevation changes), flow rating improvements, software changes, and 
structure reconfiguration. 

General flow measurement methods are described in standard textbooks, USGS Water-Supply 
Paper 2175, and the Techniques of Water-Resources Investigations of the United States 
Geological Survey (TWRIs); in Chapters A1 through A19 of Book 3, and Chapters A2 and B2 of 
Book 8. These may be accessed from http://water.usgs.gov/pubs/twri/. The methods are 
consistent with the American Society for Testing and Materials (ASTM) standards and generally 
follow the standards of the International Organization for Standards (ISO). 

Table 6.2 lists the manufacturers’ specifications for most of the types of instruments currently 
used by SFWMD and other agencies. The values listed in the table represent the minimum 
requirements of accuracy expected from any measurement device for field flow measurements. 
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Table 6.2: Specifications of Typical Acoustic Instrumentation Used for Direct or Indirect Field Flow Measurements. 
 

Instrument Application Architecture and Operation 
Principles Accuracy Velocity 

Resolution 

Full Description and 
Additional Specifications 

Available at 
ADCP Measurements of Discharge 

and Velocity in open channels 
Four-transducer, monostatic 
broad-band acoustic current 
Doppler profiler 

Velocity: ±0.25% of (water + boat) 
velocity ± 2.5mm/s 

1mm/s 
 

http://www.rdinstruments.com 

ADP Measurements of Discharge 
and Velocity in open channels 

Three-transducer, monostatic 
narrow-band acoustic current 
Doppler profiler 

Velocity: ±1% of (water + boat) 
velocity ± 5mm/s 

1mm/s 
 

http://www.sontek.com 

Boggie-
Dopp 

Measurements of Discharge 
and Velocity in open channels 

Two-transducer, monostatic 
narrow-band acoustic current 
Doppler profiler 

± 0.5% ± 0.01 ft/s (0.003 m/s) N/A http://www.nortekusa.com 

ADV 1) Point velocity measurements 
in a wide variety of 
measurement environments.  
2) Turbulence measurements 

Four-transducer, bistatic acoustic 
Doppler point velocity meter 

Velocity: ±1% of measured velocity, ± 
2.5mm/s 

0.1mm/s 
 

http://www.sontek.com 

NDV 1) Point velocity measurements 
in a wide variety of 
measurement environments.  
2) Turbulence measurements 

Four-transducer, biostatic acoustic 
current Doppler profiler 

Velocity: ±0.5% of measured velocity 0.1 mm/s http://www.nortekusa.com 

Flow-
Tracker 

Point velocity meter for 
discharge measurements in 
shallow streams  

Three- or two-transducer, biostatic 
acoustic Doppler point velocity 
meter 

Velocity: ±1% of measured velocity, ± 
1mm/s  

0.1 mm/s http://www.sontek.com 

ADFM Open-channel and pipe flow and 
stage measurements in closed 
conduits and flow and stage in 
narrow channels 

Five-transducer, monostatic 
narrow-band acoustic Doppler flow 
and stage meter. 

Flow: 2% of reading 
Velocity: 0.5% ± 0.01 ft/s of reading 
Stage:  

1mm/s 
 

http://www.mgdinc.com 

Argonaut SL Index-velocity and stage 
measurements in open 
channels 

Two-transducer, monostatic 
narrow-band acoustic Doppler flow 
and stage meter 

Velocity: ±1% of (water + boat) 
velocity ± 5mm/s 

1mm/s 
 

http://www.sontek.com 

EasyQ Index-velocity and stage 
measurements in open 
channels 

Two-transducer, monostatic 
narrow-band acoustic Doppler flow 
and stage meter 

Velocity: ±1% of measured value ± 0.5 
cm/s 
Stage: 3 mm 

N/A 
 
1 mm 

http://www.nortekusa.com 

UVM Index-velocity measurements in 
open channels and culverts 

Two-transducer, time-of travel 
acoustic flow and stage meter 

Velocity: ±1%  
Stage: ± 2 mm 

1mm/s 
N/A 

http://www.affra.com 
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6.8 Quality Assurance and Quality Control 

Quality Assurance (QA) is an integrated system of management activities involving planning, 
implementation, documentation, assessment, reporting, and quality improvement to ensure that a 
process, is of the type and quality needed and expected by the customer. Quality Control (QC) is 
the system of technical activities that measures the performance of a process against defined 
standards set by the customer. A well-defined system of QA/QC practices and standard operating 
procedures (SOPs) is critical for ensuring that the data resulting from the collection and analysis 
of hydrologic and meteorologic parameters and measurements are of the appropriate type and 
quality and are scientifically (and legally) sound and defensible. 

6.8.1 Quality Control Requirements and Procedures 

All data are subject to a QA/QC review and validation as specified in the CERP QASR Manual 
Chapter 10, Information and Data Management. Specific verification and validation procedures 
are defined for each monitoring activity described in the QASR Manual.  

For information on QA/QC of hydrometeorological and hydraulic data refer to the following: 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 
https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

• FDEP 2008. Quality Assurance Rule, Chapter 62-160.240 and 62-160.340. Available at: 
http://www.dep.state.fl.us/legal/Rules/general/62-160/62-160.pdf 
 

6.9 Data Collection 

Data collection is the process of gathering data by automated recording, telemetry, or other 
means. Data collection involves obtaining a direct field measurement at a particular point in 
space and time from the ecosystem components being monitored. The results of the data 
collection process include measurements, observations, and instrument readings. Data collected 
for CERP projects are usually processed, documented, organized, and archived to meet the 
particular requirements of the project that collected the data. Even though data will be collected 
for CERP projects, data must also be collected according to existing documented practices and 
standard operating procedures (SOPs). Even data determined to be unusable for a particular 
CERP project’s objectives could be invaluable for a future project if the information was 
properly documented and stored. Incomplete data documentation in computer databases and 
paper files limits the utility of the data collected. 

6.10 Data Management 

Data management involves the transfer and storage of field measurements and sample data 
obtained from data collection activities. The major function of data management is to provide 
efficient access to the collected data and related information (i.e., historical trends data, research 
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data, model outputs, data summaries). Data management for monitoring activities is described in 
the following documents: 

• CERP Guidance Memorandum, CGM 40 Data Management, May 2008. 

• QASR Chapter 10 – Information and Data Management. 

• SFWMD Scientific Data Management Procedures, September 2008. 

6.11 Raw Data 

For the purposes of this manual, raw data are defined as any of the list of hydrometeorological or 
hydraulic parameters that has been collected from a field data installation location. The method 
of collection can vary from random periodic distance-to-water readings to satellite-based 
collection platforms reporting data values on a real-time basis. In order to be considered as raw 
data, the data must not have been altered in any fashion by manual or electronic means after the 
values were first recorded. Data measurement of hydrometeorological or hydraulic parameters 
should take into account factors such as instrumentation, resolution, precision, accuracy, 
calibration/recalibration specification, and field checks, datum, and collection frequency. The 
following units shown in Table 6.3 should be used for hydrometeorological observations. 
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Table 6.3 Raw Data Types and Units of Measurement 

Parameter, Attribute or Condition Measured Unit of Measurement 

Air Temperature – the temperature of the Earth’s atmosphere close to the ground. Air temperature is the 
physical property that underlies the common notions of hot and cold. 

Degrees Fahrenheit (oF) or 
degrees Celsius (oC) 

Barometric Pressure – the weight of the air pressing down on the Earth, the ocean and on the air below 
causes air pressure. Barometric pressure is often also referred to as atmospheric pressure.  

Millimeters of Mercury 
(mm/Hg) or inches of 
mercury (in/Hg) 

Evapotranspiration (ET) – is the sum of evaporation and plant transpiration from the Earth’s land surface 
to the atmosphere. Evapotranspiration cannot be measured directly. ET is estimated using several 
independent methods (i.e., soil moisture balance, the Penman-Montieth combination equations, and 
evaporation pan). Remote sensing-based ET estimations using the surface energy budget equation are 
proven to be one of the most recently accepted techniques for areal ET estimation covering larger areas. 

Inches (in) per unit time 

Flow/discharge (derived) – is the total volume of water per unit of time passing through a water control 
structure, pump, or through a cross-section of a conduit or open channel. 

Cubic feet per second (cfs) 
 

Gate Operations (open, closed) – systems to allow the flow of water in a single direction. A gate is a 
control device installed at water control structures for controlling the rate of water discharge (flow) into or 
from a canal and/or water body.  

Feet (ft) 
 
 

Net Radiation – is the difference between total upward and downward radiation fluxes and is a measure of 
the energy available at the ground surface. Instruments that directly measure net radiation are known as net 
radiometers. 

kiloWatts per square-meter 
(kW·m-2) 

Pan Evaporation – evaporation is a physical process by which water is changed from a liquid to a gaseous 
state. Pan evaporation is a manual observation; evaporation is measured using a pan of fixed size and 
performing a water balance or budget for the pan daily. 

Inches (in) per day 

Photosynthetically Active Radiation (PAR) – spectral range (wave band) of solar radiation for 400 to 700 
nanometers that photosynthetic organisms are able to use in the process of photosynthesis. 

Micro Moles/s/m2 

Potential Evapotranspiration (PET) – is a measure of the ability of the atmosphere to remove water from 
the surface through the process of transpiration and evaporation assuming no control on water supply. PET 
is common input for hydrologic models. 

Inches (in) 

Pump Operations (off or pumping) – SFWMD operates pumping stations to move water through Central 
and South Florida for water supply and flood protection. Water levels upstream and downstream of pump 
stations, along with pump speed (RPM) for diesel powered pumps are used to calculate discharge. 

Revolutions per minute (rpm) 

Rainfall (precipitation) – condensation of atmospheric water vapor that is pulled down by gravity and 
deposited on the Earth’s surface. 

Inches (in) 

Relative Humidity – the amount of water vapor that exists in a gaseous mixture of air and water vapor. Percent (%) 

Stage (headwater, tailwater, groundwater, surface water) Feet (ft NAVD88)  

Total Solar Radiation – measurement of solar radiation energy received on a given surface area in a given 
time. 

kiloWatts per square-meter 
(kW·m-2) 

Vector Wind Direction – wind vectors indicate wind direction and speed. Degrees clockwise from 
North 

Vector Wind Speed – vectors are defined as quantities that include both speed (magnitude) and direction.  Miles-per-hour (mph) 

Wind Direction (scalar) – the wind direction is a circular function with values between 1 and 360 degrees. 
Wind data are stored as separate grids of speed and direction. Wind direction (scalar) quantities do not 
include wind speed. They include the direction only, and are represented by a single number. 

Degrees clockwise from 
North 

Wind Gust – is a sudden, brief increase in speed of the wind. Miles-per-hour (mph) 

Wind Speed (scalar) – scalar quantities do not include direction. They include the magnitude only, and are 
represented by a single number. 

Miles-per-hour (mph) 
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6.12 Data Processing 

Data processing should be approached with the same high accuracy standards for all 
sites/stations regardless of mandate or permit conditions. Flow and meteorological data must be 
summarized or derived through review, analysis, and interpretation before they can be placed in 
any meaningful context, then published. Data processing involves multiple steps: (1) data 
retrieval, (2) data review, (3) data verification and validation, (4) data analysis of raw time-series 
data to ensure data quality in support of environmental monitoring and assessment activities, (5) 
interpretation of analysis, and (6) archival. Many of these procedures and processes are 
automated. Databases have been developed which provide for the storage and extraction of 
preliminary time-series data for further inspection. Once data is extracted it goes through a 
graphical verification application software tool which provides analysts with a graphical user 
interface in which to plot, edit, apply quality tags and comments, and validate the data (i.e., steps 
1-5). The graphical verification application is used for the validation of the data. Once data have 
undergone analysis, it can be uploaded into the DBHYDRO environmental database and 
published.  

6.13 The Need for Consistent Validation Techniques 
However, not all agencies have the same kind of automated process. Some set of prescribed 
procedures should be used to determine the validity of all data received into the data 
management system. Validation can vary from simple data collection location verification and 
maximum/minimum range-checking to robust business rules, and automated data pre-processing. 
The difference between choosing one validation scheme over another depends upon available 
resources. For small volumes of data, a system consisting of manual review of control 
information and random data value checking might be sufficient. For larger volumes of data, an 
automated system that performs a set of binary validation procedures based on a set of rigid 
business rules may be more efficient. 

6.13.1 Data Analysis 
Hydrologic data reporting and analysis depend on the intended use of the data and may vary 
greatly. Often, water-resources data are simply tabulated and recorded in a paper file or 
electronic database. Simple tabulation is useful in determining average and extreme (minimum 
and maximum) conditions but does not easily reveal changes caused by seasonal and annual 
variation in precipitation, water use, or other hydrologic stresses (Taylor and Alley, 2001).  A 
variety of data analysis techniques, including many graphical approaches, comparisons of nearby 
(vicinity) sites, and simple statistical applications, can be used to reveal changes in the status of 
water resources. In addition, spatial and temporal trends in the data should be explored. Data 
collected under the long-term ecosystem monitoring should be analyzed for these spatial and 
temporal trends in order to meet the goals of the monitoring program. 

6.13.2 Validated Data Publication 
Processed data are archived into two different databases. Breakpoint data are stored in the data 
processing database, while daily summary and 15-minute data are published in the SFWMD 
environmental database, DBHYDRO. Validated data can be made available in either breakpoint 
(random interval, instantaneous) or summary form. Most users would take the option of having 
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both forms available, but summary data are preferred because working with them is less 
cumbersome than breakpoint data. Summary data can take the form of mean or average daily 
values, total daily values, minimum daily values or maximum daily values. With meteorological 
measurements such as rainfall, only total daily summary values may be practical. After data have 
been validated and all data anomalies have been investigated and resolved, the data will be 
loaded into DBHYDRO and be available for dissemination to users. 

6.14 Archiving 
All records in the CERP database, file system, or Document Management System, as well as 
CDs and tape back-ups, must be retained indefinitely. Records that are stored only on electronic 
media must be supported by the hardware. The archive file is organized to provide a logical 
grouping of related data. The following documents must be archived in electronic and hard copy 
formats: 

• Environmental/scientific Data 

• Training and Personnel Qualification 

• Instrument types and locations 

• Data Measurement SOPs 

• Data Management SOPs 

• QAPPs and/or MPs 

• Validation Procedures/ SOPs 

• Data Change SOPs 

• Audit Reviews 

Organizations that perform DQA for CERP must document the process using a standard 
operating procedure. Alternatively, the MP or QAPP must include a detailed discussion of the 
process.  

Refer to the following technical documents: 

• QASR, Chapter 10, Information and Data Management. 

• USACE Engineering and Design: Hydrometeorological Data Management and 
Archiving, ER 1110-2-8155, (July 1996); http://140.194.76.129/publications/eng-
regs/er1110-2-8155/toc.htm 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 
https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

Storage and retention requirements must be examined periodically. Assessment reviews will 
enhance the process for storing, retrieving, and accessing the data by identifying quality control 
checks, feedback loops, and any other information that affect the data. 
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6.14.1 Data 
Hydrometeorological and hydraulic operational data shall be organized into raw archive files 
and processed archive files. Raw and processed data will each be partitioned into separate 
archive files by geographic region, calendar year, and data category (i.e., time-series data and 
operational data). Data assessment and evaluation activities must be documented. Any 
assumptions, troubleshooting, communications, and other relevant documents and records must 
be maintained with the project files. These records must be organized to allow reconstruction of 
the process and results. The identity of the individual(s) and organization that performed the 
assessment must be clearly noted on the documents. The procedure used for analyzing and 
assessing the data must be documented.  

Refer to the following references: 

• Engineering and Design Hydrometeorological Data Management and Archiving, USACE 
ER 1110-2-8155 (31 July 1996). http://140.194.76.129/publications/eng-regs/er1110-2-
8155/basdoc.pdf 

• Guidelines for Quality Control and Quality Assurance of Hydrologic and Meteorologic 
Data – Volume 2: Data Management (1999) prepared by the St. Johns River, South 
Florida, Southwest Florida and Suwannee River Water Management Districts. 

• SFWMD 2008. Chapter 2 - Appendix 2-1: Hydrologic Monitoring Network of South 
Florida Water Management District. Redfield, G., Ed. In: South Florida Environmental 
Report. South Florida Water Management District. West Palm Beach, Florida. 
https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/portlet_sfer/tab2236041/vol
ume1/appendices/v1_app_2-1.pdf 

6.14.2 Data Change 
Any changes to hydrologic data, including errors in calculations, and changes in site locations, 
must be explained, dated, and initiated through a corporately approved documented notification 
procedure. The change procedure should follow standards established by the organization 
managing the data. 

6.15 Auditing Assessment 

Audits are designed to ensure that all tasks described in the policy and supporting procedures are 
being performed. Audits are documented quality-assurance activities performed to determine 
compliance with the policy and associated documents and the effectiveness of their 
implementation. Audits include observing and validating streamgauging data-collection 
activities, hydrometeorological data collection activities, data processing activities, archival 
activities, and post-processing QA/QC activities. Audits are also performed to determine if the 
project team is producing the correct/right amount of data in the time frame required by our 
customers. 

6.15.1 QA Program Audits 

QAOT will conduct QA Program audits to: (1) randomly assess conformance and effectiveness 
of review criteria and procedures as specified in the QASR; (2) perform random reviews of 
QAPPs, MPs, and SOWs and assess conformance to procedures and requirements; (3) randomly 
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select and review audit reports submitted by QA Officers; (4) review project audit documents 
and perform random audits of conformance to CERP monitoring and QA/QC requirements; and 
(5) address issues identified by project audit results and provide guidance and recommendations 
for resolution. 

6.15.2 Documentation and Records 

Data assessment and evaluation activities must be documented. Any assumptions, 
troubleshooting, communications, and other relevant documents and records must be maintained 
with the project files. These records must be organized to allow reconstruction of the process and 
results. The identity of the individual(s) and organization that performed the assessment must be 
clearly noted on the documents. The procedure used for analyzing and assessing the data must be 
documented. Organizations that perform DQA for CERP must document the process using a 
standard operating procedure. Alternatively, the MP or QAPP must include a detailed discussion 
of the process.  

Refer to the following technical document: 

• USACE Engineering and Design: Hydrometeorological Data Management and 
Archiving, ER 1110-2-8155, (July 1996); http://140.194.76.129/publications/eng-
regs/er1110-2-8155/toc.htm 
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7.0 SOIL AND SEDIMENT SAMPLING PROCEDURES 

7.1 Purpose 

The purpose of this chapter is to identify and describe procedures and protocols for soil and 
sediment sampling. The chapter is intended to guide and help CERP project personnel and 
authorized contractors who are performing soil or sediment sampling activities related to CERP 
achieve a level of acceptable quality, standardization, and consistency. These soil and sediment 
sampling activities will be performed by multiple entities, including universities, public agencies, 
and private contractors. Data may be used for multiple purposes and will be shared by various 
groups. Therefore, all data must meet a minimum level of quality and completeness to assure 
consistency within the program and to allow effective sharing of data. For these reasons, written 
requirements and guidance are critical so that multiple participants are able to collect the type of 
data needed to achieve the goals of assessing the effect of CERP projects. 

This chapter is not intended to be prescriptive, but is intended to assure that acceptable field 
methods and QA/QC procedures are used when performing environmental investigations. It 
outlines the minimum DQOs and reporting elements required and provides a list of known 
methods. This is intended to be a dynamic document that will be reviewed and updated 
periodically.  

Additional analytical requirements, QA/QC, and data validation protocols are addressed in other 
chapters of the QASR document. Users should be familiar with and apply relevant provisions in 
other chapters of the QASR, as well as other technical documents when preparing project plans, 
identifying data quality elements, validating the data, or making an assessment and inference 
about gathered data. Links to relevant QASR chapters and other technical documents are 
provided throughout this document. 

7.2 Scope 

The goals of this chapter of the QASR are: 

• To guide project personnel, principal investigators, and consultants in data gathering 
protocols and QA/QC activities related to soil and sediment sampling procedures; 

• To promote uniformity and consistency in protocols and achieve comparability in data 
and information collected across projects and among different groups; 

• To identify the minimum data quality and reporting requirements that should be met 
regardless of changes in PIs, project personnel, and methods; 

• To help ensure conformance with applicable local, state, and federal regulations, and 

• To help maintain traceability and verifiability of findings. 

Soil and sediment sampling methods (Appendix 7A) and analyses may include:  

• In situ surveys and physical measurements (Appendix 7B) 

• Collection for laboratory analysis 
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• Ecological Laboratory analyses (Appendix 7C); or 

• Mesocosms, laboratory assays, and controlled studies. 

These studies will provide data and information for a variety of CERP projects in the following 
areas: 

• Monitoring changes in sediment or soil elevation  

• Soil accretion and sediment deposition 

• Monitoring rates of surface accretion  

• Sedimentation rates and vertical accumulation including sediment type 

• Biogeochemistry 

• Redox 

• Oxygen demand  

• Oxygen content 

• Respiration 

• Organic matter decomposition 

• Microbial biomass 

• pH  

• Organic matter 

• Salinity  

• Moisture content 

• Bulk density 

• Marl prairie and slough gradients. 

Specific methods known to be accepted for use in South Florida ecosystems at the time of 
preparation of this manual are included in this chapter. 

7.3 Requirements and Regulations 

7.3.1 Federal Requirements and Regulations 

• CFR, Title 40 

• USACE EM 1110-1-1906 Laboratory Soil Testing  

• USACE EM 1110-2-5027 Confined Disposal of Dredged Material 

• US EPA SOP for Soil Sampling (SOP #2012 Rev. 2/18/00) 

• CGM 42: Toxic Substances Screening Process - Mercury and Pesticides (9/17/2005) 
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7.3.2 State Requirements and Regulations 

• FDEP SOP-001/01 FC1000 Cleaning and Decontamination Procedures 

• FDEP SOP-001/01 FQ 1000 Field Quality Control Requirements 

• FDEP SOP-001/01 FS 3000 Soil Sampling  

• FDEP SOP-001/01 FS 4000 Sediment Sampling 

7.4 Responsibilities  

Key personnel involved in each project share responsibility for maintaining consistency and 
ensuring collection of data of acceptable and verifiable quality through the implementation of a 
QA/QC program. Roles and responsibilities of key personnel are described in Chapter 2, 
Section 2.2 and in Chapter 3, Section 3.4. 

7.5 Training and Safety 

All personnel involved in data collection activities must have the necessary education, 
experience, and skills to perform their duties.  Training activities and demonstration of 
capabilities must be documented.  Chapter 3, Section 3.5 discusses in more detail training and 
safety requirements for field  sampling. 

7.5.1 Occupational Safety and Health Administration and  Environmental Protection 
Agency Regulations 

Refer to Chapter 3, Section 3.5.1. 

7.6 Project Planning and Review 

Refer to the following chapters for guidance and discussion in preparing a Work Plan: 

• Chapter 2, Administrative Procedures: Section 2.6 QAPP and Section 2.7 MP  
• Appendix 2-A, Checklist for Review of the QAPP (EPA-QA/G5) 

7.6.1 Data Quality Objectives 

Typically, soils and sediments are surveyed or sampled to characterize a defined area. 
Variability, which is inherent in soils and sediments, can significantly impact the reliability of 
data generated and conclusions derived from a soil or sediment sampling program. Sources of 
variability should be identified and considered when developing a sampling plan. The nature and 
extent of variability may dictate the number of samples to be collected, the method of collection 
and analysis, the sampling location, and the overall sampling design. Proper selection of 
sampling sites is one way to reduce inherent variability in this type of sampling. The following 
factors should be considered when selecting sampling sites: sampling budget, site accessibility, 
types of equipment, type of sampling and measurements, analytes of interest, depth of sample, 
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volume of sample required, hydrologic pattern, and vegetative communities.  Refer to  
Chapter 2, Section 2.5 DQOs for further details. 

7.6.2 Sampling Strategy 

The primary objective of any soil and sediment survey or sampling program is to collect samples 
or data that are representative of site conditions. Representative samples are collected by 
planning carefully, selecting the appropriate sampling devices, taking measures to avoid 
contamination, using proper procedures, and examining data to determine if they address the 
project objectives. The technical planning process used to develop the sampling strategy is 
critical because of the difficulties in acquiring representative samples, the reduction of action 
levels, and the problems associated with trace level cross-contamination. The sampling strategy 
should follow a rational, scientific approach. A successful sampling strategy requires a logical 
design with enough replicates or samples to allow an evaluation of potential constituents in 
relation to background conditions, vertical extent, horizontal extent, and mobility in various 
media. It is important that a detailed SAP be prepared and available for field personnel to review 
prior to sample collection. 

Sampling strategies are developed by the project team to satisfy project-specific data objectives 
that are identified in the technical planning process. The sampling strategy developed for a 
particular site will influence several project decisions, including, but not limited to, sampling 
locations, sample depths, types of samples, sampling frequency, and analytical protocols. 
Consistent protocols and clarification of key definitions and terminologies is important. For 
instance, the term “surface soil” or “surface layer” may vary depending on the data use. Some 
may define the surface layer as 0-5 cm (0-2 in), while others may define the surface layer as 
0-15 cm (0-6 in). It is critical to clearly define sampling intervals and units in the SAP. In some 
cases it may be beneficial to communicate with other scientists working on similar projects 
and/or locations so that sample intervals, units, and definitions are consistent. This type of pre-
project planning will make future comparisons between data sets much easier and more 
meaningful. 

Sampling strategies may also be significantly influenced by such factors as matrix and 
contaminant characteristics, physical site constraints, safety, and cost. Soil sampling poses a 
variety of challenges due to the natural variability of the media, the lack of understanding of 
migration through the vadose zone, and the logistical problems of sampling at increased depths. 
Additionally, the particle size distribution of the soils must be evaluated. Constituents present on 
a macro-scale are more susceptible to bias during sampling procedures, than constituents found 
on a molecular scale. 

Prior to sample collection, water body characteristics (size, depth, flow) should be recorded in 
the field logbook. Sampling should proceed from downstream locations to upstream locations so 
that disturbance from sampling does not affect sampling quality. Additionally, if surface water 
samples are collected at the same locations as sediment and soil samples, the water samples must 
be collected first. 

In collecting sediment samples from any source, care must be taken to use appropriate sampling 
devices that minimize disturbance and sample loss as the sample is retrieved through the water 
column. If the water above is flowing or is deep, fine sediments may be carried out of the sample 
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during collection and retrieval. This may result in collection of a non-representative sample due 
to the loss of contaminants associated with these fine sediments. 

As with surface water sampling, tidal influence on the water body should be determined, and the 
effect of the tide on the sediment sample collection should be detailed in the sampling plan. 

When using a boat to access the site, the boat should be positioned upstream (if there is flowing 
water) of the desired sample location. As the sampling device is lowered it may be carried 
slightly downstream, depending upon the device used and the force of the flow. The device 
chosen for sample collection in this case will, again, depend upon the depth and flow of the 
liquid above the sample location and the bed characteristics of the surface water. 

If the surface water is shallow and sediment is exposed, wading may be the preferred method for 
reaching the sampling site. If wading is necessary to reach the site, approach the site from 
downstream to minimize disruption of the site. If the water body is too deep, such as in a lake, 
sediment samples may have to be collected using a coring device or by divers. 

The following section includes methods and procedures for the most common sediment and soil 
sampling techniques. For more information, refer to USACE EM 1110-1-1906, EM 1110-2-
5027, Plumb (1981), Mudroch and MacKnight (1991), and Spigolon (1993a, b); and FDEP DEP-
SOP-001/01 FS 3000 and FS 4000 (http://www.dep.state.fl.us/labs/qa/sops.htm). In addition, a 
comparison of the general characteristics of various sediment sampling devices for chemical, 
physical, and biological studies can be found in ASTM D4387, ASTM D4823, and ASTM 
E1391. 

A detailed discussion on water quality sampling design is presented in Chapter 3, Section 3.6 of 
the QASR. Those guidelines should also be considered when developing a project plan and 
sampling design for soil and sediment sampling projects. 

7.6.3 Method Selection 

7.6.3.1 Sediment and Soil Sampling 

Soil and sediment samples may be collected using a variety of methods and equipment 
depending on the depth of the desired sample, the type of sample required (i.e. grab vs. core, 
disturbed vs. undisturbed), the soil type, and the analyses required. Selection of commonly used 
and accepted methods and equipment that have been tested and proven appropriate in South 
Florida ecosystems is recommended. In addition, consider using methods and equipment that 
will minimize effects on the chemical and physical integrity of the sample (refer to FDEP SOPs). 

The site accessibility, nature of the bottom material, depth of sampling, budget for the project, 
sample size/volume requirement, and project objectives will dictate which method is most 
appropriate and the type of equipment to be used. Near surface samples can be collected with a 
spade, scoop, or trowel. Sampling at greater depths or below a water column may require a hand 
auger, coring device, or dredge. As the sampling depth increases, the use of a powered device 
may be necessary to push the sampler into the soil or sediment layers. When sampling below the 
water column, care must be taken so any flocculent or unconsolidated fine sediments lying on the 
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surface are retained while retrieving the sample. In some instances, compaction of the sample 
might also be a concern and will affect how the sample is collected. 

It is important to consider the analytes of concern when selecting the type of sampling equipment 
to be used. It is recommended that equipment be made of inert materials such as stainless steel or 
polycarbonate. Corroded stainless steel should be avoided, particularly when sampling for 
metals. Any sampling equipment that comes in direct contact with the sample must be free from 
the analytes of concern. Appropriate decontamination procedures should be followed to avoid 
contamination of samples defined in FDEP SOP FC1000. 

If several sub-samples are collected, soil and sediment samples should be placed in a clean 
stainless steel mixing pan or bowl and thoroughly homogenized to obtain a representative 
composite sample. However, samples that will be analyzed for VOCs must never be mixed. 
Refer to FDEP FS1000, Equipment Use and Construction, which describes the soil and sediment 
sampling equipment, construction, recommended uses, permissible analyte groups, restrictions 
and precautions associated with sampling equipment. 

The most appropriate device for a specific study depends on the study objectives, sampling 
conditions, sampling depth, parameters to be analyzed, and cost-effectiveness of the sampler. 
Soil and sediment sampling depths can be classified into two primary categories: surface and 
sub-surface. There are basically three types of devices used to collect soil and sediment samples: 
dredge, grab, and corer samplers. A general description of each type of device is provided below. 

Dredge Samplers 

A dredge is a device that is dragged across the bottom of the surface being sampled. It collects a 
composite of surface sediments and associated benthic fauna. This type of sampler is used 
primarily for collecting indigenous benthic fauna, rather than samples for chemical analyses. 
Because the sample is mixed with the overlying water, no pore water studies can be conducted 
using dredged samples. Additionally, because the walls of the dredge are typically nets, they act 
as a sieve and only the coarser material is trapped, resulting in the loss of fine sediments and 
water-soluble compounds. This sample washing may bias results reflecting quantities that are 
lower than actual conditions. At best, results of dredge sampling are considered qualitative, since 
it is difficult to determine the actual surface sampled by the dredge. For these reasons, dredge 
samplers are not recommended for sediment sampling. 

Grab Samplers 

Grab samplers have jaws that close by a trigger mechanism upon impact with the bottom surface. 
Grab samplers offer the advantage of being able to collect a large amount of material in one 
sample, however the depth of surface penetration during sample collection is unpredictable. 
Substantial stratification of the sediment is unlikely in shallow channel areas without direct 
contamination inputs, in areas that have frequent boat traffic, or in areas where sediments are 
regularly dredged. In these situations, bottom sediments are frequently re-suspended and mixed 
by ship scour and turbulence, effectively preventing stratification. In such cases, surface grab 
samples represent the mixed sediment column. Grab samplers are also appropriate for collecting 
surficial samples of reference or control sediments. 
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Core Samplers 

Core samplers are basically tubes or augers that are inserted into the sediment or soil by various 
means to obtain a cylinder or box sample of material at known depths. Corers can be simple, 
hand-operated devices, or they can be large, costly, motor-driven mechanisms that can collect 
samples from great depths. Corers are recommended whenever sampling to depth is required, or 
when the identification of target analytes by depth is a sampling objective. Core samplers are 
useful when excavating infrequently disturbed sediments below the mixed sediment layer or 
when characterizing a soil or sediment profile. There are several types of corers including tube 
corers, augers, piston corers, vibracorers, split-spoon core samplers, and box core samplers. The 
choice of coring devices depends on factors such as the objectives of the sampling program, 
sediment volumes required for testing, sediment characteristics, water depth, sediment depth, and 
the influence of currents or tides. 

The following considerations and cautions should be applied to sediment sampling: 

• Soil sampling equipment is generally not applicable to sediments because of the low 
cohesion of the medium. 

• Direct collection with the appropriate sample container may be appropriate in very 
shallow water or where sediment is exposed. 

• Use dredges for hard or rocky substrates. They are heavy enough to use in high velocity 
streams. 

• Use coring devices in quiescent waters, unless water depth precludes effective sample 
collection. 

• Samples must be preserved according to CFR 40 (see FDEP FS 1000). 

• Sample holding times according to CFR 40 (see FDEP FS 1000) must be observed. 

7.6.3.2 Pore Water Sampling 

Pore water is an important matrix for the assessment of sediment quality because it substantially 
influences the bioavailability of nutrients and contaminants (Di Toro et al. 1991). Generally, pore 
water is collected and analyzed for studies investigating the diffusion of chemical species into 
the water column. In the freshwater Everglades, pore water is analyzed to help determine the 
release of nutrients, particularly phosphorus, from soils to the overlying water column. In coastal 
marshes, measuring the salinity of soil pore water can be effective in monitoring saltwater 
intrusion. Salinity of soil pore water can also be an important factor in determining vegetative 
productivity and species distribution in coastal marshes and swamps (Mitsch and Gosselink 
1993). 

The procedures used for sampling and assessing the chemistry of pore waters and sediments is 
dictated by the purpose of the study and what questions are to be answered (e.g. if the 
investigation is research-oriented, conducted as part of routine testing, or implemented as part of 
large-scale monitoring). The type of investigation will affect the sampling design and what type 
sampling equipment is most appropriate. When designing a study, it is important to consider the 
analytes or constituents of concern, site selection, sampling depth, spatial-temporal scale of 
sampling, and use of data. Section 7.7.2 provides guidance and information on advantages and 
disadvantages of the various procedures used in sediment pore water sampling. 
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7.6.3.3 Alternative Methods and Procedures 

The SOPs are typically used for collection of soil, sediment, and pore water samples and are 
described in Section 7.7. However, in some cases use of these SOPs may not be feasible or 
practical for the sampling location or substrate.  In other cases, the SOPs may be more or less 
rigorous than required to meet the DQOs.  If a SOP is not appropriate, then the alternative 
method should be documented and submitted to the QAOT for review and approval.  The MP 
should specify the use of an alternative procedure.  The general guidance on protocols and 
processes to minimize contamination, collect representative samples, and address the objectives 
of the project must be considered when developing an alternative method. 

7.7 Procedures 

This section presents a variety of sampling methods for the most commonly used techniques to 
collect representative soil and sediment samples. This section also discusses pore water sampling 
strategies and methods. Procedures are discussed in detail in Appendix 7A. 

Sediment can be considered any material that is submerged/saturated (at least temporarily) or 
suspended in any surface water body. Types of sediments collected may include lake-bottom 
sediments, perennial and intermittent stream sediments, and marine sediments. 

Prior to sample collection, the soil sampling location and characteristics (soil type, depth) should 
be determined and recorded in the field logbook. Selection of soil sampling equipment is usually 
based on the depth of the samples and the type of analysis being conducted. Manual techniques 
are usually selected for surface or shallow subsurface soil and sediment sampling. At greater 
depths, mechanically driven equipment is usually required to overcome torque induced by soil 
resistance and depth. 

Additional information on collecting soil and sediment samples is presented in EPA/540/4-
91/001, EPA/625/R-93/003A; ASTM D4700, ASTM D6169, D5730; FDEP DEP-SOP-001/01, 
FS 3000 and FDEP DEP-SPO-001/01, FS 4000. (FDEP SOPs are available at 
http://www.dep.state.fl.us/labs/qa/sops.htm.) 

Sampling methods are classified into the following categories. 

• Surface Soil and Sediments/Shallow Water Section 7.7.1.1; 

• Subsurface Soil and Sediments/Shallow Water Section 7.7.1.2; 

• Surface Sediments/Deep Water Section 7.7.1.3; 

• Subsurface Sediments/Deep Water Section 7.7.1.4; 

• Cohesive Soils Section 7.7.1.5; 

• Continuous Soils Section 7.7.1.6; 

• Subsurface Soil and Water Section 7.7.1.7; 

• Subsurface VOC Soils Section 7.7.1.8; 

• Pore water In Situ Methods Section 7.7.2.1; 

• Pore water Ex Situ Methods Section 7.7.2.2; 
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There are several tables located at the end of this chapter that summarize the sampling methods. 
Table 7.1 describes different types of equipment used for sediment sampling. This table also 
describes the appropriate use of equipment as well as their advantages and disadvantages. A 
summary of the soil and sediment sampling methods is presented in Table 7.2. A summary of 
advantages and disadvantages associated with various pore water sampling methods is presented 
in Table 7.3. 

7.7.1 Soil and Sediment Sampling Procedures 

7.7.1.1 Surface Soil and Sediments/Shallow Water 

Scoop and Trowel 

Applicability - Scoop and trowel method is a very accurate, representative method for collecting 
surface and shallow subsurface sediment and soil samples. This method is usually limited to soil 
depths less than 30 cm (1 ft). 

Method Summary and Equipment - The simplest, most direct method of collecting surface soil 
samples is to use a spade and stainless steel scoop. A typical garden spade can be used to remove 
the top cover of soil to the required depth, but the smaller stainless steel scoop should be used to 
collect the sample. When a garden spade is used, the spade should be decontaminated before use; 
and if the spade is driven into the soil with the sampler’s field boot, the boot should be covered 
with a clean disposable overboot. Typical garden-type scoops are many times plated with chrome 
or other metals and would, therefore, be inappropriate for sampling when analyzing for metals. 

Tube Sampler 

Applicability - Equipment for the tube sampler is portable and easy to use for surface sediments 
in shallow water or surface soil sampling. Discrete sediment samples can be collected efficiently. 
Disadvantages of the tube sampler include its inability to collect sediment samples in water 
bodies greater than a few feet in depth and its inability to penetrate gravel or rocky sediments. 

Method Summary and Equipment - Tube samplers are a simple and direct method for obtaining 
sediment samples. The tube sampler is pushed into the sediment, and then withdrawn, and the 
sample is collected. In non-cohesive soils, sample retention may be a problem. 

7.7.1.2 Subsurface Soil and Sediments/Shallow Water (ASTM D1452 and D4700) 

Hand Auger and Tube Sampler  

Applicability - Equipment for the hand auger is portable and easy to use. Discrete subsurface soil 
and sediment samples can be collected efficiently without the use of a drill rig. Disadvantages of 
the hand auger include its limited sampling depth. The tube sampler may not penetrate gravel or 
rocky soils. 

Method Summary and Equipment - Hand augers are the simplest and most direct method for 
sampling subsurface soil samples. Although the maximum sampling depth for the hand auger is 
typically 1.5 m (5 ft), greater depths can be sampled depending on the soil type. Hand augers 
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come in various diameters and types. The auger bit is used to bore a hole to the desired sampling 
depth and then withdrawn. The auger tip is then replaced with the tube corer, lowered into the 
borehole, and forced into the soil at the completion depth. The corer is then withdrawn and the 
sample is collected. Potential problems encountered with this method include the collapsing or 
sloughing of the borehole after removal of the bucket auger. Also, relocating the borehole with 
the tube sampler may also be difficult if the water is turbid. A casing can be used to help prevent 
the borehole from collapsing or sloughing; however, constituents of concern need to be 
considered when choosing the type of casing. 

Tube Corers 

Applicability - Several types of tube corers have been used over the years. These include, but are 
not limited to, aluminum corers, PVC corers, acrylic corers, and stainless corers. Tube corers are 
a simple and cost-effective coring device. Tube coring devices are commonly used in 
limnological work to efficiently collect sediment profile samples. 

Method Summary and Equipment – When using a tube corer, be sure to collect the core in such a 
manner so as to minimize compaction. This is generally achieved by sharpening one end of the 
corer and carefully rotating the core tube as it is inserted into the substrate. 

Hand Driven Split-Spoon Core Sampler 

Applicability - Split-spoon core sampler may be used for obtaining sediment samples in cohesive 
and non-cohesive sediments. Similar to the hand auger, the hand-driven split-spoon sampler can 
be used only in shallow water. However, because it is hammered into place, it can sometimes 
penetrate sediments or soils that are too hard to sample with a hand auger. 

Method Summary and Equipment - Split-spoon sampler is a 50.8 mm- (2-in.) diameter, thick-
walled, steel tube that is split lengthwise. A driving shoe is attached to the lower end; the upper 
end contains a check valve and is connected to the drill rods. For sediment and soil sampling, the 
split-spoon sampler is usually attached to a short driving rod and driven into the sediment and 
soil with a sledge hammer or slide hammer to obtain a sample. 

7.7.1.3 Surface Sediments/Deep Water 

Ponar Sampler (ASTM D4342 and EPA/540/-91/005, SOP #2016) 

Applicability - Ponar samplers are capable of sampling most type sediments from silts to 
granular materials. They are available in hand-operated sizes to winch-operated sizes. Ponars are 
relatively safe and easy to use, prevent escape of material with end plates, reduce shock waves, 
and have a combination of the advantages of other sampling devices. Ponar samplers are more 
applicable for a wide range of sediments because they penetrate deeper and seal better than 
spring-activated types (e.g., Ekman samplers). However, penetration depths will usually not 
exceed several centimeters in sand. Greater penetration is possible in fine-grained material, up to 
the full depth of the sampler for soft sediments. Ponar samplers are not capable of collecting 
undisturbed samples. As a result, material in the first centimeter of sediment cannot be separated 
from the rest of the sample. Ponars can become buried in soft sediment. 
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Method Summary and Equipment - The ponar sampler is a clamshell-type scoop activated by a 
counter-lever system. The shell is opened, latched in place, and slowly lowered to the bottom. 
When tension is released on the lowering cable, the latch releases and the lifting action of the 
cable on the lever system closes the clamshell. 

Ekman Grab Sampler (ASTM D4343 and EPA/540/P-91/005, SOP #201) 

Applicability - The Ekman sampler collects a standard size sample. The Ekman sampler is not 
useful in rough waters or if vegetation is on the bottom. 

Method Summary and Equipment - The Ekman sampler is another clamshell-type grab sampler 
that works similarly to the ponar sampler. However, because the Ekman sampler is much lighter 
than the ponar sampler, it is easier to handle and can even be attached to a pole for shallow 
applications. The Ekman sampler is unsuitable for sampling rocky or hard bottom surfaces. 

Smith-McIntyre Grab Sampler (ASTM D4344) 

Applicability - The Smith-McIntyre grab sampler can be used in rough water because of its large 
and heavy construction. It reduces premature tripping and can be used in depths up to 1,050 m 
(3,500 ft). The flange on the jaws reduces material loss. It is good for sampling all sediment 
types. However, because of its large and heavy construction, the Smith-McIntyre sampler is 
cumbersome and dangerous to operate. 

Method Summary and Equipment - The Smith-McIntyre grab sampler is also a type of clam-
shell-style grab sampler and works similarly to the Ponar sampler. 

7.7.1.4 Subsurface Sediments/Deep Water 

Vibratory Coring Device (Vibracore) 

Applicability - Vibratory corers are capable of collecting samples of most soils, sediments, and 
sludges. For sediment penetration greater than 2 m (6.5 ft), a vibratory corer is generally 
preferred. 

Method Summary and Equipment - The vibratory system consists of a tripod that supports a core 
tube. An external power source is necessary to drive a top head and cause vibrations. The 
vibratory motion causes the soil sediments to become fluidized and the core tube to slip through 
the soil or sediment. It is capable of obtaining 3- to 7-m cores in a wide range of sediment types 
by vibrating a large diameter core barrel through the sediment column with little compaction. 

Box Core Sampler 

Applicability - The corer that disturbs the sediments the least is a box corer. One advantage of 
the box corer is its ability to collect a large amount of sample with the center of the sample 
virtually undisturbed. Box corers are not generally recommended for use in sandy sediments 
since they have difficulty retaining the sample upon withdrawal. 



Soil and Sediment Sampling Procedures 
 

Quality Assurance Systems Requirements 7-12 March 09 

Method Summary and Equipment - The box corer is a large box-shaped sampler that is deployed 
inside a frame. After the frame is brought to rest on the bottom, heavy weights lower the open-
ended box into the sediment. A bottom door then swings shut upon retrieval to prevent sample 
loss.  

7.7.1.5 Cohesive Soils  

Thin-Walled (Shelby) Tube Sampler (ASTM D1587) 

Applicability - Thin-walled tube samplers allow collection of undisturbed samples in cohesive-
type soils (i.e., clays). They are used primarily for collecting soil samples for certain 
geotechnical tests. Thin-walled tube samplers are not the ideal containers for transporting 
samples to the laboratory for chemical analysis due to their size. Also, the opportunity for 
describing the soil is diminished because most of the soil is concealed in the tube. 

Method Summary and Equipment - The thin-walled tube sampler is designed to take undisturbed 
samples in cohesive-type soils. The thin-walled tube sampler is available in brass, galvanized 
steel, plain steel, or stainless steel and is manufactured in either 76- or 91-cm (30- or 36-in.) 
lengths. These tubes normally have an outside diameter of 7.5 to 12.5 cm (3 to 5 in.); however, 
the 7.5-cm (3-in.) diameter is the most commonly used. Thin-walled tube samplers are usually 
used for sampling cohesive soils for geotechnical evaluation, rather than chemical analysis. 

7.7.1.6 Continuous Soils 

Continuous Tube Sampler (ASTM D4700) 

Applicability - Continuous tube sampler provides good samples for describing soil profiles 
because of the long length of the samples. Discrete samples for chemical analysis can be 
collected only within a 1.5-m (5-ft) increment. This sampler may not be effective in 
non-cohesive soil types and requires the use of a drill rig. 

Method Summary and Equipment - The continuous tube sampler fits within a hollow-stem auger 
and is prevented from rotating as the auger is turned. The sampling tube can be split or solid 
barrel and can be used with or without liners of various metallic and nonmetallic materials. The 
sampler is typically 1.5 m (5 ft) long and 5 to 15 cm (2 to 6 in.) in diameter. 

7.7.1.7 Subsurface Soil and Water (ASTM D6282) 

Direct Push Method 

Applicability - Direct push soil sampling method is widely used as a preliminary site 
characterization tool for the initial field activity of a site investigation. Direct push sampling is an 
economical and efficient method for obtaining discrete soil and water samples without the 
expense of drilling and its related waste cuttings disposal costs. 

Method Summary and Equipment - The method, known as the direct push method, involves 
sampling devices that are directly inserted into the soil to be sampled without drilling or borehole 
excavation. Direct push sampling consists of advancing a sampling device into the subsurface by 
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applying static pressure, impacts, or vibration or any combination thereof to the aboveground 
portion of the sampler extensions until the sampler has been advanced its full length into the 
desired soil strata. No specific guidance or standards document the “direct push sampling 
method,” but the guidance is a modification of standards from the Shelby tube, split-spoon, and 
piston methods. The method is employed under various protocols by commercial entities and 
called by various proprietary names (i.e., Geoprobe). Direct push methods may be used to collect 
soil, and in some cases, the method may be combined with sampling devices capable of water 
and/or vapor sampling. The equipment generally used in direct push sampling is small and 
relatively compact allowing for better mobility around the site and access to confined areas. 
Direct push insertion methods include static push, impact, percussion, other vibratory driving, 
and combinations of these methods using direct push equipment adapted to drilling rigs, cone 
units (Reference standard ASTM D5778-95), and specially designed percussion/direct push 
combination machines. Standard drilling rods used for rotary drilling are sometimes used when 
sampling is done at the base of drill holes. A direct push soil sampling system consists of a 
sample collection tool; hollow extension rods for advancement, retrieval, and transmission of 
energy to the sampler; and an energy source to force penetration by the sampler. 

7.7.1.8 Subsurface VOC Soils 

EnCoreTM Sampler 

Applicability - This sampling procedure consists of a coring device that also serves as a shipping 
container. Presently, the EnCoreTM sampler is the only commercially available device that is 
designed to collect, store and transfer soils with minimal loss of VOCs. This method describes a 
closed-system purge-and-trap process for the analysis of VOCs in the soils. 

Method Summary and Equipment - The low soil method utilizes a hermetically sealed sample 
vial, the seal of which is never broken from the time of sampling to the time of analysis. Since 
the sample is never exposed to the atmosphere after sampling, the losses of VOCs during sample 
transport, handling, and analysis are negligible. 

7.7.2 Pore Water Sampling 

Collection of pore water is conducted for some projects that require a better understanding of the 
partitioning of chemicals in sediments. ASTM (1996) identifies interstitial water or pore water as 
the “water occupying the space between sediment particles.” There are no known standard 
methods for collecting pore water, but there are several innovative ways that have been used for 
different types of sediment. The methods that are considered applicable for South Florida 
sediments recently are listed in the following subsections. Scientists conducting this type of 
sampling may choose to use other technologies, provided that the minimum data quality 
elements are met, and the method performance is equivalent to or better than the methods listed 
below, in terms of the quality of sampling. 

Two broad categories of procedures exist for sampling sediment pore water: in situ methods, 
which involve the collection of pore water by the use of samplers (peepers) that are directly 
inserted into the sediment and left to equilibrate or by suction through the application of vacuum; 
and ex situ methods, where the sediment of interest is removed from the natural setting and the 
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pore water isolated elsewhere, usually by pneumatic pressure or centrifugation, although 
extraction by vacuum can also be used (Carr et al. 2001). 

The following should be considerations and cautions applied to sampling pore water (interstitial 
water): 

• The two in situ techniques, suction filtration and dialysis, eliminate many of the potential 
sources of artifacts present in the ex situ methods. For example, because sediment 
samples are not required, potential contamination from the sampling devices is decreased. 
Any artifacts that may arise due to temperature or pressure differences are also 
eliminated. The changes of oxidation can be decreased by using these devices if the 
extracted samples are handled carefully and rapidly. 

• One important problem in the use of dialysis samplers is the production of oxidation 
artifacts. Dialysis samplers must be de-aerated (usually done by bubbling N2 gas through 
the peeper) before insertion into anoxic sediments, and they need to be stored in airtight 
containers when not in use in order to minimize possible oxidation artifacts. If the 
samples are allowed to oxidize, the speciation of iron, other trace metals, and compounds 
such as phosphate may consequentially be altered. It is important that anoxic sediments 
be handled in an inert atmosphere, usually nitrogen or argon, within a glove bag or glove 
box when extracting pore water. The glove bag or glove box must be flushed several 
times with the inert gas being used in order to remove the air that is originally present. 
Glove boxes offer more room for equipment than do glove bags, but it is often difficult to 
manipulate equipment in the glove boxes due to the bulky gloves. Additionally, they are 
not as transportable for field use as glove bags. Also, it is more difficult to flush the air 
from glove boxes due to the larger volume. It is also important that any sampling 
apparatus, such as centrifuge tubes or squeezers, be flushed with the inert gas before 
sediment samples are processed; otherwise, any residual oxygen will react with the 
extracted pore water. However, once the samples are acidified, they can be exposed to air 
without chemical losses (Loder et al. 1978; Batley 1989). 

• Another important consideration when using dialysis samplers is the selection of the 
membrane material. The membrane must be able to exclude sediment particles, allow the 
chemical species in the pore water to diffuse into the sampler, retain the dialysis water in 
the sampler, and maintain its integrity while in the sediment. 

• The final consideration when using dialysis pore water samplers is determining the 
equilibration time for the samplers in the sediment. The equilibration time will be 
dependent upon a number of factors including the porosity of the sediment, diffusion 
coefficient of the species of interest, temperature, and the area/volume ratio of the sample 
compartment. 

• One advantage of dialysis pore water samplers is that they sample the pore water at 
in situ conditions. Potential artifacts that can result from removing the sediment from its 
natural environment are avoided by using these samplers as long as they are de-aerated 
properly. 

• Also, compared to conventional squeezing and centrifuging methods, the use of dialysis 
samplers is faster, requires less equipment, and allows maximal replication (Carignan 
1984). 
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• A second source of error can result from improper sampling of the sediment from the 
natural environment for ex situ analyses. If oxic and anoxic sediments are allowed to mix 
during sampling, any trace metals in the sediment and pore water will be altered due to 
oxidation. If at all feasible, cylindrical corers with liners should be used for sample 
collection, and the samples sealed as soon as possible after collection to minimize 
oxidation. 

• An important consideration when sampling sediments and pore waters for trace metal 
analysis is to avoid contact of the samples with metal parts that may potentially 
contaminate the samples. PVC liners should be used in core samplers to prevent 
contamination. The pore water samplers should also be made from inert materials if trace 
metal analyses are to be performed. For example, squeezers should be made from 
materials such as nylon, PVC, or Teflon and centrifuge tubes should be polycarbonate, 
polysulfonate, or Teflon. 

• Pore water samples should be filtered during processing to avoid potential problems. The 
residual particles in the unfiltered pore water can cause interferences in analytical 
procedures by clogging tubes or scattering light in spectroscopic measurements. Second, 
if particles are allowed to remain in solution, trace metals could adsorb to or be released 
by the particles, thus altering the trace metal concentrations in the pore water. Therefore, 
pore water filtration is a recommended step in the processing of samples in order to avoid 
the potential problems that not filtering may cause. The accepted definition for dissolved 
phases (material that will pass through a 0.45 µm pore size filter) is an operational one 
and not an absolute parameter (Stumm and Bilinski 1973; APHA et al. 1989). Thus there 
is the potential for discrepancies when comparing data from different laboratories and 
when comparing experimental results to theoretical calculations. 

7.7.2.1 In Situ Methods 

Pore Water Equilibrators (“Peepers”) 

Applicability - Pore water equilibrators or “peepers” are used to obtain vertical profiles of pore 
water within the sediment column. The pore water equilibrator is designed to allow the collection 
of discrete water samples at a small spatial resolution by preventing vertical mixing of adjacent 
water masses. The general principle of this method involves allowing a volume of deionized 
(DI), distilled water to come to equilibrium with the sediment pore water in order to determine 
chemical concentrations. Pore water equilibrators enable the study of pore water depth profiles 
and the calculation of fluxes (see Appendix 7B for in situ methods and Appendix 7C for flux 
calculations). 

Method Summary and Equipment – The peeper is commonly used in Everglades research and 
was first developed by Hesslein (1976). It consists of a Plexiglas base (77 cm long x 10 cm wide 
x 2 cm thick) with several cells (7 cm x 1 cm x 1.5 cm) milled into it. A 0.4 µm Nucleopore 
membrane filter is placed over the cells which have been filled with DI water. A coarse nylon 
mesh is placed over the membrane to provide protection. A slotted Plexiglas cover is screwed to 
the base. Prior to placement in the field, the equilibrators are placed in containers filled with DI 
water and nitrogen gas is bubbled through the water column to purge O2 from the containers to 
avoid aerating the soil in the area of insertion. Field pH will be recorded for all pore water 
samples.  Redox readings will be obtained following all pore water collections. 
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The peepers are then inserted into the sediment and the chemical species in the pore water 
diffuse across the membrane until equilibrium is achieved. Equilibration times reported have 
varied anywhere from 3 to 20 days (Carignan 1984). According to Newman and Pietro (2001) 
and Fisher and Reddy (2001), two weeks is sufficient time for equilibration. 

Upon retrieval, the soil-water interface is marked. Samples are withdrawn by a syringe and 
composited over 2 cm increments (Newman and Pietro 2001). The nutrient analysis data along 
with published coefficients allow for the calculation of nutrient flux rates from the soil to the 
overlying water column using Fick’s First Law. 

One drawback of using this method is the small volume of water collected within each cell. Most 
laboratories require at least 50-100 mL of water for basic nutrient analyses, and the present 
design of peepers generates much less than the required volume. 

Suction Filtration 

Applicability - These pore water sampling devices avoid many of the problems associated with 
using the ex situ methods. In addition, some devices may be placed in the sediment for repeated 
monitoring at one location. The main disadvantage of these samplers is their complexity and 
expense of construction. Also, their use can be limited by the depth of the body of water because 
of the suction pressures that would be required to draw the pore water to a surface vessel. 

Another disadvantage of this suction filtration method is that it does not offer the detailed spatial 
resolution for sampling the pore water column that some researchers are interested in. This 
problem can be solved by using multi-level samplers. Two such devices employing TFE inserts 
to filter the pore water were designed by Montgomery et al. (1981) and Watson and Frickers 
(1990). To use these samplers, a vacuum is applied through the porous TFE inserts, withdrawing 
the pore water sample into an acrylic (or other solid plastic) sample chamber. Both the single- 
and multi-level samplers can be used with in-line filters in order to assure particle-free pore 
water samples. Samples can then be withdrawn from the sampler body and decanted directly into 
sample bottles in an inert atmosphere in order to avoid oxidation artifacts. 

When using these devices, there may be some sediment disturbance or compacting as the 
samplers are placed into the sediment. The placement of the samplers may require the removal of 
a sediment plug to facilitate easy placement. Therefore, it may be necessary to allow the 
sediment to re-equilibrate before pore water samples are extracted. 

Method Summary and Equipment - There are a wide variety of suction filtration devices 
available for pore water extraction. The simplest of these devices is a glass volumetric pipette 
modified for sampling purposes by closing the delivery end and blowing two small holes 
opposite each other 1 or 2 centimeters from the tip (Makemson 1972). The holes are covered 
with a nylon mesh screen held in place with epoxy cement. The sample is withdrawn by placing 
a pipette filler on the open end and suctioning the pore water through the mesh covered holes. Its 
use is probably limited to sandy types of sediments because finer particles would pass through 
the mesh that covered the holes and produce turbid samples. 
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Other devices offer the simplicity of Makemson's sampler, but produce cleaner samples. One 
device uses a fused glass air stone (Winger and Lasier 1991); other devices use porous 
tetrafluoroethylene (TFE) (Zimmermann et al. 1978; Howes et al. 1985). 

Newman and Pietro (2001) used ceramic cup wells placed at various depths within the soil 
column. Twenty-four hours prior to sampling, the ceramic wells were emptied using a hand-held 
vacuum pump and allowed to recharge. Samples were filtered and preserved and stored on ice 
until analysis. 

Dialysis Sampler - Stackers 

A dialysis sampler that is similar to Hesslein's was designed by Bottomley and Bayley (1984). 
This sampler consists of a perforated Lexan tube that contains small vials called stackers. Each 
stacker (vial) has three side ports of 2 cm diameter that are covered with a 0.45 µ polysulfone 
membrane (pm) and can hold a 10-12 mL sample. The stackers are emptied by inserting a 
syringe through a rubber septum attached to one end. The equilibration time for these samplers is 
tested in anoxic sediments for 1 to 27 days. It was determined that the samplers reached 
equilibrium within 10 days. 

In Situ Dialysis Bags 

Dialysis bags have also been used to sample sediment pore water (Mayer 1976). The sampler 
consists of a perforated Lucite tube that is separated into chambers by rubber washers fitted over 
an inserted Lucite rod. One dialysis bag per chamber is wrapped around the Lucite rod and the 
rod is inserted into the perforated Lucite tube. Equilibration times for unconsolidated clay and 
silt sediments were found to be 100 hours. 

Resin and Gel Samplers 

Another dialysis technique, which employs a thin layer of ion exchange resin in a membrane 
"sandwich," has been developed and is undergoing further evaluation (Desnoyers et al. 1993). 
The resin equilibrates with the free metal ions in the pore water phase in order to determine the 
bio-available fraction of trace metals in the sediment. A similar technique has also been 
developed that uses a thin layer of gel instead of ion exchange resin (Davison et al. 1991; 
Davison and Zhang 1994). Diffusive equilibration in a thin-film (DET) has been found to reach 
equilibrium with the pore water in less than one hour. 

7.7.2.2 Ex Situ Squeezing (Pressurization) and Centrifugation Methods 

Ex situ techniques are the oldest and the most widely used methods for obtaining pore water 
samples. There are two types of ex situ methods: Squeezing (Pressurization) and Centrifugation. 
Because the sediment must be removed from the natural environment in order to be processed, 
handling of the sediment and pore water samples should be conducted in an inert atmosphere in 
order to avoid oxidation artifacts. 

Various devices are available to pressurize a sediment sample and force the pore water through 
an exit port. These samplers can be classified into two types: core section and whole core 
squeezers. 
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Core Section Squeezers 

Applicability - Core section squeezers (often referred to as filter presses) are the more widely 
used (Lusczynski 1961; Siever 1962; Hartman 1965; Manheim 1966; Presley et al. 1967; 
Reeburgh 1967; Sasseville et al. 1974). Core section squeezers are an inexpensive and simple 
means of extracting sediment pore water. They also offer immediate filtration of the water 
samples, thus eliminating a handling step, which may introduce contamination to the samples. 
The disadvantage of core section squeezers is that their use requires handling the sediment, 
which may introduce artifacts resulting from oxidation or temperature differences. 

Method Summary and Equipment - The samplers designed by Hartman (1965), Lusczynski 
(1961), Presley et al. (1967), and Reeburgh (1967) all extract the pore water by means of gas 
pressure. Most use an inert gas such as nitrogen or argon in order to avoid oxidation artifacts. 
Carbon dioxide is not recommended, as it can dissolve in the pore water and lower the pH of the 
samples. 

Whole-Core Squeezers 

Applicability - The potential for artifacts can be decreased by the use of whole-core squeezers 
(Kalil and Goldhaber 1973; Bender et al. 1987; Jahnke 1988). By using these samplers, the 
sediment remains in the core liner with which it was removed from the natural environment. 

Method Summary and Equipment - All three samplers apply pressure to the sediment by the use 
of plungers. The samplers designed by Kalil and Goldhaber (1973) and Bender et al. (1987) use a 
specially designed piston on the top to allow the water to exit. One problem with these samplers 
is that they do not offer the detailed spatial resolution for sampling the pore water column that 
some researchers are interested in. Jahnke's (1988) sampler is designed with tapped holes at 
various depths along the side of the core liner. These holes are sealed with nylon screws until 
extraction has begun. The sediment is pressurized by pistons on both ends of the sediments. 
When pore water is desired from a certain depth, the screw is removed and a specially designed 
syringe, fitted with an in-line filter, is inserted into the hole and the pore water is extracted. 

One problem with whole core squeezers for trace metal analysis is caused by solid-solution 
interactions (Bender et al. 1987). They report that as pore waters travel through the sediment in a 
whole core squeezer, the waters come into contact with sediment particles that have previously 
been in equilibrium with waters of different compositions. Therefore, if exchange kinetics 
between the sediment and water are more rapid than the rate of squeezing, re-equilibration with 
the sediment will occur and the trace metal concentrations will be altered. This problem can be 
reduced in one of two ways. Either the pressure of squeezing must be increased, which is 
sometimes physically impossible, or the size of the sample must be small enough to allow for 
complete extraction before reaction kinetics override the original composition. 

Centrifugation 

Centrifugation of sediment is another widely used and simple technique to obtain pore water. 
Extracted samples have been used for trace metal analysis in such studies as toxicity testing, 
mobilization studies, and speciation studies. Centrifugation is a fairly rapid technique; times of 
30 minutes or less are generally sufficient. 
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As with squeezing, centrifugation requires handling sediment samples to extract the pore water. 
These manipulations should be conducted in an inert atmosphere to avoid oxidation artifacts. The 
tubes or bottles used should be airtight to preclude reaction with oxygen once the tubes are 
removed from the inert atmosphere and are placed in the centrifuge. 

One problem encountered in centrifugation is that of sample filtration. When sediment samples 
are centrifuged, some fine particulates may still be suspended in the pore water, especially if the 
sediment is disturbed while decanting the extracted water from the tube. Therefore, an extra 
filtration step is required, adding another potential source of error. 

There are two modified approaches that help to avoid this extra filtration step. One approach uses 
a centrifuge tube that contains a built-in filter (Edmunds and Bath 1972; Saager et al. 1990). The 
second alternative displaces the pore water in the sediment using an inert solvent (Batley and 
Giles 1979). 

7.7.3 Sample Handling, Receipt, and Custody 

7.7.3.1 Sample Handling 

Chemical preservation of soil and sediment samples is not generally required. Samples should be 
placed in a cooler on ice immediately after collection. Samples are preserved in this way to 
minimize chemical or biological changes from the time of collection to the time of analysis. 
Keep samples in air tight containers. Sediment samples should also be stored in such a way that 
the anaerobic condition is preserved by minimizing headspace. It may be advisable to keep the 
overlying water in sediment cores until the time that core sectioning is done. Alternatively, when 
the analytes of interest are sensitive to aeration, it is advisable that headspace be purged with 
nitrogen. (DEP SOP-001/01, FQ 1000) (http://www.dep.state.fl.us/labs/qa/sops.htm) 

Sample Label Information must be according to FDEP FD 5130-FD 5140 and it depends on the 
type of sample collected.  

COC is an unbroken trail of accountability that ensures the physical security of samples and 
includes the signatures of everyone who handle the samples. All samples must be reasonably 
secured under the proper storage conditions. In addition, all samples must be traceable from the 
time of collection to disposal and data archival. 

The COC should be filled out as soon as possible and should include the sample names, date, 
sample description, and requested analyses. The COC should also be labeled with the contact 
person, the address, telephone number, project number, invoice number, sampler’s name, and 
sampling date/time. Print out the pages of the COC, sign and date them on the bottom under 
relinquished by and make a copy of the pages. Put the originals in a sealed plastic bag and send 
along with the samples in a cooler. File the copies of the COC in a project specific folder. 

7.7.3.2 Preparing Samples for Transport 
Refer to FDEP FD 5130, FS 1000 and FS 3000 for additional considerations per analyte or 
analyte group. 
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7.7.3.3 Communication with the Laboratory 

The laboratory should be notified of any special sample concerns, such as short holding times or 
suspected contamination. To successfully track the samples, the laboratory should notify the 
agency upon receipt of the samples, and at that time indicate the condition in which the samples 
were received and if there were any problems such as inadequate preservation or missing bottles. 

7.8 Quality Assurance and Quality Control 

Detailed discussions on QA/QC are covered in Chapters 3. Data quality verification and 
validation described in Chapter 5. The data review and data management procedures are 
described in Chapter 10 and data quality evaluation and assessment in Chapter 11 also apply to 
sediment and soil collection and measurements. To help ensure data usability, consistency, 
reliability, and integrity, those involved with the different processes of data collection must be 
familiar with the requirements in those chapters, this current chapter, and associated appendices. 
An effective QA/QC program must be incorporated from the time of project planning to the time 
that data are being evaluated and interpreted for CERP use. Proper planning must incorporate 
specific DQOs, as discussed in Chapter 2.  

Due to the heterogeneous nature of soil and sediment media, proper sampling along with 
sufficient replications must be considered when designing a study to address the objectives of a 
project. Proper training and demonstration of capability of project personnel cannot be 
overemphasized. Data collection activities involving different investigators, applying different 
techniques, and require some level of standardization to establish continuity and minimize 
variability in the data caused by utilizing different personnel or techniques. 

7.8.1 Corrective Actions 

Every laboratory conducting analyses on sediment and soil samples must have a documented 
procedure for the specific corrective actions.  Corrective actions may be initiated as a result of 
unacceptable analysis, performance audits, system audits, split sample results, and 
laboratory/field comparison studies.  Problems requiring corrective action and the actions taken 
shall be documented in detail and kept with the project file. 

7.8.2 Data Qualification 

Project personnel should review and qualify laboratory and field data as soon as possible.  Data 
qualification should be performed by personnel who are knowledgeable of the project DQOs, 
sampling design, and familiar with the data.  Chapter 5 and Chapter 3 Section 3.8.2 provide 
more specific information regarding the data qualification process. 

7.8.3 Quality Control Requirements and Procedures 

FQC procedures should be conducted by field staff to ensure representative samples are collected 
within the project’s DQOs.  FQC procedures include collecting FQC samples (i.e. field blanks, 
field duplicates, split samples, and archive samples), conducting field audits, and verifying and 
validating data.  FQC samples are used to measure the sampling and processing precision and to 
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check for equipment and environmental contamination by the analytes of interest or interfering 
compounds. See Chapter 3 Section 3.8.3 and Table 3.4 for specific details on FQC samples.  
The number and type of FQCs will be project-specific and should be detailed in the SOW. 

7.8.4 Quality Assurance Requirements 

Field system audits should be conducted annually, and as needed.  Appendix 2-A presented a 
checklist based on the elements of QAPP for CERP-related projects.  A sample field audit 
checklist is presented in Appendix 3-A.  Chapter 3 Section 3.8.4 provides more detail 
regarding QA requirements. 

7.9 Data Management 

Data management should follow the procedures outlined in Chapter 10. The data management 
system must follow NELAC standards, FDEP standards, CERP Data Management Plan 
requirements, implementation guidelines being developed in the RECOVER MAP, relevant 
CGM references, and other applicable procedures specific to the monitoring of different projects. 

Due to the nature and magnitude of environmental and ecological data being collected, it is 
critical that data be managed effectively to help ensure their usability, accessibility, consistency, 
and integrity. This section provides the minimum data standards to be used in CERP projects in 
an effort to standardize and maintain high quality and complete data, and to increase the usability 
of the data among projects. Chapter 10 provides more details on expected data types, standards 
for record storage, retention, and access. The CERP Data and Information Management Team 
will provide more details on the implementation procedures. 

7.9.1 Documentation Requirements 

Thorough documentation of all field sample collection and processing activities is necessary for 
proper interpretation of results. Refer to FDEP FD 1000 for Documentation procedures.  

7.9.2 Data Processing and Reduction 

When the analysis data comes back from the laboratory, file the report in a fire-proof cabinet, 
copy the data from the disks onto your computer, and give the data disks to the database manager 
so he/she can upload the information into the database.  Data reduction and processing are not 
typically part of field activities. 

7.9.3 Data Review 

The general data verification and validation process should follow the same procedures outlined 
in analytical chemistry data Chapter 5. Acceptance criteria for soil and sediment QCs are 
generally much wider than those for water quality. These general QA/QC criteria are presented 
in Section 7.8 of this chapter. 
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A trained data validator familiar with soil and sediment data or experienced scientist should be 
able to apply professional judgment in cases when there are no defined criteria, or in case of any 
ambiguities. 

7.10 Reporting 

Final reported sampling data must be supported by adequate documentation.  Adequate 
documentation is described as being legible and complete, so that any final result can be 
independently reconstructed from raw data.  Refer to Chapter 3 Section 3.10; document types 
and elements are presented in Table 3.5. 

7.11 Archiving 

General archiving procedures are outlined in Chapter 3 Section 3.11 and Chapter 10 Section 
10.8. Refer to Chapter 3 Section 3.11 for more information data and samples archives. 
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Table 7.1 Summary of Bottom Sampling Equipment (FDEP SOP, FS 4000) 

Device Use Advantages Disadvantages 

Teflon or glass tube** 

Shallow wadeable waters 
or deep waters if SCUBA 
available. Soft or semi-
consolidated deposits. 

Preserves layering and permits historical 
study of sediment deposition. Rapid – 
samples immediately ready for laboratory 
shipment. Minimal risk of contamination. 

Small sample size requires repetitive 
sampling 

Hand corer with 
removable Teflon or 
glass liners** 

Same as above except 
more consolidated 
sediments can be 
obtained. 

Handles provide for greater ease of 
substrate penetration. Above advantages. 

Careful handling necessary to prevent 
spillage. Requires removal of liners before 
repetitive sampling. Slight risk of metal 
contamination from barrel and core cutter. 

Box corer Same as above. Collection of large sample undisturbed, 
allowing for subsampling. Hard to handle 

Gravity corers, such 
as Phleger Corer** 

Deep lakes and rivers. 
Semi-consolidated 
sediments. 

Low risk of sample contamination. 
Maintains sediment integrity relatively 
well. 

Careful handling necessary to avoid 
sediment spillage. Small samples, requires 
repetitive operation and removal of liners. 
Time consuming. 

Young grab (Teflon 
or Kyner-lined, 
modified 0.1-M² Van 
Veen** 

Lakes and marine areas. Eliminates metal contamination. Reduced 
bow wake. Expensive. Requires winch. 

Ekman or box dredge 

Soft to semi-soft 
sediments. Can be used 
from boat, bridge, or pier 
in waters of various 
depths. 

Obtains a larger sample than coring tubes. 
Can be sub-sampled through box lid. 

Possible incomplete jaw closure and 
sample loss. Possible shock wave, which 
may disturb the “fines”. Metal 
construction may introduce contaminants. 
Possible loss of “fines” on retrieval. 

Ponar grab sampler 
 
Petite Ponar grab 
sampler 

Deep lakes, rivers and 
estuaries. 
Useful on sand, silt or 
clay. 

Most universal grab sampler. Adequate on 
most substrates. Large sample obtained 
intact, permitting subsampling. 

Shockwave from descent may disturb 
“fines”. Possible incomplete closure of 
jaws results in sample loss. Possible 
contamination from metal frame 
construction. Sample must be further 
prepared for analysis. 

BMH-53 piston corer 

Waters of 4 to 6 feet deep 
when used with extension 
rod. Soft- to semi-
consolidated deposits. 

Piston provides for greater sample 
retention. 

Cores must be extruded on-site to other 
containers. Metal barrels introduce risk of 
metal contamination. 

Van Veen Dredge 
Deep lakes, rivers, and 
estuaries. Useful on sand, 
silt, or clay. 

Adequate on most substrates. Large sample 
obtained intact, permitting subsampling. 

Shock wave from descent may disturb 
“fines”. Possible incomplete closure of 
jaws results in sample loss. Possible 
contamination from metal frame 
construction. Sample must be further 
prepared for analysis. 

BMH-60 grab 
sampler** 

Sampling moving waters 
from a fixed platform. 

Streamlined configuration allows sampling 
where other devices could not achieve 
proper orientation. 

Possible contamination from metal 
construction. Subsampling difficult. Not 
effective for sampling fine sediments. 

Peterson grab 
sampler** 

Deep lakes, rivers, and 
estuaries. 

Large sample: can penetrate most 
substrates. 

Heavy. May require winch. No cover lid 
to permit subsampling. All other 
disadvantages of Ekman and Ponar. 

Shipek grab 
sampler** 

Used primarily in marine 
waters and large inland 
lakes and reservoirs. 

Sample bucket may be opened to permit 
subsampling. Retains fine-grained 
sediments effectively. 

Possible contamination from metal 
construction. Heavy. May require winch. 

Orange-Peel grab 
Smith-McIntyre grab 

Deep lakes, rivers and 
estuaries. Useful on most 
substrates. 

Designed for sampling hard substrates. Loss of fines. Heavy. May require winch. 
Possible metal contamination. 

Scoops 
Drag buckets 

Various environments, 
depending on depth and 
substrate. 

Inexpensive, easy to handle. Loss of fines on retrieval through water 
column. 



 

 

Soil and Sedim
ent Sam

pling Procedures
 Q

uality Assurance System
s Requirem

ents 
7-24 

M
arch 09

 

Table 7.2 Soils Methods Summary 

QA/QC 
PARAMETER METHOD REFERENCE REPORTING UNITS 

Accuracy Precision 

In Situ Survey and Physical Measurement Methods 

Sediment Deposition 
and Accretion Sediment Trap Method 

Reed 1989, 1992 
Hutchinson et al. 1995 
Kirchner 1975 
Day et al. 1999 

-g/m² (Dry Sediment Basis)   

 Sediment Collection Tiles  
Pasternack and Brush 1998 
Christansen et.al. 2000 
Neubauer et al. 2002 

-g/m² (Dry Sediment Basis)   

 Sediment Accretion by Feldspar 
Marker Technique 

Reed 1992 
Cahoon 1994 
Cahoon et al. 1996 
Steyer et al. 1995 
Cahoon and Turner 1989 

- g/m² (Dry Sediment Basis)  
 
- Depth (Feldspar Horizon) in mm 
  
-g/m² (dry Sediment basis 

± 0.1 cm. ≤ 30% 

 Sediment Accretion Using Isotopic 
Tracers: 137Cs and 210 Pb dating 

DeLaune et al. 1989 
Flynn 1968 

Distance (Isotopic Activity) in mm 
 
137Cs and 210Pb activity in dpm/g 

± 5 mm 
(Distance) ≤ 30% 

 Sediment Accretion Using Beryllium-
7 

Neubauer et al. 2002 
 

Distance (isotopic Activity) mm 
 
7Be Activity in dpm/g 

± 5 mm 
(Depth) ≤ 30% 

 Sediment Accretion by Rare Earth 
Element(REE) 

Knauss and Van Gent 1989 
Knauss 1986 
 

Distance (of Isotopic activity) in mm 
 
7Be activity in dpm/g 

± 5 mm 
(Depth) ≤ 30% 

Elevation Change Sedimentation and Erosion Tables 
(SETs) 

Boumans and Day 1993 
Day 1993 
Cahoon 1994 

Depth in mm 
± 5 mm 
(Depth) ≤ 30% 

 Rod Surface Elevation Tables 
 

Cahoon et al. 2002b  
± 5 mm 
(Depth)  
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 QA/QC 
PARAMETER METHOD REFERENCE REPORTING UNITS 

Accuracy Precision 

In Situ Survey and Physical Measurement Methods (continued) 
Bank Erosion  Photo-electronic Erosion Pin (PEEP) Lawler 1992, 1994 User Defined   

Organic Matter 
Decomposition Rates Cotton Strip Assays Maltby 1988 

-weight loss: % 
- tissue nutrient concentration: mg/kg 
- cellulose decomposition rates: %/day 

  

 Litter bags 
Weider and Lang 1982 
Brock et al. 1982 

Same as above   

 Leaf packs 
Peterson and Cummins 1974 
Benfield et al. 1977 

Same as above   

Sediment Sampling Methods 

Coring Devices Piston Corers 
Steyer et al. 1995 
Blomqvist 1991 
Fisher et al. 1992 

   

 Tube Corers     
 Freeze or Cryogenic Corers Knauss and Cahoon 1990    

Shallow-depth Cores     
 

Box Corers     
Tube Sampler 
 

    
Subsurface Sediments/ 
Shallow Water D) Hand-Driven Split-Spoon Core 

Sampler 
 

    

Subsurface Sediments/ 
Deep Water Ponar Sampler  

ASTM D4342 
EPA/540/-91-005, SOP #2016 
 

   

 Ekman Grab Sampler 
ASTM D4343 
EPA/540/-91-005, SOP #2016 
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Soil Sampling Methods 

Surface and 
Subsurface Soil 
Samples 

Spade and Scoop 
EPA/540/4-91/001 
EPA/625/R-93/003A 
ASTM D 5633 

   

 Hand Auger and Tube Sampler 
Method 

ASTM D 1452, D 4700 
FDEP DEP- SOP-001/01 
FS 3000 

   

 Split-Spoon Sampler ASTM D 1586    
 Thin-Walled (Shelby) Tube Sampler ASTM D 1587    
 E) Continuous Tube Sampler ASTM D 4700    
 E) Direct Push Soil Sampling Method ASTM D 6282    
 F) EnCore™ Sampler Technique     
Interstitial Water (Pore water) Sampling Methods 

Pore water: 
Ex Situ Core Section Squeezers 

Lusczynski 1961 
Hartman 1965 
Presley et al. 1967 

Nutrient Concentrations in Pore water: 
mg/L 
Salinity (Pore Water): ppt 

 

 Whole-Core Squeezers 
Kalil and Goldhaber 1973 
Bender et al. 1987 
Jahnke 1988 

Nutrient Concentrations in Pore water: 
mg/L 
Salinity (Pore Water): ppt 

 

 

 Centrifugation  
Nutrient Concentrations in Pore water: 
mg/L 
Salinity (Pore Water): ppt 

  

 Suction Filtration 

Mitsch and Gosselink 1993 
Makemson 1972 
Winger and lasier 1991 
Newman and Pietro 2001 

Nutrient Concentrations in Pore water: 
mg/L 
Salinity (Pore Water): ppt 
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 Interstitial Water (Pore water) Sampling Methods (continued) 

Pore water: 
In Situ Pore Water Equilibrators (PEEPERS) 

* Hesslein 1976 
Newman and Pietro 2001 
Fisher and Reddy 2001 

Nutrient Concentrations in Pore Water: 
mg/L 
Salinity (Pore Water): ppt 

  

 Stackers 
*Bottomley and Bayley 1984 
 

Nutrient Concentrations in Pore Water: 
mg/L 
Salinity ( Pore Water): ppt 

  

 Dialysis Bags Mayer 1976 
Nutrient Concentrations in Pore Water: 
mg/L 
Salinity (Pore Water): ppt 

  

 Resin and Gel Samplers 
*Desnoyers et al. 1993 
Davison et al. 1991 
Davison and Zhang 1994 

Nutrient Concentrations in Pore Water: 
mg/L 
Salinity (Pore Water): ppt 

  

Laboratory Analyses, Assays, and Studies 

Phosphorus Flux A) Porewater Equilibration 

*Hesslein 1976 
Fisher and Reddy 2001 
Moore et al. 1998 
Newman and Pietro 2001 

1) Means of the Replicates 
 
2) P Flux, in mg P m−² d−¹ or µg L−¹ d−¹ 

  

 B) In-Situ Benthic Chambers  
 P Flux, in mg P 
m−² d−¹ or µg L−¹ d−¹ 

  

 C) Intact, Incubated Soil Cores Fisher and Reddy 2001 
P Flux, in mg P 
m−² d−¹ or µg L−¹ d−¹ 

  

Soil Total Phosphorous Soil total Phosphorus by Ashing and 
Colorimetric Determination 

Solorzano and Sharp 1980 mg P kg −1 85-115% <20 RPD 

Soil moisture Dry Weight  Percent (%) Water   

Soil Bulk Density Core Steyer et al. 1995 g/cm³   

Soil Organic Matter Soil Organic Matter  Percent (%) 10% 15% 

Soil pH Glass Electrode 
Brookes et al. 1982 
Thomas 1996 

pH <10% 85-100% 

Percent Soil 
Compaction Soil Compaction     

Soil Salinity Centrifuge  Ppt.   

Soil Redox Eh Electrode Faulkner et al. 1989 mV 20 mV 20% 

 



 

 

Soil and Sedim
ent Sam

pling Procedures
 Q

uality Assurance System
s Requirem

ents 
7-28 

M
arch 09

 Laboratory Analyses, Assays, and Studies (continued) 
Soil/Sediment Oxygen 
Demand (SOD) Dissolved Oxygen Probe 

White and Reddy 2001 
APHA 1992 

02/g*d   

Soil Oxygen Content Diffusion chamber 
*Patrick 1977 
Carter et al. 1984a 
Faulkner et al. 1989 

   

Soil Phosphorus Ashing Method/ Acid  
Colorimetric Procedure 

Anderson 1976 
Kuo 1996 
Sommers and Nelson 1972 

   

Soluble P Ascorbic Acid Technique Method 365.3 USEPA 1979    
Inorganic P Extraction with N HCL  mg/Kg   
Total Carbon (TC), 
Total Nitrogen (TN), 
and Total Sulfur (TS) 

Carlo-Erba NA 1500 CNS Analyzer  mg/Kg   

Total Nitrogen Kjeldahl method Bremmer 1965 mg/Kg   

Extractable NH4+ Automated Colorimetric procedure 
Mulvaney 1996 
Method 350.1, USEPA 1993b 
Wright and Reddy 2001 

mg/g   

Soil Sulfate Ion Chromatography Method 300.0, USEPA, 1993a 
Sulfate (Porewater): mg/L 
Sulfate (Water-extractable): mg/Kg 

  

Soil Sulfide Electrodes Steyer et al. 1995 mg/g 1 ppm 25% 

Soil Respiration; 
Anaerobic and Aerobic 

Thermal Conductivity GC Flame 
Ionization Detection Detector 

D’Angelo and Reddy 1999    

Aerobic Respiration 
(Upland Soils) Gas Chromatograph     

Soil Microbial 
Biomass C Fumigation Extraction 

Vance et al. 1987 
White and Reddy 2001 
White and Reddy 2000 
Sparling et al. 1990 

g/kg   

Soil Microbial 
Biomass N Fumigation Extraction 

Brookes et al. 1985 
White and Reddy 2001 

mg/kg   

Soil Microbial 
Biomass P Fumigation Extraction 

Hedley and Stewart 1982 
Ivanoff 1998; Wright & Reddy 2001 

mg/kg   
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Table 7.3 Advantages and disadvantages of several methods for isolating  
sediment pore water for chemical testing (from Carr et al. 2001) 

Method Advantages Disadvantages 

Pe
ep

er
 (i

n 
si

tu
) 

Pore water chemistry is measured without 
significant disturbance of the in situ 
equilibrium conditions. 
 
Reduced sample manipulation 
 
Reduced sampling influences on the 
oxidation state of metals 
 
Eliminated potential for loss of volatile 
substances, such as H2S, and high Henry’s 
law constant HOCs, which occur with 
ex situ methods 
 
Use of a dialysis membrane eliminates the 
post-retrieval pore water filtration 
 
pH and redox conditions are relatively 
unaltered, minimizing changes in pH and 
oxygen-sensitive species (such as metals) 
 

Operates well for inorganic constituents (e.g., 
divalent metals, NH3), but their utility for accurately 
sampling highly hydrophobic organic compounds is 
poorly defined (i.e., sorption of hydrophobic 
compounds onto the sampler, the dialysis 
membrane, or onto the fouling organisms associated 
with the membrane, depending on the length of 
deployment, could artificially reduce pore water 
contaminant concentrations). 
 
An extended equilibration time in the field is 
required (generally 15 to 20 days), resulting in the 
need for 2 field trips: one for peeper deployment and 
one for peeper retrieval. 
 
Sample volumes are limited, generally to less than 
10 mL. Larger peepers are limited to very porous 
substrates. 
 
Uncontaminated water inside newly deployed 
peeper cells could effectively dilute pore water 
contaminant concentrations in low-porosity 
sediments. 
 
Samples must be collected from peepers 
immediately upon retrieval, resulting in a longer 
holding time for pore water outside of its natural 
matrix prior to toxicity testing. 
 
A high degree of technical competence and effort is 
required for proper use. Use in deeper water requires 
diving. 
 
In situ methods are often not practical for deep 
waters or high-energy situations 

Su
ct

io
n 

(in
 si

tu
) 

Easy and low-technology operation; use of 
inexpensive equipment 
 
Is suitable for use with a wide variety of 
sediment textures 
 
Procedure can generate large volumes of 
pore water 
 

Potential sorption of metals and HOCs on ‘filter’ 
 
Some clogging may occur in small-to-medium 
particle-sized sediments and slow down the pore 
water extraction process. 
 
Collection of pore waters from non-targeted depths 
(e.g., overlying water) may occur when collection is 
conducted in situ.  
 
Degassing of pore water may occur. 
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Method Advantages Disadvantages 
C

en
tri

fu
ga

tio
n 

(e
x 

si
tu

) 
Several variables (e.g., duration, speed) can 
be varied to optimize operation 
 
Procedure can generate large volumes of 
pore water 
 
Functions with fine-to-medium particle-
sized sediments  
 
Easy operation 
 

Labor intensive (e.g., sediment loading); requires a 
refrigerated centrifuge with large tube capacity 
 
Lack of a generic methodology 
 
Potential sorption of HOCs to centrifuge tube  
 
Lysis of cells during spinning 
 
Does not function in sandy sediments 

Pr
es

su
riz

at
io

n 
(e

x 
si

tu
) 

Can be used with highly bioturbated 
sediments without lysis of cells 
 
Procedure can generate large volumes of 
pore water 
 
Can be used with a wide variety of sediment 
textures 

Potential loss of HOCs on filter 
 
Changes in dissolved gasses may occur 
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Figure 7.1 Scoop and Trowel. 

SOIL, SEDIMENT, AND POREWATER SAMPLING 
PROCEDURES 

Soil and Sediment Sampling Procedures 

A. Surface Soil and Sediments/Shallow Water 

Scoop and Trowel 
Applicability – The scoop and trowel method is a very accurate, representative method for 
collecting surface and shallow subsurface sediment and soil samples. This method is usually 
limited to soil depths less than 30 cm (1 ft). 

Method Summary and Equipment – The simplest, most direct method of collecting surface 
soil samples is to use a spade and stainless steel scoop (Figure 7.1). A typical garden spade can 
be used to remove the top cover of soil to the required depth, but the smaller stainless steel scoop 
should be used to collect the sample. When a garden spade is used, the spade should be 
decontaminated before use; and if the spade is driven into the soil with the sampler’s field boot, 
the boot should be covered with a clean disposable overboot. Typical garden-type scoops are 
many times plated with chrome or other metals and would, therefore, be inappropriate for 
sampling when analyzing for metals. 

Sampling Procedure – The following procedure may be used when sampling sediments with a 
scoop or trowel: 

1. Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-
contamination. 

2. Sketch or photograph the sample area and note any 
recognizable features for future reference. 

3. With gloved hands, insert scoop or trowel into 
material and remove sample. 

4. Begin sampling with the acquisition of any grab VOC 
samples, conducting the sampling with as little 
disturbance as possible to the media. 

5. If homogenization of the sample location is 
appropriate for the remaining analytical parameters or 
if compositing of different locations is desired, the 
sample is transferred to a stainless steel bowl for 
mixing. 

6. Repeat these steps as necessary to obtain sufficient 
sample volume. 

7. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 
stainless steel laboratory spoon or equivalent, and transfer into an appropriate sample 
bottle. 

8. Check that a PTFE liner is present in cap. Secure the cap tightly. 
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Figure 7.2 Tube 
Sampler. 

9. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

10. Immediately place filled sample containers on ice. 
11. Complete all chain-of-custody documents and field sheets and record in the field 

logbook. 
12. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

Tube Sampler 
Applicability – Equipment for the tube sampler is portable and easy to use for surface sediments 
in shallow water or surface soil sampling (Figure 7.2). Discrete sediment samples can be 
collected efficiently. Disadvantages of the tube sampler include its inability to collect sediment 
samples in water bodies greater than a few feet in depth and its inability to penetrate gravel or 
rocky sediments. 

Method Summary and Equipment – Tube samplers are a simple and direct method for 
obtaining sediment samples. The tube sampler is pushed into the sediment, and then withdrawn, 
and the sample is collected. In non-cohesive soils, sample retention may be a problem. 

Sampling Procedure – The following procedure may be used when collecting sediment samples 
with a tube sampler: 

1. Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-contamination. If access to sampling 
location is restricted, locate a boat, barge, or other stable, working platform adjacent to 
the area to be sampled. 

2. Sketch or photograph the sample area and note any 
recognizable features for future reference. 

3. Gradually push tube sampler into sediment. 
4. Carefully retrieve the tube sampler. 
5. With gloves on, remove sediment core from tube sampler and 

place core on a clean working surface. 
6. Begin sampling with the acquisition of any grab VOC 

samples, conducting the sampling with as little disturbance as 
possible to the media. 

7. If homogenization of the sample location is appropriate for 
the remaining analytical parameters or if compositing of 
different locations is desired, transfer the sample to a stainless 
steel bowl for mixing. 

8. Repeat these steps as necessary to obtain sufficient sample 
volume. 

9. Thoroughly mix remaining sample as appropriate and collect 
suitable aliquots with a stainless steel laboratory spoon or equivalent, and transfer into an 
appropriate sample bottle. 

10. Secure the cap tightly. 
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Figure 7.3 Hand Auger and 
Tube Sampler. 

11. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

12. Immediately place filled sample containers on ice. 
13. Complete all chain-of-custody documents and field sheets, and record in the field 

logbook. 
14. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

B. Subsurface Soil and Sediments/Shallow Water (ASTM D1452 and D4700) 

Hand Auger and Tube Sampler  
Applicability – Equipment for the hand auger is portable and easy to use. Discrete subsurface 
soil and sediment samples can be collected efficiently without the use of a drill rig. 
Disadvantages of the hand auger include its limited sampling depth. The tube sampler may not 
penetrate gravel or rocky soils. 

Method Summary and Equipment – Hand augers are the simplest and most direct method for 
sampling subsurface soil samples (Figure 7.3). Although the maximum sampling depth for the 
hand auger is typically 1.5 m (5 ft), greater depths can be sampled depending on the soil type. 
Hand augers come in various diameters and types. The auger bit is used to bore a hole to the 
desired sampling depth and then withdrawn. The auger tip is then replaced with the tube corer, 
lowered into the borehole, and forced into the soil at the completion depth. The corer is then 
withdrawn and the sample is collected. Potential problems encountered with this method include 
the collapsing or sloughing of the borehole after removal of the bucket auger. Also, relocating 
the borehole with the tube sampler may also be difficult if the water is turbid. A casing can be 
used to help prevent the borehole from collapsing or sloughing; however, constituents of concern 
need to be considered when choosing the type of casing.  

Sampling Procedure – The following procedure may be used when sampling sediments or soil 
with a hand auger and tube sampler: 

1. Spread new plastic sheeting on the ground at each sampling 
location to keep sampling equipment decontaminated and to 
prevent cross-contamination. If access to the sampling location 
is restricted, locate a boat, barge, or other stable, working 
platform upstream of the area to be sampled. 

2. Sketch or photograph the sample area and note any 
recognizable features for future reference. 

3. Attach the auger bit to a drill rod extension and attach the 
T-handle to the drill rod. 

4. Begin drilling (augering?). Periodically remove accumulated 
sediment to prevent accidentally brushing loose material into 
the borehole when removing the auger. 

5. After reaching the desired depth, slowly and carefully 
remove the auger from boring. 

6. Remove the auger tip from drill rods and replace with a pre-
cleaned or decontaminated thin-wall tube sampler. Install proper cutting tip. 
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7. Carefully lower the tube sampler down the borehole and gradually force it into the 
sediment. Take care to avoid scraping the borehole sides. Avoid hammering the drill rods 
to facilitate coring because the vibrations may cause the boring wall to collapse. 

8. Carefully retrieve the tube sampler and unscrew drill rods. 
9. Remove cutting tip and remove core from device. 
10. Begin sampling with the acquisition of any grab VOC samples, conducting the sampling 

with as little disturbance as possible to the media. 
11. If homogenization of the sample location is appropriate for the remaining analytical 

parameters or if compositing of different locations is desired, transfer the sample to a 
stainless steel bowl for mixing. 

12. Repeat these steps as necessary to obtain sufficient sample volume. 
13. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 

stainless steel laboratory spoon or equivalent, and transfer into an appropriate sample 
bottle. 

14. Secure the cap tightly. 
15. Label the sample bottle with the appropriate sample label. Be sure to complete the label 

carefully and clearly, addressing all the categories or parameters.  
16. Immediately place filled sample containers on ice. 
17. Complete all chain-of-custody documents and field sheets, and record information in the 

field logbook. 
18. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

Tube Corers 
Applicability – Several types of tube corers have been used over the years. These include, but 
are not limited to, aluminum corers, PVC corers, acrylic corers, and stainless corers. Tube corers 
are a simple and cost-effective coring device. Tube coring devices are commonly used in 
limnological work to efficiently collect sediment profile samples.  

Method Summary and Equipment – When using a tube corer, be sure to collect the core in 
such a manner so as to minimize compaction. This is generally achieved by sharpening one end 
of the corer and carefully rotating the core tube as it is inserted into the substrate.   

Sampling Procedure – The following procedure may be used when sampling sediments with a 
tube corer: 

1. Define the primary vegetation type and select a location that is representative of the site. 
2. Determine how deep the core sample should be.  
3. Gently place the corer on the sediment surface and hold it still while cutting around the 

base of the corer to cut roots, rhizomes, etc. with a sharp, serrated knife.  
4. After cutting around the base, slowly push down and twist the corer to minimize 

compaction. Continue cutting roots with knife if necessary, until the desired depth is 
achieved.  

5. Install a test plug on the top of the corer and tighten wing nut to seal. Gently twist the 
corer one full turn then pull the corer up.  
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6. As the bottom of the core leaves the sediment, place your hand or cap under the corer to 
prevent sample leakage.  

7. Carefully pour off water and flocculent layer. If sampling flocculent layer, pour into a 
sample bag and note thickness.  

8. If sectioning core, place appropriate horizon sampling ring on top of the corer and push 
down until the soil is flush with the top of the ring.  

9. Cut the soil with the serrated knife by slicing through the core between the measuring 
ring and the corer.  

10. Place the core section into an appropriately labeled re-sealable bag. Repeat for other 
sections.  

11. Rinse all items with ambient water.  
12. Immediately place sub-samples on ice.  
13. Repeat all steps in triplicate for each site. 
14. Complete all chain-of-custody documents and field sheets, and record information in the 

field logbook. 
15. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000.  

Hand Driven Split-Spoon Core Sampler 
Applicability – The split-spoon core sampler may be used for obtaining sediment samples in 
cohesive and non-cohesive sediments. Similar to the hand auger, the hand-driven split-spoon 
sampler can be used only in shallow water. However, because it is hammered into place, it can 
sometimes penetrate sediments or soils that are too hard to sample with a hand auger. 

Method Summary and Equipment – The split-spoon sampler is a 50.8 mm- (2-in.) diameter, 
thick-walled, steel tube that is split lengthwise (Figure 7.4). A driving shoe is attached to the 
lower end; the upper end contains a check valve and is connected to the drill rods. For sediment 
and soil sampling, the split-spoon sampler is usually attached to a short driving rod and driven 
into the sediment and soil with a sledge hammer or slide hammer to obtain a sample. 

Sampling Procedure – The following procedure may be used when sampling sediment and soil 
with the hand-driven split-spoon core sampler: 

1. Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-contamination. If access to sampling 
location is restricted, locate a boat, barge, or other stable, working platform upstream to 
the area to be sampled. 

2. Sketch or photograph the sample area and note any recognizable features for future 
reference. 

3. Assemble the sampler by aligning both sides of barrel and then screwing the drive shoe 
on the bottom and the heavier headpiece on top. 

4. Lower the sampler into position perpendicular to the material to be sampled. 
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5. Drive the tube into the sediments with a sledge hammer. Do not drive past the bottom of 
the headpiece as this will 
result in compression of 
the sample. 

6. Withdraw the sampler and 
open by unscrewing drive 
shoe, head, and splitting 
barrel. If split samples are 
desired, use a 
decontaminated stainless 
steel knife to split the tube 
contents in half 
longitudinally. 

7. With gloves on, begin sampling with the acquisition of any grab VOC samples, 
conducting the sampling with as little disturbance as possible to the media. 

8. If homogenization of the sample location is appropriate for the remaining analytical 
parameters or if compositing of different locations is desired, transfer the sample to a 
stainless steel bowl for mixing. 

9. Repeat these steps as necessary to obtain sufficient sample volume. 
10. Thoroughly mix remaining sample, collect suitable aliquots with a stainless steel 

laboratory spoon or equivalent, and transfer into an appropriate sample bottle. 
11. Secure the cap tightly. 
12. Label the sample bottle with the appropriate sample label. Be sure to complete the label 

carefully and clearly, addressing all the categories or parameters. 
13. Immediately place filled sample containers on ice. 
14. Complete all chain-of-custody documents and field sheets, and record information in the 

field logbook. 
15. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000.  

C. Surface Sediments/Deep Water 

Ponar Sampler (ASTM D4342 and EPA/540/-91/005, SOP #2016) 
Applicability – Ponar samplers are capable of sampling most type sediments from silts to 
granular materials. They are available in hand-operated sizes to winch-operated sizes. Ponars are 
relatively safe and easy to use, prevent escape of material with end plates, reduce shock waves, 
and have a combination of the advantages of other sampling devices. Ponar samplers are more 
applicable for a wide range of sediments because they penetrate deeper and seal better than 
spring-activated types (e.g., Ekman samplers). However, penetration depths will usually not 
exceed several centimeters in sand. Greater penetration is possible in fine-grained material, up to 
the full depth of the sampler for soft sediments. Ponar samplers are not capable of collecting 
undisturbed samples. As a result, material in the first centimeter of sediment cannot be separated 
from the rest of the sample. Ponars can become buried in soft sediment. 

Figure 7.4  Standard Split-Spoon Sampler. 
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Method Summary and Equipment – The ponar sampler is a clamshell-type scoop activated by 
a counter-lever system (Figure 7.5). The shell is opened, latched in place, and slowly lowered to 
the bottom. When tension is released on the lowering cable, the latch releases and the lifting 
action of the cable on the lever system closes the clamshell. 

Sampling Procedure – The following procedure may be used when sampling sediments with a 
ponar sampler: 

1. Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-contamination. If access to the sampling 
location is restricted, locate a boat, barge, or other stable, working platform upstream of 
the area to be sampled. 

2. Sketch or photograph the sample area and note any recognizable features for future 
reference. 

3. Attach a decontaminated ponar to the 
necessary length of sample line. Solid braided 
5-mm (3/16-in.) nylon line is usually of 
sufficient strength; however, 20-mm (3/4-in.) 
or greater nylon line allows for easier hand 
hoisting. 

4. Measure the depth to the top of the sediment 
with a weighted object. 

5. Mark the distance to the top of the sediment 
on the sample line with a mark 1 m above the 
sediment. Record depth to top of sediment and 
depth of sediment penetration. 

6. Open sampler jaws until latched. From this 
point, support the sampler by its lift line, or the 
sampler will be tripped and the jaws will close. 

7. Tie the free end of sample line to fixed support to prevent accidental loss of sampler. 
8. Begin lowering the sampler until the mark is reached. 
9. Lower the sampler at a slow rate of descent through last meter until contact is felt. 
10. Allow sample line to slack several centimeters. In strong currents, more slack may be 

necessary to release mechanism. 
11. Slowly raise ponar grab sampler to clear surface. 
12. Drain free liquids through the screen of the sampler, being careful not to lose fine 

sediments. 
13. Place ponar into a stainless steel or PTFE tray and open. Lift ponar clear of the tray, set 

aside for decontamination. 
14. With gloved hands, begin sampling with the acquisition of any grab VOC samples, 

conducting the sampling with as little disturbance as possible to the media. Samples 
should be taken from the center of the mass of sediment, avoiding material that has come 
in contact with the walls of the sampler. 

15. Repeat these steps until sufficient sample volume has been collected for remaining 
parameters. 

Figure 7.5 Ponar Sampler. 
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16. If compositing of different locations is desired, transfer additional discrete samples to a 
stainless steel bowl for mixing. 

17. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 
stainless steel laboratory spoon or equivalent, and transfer into an appropriate sample 
bottle. 

18. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

19. Immediately place filled sample containers on ice. 
20. Complete all chain-of-custody documents and field sheets and record information in the 

field logbook. 
21. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

Ekman Grab Sampler (ASTM D4343 and EPA/540/P-91/005, SOP #201)  
Applicability – The Ekman sampler collects a standard size sample. The Ekman sampler is not 
useful in rough waters or if vegetation is on the bottom. 

Method Summary and Equipment – The Ekman sampler (Figure 7.6) is another clamshell-
type grab sampler that works similarly to the ponar sampler. However, because the Ekman 
sampler is much lighter than the ponar sampler, it is easier to handle and can even be attached to 
a pole for shallow applications. The Ekman sampler is unsuitable for sampling rocky or hard 
bottom surfaces. (http://www.epa.gov/region02/desa/hsw/soils.pdf) 

Sampling Procedure – The following procedure may be used when sampling sediments with an 
Ekman sampler:  

1. Spread new plastic sheeting on the ground at each sampling location to keep sampling 
equipment decontaminated and to prevent cross-contamination. If access to sampling 
location is restricted, locate a boat, barge, or other stable, working platform upstream of 
the area to be sampled. 

2. Sketch or photograph the sample area and note any 
recognizable features for future reference.  

3. Attach a decontaminated Ekman sampler to the necessary 
length of sample line or in shallow waters to the end of a 
pole. Because the Ekman sampler is lightweight, solid 
braided 5-mm (3/16-in.) nylon line is sufficient. 

4. Measure the depth to the top of the sediment with a 
weighted object. Record the depth to top of sediment. 

5. Mark the distance to top of sediment on the sample line 
and add a proximity mark 1 m above the first mark so that 
the person taking the sample will know when he is 
approaching sediment. 

6. Open sampler jaws until latched. From this point, support the sampler by its lift line, or 
the sampler will be tripped and the jaws will close. 

7. If using a sample line, tie the free end of the sample line to fixed support to prevent 
accidental loss of sampler. 

Figure 7.6 Eckman Sampler.



Appendix 7-A 
 

Quality Assurance Systems Requirements 7-A-9 March 09 

8. Begin lowering the sampler until the proximity mark is reached. 
9. Lower the sampler at a slow rate of descent through the last meter until contact is felt. 
10. If using a sample line, place a messenger on the sample line and release, allowing the 

messenger to slide down to the sample line and activate the spring. Record the depth of 
sediment penetration by the sampler. 

11. Slowly raise Ekman grab sampler to clear surface. 
12. Drain free liquids through the screen of the sampler, being careful not to lose fine 

sediments. 
13. Place Ekman sampler into a stainless steel or PTFE tray and open. Lift Ekman sampler 

clear of the tray and set aside for decontamination. 
14. With gloved hands, begin sampling with the acquisition of any grab VOC samples, 

conducting the sampling with as little disturbance as possible to the media. Samples 
should be taken from the center of the mass of sediment, avoiding material that has come 
in contact with the walls of the sampler. 

15. Repeat these steps until sufficient sample volume has been collected for remaining 
parameters. 

16. If compositing of different locations is desired, transfer additional discrete samples to 
stainless steel bowl for mixing. 

17. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 
stainless steel laboratory spoon or equivalent, and transfer into an appropriate sample 
bottle. 

18. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

19. Immediately place filled sample containers on ice. 
20. Complete all chain-of-custody documents and field sheets and record information in the 

field logbook. 
21. Decontaminate sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

Smith-McIntyre Grab Sampler (ASTM D4344) 
Applicability – The Smith-McIntyre grab sampler can be used in rough water because of its 
large and heavy construction. It reduces premature tripping and can be used in depths up to 
1,050 m (3,500 ft). The flange on the jaws reduces material loss. It is good for sampling all 
sediment types. However, because of its large and heavy construction, the Smith-McIntyre 
sampler is cumbersome and dangerous to operate. 

Method Summary and Equipment – The Smith-McIntyre grab sampler (Figure 7.7) is also a 
type of clam-shell-style grab sampler and works similarly to the Ponar sampler. 

Sampling Procedure – The following procedure may be used when sampling sediments with a 
Smith-McIntyre sampler: 
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1. Spread new plastic sheeting on the deck of a boat or barge to keep sampling equipment 
decontaminated and to prevent cross-contamination. 

2. Sketch or photograph the sample area and note any 
recognizable features for future reference.  

3. Attach a decontaminated Smith-McIntyre sampler to the 
necessary length of sample line. Because the Smith-
McIntyre sampler is large and heavy, a winch should be 
used for hoisting and lowering the sampler. 

4. Measure the depth to the top of the sediment with a 
weighted object. 

5. Mark the distance to top of sediment on the sample line 
with a proximity mark 2.5 cm (1 in.) above the sediment. 
Record depth to top of sediment and depth of sediment penetration. 

6. Open sampler jaws until latched. From this point, support the sampler by its lift line, or 
the sampler will be tripped and the jaws will close. 

7. If using a sample line, tie the free end of sample line to fixed support to prevent 
accidental loss of sampler. 

8. Begin lowering the sampler until the proximity mark is reached. 
9. Lower the sampler at a slow rate of descent through last meter until contact is felt. 
10. Allow sample line to slack several centimeters. In strong currents, more slack may be 

necessary to release mechanism. 
11. Slowly raise Smith-McIntyre grab sampler to clear surface. 
12. Drain free liquids through the screen of the sampler, being careful not to lose fine 

sediments. 
13. Place Smith-McIntyre sampler into a stainless steel or PTFE tray and open. Lift Smith-

McIntyre sampler clear of the tray, set aside for decontamination. 
14. With gloved hands, begin sampling with the acquisition of any grab VOC samples, 

conducting the sampling with as little disturbance as possible to the media. Samples 
should be taken from the center of the mass of sediment, avoiding material that has come 
in contact with the walls of the sampler. 

15. Repeat these steps until sufficient sample volume has been collected for remaining 
parameters. 

16. If compositing of different locations is desired, transfer additional discrete samples to 
stainless steel bowl for mixing. 

17. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 
stainless steel laboratory spoon or equivalent, and transfer into an appropriate sample 
bottle. 

18. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

19. Immediately place filled sample containers on ice. 
20. Complete all chain-of-custody documents and field sheets and record information in the 

field logbook. 

Figure 7.7 Smith-McIntyre 
Grab Sampler.



Appendix 7-A 
 

Quality Assurance Systems Requirements 7-A-11 March 09 

21. Decontaminate sampling equipment after use and between sample locations using 
appropriate procedures based on FDEP SOP FC1000. 

D. Subsurface Sediments/Deep Water  

Vibratory Coring Device (Vibracore) 
Applicability – Vibratory corers are capable of collecting samples of most soils, sediments, and 
sludges. For sediment penetration greater than 2 m (6.5 ft), a vibratory corer is generally 
preferred. 

Method Summary and Equipment – The vibratory system consists of a tripod that supports a 
core tube. An external power source is necessary to drive a top head and cause vibrations. The 
vibratory motion causes the soil sediments to become fluidized and the core tube to slip through 
the soil or sediment. It is capable of obtaining 3- to 7-m cores in a wide range of sediment types 
by vibrating a large diameter core barrel through the sediment column with little compaction. 

Sampling Procedure – The following procedure may be used when sampling sediments by a 
vibratory coring device: 

1. Use a boat, barge, or other stable working platform over the area to be sampled. 
2. Sketch or photograph the sample area and note any recognizable features for future 

reference. 
3. Assemble a decontaminated vibratory corer and connect an external power source (i.e., 

air compressor). 
4. Attach decontaminated corer to the required length of sample line to reach the top of the 

soil or sediment. 
5. Lower the corer down to the top of sediments and begin vibratory coring until the core 

tube has fully penetrated. 
6. Carefully retrieve the core tube and remove the core liner. 
7. With gloved hands, begin sampling with the acquisition of any grab VOC samples, 

conducting the sampling with as little disturbance as possible to the media. 
8. If homogenization of the sample location is appropriate for the remaining analytical 

parameters or if compositing of different locations is desired, transfer the sample to a 
stainless steel bowl for mixing. 

9. Label the sample bottle with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

10. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 
stainless steel laboratory spoon or equivalent, transfer into an appropriate sample bottle, 
secure cap tightly, and put the container on ice. 

11. Complete all chain-of-custody documents and field sheets and record information in the 
field logbook. 

12. Thoroughly decontaminate the vibratory corer after each use and between sample 
locations using appropriate procedures defined in FDEP SOP FC1000. 
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Box Core Sampler 
Applicability – The corer that disturbs the sediments the least is a box corer. One advantage of 
the box corer is its ability to collect a large amount of sample with the center of the sample 
virtually undisturbed. Box corers are not generally recommended for use in sandy sediments 
since they have difficulty retaining the sample upon withdrawal. 

Method Summary and Equipment – The box corer is a large box-shaped sampler that is 
deployed inside a frame (Figure 7.8). After the frame is brought to rest on the bottom, heavy 
weights lower the open-ended box into the sediment. A bottom door then swings shut upon 
retrieval to prevent sample loss.  

Sampling Procedure – The following procedure may be used when sampling sediment with a 
box core sampler:  

1. Use a boat, barge, or other stable working platform over 
the area to be sampled.  

2. Sketch or photograph the sample area and note any 
recognizable features for future reference.  

3. Assemble decontaminated box corer into the sample 
frame. 

4. Attach decontaminated box corer and frame to the 
required length of sample line, cable, or rope to reach 
the top of the soil or sediment. 

5. Secure the free end of the line to a fixed support to 
prevent accidental loss of the corer, if applicable. 

6. Lower the box corer and frame down to the sediments. 
Weights will force the box corer into the sediments for 
sample collection. 

7. Carefully retrieve the box corer with a smooth, 
continuous lifting motion. The box bottom will swing shut upon retrieval. 

8. Open the bottom lid to remove sample out of corer into stainless steel or PTFE pan. 
9. With gloved hands, begin sampling with the acquisition of any grab VOC samples, 

conducting the sampling with as little disturbance as possible to the media. 
10. Repeat these steps until sufficient sample volume has been collected for remaining 

parameters.  
11. If compositing of different locations is desired, transfer additional discrete samples to a 

stainless steel bowl for mixing. 
12. Thoroughly mix remaining sample as appropriate, collect suitable aliquots with a 

stainless steel laboratory spoon or equivalent, transfer into an appropriate sample bottle. 
13. Check that a liner is present in cap. Secure the cap tightly. 
14. Label the sample bottle with the appropriate sample label. Be sure to complete the label 

carefully and clearly, addressing all the categories or parameters. 
15. Immediately place filled sample containers on ice. 

Figure 7.8  Box Core Sampler. 
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16. Complete all chain-of-custody documents and field sheets and record information in the 
field logbook. 

17. Thoroughly decontaminate the box corer after each use and between sample locations 
using appropriate procedures defined in FDEP SOP FC1000. 

E. Cohesive Soils  

Thin-Walled (Shelby) Tube Sampler (ASTM D1587) 
Applicability – Thin-walled tube samplers allow collection of undisturbed samples in cohesive-
type soils (i.e., clays). They are used primarily for collecting soil samples for certain 
geotechnical tests. Thin-walled tube samplers are not the ideal containers for transporting 
samples to the laboratory for chemical analysis due to their size. Also, the opportunity for 
describing the soil is diminished because most of the soil is concealed in the tube. 

Method Summary and Equipment – The thin-walled tube sampler is designed to take 
undisturbed samples in cohesive-type soils (Figure 7.9). The thin-walled tube sampler is 
available in brass, galvanized steel, plain steel, or stainless steel and is manufactured in either 76- 
or 91-cm (30- or 36-in.) lengths. These tubes normally have an outside diameter of 7.5 to 
12.5 cm (3 to 5 in.); however, the 7.5-cm (3-in.) diameter is the most commonly used. 
Thin-walled tube samplers are usually used for sampling cohesive soils for geotechnical 
evaluation, rather than chemical analysis.  

Sampling Procedure – The following procedure may be used when sampling soil with a thin-
walled tube sampler: 

1. Place plastic sheeting on the ground around the sampling location to prevent cross-
contamination. 

2. Place the sampler in a perpendicular position on the material to be sampled. 
3. Push the tube into the soil by a continuous and rapid 

motion, without impact or twisting. In no instance should 
the tube be pushed further than the length specified for the 
soil sample. 

4. When the soil is so hard that a pushing motion will not 
penetrate the sample sufficiently for recovery, it may be 
necessary to collect a disturbed sample with the split-
spoon sampler. Extremely dense and hard soils may 
damage the thin-walled tube sampler. 

5. Before pulling out the tube, rotate the tube at least two 
revolutions to shear off the sample at the bottom. For 
geotechnical analysis, seal the ends of the tube with wax 
or rubber packers to preserve the moisture content. In 
such instances, the procedures and preparation for 
shipment should be in accordance with ASTM D1587. 
Tubes collected for geotechnical purposes should be kept 
in a vertical position at all times. For chemical samples, 
seal the ends of the tube with PTFE-lined plastic caps. 

Figure 7.9  Standard Thin-
Walled (Shelby) Tube Sampler. 
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6. Label the sample tube with the appropriate sample label. Be sure to complete the label 
carefully and clearly, addressing all the categories or parameters. 

7. Complete all chain-of-custody documents and record information in the field logbook. 
8. Decontaminate sampling equipment after use and between sampling locations using 

appropriate procedures defined in FDEP SOP FC1000 

F. Continuous Soils 

Continuous Tube Sampler (ASTM D4700) 
Applicability – The continuous tube sampler provides good samples for describing soil profiles 
because of the long length of the samples. Discrete samples for chemical analysis can be 
collected only within a 1.5-m (5-ft) increment. This sampler may not be effective in 
non-cohesive soil types and requires the use of a drill rig. 

Method Summary and Equipment – The continuous tube sampler fits within a hollow-stem 
auger and is prevented from rotating as the auger is turned. The sampling tube can be split or 
solid barrel and can be used with or without liners of various metallic and nonmetallic materials. 
The sampler is typically 1.5 m (5 ft) long and 5 to 15 cm (2 to 6 in.) in diameter. 

Sampling Procedure – The following procedure may be used when sampling soil with a 
continuous tube sampler: 

1. Place plastic sheeting on the ground around the sampling location to prevent cross-
contamination. 

2. Lock the sampler in place inside the hollow-stem auger with its open end protruding a 
short distance beyond the end of the auger. 

3. Advance the auger while soil enters the non-rotating sampling tube. 
4. After advancing the length of the sampling tube, withdraw the sampler and remove the 

liner (if used) and cap. If a split-tube sampler is used, and chemical samples are desired, 
use a decontaminated stainless steel knife to divide the split-tube contents in half 
longitudinally. 

5. Begin sampling with the acquisition of any grab VOC samples, conducting the sampling 
with as little disturbance as possible to the media. 

6. If homogenization of the sample location is appropriate for the remaining analytical 
parameters or if compositing of different locations is desired, transfer the sample to a 
stainless steel bowl for mixing. 

7. Thoroughly mix remaining sample and collect the sample into an appropriate sample 
bottle with a stainless steel laboratory spoon or equivalent. 

8. Secure the cap tightly. 
9. Immediately place filled sample containers on ice. 
10. Label the sample bottle with the appropriate sample label. Be sure to complete the label 

carefully and clearly, addressing all the categories or parameters. 
11. Complete all chain-of-custody documents and record information in the field logbook. 
12. Decontaminate sampling equipment after use and between sampling locations using 

appropriate procedures defined in FDEP SOP FC1000. 
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G. Subsurface Soil and Water (ASTM D6282) 

Direct Push Method 
Applicability – The direct push soil sampling method is widely used as a preliminary site 
characterization tool for the initial field activity of a site investigation. Direct push sampling is an 
economical and efficient method for obtaining discrete soil and water samples without the 
expense of drilling and its related waste cuttings disposal costs. 

Method Summary and Equipment – The method, known as the direct push method, involves 
sampling devices that are directly inserted into the soil to be sampled without drilling or borehole 
excavation. Direct push sampling consists of advancing a sampling device into the subsurface by 
applying static pressure, impacts, or vibration or any combination thereof to the aboveground 
portion of the sampler extensions until the sampler has been advanced its full length into the 
desired soil strata. No specific guidance or standards document the “direct push sampling 
method,” but the guidance is a modification of standards from the Shelby tube, split-spoon, and 
piston methods. The method is employed under various protocols by commercial entities and 
called by various proprietary names (i.e., Geoprobe). Direct push methods may be used to collect 
soil, and in some cases, the method may be combined with sampling devices capable of water 
and/or vapor sampling. The equipment generally used in direct push sampling is small and 
relatively compact allowing for better mobility around the site and access to confined areas. 
Direct push insertion methods include static push, impact, percussion, other vibratory driving, 
and combinations of these methods using direct push equipment adapted to drilling rigs, cone 
units (Reference standard ASTM D5778-95), and specially designed percussion/direct push 
combination machines. Standard drilling rods used for rotary drilling are sometimes used when 
sampling is done at the base of drill holes. A direct push soil sampling system consists of a 
sample collection tool; hollow extension rods for advancement, retrieval, and transmission of 
energy to the sampler; and an energy source to force penetration by the sampler. 

Sampling Procedure – The following procedure may be used when sampling soil by the direct 
push method: 

1. Assemble decontaminated direct push sampling device. 
2. Advance the sampling device into subsurface soils by applying static pressure, impacts, 

or vibration or any combination thereof to the aboveground portion of the sampler 
extensions until the sampler has been advanced its full length into the desired soil strata. 

3. Sampling can be continuous for full-depth borehole logging or incremental for specific 
strata sampling. Samplers used can be protected for controlled specimen gathering or 
unprotected for general data collection. 

4. Recover the sampler from the borehole and remove the soil sample from the sampler. 
5. Begin sampling with the acquisition of any VOC samples, conducting the sampling with 

as little disturbance as possible to the media. 
6. If homogenization of the sample location is appropriate for the remaining analytical 

parameters or if compositing of a different location is desired, transfer the sample to a 
stainless steel bowl for mixing. 

7. Transfer sample into an appropriate sample bottle using a stainless steel spoon or 
equivalent. 

8. Check that a PTFE liner is present in the cap. Secure the cap tightly. 
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9. Label the sample bottle. Complete the label completely and clearly, addressing all the 
categories and parameters. 

10. Immediately place filled sample containers on ice. 
11. Complete chain-of-custody documents and field sheets and record in the logbook. 
12. Prepare samples for shipment. 
13. Decontaminate the sampling equipment after use and between sample locations using 

appropriate procedures defined in FDEP SOP FC1000. 

H. Subsurface VOC Soils 

EnCoreTM Sampler  
Applicability – This sampling procedure consists of a coring device that also serves as a 
shipping container. Presently, the EnCoreTM sampler is the only commercially available device 
that designed to collect, store and transfer soils with minimal loss of VOCs. This method 
describes a closed-system purge-and-trap process for the analysis of VOCs in the soils.  

Method Summary and Equipment – The low soil method utilizes a hermetically sealed sample 
vial, the seal of which is never broken from the time of sampling to the time of analysis. Since 
the sample is never exposed to the atmosphere after sampling, the losses of VOCs during sample 
transport, handling, and analysis are negligible.  

Sampling Procedure – The following procedures may be used when sampling soil with the 
EnCoreTM sampler:  

1. At the desired location, clear surface debris (e.g., rocks, leaves, twigs, etc.) to expose the 
soil material.  

2. Insert the barrel of a clean coring tool into the freshly exposed soil surface for sample 
collection. Air should not be trapped behind the sample. Remove the coring tool once 
filled and clean the exterior of the barrel by quickly wiping with a clean disposable towel 
to ensure a tight seal.  

3. Place the cap onto the open end, label, and place the sampler into the sealable pouch 
provided by the manufacturer.  

4. Place the soil sample into an ice filled cooler to be kept at a 4 + 2 ºC temperature.  
5. Ship the sample to the laboratory to be properly preserved in accordance with SW-846 

Method 5035.  
6. Sample preservation must be completed within 48-hours of sample collection.  
7. Follow the manufacturer’s instructions for the proper use of the EnCoreTM sampler and 

the T-Handle. 
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I. Pore Water Sampling 

In Situ Methods 

Pore Water Equilibrators (“Peepers”) 
Applicability – Pore water equilibrators or “peepers” are used to obtain vertical profiles of pore 
water within the sediment column. The pore water equilibrator is designed to allow the collection 
of discrete water samples at a small spatial resolution by preventing vertical mixing of adjacent 
water masses. The general principle of this method involves allowing a volume of deionized 
(DI), distilled water to come to equilibrium with the sediment pore water in order to determine 
chemical concentrations. Pore water equilibrators enable the study of pore water depth profiles 
and the calculation of fluxes (see Appendix G for flux calculations). 

Method Summary and Equipment – The peeper is commonly used in Everglades research and 
was first developed by Hesslein (1976). It consists of a Plexiglas base (77 cm long x 10 cm wide 
x 2 cm thick) with several cells (7 cm x 1 cm x 1.5 cm) milled into it (Figure 7.10). A 0.4 µm 
Nucleopore membrane filter is placed over the cells which have been filled with DI water. A 
coarse nylon mesh is placed over the membrane to provide protection. A slotted Plexiglas cover 
is screwed to the base. Prior to placement in the field, the equilibrators are placed in containers 
filled with DI water and nitrogen gas is bubbled through the water column to purge O2 from the 
containers to avoid aerating the soil in the area of insertion. Field pH will be recorded for all pore 
water samples. Redox readings will be obtained following all pore water collections.  

The peepers are then inserted into the sediment and the chemical 
species in the pore water diffuse across the membrane until 
equilibrium is achieved. Equilibration times reported have varied 
anywhere from 3 to 20 days (Carignan 1984). According to Newman 
and Pietro (2001) and Fisher and Reddy (2001), two weeks is 
sufficient time for equilibration. 

Upon retrieval, the soil-water interface is marked. Samples are 
withdrawn by a syringe and composited over 2 cm increments 
(Newman and Pietro 2001). The nutrient analysis data along with 
published coefficients allow for the calculation of nutrient flux rates 
from the soil to the overlying water column using Fick’s First Law. 

One drawback of using this method is the small volume of water 
collected within each cell. Most laboratories require at least 50-
100 mL of water for basic nutrient analyses, and the present design 
of peepers generates much less than the required volume. 

Equilibrator Construction: 

The design of pore water equilibrators is described above, and illustrated in Figure 7.10. 
Alternate designs and configurations might be needed for specific project use. Be sure to use 
only material suitable for collection of analytes of interest (see Chapter 3 for a list of suitable 
materials). 

Laboratory Preparation – For preparation of equilibrators prior to installation in the field you 
will need:  

• equilibrators,  

Figure 7.10  Photograph 
of an Equilibrator. 
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• 0.4 µm membrane filter,  
• deionized (DI) water,  
• power screwdriver,  
• liquinox soap,  
• protective screen, and  
• latex gloves. 

Field Deployment and Sample Collection Procedures – For deployment of equilibrators and 
collection of pore water samples in the field you will need: 

• field data book,  
• header sheets,  
• pre-labeled sample bottles,  
• conc. H2SO4,  
• deionized water,  
• mallet,  
• wax pencil,  
• thin sharpies,  
• compact pH meter,  
• pH 7 and 4 calibration buffers,  
• pH strips,  
• syringes, and  
• latex gloves. 

1. Clean equilibrators with Liquinox soap and rinse with deionized water. Keep 
equilibrators in horizontal position during preparation. Also wear gloves to avoid possible 
contamination. 

2. Fill equilibrator base with deionized water. 
3. Cut Nucleopore 0.4 µm membrane sheets to fit the dimensions of the equilibrator. The 

membrane (with blue backing still attached) is cut using a blade paper cutter that has 
been thoroughly cleaned with Liquinox and rinsed in deionized water. Remove blue 
backing and cover entire length of water-filled cells. Remove large air bubbles by gently 
lifting the edges of the membrane and then replacing it on the water surface. Ensure 
separate pieces of membrane overlap 2 cells.  

4. Cut nylon “no-seeum” netting to fit equilibrator and place over membrane. 
5. Place faceplate on equilibrator and using a syringe needle punch holes into the membrane 

where the screw holes should be. Faceplate and matching bottom sections are identified 
numerically. 

6. Screw on faceplate using power screwdriver. 
7. Examine assembled equilibrators for any rips in membrane, air bubbles, etc. which may 

occur during assembly. If errors are found the equilibrator should be disassembled and 
repaired. 
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8. Place equilibrator into Plexiglas case containing deionized water. Insert plastic tube into 
septum at top of container lid. Prior to insertion in the field purge containers for a 
minimum of 3 hrs with N2 gas to deplete any air in the cells.  

9. Keep equilibrators in oxygen-deficient containers until immediately before insertion into 
the soil at the sampling site. 

10. At the mesocosm site, remove equilibrator from storage/transport container. 
11. Drive equilibrator into soil using a block of wood and mallet. Equilibrators should be 

installed such that at least four cells are above the sediment-water interface. 
12. Allow equilibrators to incubate in situ for 2 weeks. 
13. Mark sediment-water interface on equilibrator faceplate using a wax pencil. 
14. Remove equilibrator and carry in horizontal position to platform for processing. 
15. Mark off sampling increments along the equilibrator using the wax pencil. 
16. Process cells in the deepest sediment layer first working up into the water column (i.e. 8-

10, 6-8, 4-6, 2-4, 0-2, 0-+2, +2-+4). This minimizes the amount of time for oxygen 
diffuse back into the cells. 

17. Pierce the membrane of the cell with the tip of the syringe. Leave the tip in place and 
sample by drawing carefully into the syringe. Avoid pulling bubbles of air into the 
sample. 

18. Place the tip of the syringe needle onto the bottom of the sample collection bottle and 
discharge the contents, keeping the needle tip submerged below the water at all times. 

19. Place a small sub-sample of water onto the tip of the calibrated compact pH meter and 
record pH in the header sheet. 

20. Pour approximately one half of the water into another bottle and acidify where 
appropriate. 

21. Place samples in ice chest for transport to the laboratory. 

Suction Filtration 
Applicability – These pore water sampling devices avoid many of the problems associated with 
using the ex situ methods. In addition, some devices may be placed in the sediment for repeated 
monitoring at one location. The main disadvantage of these samplers is their complexity and 
expense of construction. Also, their use can be limited by the depth of the body of water because 
of the suction pressures that would be required to draw the pore water to a surface vessel.  

Another disadvantage of this suction filtration method is that is does not offer the detailed spatial 
resolution for sampling the pore water column that some researchers are interested in. This 
problem can be solved by using multi-level samplers. Two such devices employing TFE inserts 
to filter the pore water were designed by Montgomery et al. (1981) and Watson and Frickers 
(1990). To use these samplers, a vacuum is applied through the porous TFE inserts, withdrawing 
the pore water sample into an acrylic (or other solid plastic) sample chamber. Both the single- 
and multi-level samplers can be used with in-line filters in order to assure particle-free pore 
water samples. Samples can then be withdrawn from the sampler body and decanted directly into 
sample bottles in an inert atmosphere in order to avoid oxidation artifacts. 

When using these devices, there may be some sediment disturbance or compacting as the 
samplers are placed into the sediment. The placement of the samplers may require the removal of 
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a sediment plug to facilitate easy placement. Therefore, it may be necessary to allow the 
sediment to re-equilibrate before pore water samples are extracted. 

Method Summary and Equipment – There are a wide variety of suction filtration devices 
available for pore water extraction. The simplest of these devices is a glass volumetric pipette 
modified for sampling purposes by closing the delivery end and blowing two small holes 
opposite each other 1 or 2 centimeters from the tip (Makemson 1972). The holes are covered 
with a nylon mesh screen held in place with epoxy cement. The sample is withdrawn by placing 
a pipette filler on the open end and suctioning the pore water through the mesh covered holes. Its 
use is probably limited to sandy types of sediments because finer particles would pass through 
the mesh that covered the holes and produce turbid samples. 

Other devices offer the simplicity of Makemson's sampler, but produce cleaner samples. One 
device uses a fused glass air stone (Winger and Lasier 1991); other devices use porous 
tetrafluoroethylene (TFE) (Zimmermann et al. 1978; Howes et al. 1985). 

Newman and Pietro (2001) used ceramic cup wells placed at various depths within the soil 
column. Twenty-four hours prior to sampling, the ceramic wells were emptied using a hand-held 
vacuum pump and allowed to recharge. Samples were filtered and preserved and stored on ice 
until analysis. 

Dialysis Sampler - Stackers 
A dialysis sampler that is similar to Hesslein's was designed by Bottomley and Bayley (1984). 
This sampler consists of a perforated Lexan tube that contains small vials called stackers. Each 
stacker (vial) has three side ports of 2 cm diameter that are covered with a 0.45 µ polysulfone 
membrane (pm) and can hold a 10-12 mL sample. The stackers are emptied by inserting a 
syringe through a rubber septum attached to one end. The equilibration time for these samplers is 
tested in anoxic sediments for 1 to 27 days. It was determined that the samplers reached 
equilibrium within 10 days. 

In Situ Dialysis Bags 
Dialysis bags have also been used to sample sediment pore water (Mayer 1976). The sampler 
consists of a perforated Lucite tube that is separated into chambers by rubber washers fitted over 
an inserted Lucite rod. One dialysis bag per chamber is wrapped around the Lucite rod and the 
rod is inserted into the perforated Lucite tube. Equilibration times for unconsolidated clay and 
silt sediments were found to be 100 hours. 

Resin and Gel Samplers 
Another dialysis technique, which employs a thin layer of ion exchange resin in a membrane 
"sandwich," has been developed and is undergoing further evaluation (Desnoyers et al. 1993). 
The resin equilibrates with the free metal ions in the pore water phase in order to determine the 
bioavailable fraction of trace metals in the sediment. A similar technique has also been 
developed that uses a thin layer of gel instead of ion exchange resin (Davison et al. 1991; 
Davison and Zhang 1994). Diffusive equilibration in a thin-film (DET) has been found to reach 
equilibrium with the pore water in less than one hour. 
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J. Ex Situ Squeezing (Pressurization) and Centrifugation Methods 
Ex situ techniques are the oldest and the most widely used methods for obtaining pore water 
samples. There are two types of ex situ methods: Squeezing (Pressurization) and Centrifugation. 
Because the sediment must be removed from the natural environment in order to be processed, 
handling of the sediment and pore water samples should be conducted in an inert atmosphere in 
order to avoid oxidation artifacts.  

Various devices are available to pressurize a sediment sample and force the pore water through 
an exit port. These samplers can be classified into two types: core section and whole core 
squeezers. 

Core Section Squeezers 
Applicability – Core section squeezers (often referred to as filter presses) are the more widely 
used (Lusczynski 1961; Siever 1962; Hartman 1965; Manheim 1966; Presley et al. 1967; 
Reeburgh 1967; Sasseville et al. 1974). Core section squeezers are an inexpensive and simple 
means of extracting sediment pore water. They also offer immediate filtration of the water 
samples, thus eliminating a handling step, which may introduce contamination to the samples. 
The disadvantage of core section squeezers is that their use requires handling the sediment, 
which may introduce artifacts resulting from oxidation or temperature differences. 

Method Summary and Equipment – The samplers designed by Hartman (1965), Lusczynski 
(1961), Presley et al. (1967), and Reeburgh (1967) all extract the pore water by means of gas 
pressure. Most use an inert gas such as nitrogen or argon in order to avoid oxidation artifacts. 
Carbon dioxide is not recommended, as it can dissolve in the pore water and lower the pH of the 
samples. 

Whole-Core Squeezers 
Applicability – The potential for artifacts can be decreased by the use of whole-core squeezers 
(Kalil and Goldhaber 1973; Bender et al. 1987; Jahnke 1988). By using these samplers, the 
sediment remains in the core liner with which it was removed from the natural environment.  

Method Summary and Equipment – All three samplers apply pressure to the sediment by the 
use of plungers. The samplers designed by Kalil and Goldhaber (1973) and Bender et al. (1987) 
use a specially designed piston on the top to allow the water to exit. One problem with these 
samplers is that they do not offer the detailed spatial resolution for sampling the pore water 
column that some researchers are interested in. Jahnke's (1988) sampler is designed with tapped 
holes at various depths along the side of the core liner. These holes are sealed with nylon screws 
until extraction has begun. The sediment is pressurized by pistons on both ends of the sediments. 
When pore water is desired from a certain depth, the screw is removed and a specially designed 
syringe, fitted with an in-line filter, is inserted into the hole and the pore water is extracted. 

One problem with whole core squeezers for trace metal analysis is caused by solid-solution 
interactions (Bender et al. 1987). They report that as pore waters travel through the sediment in a 
whole core squeezer, the waters come into contact with sediment particles that have previously 
been in equilibrium with waters of different compositions. Therefore, if exchange kinetics 
between the sediment and water are more rapid than the rate of squeezing, re-equilibration with 
the sediment will occur and the trace metal concentrations will be altered. This problem can be 
reduced in one of two ways. Either the pressure of squeezing must be increased, which is 
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sometimes physically impossible, or the size of the sample must be small enough to allow for 
complete extraction before reaction kinetics override the original composition. 

Centrifugation 
Centrifugation of sediment is another widely used and simple technique to obtain pore water. 
Extracted samples have been used for trace metal analysis in such studies as toxicity testing, 
mobilization studies, and speciation studies. Centrifugation is a fairly rapid technique; times of 
30 minutes or less are generally sufficient. 

As with squeezing, centrifugation requires handling sediment samples to extract the pore water. 
These manipulations should be conducted in an inert atmosphere to avoid oxidation artifacts. The 
tubes or bottles used should be airtight to preclude reaction with oxygen once the tubes are 
removed from the inert atmosphere and are placed in the centrifuge.  

One problem encountered in centrifugation is that of sample filtration. When sediment samples 
are centrifuged, some fine particulates may still be suspended in the pore water, especially if the 
sediment is disturbed while decanting the extracted water from the tube. Therefore, an extra 
filtration step is required, adding another potential source of error. 

There are two modified approaches that help to avoid this extra filtration step. One approach uses 
a centrifuge tube that contains a built-in filter (Edmunds and Bath 1972; Saager et al. 1990). The 
second alternative displaces the pore water in the sediment using an inert solvent (Batley and 
Giles 1979). 
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METHODS FOR IN-SITU SURVEYS AND PHYSICAL 
MEASUREMENTS 

Sediment Deposition and Accretion 
The following are a few methods that are used in shallow marsh environment.  Project managers 
and principal investigators should work closely in determining the most suitable method for a 
specific project. Any subsequent changes in the method of measuring sediment deposition for the 
same project must be carefully evaluated against the other method, so that continuity and 
comparability in the data set can be maintained. The specific method used must be specified in 
data reports and in the database for future reference.  
 
Accuracy and precision of individual measurements are specified below. Report sediment 
deposition in g/m2 in dry sediment basis. 

A.  Sediment Trap Method 
Short-term sedimentation can be measured as the accumulation of material on Whatman™ glass 
fiber ashless filters placed on the marsh surface and collected at pre-determined time intervals 
(Reed, 1989, 1992 and Hutchinson et al., 1995). Traps are made of cylindrical plastic pipe with 
an inside diameter of 38 mm and a length to width ratio of 4:1, following the recommendations 
of Kirchner, (1975).  The traps consist of pre-ashed, pre-weighed glass fiber filters attached to an 
aluminum sheet with bobby pins or wire staples.  The plates are secured to the marsh surface, 
between clumps of vegetation, with two large nails and small flags are placed in the mud as 
markers.  Since re-suspension is defined as the amount of sediments lifted 6 cm or more above 
the sediment surface, traps are installed with approximately 6 cm of PVC pipe extending above 
the substrate surface to reduce trapping unsuspended, shifting surface material.  
 
The collected filters are returned to the laboratory where they are dried at 60oC overnight and re-
weighed.  The increase in weight between the original filter weights and that after collection and 
drying provide the measurement of marsh surface sediment deposition in g/m-2.  When parts of 
filters were lost, the percentage area lost was estimated and corrected for this. The filters were 
then combusted at 550°C and re-weighed. The loss on combustion was considered organic 
matter and the material remaining was inorganic (Day et al., 1999). 

B.  Sediment Accretion by Sediment Collection Tiles Method 
Net rates of marsh sediment deposition were measured using 117 cm2 ceramic sedimentation 
tiles positioned flush with the marsh surface (Pasternack and Brush, 1998; Christiansen et al., 
2000). Tile deployment and retrieval took place when the marsh surface was exposed to air and 
occurred every other week.  After removing fallen dead stems and roots from each tile, deposited 
sediments were scraped and washed with deionized water into clean, pre-weighed plastic 
specimen cups. Samples were dried at 50°C and weighed to calculate mass sedimentation rates 
(Neubauer et al., 2002). 
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C.  Sediment Accretion By Feldspar Marker Technique 
The Feldspar marker horizon is simple and consists of placing a layer of feldspar clay on the 
surface of the marsh.  Feldspar material is recommended for use as marker horizons due to the 
fact that its brilliant white appearance make it distinguishable from the surrounding sediment and 
it can be used for both dryland and submerged systems. Feldspar plots must be established before 
taking the sediment erosion table (SET) baseline.  
 
Feldspar marker horizons are usually laid down in sufficiently-sized plots; recommended are 50 
x 50-cm plots.  The layer should be about 5 mm thick and should be uniform in thickness.  The 
plot must be well marked, usually with pipes or rods that are visible above the water column or 
vegetation  height, for ease of location in future sampling.  Over time, material is deposited on 
top of the feldspar.  The depth of material that has accumulated on the marker is determined by 
collecting a core in the sample plot and measuring the distance from the top of current marsh 
surface to the feldspar layer.  The sample can be collected by using either a thin-walled core tube 
or by a cryogenic technique (copper tube filled with liquid nitrogen).  The feldspar marker 
should be distinctly evident as a white line in the recovered core for the method to be successful.  
After the core is collected, it is refrigerated and taken to the laboratory in a vertical position.  In 
the laboratory, if processing is delayed, the cores are stored in the freezer.  
The core is then sectioned to determine the thickness of the material deposited on top of the 
feldspar marker.  Because melting can ruin the cores, particularly when dealing with peat 
samples, ensure that the cores remain frozen during processing.  The thickness of the newly 
deposited sediment, located above the feldspar marker, is measured with calibrated calipers. 
Record the measurement to the nearest mm. Note down also areas where feldspar marker is 
missing. 
 
Feldspar marker measurements should be combined with measures of soil bulk density and 
organic content (Reed 1992) to allow for the calculation of organic and inorganic accumulation.  
The method is described in detail by Cahoon (1994), Cahoon et al. (1996), Reed (1992), Steyer 
et al. (1995), and Cahoon and Turner (1989).   
 

QC Goals:   
Accuracy: ± 0.1 cm;  
Precision: ≤30%; 
Report depth (of feldspar horizon) in mm;  
Sediment accretion rate in g/m2 in dry sediment basis. 

 

D.  Sediment Accretion Using Isotopic Tracers: 137Cs and 210Pb Dating 
This method description is taken from DeLaune et al. (1989).  Sampling sites were established 
along a representative transect of the marsh.  Cores, 15 cm in diameter and not less than 50 cm in 
length, were taken along each transect with a thin wall cylinder for 137Cs dating.  Cores, 100 cm 
in length, were taken for 210Pb dating.  Sediment accumulation and marsh aggradation rates 
were determined on all cores using 137Cs and 210Pb dating.  Bulk density, percent carbon, and 
percent organic matter were also determined with depth in each core. 
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Sediment accretion is measured by counting the 137Cs or 210Pb activity as a function of 
distance down into the core.  The measurement of 137Cs is straightforward. Sediment cores are 
taken with care to minimize any compaction. When a suitable core has been collected, be sure to 
record compaction measurements and tube number on data sheets (Steyer et al., 1995).  The core 
is then sectioned, dried, and 137Cs activity is counted and reported in dpm/g using known 
detector efficiency factors.   
 
For 210Pb dating, the method described in DeLaune et al. (1989) determines the activity of 
210Pb. 210Pb is in secular equilibrium with 210Pb (Flynn, 1968; Armentano and Woodwell, 
1975; Robbins and Edington, 1975). 210Pb is measured because it is an alpha emitter (alpha 
spectrometry gives better resolution and lower background than beta counting). Sections of 
sediment profiles were digested in acid. After the digestion, the 210Pb was plated on a silver 
planchet and counted as it decayed to 206Pb, a stable isotope (Flynn, 1968). A 210Pb spike was 
used to determine chemical yield. 
 

QC Goals: 
Accuracy (distance measurement):  ±5 mm;  
Precision: ≤30%; 
Report distance (of isotopic activity) in mm; 
137Cs activity 210Pb activity in dpm/g. 

 

E.  Sediment Accretion Using Beryllium-7  
Sediment inventories of 7Be (t1/2= 53.3 d) are used to estimate marsh sediment deposition and 
erosion rates on a time scale of months (after He and Walling, 1996; Goodbred and Kuehl, 
1998). The inventory approach assumes that any radioisotope activity above that supplied by 
atmospheric fallout is due to sediment input (Walling et al., 1992) and that atmospheric inputs 
are evenly distributed across the study area (i.e. there is no `focusing' of fallout 7Be due to land 
topography).  
 
This method description is taken from Neubauer et al. (2002).  Sediment cores of 2 cm diameter 
were taken to a depth of approx. 15 cm.  Each core was sectioned at 1 to 5 cm intervals, each 
section was homogenized and a subsample was gamma counted (477 keV) for 24 hours using a 
high-purity germanium detector.  There are calculations for total core 7Be inventories included 
in the body of the text. 
 

QC Goals:   
Accuracy (depth measurement):  ±5 mm;  
Precision: ≤30%; 
Report distance (of isotopic activity) in mm; 
7Be activity in dpm/g. 
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F.  Sediment Accretion by Rare Earth Element (REE) 
This is a method described in Knaus and Van Gent (1989) of marking and measuring new (<1 
year) marsh sediment layers in such a way that markers laid today will be unambiguous as to 
their placement in future months to years. Individual rare earths were purchased in soluble nitrate 
form. Measured amounts were diluted with natural marsh water, then applied to marsh vege-
tation (e.g., Typha sp. and Spartina sp.) and sediment and water surfaces at the experimental sites 
by a CO2-driven spray apparatus typically used for herbicide and insecticide applications. 
Knowing the area covered by the spray and the concentration of the spray, a minimum of 100 µg 
of the metal of each of the tracers was applied per square centimeter of marsh area. The 
sensitivity of the Instrumental Neutron Activation Analysis (INAA) technique for Dy and Sm in 
environmental matrices is 0.10 µg per 0.1 g (wet wt) of sample that is equivalent to 10 ppm (dry 
wt).   Sediment samples were taken using a cryogenic coring device developed by Knaus (1986) 
that freezes the core in situ. In this study, the frozen cores were extracted from the sediment, 
placed on dry ice in the field, and taken to the laboratory for sectioning. Sample preparation, 
neutron irradiation, and data reduction and analysis are described in detail in Knaus and Van 
Gent (1989). 
 

QC Goals:   
Accuracy (depth measurement):  ±5 mm;  
Precision: ≤30%; 
Report distance (of isotopic activity) in mm; 
7Be activity in dpm/g. 

 

Elevation Change Determination Using Sediment Erosion Tables (SETs) and 
Feldspar Markers 

A.  Sedimentation and Erosion Tables  
The combined use of SETs and feldspar marker horizons provide an integrated measure of 
elevation (i.e., deposition minus subsidence).  The SET can be used to determine both the 
influence of a single meteorological event on sediment surface elevation and a long-term trend 
(i.e., decades) in elevation change. (Boumans and Day,1993; Day, 1993; Cahoon, 1994) 
 
The SET benchmark is a thin-walled aluminum pipe that is driven into the soil to the point of 
refusal.  A thick-walled base pipe is cemented inside the benchmark pipe to attach the SET.  It 
provides fixed locations around the benchmark for repeated measurements.  The portable part of 
the SET has four components: a vertical arm, a horizontal arm, a flat plate or table, and nine pins.  
The SET is placed in the base pipe and is leveled both vertically and horizontally prior to taking 
measurements.  The pins are placed in the sliding plate, lowered to the sediment surface, and 
locked in place by tightening the locking screw. The length of each pin above the table is 
measured with a ruler to the nearest mm. Changes in the distance between the marsh and the 
table represents changes in the elevation of the marsh surface.  For each base, the table can be 
placed in multiple positions, coinciding with the points of the compass, to give a total of replicate 
measures of marsh elevation for each plot.    
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When establishing the SET installation, it is essential that the supporting base pipe be driven past 
the peat layer, and to a point of true refusal.  The primary concern in this regard is that the base 
pipe may stop at a plant root, rock, or relatively firm, but ultimately non-stable upper soil layer, 
and not have reached a truly hard layer which would provide a static, stable support layer for the 
base pipe.  An excellent means of determining that the base pipe has reached a layer of true 
refusal is to drive a thin rod, such as ½" rebar into the soil adjacent to the base pipe.  Such thin 
rods or pipes are much easier and more inclined to be driven past a root, rock, or through a soil 
layer such as firm clay.  Once such a rod or pipe has reached a point of refusal, this depth can be 
utilized as the depth of true refusal to which the base pipe must be driven, and the base pipe 
relocated if need to achieve this state. 
 
When setting the base pipe in quick-setting concrete, the concrete should be finished level, and 
the station head must be level before the concrete sets, and remain level after the concrete has 
fully set.  If the station head ultimately is not level, the installation must be redone. 

 
QC Goal:  
Accuracy (depth measurement): ± 5 mm;  
Precision: ≤30%; 
Report depth in mm. 

 
 

 
 

B.  Rod Surface Elevation Tables (RSET) 
A new portable mechanical leveling device was developed for high-precision measurements of 
sediment elevation in emergent and shallow-water wetland systems.  It works on the same 
principle as the SET.  However, the new device is an improvement in the determination of 
elevation change occurring over different parts of the sediment profile because it can be attached 
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to benchmarks that are driven to both deeper and shallower depths than the SET.  Cahoon et al. 
(2002b) provides descriptions and several detailed diagrams of the Rod SET (RSET) and the 
deep (driven to refusal) and shallow (< 1 m depth) stable benchmarks to which it can be attached. 
In a given wetland, the rod benchmarks can typically be driven deeper than the SET pipe 
benchmarks because the 15 mm diameter rods encounter less resistance. 
 

QC Goal:  
Accuracy (depth measurement): ± 5 mm;  
Precision: ≤30%; 
Report depth in mm. 

 

C.  QA/QC Elements for SETs 
Various sources of error may occur in the installation and use of SETs for the measurement of 
sediment elevation in wetlands.  More detailed information on SET and RSET instruments can 
be obtained in  http://www.pwrc.usgs.gov/resshow/cahoon/   

1. Every crew member should be trained and tested on how to properly set up, operate, and 
take SET measurements correctly and consistently. 

2. When taking measurements, be sure the instrument is level, and check the level state as 
the instrument is moved radically throughout the measurement taking process.  Check for 
level before and after readings, and if the instrument has not remained level, re-level and 
repeat the measurement process until the instrument has remained level. 

3. Flag data with a note where there was an odd surface situation at the pin or pins, such as 
when there was a branch or shell imbedded in the surface, or a depression such as a crab 
hole was present. 

4. Utilize different personnel to check measurements throughout the day in order to 
effectively reduce errors introduced by any given individual. 

5. Confirm that the tops of the pins reflect the profile of the ground.  If any do not, reset 
such pins before taking any reading. 

6. Where the surface is submerged or muddy, be sure to install the specialized feet on the 
bottom of the pins for such situations. 

7. Be aware of and minimize parallax error when taking measurements.  This is the error 
that occurs when viewing a measuring device such as a ruler not on a straight line to the 
device.   

8. Check for position of instrument with respect to magnetic north.  This is especially 
important with long-term studies, as the Earth's magnetic north does move over time. 

9. Periodically conduct a performance assessment of team personnel by having them take 
measurements of a known test scenario, and assess the results of their work for quality. 

10. Compare the standard deviation of the measurements within a given quadrat, and 
between each of the four quadrats to establish that the data is of acceptable quality.  
Consider the nature of any data flags and determine if the data should be used or rejected 
as suspect. 
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Bank Erosion Monitoring Using Photo-electronic Erosion Pin           (PEEP) 
The PEEP sensor consists of a row of photovoltaic cells connected in series, enclosed within a 
waterproofed, transparent, acrylic tube of 10 mm I.D. and 16 mm outer diameter (O.D.). The 
sensor generates an analogue voltage directly proportional to the total length of tube exposed to 
visible light (designed such that 1 mV of cell series output 1 mm of tube length). Networks of 
PEEP sensors are inserted into the eroding/accreting feature, and connected by screened cable to 
a datalogger housed in a weatherproofed enclosure nearby. Subsequent erosion (retreat of the 
bank face) exposes more photosensitive material to light, which increases PEEP voltage outputs. 
Conversely, deposition reduces sensor voltage outputs. Data periodically interrogated or 
downloaded from the logger thus reveal the magnitude, frequency and timing of individual 
erosion and deposition events much more precisely than has hitherto been possible, as 
demonstrated for fluvial sites by Lawler (1992, 1994). Logging intervals are user-defined and 
depend solely on datalogger capabilities, as PEEP sensors output continuously. For most field 
monitoring purposes our scan frequencies have ranged from 1-30 minutes, but they can be less 
than 1 second. if desired. 

Organic Matter Decomposition Rates  

Introduction 
Organic matter decomposition is an important process controlling internal nutrient cycling and 
soil accumulation/loss.  An important component of long-term removal and storage of nutrients 
is their incorporation into aquatic macrophytes and burial of this biomass in the sediments 
(Chimney and Pietro, unpubl.; Kadlec, 1997; Reddy et al., 1999).  However, decomposition of 
plant material before burial returns nutrients to the water column.  Therefore, it is important to 
understand the critical role that plant decomposition plays in nutrient cycling.  However, the 
quantification of environmental effects on decomposition is complicated. 
 
A frequently used method of separating out environmental effects is to quantify mass loss rates 
of a common substrate such as leaves from a single plant in various microsites by way of litter 
bag studies.  Based on Mike Chimney’s (personal comm.) review of the literature, the litterbag 
method is by far the most common approach used in decomposition studies in standing waters.  
Another approach is the measurement of fiber tensile strength loss in strips of cotton fabric 
inserted vertically in the soil by way of cotton strip assays. 

MAP Component or CERP Projects 
Macrophyte litter decomposition has been studied as part of the assessment of STA efficiency 
(i.e. Michael Chimney and Kathy Pietro).  It was also studied as part of the phosphorus threshold 
program (i.e. Shili Miao and Sue Newman). 

Reporting Units: 

Weight loss: % 
Tissue nutrient concentration: mg/kg 
Cellulose decomposition rates:  CTSL (cotton tensile strength loss) %/day 
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A.  Cotton Strip Assays  
The cotton strip assay (CSA) has been used in the Everglades to measure comparative 
differences in cellulose decomposition induced by nutrient loadings.  These types of assays can 
provide information regarding the impact of nutrients in both the water column and submerged 
peat, which can be used to understand ecological processes and system stability (Maltby, 1988).  
The cotton strip assay has also been used successfully as a measure of biological activity in soils.  
 
Composed entirely of cellulose, the cotton strips are commonly inserted vertically into the top 
10–20 cm of soil, removed after a specified period (usually one to several weeks) and 
then tested for the loss of tensile strength using a tensiometer. Loss in tensile strength is 
used to calculate an index of potential soil biological or decomposer activity on the basis that 
cellulose is a major constituent of soil organic matter. The technique has been especially useful 
in describing differences between soils and the impact of various management treatments upon 
soils (Correll et al., 1997). 
 
The cotton strip assay has been used at a variety of sites in an attempt to determine the effects of 
environmental variables and treatments on the organic matter decomposition cycle, and to 
produce a range of baseline data on cellulose decomposition in contrasting wetlands (Maltby, 
1988). 

Pros and Cons 
This technique offers scientists an inexpensive, versatile and relatively quick technique for 
detecting ecological impacts, which can be used in the planning of buffer zones for water quality 
control and the maintenance of ecological stability (Maltby, 1988).  The cotton-strip assay is also 
a useful tool for comparing microbial communities because the assay enables researchers to 
detect differences in degradation potential of the soil microbial communities (Correll et al., 1997). 
 
The assay’s advantages include the method’s simplicity and the fact that it can be used in remote 
and waterlogged environments.  The ease of insertion, retrieval, and preparation for analysis 
mean operators with limited training can use this method.  As the strips are light, they can be air-
mailed from remote locations for standardized laboratory analysis (Boulton and Quinn, 2000).   
 
The technique is inexpensive (each individual strip costs less than US$ 0.20). Compared with 
other techniques for measuring microbial activity (e.g., FDA hydrolysis, Battin, 1997), no 
chemicals are handled (safety issues), and required field equipment is minimal.  If the aim is to 
obtain a general indication of cellulolytic activity for comparative purposes or to supplement 
other environmental data on functional responses, this approach is useful and has been validated 
by many terrestrial studies (Boulton and Quinn, 2000).  
 
The cotton fabric is qualitatively more uniform than leaves or wood, and vertical insertion 
provides an excellent evaluation of microsite influences over the soil profile in relation to 
environmental interfaces (Day, 1995).  Maltby (1988) has suggested that the greatest value of the 
technique is microsite comparative analysis within individual studies.   

 
The cotton strip method has some limitations. There is potential for abrasion and damage 
during placement or removal of the strip at sites with coarse sediments.  It requires access 
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to an accurate tensiometer and an autoclave.  Decomposition rates of cotton strips are 
exceptionally high compared to those of plant material and clearly do not represent realistic 
rates; pure cellulose is not the equivalent of roots or plant litter.   
 
This method is an assay and should only be used to compare sites or experimental conditions.  
The results of cotton strip assays should be used cautiously when comparing extremely different 
habitats, and interpretations should be tempered in regard to extrapolating responses to the decay 
of real plants. The technique is probably most useful in comparing rates within similar habitat 
types.  
 
The cotton strip assay offers a surrogate and averaging measure of detailed and complex 
biological processes in soil, sediment and aquatic environments.  It is potentially powerful in 
differentiating a wide range of ecological environments and in measuring the comparative effects 
of treatments or natural changes and trends (Maltby, 1988). 

QA/QC 
The use of humidity conditioning prior to measuring the tensile strength of cotton strips is 
recommended. It not only reduces the within and between measurement day variance, but 
also enables the distribution of the tensile strength measurements to approximate nor-
mality. 

 
The model with a constant variance and the model where the variance was allowed to vary 
both gave similar results. From each model it was recommended that an insertion interval 
be chosen such that the tensile strength of the strips had been reduced by about 30% of the 
original strength. The estimates of R were almost unbiased and relatively robust against the 
cotton strips being left in the ground for less or more than the optimal time. However, the 
estimates become unstable if the strip is left too long in the soil.  

Data Analysis 
ANOVA’s were conducted with the GLM procedure in SAS to test for significant effects of 
landscape position, time, and soil depth.  Tukey’s test was used to compare means. 

B. Litter Bags 

Decomposition in terrestrial ecosystems is commonly studied using the litter bag method, which 
consists of enclosing plant material of known mass and chemical composition in a screened 
container. Initially, a large number of bags are placed in the field and at each subsequent 
sampling date a randomly chosen set of bags is retrieved and analyzed for loss of mass and/or 
changes in the chemical composition of litter (Weider and Lang, 1982). 
 
The litter bag method remains the most commonly used technique for examining litter 
decomposition in terrestrial ecosystems. Although the method may underestimate actual 
decomposition, it is assumed that the results of litter bag studies will reflect trends characteristic 
of unconfined decomposing litter, and as such allows for comparisons among species, sites, and 
experimental manipulations. 
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One point of debate among scientists is pretreatment of leaf litter.  It is common practice to kill 
the plant material before it is placed in the bags, usually through drying (Brock et al., 1982).  
Dead litter often loses organic matter more quickly than fresh material within the first several 
days to weeks of exposure (Brock et al., 1982; Larsen, 1982; Gaur et al., 1989; Barlocher and 
Biddiscombe, 1996; Barlocher, 1998). Differences in organic matter loss between fresh and dried 
tissue preparations become much less important as the incubation period lengthens to months 
(Brock et al, 1982).  

Pros and Cons 
Litter bags have been criticized for a number of reasons. Litter bags have been shown to 
inhibit loss of material compared to unconfined litter (Riley and DeRoia, 1989). The 
litterbag technique provides information on the material that remains in the bag and not on 
the particles that fall through the mesh or low-molecular weight organic compounds lost 
through leaching and thus, may overestimate the true decomposition rate (Reddy et al. 
1999).  Small mesh sizes reduce the loss of fine particles, but at the same time exclude 
colonization by larger macroinvertebrates responsible for much of the initial breakdown of 
plant material.  Differences in mesh size results in the so-called "bag effect" in which 
decomposition is comparatively faster in course-mesh bags which allow passage of 
macroinvertebrates than in fine-mesh bags (Mason and Bryant, 1975; Winterboum, 1978; 
Pidgeon and Cairns, 1981; Brock et al. 1985b; Stewart and Davies, 1989; Janssen and 
Walker, 1999).  Litter bags also can alter microhabitat conditions important to 
decomposition, such as flow regimes, chemical conditions, light intensity, and litter 
position in the environment (Schnitzer and Neely, 2000).  
 
Despite the shortcomings of litterbags, no other technique has been as widely adopted for 
conducting decomposition studies. Many of the authors who have commented on the 
limitations of litterbags have used them in their own research. Litterbags, to varying 
degrees, integrate the effects of temporal changes in environmental variables and can 
provide a general picture of decomposition rates and processes (Gallagher, 1978; Brock et 
al., 1982; Barlocher, 1998).  

Data Analysis 
A number of different mathematical approaches have been used to model decomposition of plant 
material. These include simple exponential decay models (Wieder and Lang, 1982) and more 
complex models that account for temperature variation (Morris and Lajtha, 1986; Carpenter, 
1980; Hietz, 1992), refractory and labile biomass fractions (Jewell, 1971; Brock et al., 1985b; 
Morris and Lajtha, 1986), various plant organs (Howard-Williams and Davies, 1983) and 
nonlinear decay coefficients (Godshalk and Wetzel, 1978a, 1978c; Brock et al., 1985b). 
Literature surveys revealed that first-order exponential models have been employed most often. 
Although more complex models may better mimic the multiple decay processes occurring during 
decomposition (Godshalk and Wetzel, 1978c; Brock et al., 1985b), first-order models can 
adequately describe litter breakdown and are useful for comparative studies (Howard-Williams 
and Davies, 1979; Carpenter et al., 1983; Chergui and Pattee, 1990). The first-order models 
derived in Chimney and Pietro (unpubl.) using nonlinear regression had explanatory power that 
was comparable to the more complex decreasing-coefficient models and support the statement 
above on the utility of simple models.   
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Any comparison of decomposition rates reported in the literature is complicated by the inability 
to separate out variance in the data associated with between-study differences in experimental 
methodology (i.e., method effect) from the variance related to differences associated with 
environmental and physiological factors (Howard-Williams and Davies, 1979; Brock et al., 
1982). A variety of different techniques have been used to measure decomposition. However, 
with a sufficiently large dataset, random biases due to method effect should largely cancel out. 
Chimney and Pietro (unpubl.) feel that the trends identified in the literature data reflect real 
differences in decomposition rates among individual species and groups of plants over a wide 
range of wetland habitats. 

QA/QC 
Standard QA/QC procedures for weighing materials in the laboratory and incorporation of 
replicates into field design would certainly be appropriate for these types of studies (Chimney, 
pers comm.). 

C. Leaf Packs  
This method involves fastening leaves together with plastic buttoners or monofilament fishing 
line (e.g. Petersen and Cummins, 1974; Benfield et al., 1977; Reice and Herbst, 1982; Mutch et 
al., 1983) and tethering it at a suitable position in the stream. 

Pros and Cons 
This method seems to be used mostly in streams, therefore it is uncertain whether it would work 
well in a wetland environment.  Litter bags appear to be the preferred method according to what 
is available from the literature. 
 
The method of pack construction determines the apparent rates of leaf breakdown and 
invertebrate colonization (reviewed by Webster and Benfield, 1986).  In-stream mass loss from 
natural leaf accumulations is better approximated by leaf packs than by similarly sized mesh 
(litter) bags (Cummins et al., 1980), although the risk of losing large fragments of material is 
certainly greater with the former technique.  Because leaf packs are very difficult to construct if 
the leaves are small or needle-like, mesh (litter) bags are the only method available for materials 
that cannot be readily tethered.  

QA/QC for Both Litter Bags and Leaf Packs 
When designing an experiment, methodological considerations such as leaf selection; leaf 
pre-treatment; leaf-pack or litter bag construction, mesh size, timing and placement, and 
measurement of environmental conditions should be considered.   
 
 



Appendix 7-C 

Quality Assurance Systems Requirements 7-C-1 March 09 

ECOLOGICAL LABORATORY ANALYSES AND ASSAYS 
 

Phosphorus Flux 

A.  Phosphorus Flux Using Porewater Equilibration 
Fisher and Reddy (2001), Moore et al. (1998) and Newman and Pietro (2001) used porewater 
equilibrators patterned after a device described by Hesslein (1976).  Newman and Pietro (2001) 
also used ceramic cup wells.  
 
Flux calculations are based on the increase in water column DRP of the cores incubated in the 
dark at a constant temperature.  The amount of P removed during water quality sampling is 
accounted for, as is the amount of P in the refill water.  These gradients are then used to estimate 
diffusive P flux.  Calculations are based on the linear portion of the curve (representing 
maximum slope) where the direction of the P exchange is constant.  Therefore, flux values 
reported represent maximum P release.   
 
Dissolved gradients are calculated from the sediment porewater data using simple linear 
regression (Moore et al. 1991).  These gradients are then used to estimate diffusive P flux.  
Calculations are based on the linear portion of the profile at the sediment/water interface.  This 
gradient is then substituted into Fick’s first law, which states that flux is proportional to the 
concentration gradient or, 
 

J = -ΦDs (dC/dz)  (8.64 x 105) 
 

Where J = diffusive flux in mass per unit area per unit time, mg m-2 d-1;  
Φ = porosity, cm3 cm-3,  
Ds = whole-sediment diffusion coefficient in terms of area per unit time, cm2 s-1;  
C = dissolved reactive  
P concentration, �g cm-3; and  
z = depth, cm (Berner, 1980).   
 

For more details on flux calculations from P gradients, see Moore et al. (1991). 

Quality Control 
Replicate soil cores, benthic chambers and porewater equilibrators are incorporated into the field 
design.  Typically, reported results are the mean of the replicates.  Report as P Flux, in mg P m-2 
d-1 or µg L-1 d-1 

B.  Phosphorus Flux Using In-Situ Benthic Chambers 
Benthic chambers are placed at the soil-floodwater interface and are used to determine in situ 
fluxes of dissolved nutrients such as O2, NO3-N, SO4-S and P.  The chambers are acrylic and 
enclose a known area of soil surface and the overlying water column.  Each chamber is equipped 
with a recirculation pump and a port for a dissolved O2 electrode. 
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Quality Control 
Replicate soil cores, benthic chambers and porewater equilibrators are incorporated into the field 
design.   Typically, reported results are the mean of the replicates.  Report as P Flux in mg P m-2 
d-1 or µg L-1 d-1 

C.   Phosphorus Flux Using Intact, Incubated Soil Cores 
Clear acrylic tubes are used to retrieve intact soil cores.  The soil cores are removed and 
stoppered at both ends.  The cores are returned to a temperature-controlled laboratory depth of 
the overlying water.  The cores are covered with foil to limit primary productivity and incubated 
at a constant temperature.  Depending on objectives, several experiments can be performed on 
the intact cores such as phosphorus flux under ambient floodwater conditions, consumption of 
electron acceptors and phosphorus release, phosphorus flux under aerobic floodwater conditions, 
and influence of water-level drawdown and reflooding on phosphorus flux (Fisher and Reddy, 
2001). 

Quality Control 
 Replicate soil cores, benthic chambers and porewater equilibrators are incorporated into the field 
design.  Typically, reported results are the mean of the replicates.  Report as P Flux in mg P m-2 
d-1 or µg L-1 d-1. 

Soil Total Phosphorus by Ashing and Colorimetric Determination 
Upon return to the laboratory, soil samples are homogenized and large anomalous material 
(white roots, snail shells, etc.) is removed.  The samples were dried at 80°C until constant weight 
(48 – 72 hours), ground to a fine powder using a Wiley Mill, and stored until analyzed for TP.  
Total P was measured using the ashing/acid hydrolysis method of Solorzano and Sharp (1980).  
The resulting soluble reactive phosphorus (SRP) was measured colorimetrically using an RFA-
500 rapid flow analyzer (Alpkem Corp.).  Values are expressed as mg P dg-1 dry weight of 
material (hereafter mg P kg-1). 

Quality Control 
• Accuracy:  85-115% 
• Precision: <20% RPD 

Soil Moisture 
Moisture (percentage oven dry weight basis) is determined by drying approximately 20 g of a 
field-moist subsample in a forced-air drying oven at 70°C to constant weight. 

Moisture Content  
% = [(Wet Sample Weight - Dry Sample Weight)/ Dry Sample Weight] * 100.   
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Soil Bulk Density 
Bulk density is defined as the total weight of material in a known volume of sample. The field 
sample (of known volume) is weighed as soon as it is returned to the laboratory. The wet sample 
weight is recorded, along with the sample container weight. The sample is then allowed to dry in 
a laboratory oven at 60°C until a constant weight is obtained. The dry sample weight is recorded 
on the data sheet, and the sample is then homogenized using the mortar and pestle and a 
laboratory grinder. 
 
The sample is placed into a clean, pre-weighed and labeled crucible. The crucible with the 
sample is weighed, then the crucible is placed in a muffle furnace at 500°C for 60 min or until 
weights are constant. The sample is then removed, allowed to cool in a desiccator, then 
reweighed. The weight of the crucible and the weight of the crucible plus sample, both before 
and after combustion, are recorded on the data sheet. 
 
The wet and dry weights are used to compute both the wet and the dry bulk densities using the 
following formulas: 
 

Wet Bulk Density, g/cm3 = Wet Sample Weight/Volume of Core 
Dry Bulk Density, g/cm3 = Dry Sample Weight/Volume of Core 

Quality Control 
Soil samples with a known bulk density in the expected range of the unknown samples should be 
analyzed with any samples sent to a laboratory for analysis. This is used as a measurement of 
accuracy. Three or more bulk density samples within the same site should be taken during a 
sampling trip to determine the precision of the sampling method and soil analysis protocol 
(Steyer et al., 1995).   

Soil Organic Matter 
Organic percentage will be determined by the amount of material loss by a dried sample upon 
ignition at 550°C. The sample will first be dried at ~60°C. The dried sample will then be 
homogenized (with a mortar and pestle or an electric mill). A subsample (~0.75 g) from the 
homogenized sample will be used for percent organic analysis (Steyer et al., 1995). 

Organic Matter  
% = 1 – [(weight at 550°C – crucible weight)/(weight at 103°C – crucible weight)] * 100 

Quality Control 
• Accuracy goal: 10% 
• Precision goal: 15% 

Soil pH 
Soil pH can be measured with a glass electrode using a 1:2 soil:water ratio (Brookes et al., 1982; 
Thomas, 1996). 
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Quality Control 

• Accuracy:  90-110% 
• Precision:  < 10% 

 
Soil pH can be measured with a glass electrode using a 1:1 soil:water ratio. 

Percent Soil Compaction 
By measuring the distance from the top of the core tube to the sediment surface on both the 
inside and the outside of the core tube, the compaction can then be calculated by using the total 
core tube length, as follows: 

Depth tube inserted into marsh = (total core tube length) - (outside measurement)  
Length of sample = (total core tube length) - (inside measurement) 
Compaction = (depth tube inserted into marsh) - (length of sample) 
Percent Compaction = (compaction/depth tube inserted into marsh) x 100 

Soil Salinity 
Soil salinities can be measured by extracting interstitial water from a surface sediment sample by 
centrifuge or by using field collection tubes. Vertical salinity profiles will be measured using 
sampling pipes made from 1.3 cm diameter PVC plumbing pipe. The pipe is cut to the desired 
length, a PVC point is cemented to the end, and a series of small holes are drilled about 10 cm 
above the end. In use, the pipes are inserted into the marsh so that the holes are at the desired 
sampling depth and allowed to stay in place until a sufficient sample is collected. The pipes are 
then withdrawn from the marsh, and the water that collects in the pipe is either measured in the 
field or placed in vials for subsequent laboratory determination of chlorides (salinity). 
 
To collect a sample, carefully withdraw the tube by gently twisting and pulling, keeping the 
tubes vertical at all times, otherwise you will spill the sample. Carefully decant the sample from 
the tube into the prelabeled sample vial, and seal. Make sure that sample vials are tightly capped, 
labeled properly and are clean. Store in the ice chest. After sampling, rinse out the sampling 
tubes so that they will be ready for the next sampling site. 
 
The salinity samples collected will be analyzed in the field using a conductivity probe. The 
conductivity meter should be used in accordance with manufacturer's specifications. The main 
QC check is to be sure the conductivity meter is calibrated. This is accomplished by running 
standards before, during, and after sampling. The use of a standard also ensures accurate data. 
Multiple analysis will be run on ~10% of the samples to check for precision. 

Soil Redox 
Soil redox is measured with an Eh electrode (Faulkner et al., 1989). Insert Eh electrode carefully 
in the soil at the desired depth. If the soil is unusually hard, then a thin rod must be used to make 
a hole first. The probe must be allowed to equilibrate for at least 30 minutes prior to taking the 
first measurement. To make a reading, attach an alligator clip to copper wire (which must be kept 
dry and not contact wet vegetation) and insert calomel reference electrode into surface water or 
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wet sediment near the Eh electrode. The proximity to the platinum electrode does not matter as 
long as the calomel makes contact with the soil or surface water. Record the reading; there may 
be some drift (~20 mV). If there are large fluctuations in the reading, double check connections. 
After sampling, soak electrodes in 30% hydrogen peroxide solution for ~5 minutes, rinse, then 
place in storage container.  

Quality Control  
QC considerations for Eh are: 

1. be sure that the Eh electrodes are checked and calibrated before use;  
2. be sure the meter is operating properly;  
3. check the reference electrode operation;  
4. be sure to allow the electrodes 30 min to equilibrate before taking readings; 
5. be sure to soak electrodes in 30% hydrogen peroxide solution after use to prevent 

organic layer buildup; and  
6. multiple electrodes will be used in each measurement plot, and two sets of readings 

will be made for each electrode in order to address precision. The potential of the 
calomel (+244 mV) must be added to the reading. 

 
• Accuracy goal: 20 mV 
• Precision goal: 20% 
• Reporting unit: mV 

Soil/Sediment Oxygen Demand (SOD) 
White and Reddy (2001) used the following method to determine SOD of wetland soils.  10 g 
(wet weight) of soil is added to 300 mL of distilled, deionized water in a capped, continuously 
stirred BOD bottle.  Dissolved oxygen (DO) is monitored using an oxygen meter with probe.  
SOD is calculated as the difference in O2-saturated soil/water slurry a t = 0 minus measured 
dissolved O2 concentrations after 8 hrs, divided by the weight of the soil sample and time elapsed 
between measurements (APHA, 1992). 

Soil Oxygen Content 
A variety of measurement methods have been developed and utilized over the years (Boynton 
and Reuther, 1938; van Bavel, 1954; Robinson, 1957; Yamaguchi et al., 1962, Carter et al., 
1984), but most require either large sample volumes, specialized laboratory equipment such as a 
gas chromatograph, or are not applicable to flooded conditions.  Carter et al. (1984) is an 
exception to the above limitations.  Utilizing Carter’s method, a 60-milliliter sample of soil gas 
or water is withdrawn from permanently installed chambers at various depths in the soil profile.  
The oxygen concentration of air samples is measured with a specially constructed analyzer cell 
fitted to the polarographic oxygen electrode of a portable oxygen meter.  The dissolved oxygen 
concentration of water sample is measured directly with the oxygen electrode while stirring the 
sample in a 32-milliliter glass bottle with a portable magnetic stirrer. Field tests with duplicate 
chamber installations showed that consistent results are obtained for soil, gas, and water. 
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The method described by Faulkner et al. (1989) is also a fast, reliable approach for making large 
numbers of measurements directly in the field. Faulkner’s method measures soil oxygen content 
with a portable oxygen meter.  A modified sensor chamber with two ports is attached to the 
polargraphic probe to measure gaseous rather than dissolved O2. A 30 mL syringe is attached to 
one port and a three-way stopcock to the other with flexible tubing.  A sample is drawn with the 
syringe from the chamber into the sensor cell while it is attached to the probe.  The sample 
passes over a semipermeable membrane, which isolates the sensor elements from the 
environment, and O2 in the sample is consumed at the gold cathode when a polarizing voltage is 
applied across the sensor.  This reaction at the cathode causes current to flow and this current is 
measured by the meter.  After determining the O2 content, the sample is returned to the diffusion 
chamber by expelling the contents of the syringe.  Returning the sample prevents the diffusion 
chamber from filling with water (which would render it inoperable) when it is below the water 
table.  
 
This method is sensitive to vacuums and back-pressure in the system so samples should be 
drawn slowly into the chamber.  There is also a time lag before the chambers equilibrate with the 
soil atmosphere.  Soil O2 depletion is mivrobially mediated and so the rate is affected by 
temperature and available C.  Installation in cold climates, during periods of low soil 
temperatures, or in soils with low organic matter may extend the equilibration period to as long 
as 4 to 6 weeks.  This equilibration lag can be a minor limitation of the method since damage to 
the three-way stopcock by animals, vandals, or flooding is likely at some sites and requires 
replacement of the stopcock.  If the chamber is below the water table, then air is injected into the 
chamber to restore it to viability. This method is a refinement of the technique developed by 
Patrick (1977).   

Soil Phosphorus 
Soil P is determined on oven dried, ground samples using the ashing method (Anderson, 1976) 
and analyzed by the ascorbic acid colorimetric procedure (Kuo, 1996; Technicon Autoanalyzer 
II; Terrytown, NY). Determined on oven dried, ground samples using the nitric-perchloric acid 
digestion (Kuo, 1996) and analyzed by an automated ascorbic acid method (USEPA, 1983). 
Determined by digesting 100 mg of dried, ground samples of soil or plant tissue in 
nitric/perchloric acid (Sommers and Nelson, 1972) and measuring phosphate in the digests using 
a TRAACS 800 autoanalyzer. 

Soluble P 

Ascorbic acid technique (EPA Method 365.3; USEPA, 1979) and a Technicon Autoanalyzer. 

Inorganic P  
Analyzed after samples are weighted and extracted with dilute HCL solution.  Supernatant is 
separated through centrifugation then filtration.  Extracts are saved for analysis of SRP based on 
EPA Method 365.1 
  

• Reporting unit: mg/Kg 
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Total Carbon (TC), Total Nitrogen (TN), and Total Sulfur (TS)  
Can be determined on oven dried, ground samples using a Carlo-Erba NA 1500 CNS Analyzer 
(Haak-Buchler Instruments, Saddlebrook NJ). 
 
Organic C can be determined by digestion with potassium dichromate and back-titrating with 0.2 
M ammonium ferrous sulfate (Kalembasa and Jenkinson, 1973). 
 
Total N in soils can also be measured by the Kjeldahl method (Bremner, 1965). 
 

• Reporting Unit: mg/Kg 

Extractable NH4+ 
Extractable NH4+ was determined by shaking triplicate soil samples with 25 mL of 2 M KCl at a 
ratio of approximately 1:40 (grams dry soil/extractant) for 1 hour on a reciprocating shaker.  
Samples were centrifuged for 10 min and vacuum-filtered through Whatman No. 42 filter paper.  
The supernatant was collected and refrigerated at 4°C and NH4-N concentrations were 
determined colorimetrically (USEPA, 1983).  Extractable NH4+ was determined by the method 
of Mulvaney (1996), using an automated colorimetric procedure (EPA Method 350.1, USEPA, 
1993b) (Wright and Reddy, 2001). 
 

• Reporting unit: mg/g 

Soil Sulfate  
Soil porewater or water extract is analyzed for sulfate using ion chromatography (EPA Method 
300.0, USEPA, 1993a). Sulfate concentration in the porewater is expressed in mg/L; water-
extractable sulfate is expressed in mg/Kg, dry weight basis. 

Soil Sulfide 
A soil water sample is extracted at a predetermined depth using a syringe attached to a stainless 
steel sampling tube. When collecting the sample, collect ~5 mL up into the syringe, pinch the 
rubber tubing attaching the syringe to the stainless steel sampling tube, remove the syringe, and 
expel the water collected in it. Reattach the syringe to the rubber tubing and collect the sample. 
This procedure lessens the amount of contact with oxygen. The water collected is placed in an 
antioxidant buffer of equal volume. Usually 5 mL of each (buffer and sample) are used, although 
2 mL are possible. The sample container is capped, number recorded, and returned to the 
laboratory for analysis within 24 hrs. The antioxidant solution must be kept on ice in a tightly 
sealed bottle to avoid contact with oxygen. A fresh bottle of antioxidant should be opened at 
each sampling site. The main QC consideration is to avoid introducing oxygen to the soil sample 
before being placed in an antioxidant buffer. The samples must be analyzed for sulfide 
concentrations within 72 hours, particularly at low concentrations (<2 ppm). Precision will be 
addressed in the laboratory analysis by multiple sample readings. Sulfide laboratory analysis 
consists of measuring the concentration using a sulfide electrode. The system is calibrated by  
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standards which are prepared by the laboratory for each analysis. Detailed procedures for 
measurement are contained in the instruction booklet that comes with the sulfide electrode.  
(Steyer et al., 1995) 

Quality Control 
Interstitial Sulfide - A series of standards is used to determine sulfide concentration in soil 
porewater. The 10 ppm standard should be run every ten samples to determine the accuracy of 
the electrodes and meter. Additionally, at least one sample should be measured a minimum of 
three times to determine precision (Steyer et al., 1995) 
 

• Accuracy goal: 1 ppm 
• Precision goal: 25% 
• Reporting unit: mg/g 

Soil Respiration: Anaerobic and Aerobic 
A weighed amount of soil or detritus is placed in air-tight tubes (25-30 mL capacity) with 10 mL 
of deionized distilled water. The tubes were capped with butyl stoppers and aluminum crimps 
and the soil slurry was actively purged with O2 -free N2. They were subsequently placed 
horizontally in the dark at 28°C. Samples were pre-incubated for 2 weeks to ensure complete 
anaerobiosis. Upon completion, the headspace was purged again with O2 -free N2. Initial 
conditions were established in terms of headspace pressure, CO2 and CH4 content. Subsequently, 
the samples were incubated for 4 days under the previously described conditions and the CO2 
and CH4 content headspace content monitored. Headspace CO2 was measured using a thermal 
conductivity gas chromatograph (GC), while headspace CH4 was analyzed using a flame 
ionization detection detector GC (D’Angelo and Reddy, 1999). 

Aerobic Respiration (Upland Soils) 
Approximately 5 grams of field-moist soil and 50 mL distilled water were placed in a 150 mL 
glass serum bottle and sealed with butyl rubber septa. Control blanks (water with no soil) and 
samples were incubated in the dark and shaken horizontally at 25ºC in an incubator.  CO2 
measurements were taken every 12 hours for a period of seven days. CO2  measurements were 
done using a gas chromatograph with a thermal conductivity detector.  Oven, injector, and 
detector temperatures were set to 60, 140, and 200ºC, respectively. Before analysis, headspace 
pressure was determined by a digital pressure meter for calculation of CO2 partial pressure in the 
serum bottles and two hundred μL of headspace gas were analyzed. 

Soil Microbial Biomass C 
Microbial biomass carbon (MBC) can be determined by the 24 hour chloroform fumigation-
extraction (CFE) technique. (Vance et al., 1987; White and Reddy, 2000: White and Reddy, 
2001).  Triplicate, 5-g (wet weight) sub-samples were extracted with 20 mL of M K2SO4 for 30 
minutes and vacuum filtered through Whatman No. 42 filter paper.  The supernant was analyzed 
for total organic C on a dohrman TOC analyzer (Dohrman, Santa Clara, CA).  Microbial biomass 
C was determined by subtracting the extractable total organic carbon (TOC) in the triplicate 
controls (non-fumigated from the triplicate chloroform treated samples.  An extraction efficiency 
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(kEC) factor of 0.37 was applied, using a previous calibration for organic soils (Sparling et al., 
1990). 
  

• Microbial Biomass C: g/kg 

Soil Microbial Biomass N 
Microbial biomass N can be determined by fumigation-extraction (Brookes et al., 1985; White 
and Reddy, 2001).  Briefly, a 10 mL of extract from the microbial C procedure was subjected to 
Kjeldahl-N digestion using the salicylic acid modification (Bremner and Mulvaney, 1982).  
Samples were brought to a total volume of 20 mL after digestion and transferred into 30 mL 
scintillation vials.  Extracts were analyzed for NH4-N colorimetrically (USEPA, 1983).  
Microbial biomass N was determined by subtracting the extractable NH4-N of the triplicate 
nonfumigated samples from triplicate fumigated samples.  An extraction efficiency (kEN) value 
of 0.54 was applied (Brookes et al., 1985). 
 

• Microbial Biomass N: mg/kg 

Soil Microbial Biomass P 
Microbial biomass P can be determined by fumigation of sediment aliquot with chloroform, then 
extraction with a weak bicarbonate solution (Hedley and Stewart, 1982), Ivanoff, 1998, White 
and Reddy, 2001). 
 

• Microbial Biomass P: mg/kg 
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8.0 BIOLOGICAL MONITORING AND ASSESSMENT 
PROCEDURES 

8.1 Purpose 

This chapter identifies and describes procedures and protocols for biological monitoring and 
assessment. The intent is to provide guidance to Comprehensive Everglades Restoration Plan 
(CERP) project managers, consultants, and contractors for achieving a level of acceptable 
quality, standardization, and consistency in their data and data-gathering methods. These 
activities will be performed by multiple entities, including universities, public agencies, and 
private contractors. Because collected data may be used for multiple purposes and will be shared 
by various groups, all data must meet a minimum level of quality and assurance for consistency 
within the program and to allow effective sharing of data. Therefore, written requirements and 
guidance that enable multiple participants to collect the types of data needed to achieve the goals 
of assessing the effects of CERP projects are critical.  

The focus of this chapter is not prescriptive, but instead outlines the minimum data quality and 
reporting elements, along with a list of recognized methods in use at the time of drafting this 
manual.  Additionally, this document is dynamic and will be reviewed and updated periodically 
as needed.  The goals of this chapter of the Quality Assurance Systems Requirements (QASR) 
are: 

 To guide project personnel, principal investigators, and consultants in data gathering 
protocols and quality assurance/ quality control (QA/QC) activities related to biological 
monitoring and assessment; 

 To promote uniformity and consistency in protocols and achieve comparability in data 
and information collected across projects and among different groups; 

 To identify minimum data quality and reporting requirements that should be met, 
regardless of changes in sampling entity/person, project personnel, and methods; 

 To facilitate auditing of the process or project; 

 To help ensure conformance with applicable local, State and Federal regulations; and 

 To help maintain data quality, traceability and verifiability. 

Other QASR chapters address relative requirements for preparing statements of work, work 
plans, data analysis, data management, or project evaluation reports (see Chapters 2, 10, 11 and 
Appendix 2-A). Users should be familiar with these chapters, and apply them when preparing 
contract SOWs, evaluating work plans, and evaluating collected data and information. The costs 
for project QA/QC and data validation must be accounted for when preparing budgets for all the 
projects and Statements of Work (SOWs).  
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8.2 Scope  

Biological monitoring may involve field surveys with sample collection or direct observation as 
well as laboratory-based sample processing and analysis.  This chapter describes QA and QC 
procedures that are critical to ensure that biological data are accurate, traceable, and comparable. 
The types and scope of biological monitoring and assessment that will be conducted vary among 
projects. Depending on project objectives, activities may include: 

 Surveys;  

 Identification (taxonomic); 

 Nesting/breeding habitat assessment;  

 Prey habits and status;  

 Population density estimation;  

 Health (or abnormalities) evaluation; 

 Bioaccumulation tissue sampling, and  

 Correlation with the physicochemical composition of the environment.   
This chapter covers the following topics specific to biological monitoring: 

 Federal and State requirements and regulations, as well as regulatory compliance for the 
capture, handling and care of animals; 

 Responsibilities of key personnel involved; 

 Training; 

 Project planning and review (meeting Data Quality Objectives (DQOs), sampling 
strategies, method selection); 

 Procedures for biological monitoring and assessment (see below for taxonomic groups), 
including field collection procedures for population and bioaccumulation studies, and 
sampling handling, receipt, and custody; 

 QA/QC, including information on corrective actions, data qualifications, quality control 
requirements, and procedures, quality assurance requirements, and voucher specimens; 

 Data management, including information on documentation requirements, data 
processing and reduction, data review, and reporting;  

 Reporting; and 

 Archiving, including information on data archives. 
This chapter provides description of general data quality and reporting elements, and then directs 
the reader to the method/technology summary in the appendices. Specific protocols and 
methodologies used for biological and ecological activities are documented as Standard 
Operating Procedures (SOPs) available on the QAOT QASR Web page: 
http://www.evergladesplan.org/pm/program_docs/qasr.aspx.  These currently include procedures 
for macrofossil analysis, field collection and laboratory analysis of vegetation samples, 
molecular biomarker analysis, American crocodile and American alligator monitoring, and 

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
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particulate flux using sediment traps and many others.  The web page should be consulted for a 
full list of completed SOPs.  

8.3 Requirements and Regulations 

Biological data used for CERP are collected for a variety of objectives, including permit 
requirements and other legal mandates.  The degree to which these data will be used for CERP 
purposes may depend on conformance to the requirements of this chapter and other chapters of 
the QASR. General QASR requirements and regulations are provided in Chapter 2. Biological 
monitoring or assessment activities that are related to permit compliance must follow the 
relevant QASR requirements, Chapter 62-160 FAC, 40 CFR, and/or any other applicable 
regulations required by the permit. Non-permit compliance types of activities should also follow 
the relevant QASR chapters in order to maintain consistency, comparability, quality, and 
verifiability of gathered data and information.   

Aside from specific methods and QA/QC protocol requirements; there are also local, State, and 
Federal laws, requirements, and regulations that must be followed when performing any type of 
studies, field activities, and laboratory examinations.  

8.3.1 Federal Requirements and Regulations 

There are numerous Federal laws, requirements, and regulations related to the survey, collection, 
and laboratory examination of biological samples. Some laws have broad applications and are 
described in Chapter 2 (i.e., 40 CFR). The US EPA Guidance for Assessing Chemical 
Contaminant Data for Use in Fish Advisories – Volume 1 (EPA 823-B-00-007; November 2000) 
defines requirements for sample collection, compositing, analysis, and data reduction for the 
establishment of Fish Advisories.  Other Federal requirements specifically related to biological 
monitoring and assessment activities are listed in the following section. 

8.3.1.1 U.S. Fish and Wildlife Service (FWS) 

The FWS issues permits under various wildlife laws and treaties to protect wild animals and 
plants and their habitats. Permits enable the public to engage in legitimate wildlife-related 
activities that would otherwise be prohibited by law. Some permits promote conservation efforts 
through scientific research and data generation. If any species listed under the Endangered 
Species Act (1973) are involved, a biological assessment must be prepared. FWS defines a 
biological assessment as “… the information prepared by or under the direction of Federal 
agency to evaluate the potential effects on such species and habitat.” For more detailed 
information on laws/treaties/regulations listed below, visit the website at 
http://www.fws.gov/permits/ltr/ltr.html.  

 Bald and Golden Eagle Protection Act (1940) – (50 CFR Part 22) – protects eagles from 
commercial exploitation and safeguards their continued survival in the United States. 
Permits are issued for scientific, educational, and Indian religious purposes, depredation, 
and falconry (golden eagles).  

 Federal Endangered Species Act (ESA) (1973) – (50 CFR Part 17) – protects endangered 
and threatened animals and plants and their habitats. Permits are issued for scientific 
research and enhancement activities, incidental take, and conservation activities on 
private lands.  Section 7 of the ESA outlines the responsibilities of Federal agencies 

http://www.fws.gov/permits/ltr/ltr.html
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protecting endangered and threatened species. The latest requirements can be found at 50 
CFR Part 402, which establishes the procedural regulations governing interagency 
cooperation. Currently, the FWS lists 54 species as endangered (36) or threatened (18) 
species that occur in Florida.  

 Lacey Act (1900) – (50 CFR Part 16) – prohibits accidental or intentional introduction to 
the United States of exotic injurious or potentially injurious wildlife. Permits are issued 
for import, transport, and acquisition for zoological, educational, medical, or scientific 
purposes.  

 Migratory Bird Treaty Act (1918) – (50 CFR Part 21) – conserves migratory birds. 
Permits are issued for scientific collecting, banding and marking, falconry, raptor 
propagation, depredation, import, export, taxidermy, waterfowl sale and disposal, and 
special purposes.  

 National Wildlife Refuge (NWR) System Improvement Act (1997) – special use permits 
are issued when uses of NWRs are compatible with the purpose(s) for which the refuge 
was established, and the mission of the NWR System.  

 Importation and Exportation of Plants (ESA 1973 as amended) – (50 CFR Part 24) - 
establishes ports for the import, export, and re-export of plants regulated by the FWS.  

 Wild Bird Conservation Act (1992) – (50 CFR Part 15) – ensures that exotic birds are not 
harmed by trade to the United States and encourages wild bird conservation programs in 
countries of origin. Permits are issued for scientific research, zoological breeding or 
display, cooperative breeding, and personal pet purposes.  

 Importation, Exportation and Transportation of Wildlife (Lacey Act Amendment 1981) – 
(50 CFR Part 14) - provides uniform rules and procedures for the import, export and 
transport of wildlife. Import/export licenses and designated port exception permits.  

8.3.2 Regulatory Compliance for the Capture, Handling and Care of Animals 

Animals used in research, testing, and education are regulated by multiple Federal and academic 
organizations with a common goal of ensuring humane care and use for the advancement of 
science. Each institution should establish and provide resources for an animal care and use 
program in accordance with applicable federal, state, and local laws and regulations. Oversight 
of regulatory compliance at institutions using animals in research is assigned to Institutional 
Animal Care and Use Committee (IACUC).  

 The Guide for the Care and Use of Laboratory Animals [the Guide] (Institute of 
Laboratory Animal Resources, National Research Council, 1996) - helps scientific 
institutions to use and care for laboratory animals in ways judged to be professionally 
appropriate. Appendix D of the Guide includes the U.S. Government Principles for 
Utilization and Care of Vertebrate Animals Used in Testing, Research and Training. For 
more information on the Guide, visit: http://www.nap.edu/readingroom/books/labrats/  

 Animal Welfare Regulations (AWR) - (9 CFR Parts 1, 2, and 3) – defines the Federal 
directive regarding use of animals in research. Definitions and regulations are published 
in Parts 1 and 2, respectively. Part 3 discusses the standards and specifications for 
humane handling, care, treatment, and transport of animals, including housing facilities, 

http://www.nap.edu/readingroom/books/labrats/
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primary enclosure and conveyance used in transporting animals, plus food and water 
requirements.  

 Public Health Service (PHS) Policy on Humane Care and Use of Laboratory Animals 

(PHS Policy, 1996) - provides specific guidance, instruction and materials to institutions 
that must comply with PHS Policy.  

 42 CFR Part 72 - specifies requirements for the packaging, labeling and transport of 
select agents (including biological samples) shipped in interstate commerce. All transfers 
of select agents must comply with complete documentation and registration requirements. 

 Biological Safety Guidelines for Animal Science (Michigan State University, Office of 
Radiation, Chemical and Biological Safety (ORCBS)) - specifies safety guidelines 
tailored specifically for laboratories that use animals in research. Many research projects 
involve collecting blood or harvesting tissues from the research animals, which require 
the use of sharp objects in puncturing or cutting the skin. Even though the animals in the 
studies are disease-free, the potential for zoopathogens is considered. Topics include the 
following: Use of sharp items, transportation of samples, waste handling and disposal, 
and hygiene practices. For more information, visit:  
http://www.orcbs.msu.edu/biological/programs_guidelines/programs_guidelines.htm  

8.3.3 State of Florida Requirements and Regulations 

Numerous State of Florida laws, requirements, and regulations are related to the survey, 
collection, and laboratory examination of biological samples. Some have broad applications and 
are described in Chapter 2 (i.e., Chapter 62-160, FAC). Other State of Florida statutes, codes, 
and requirements specifically related to biological monitoring and assessment activities are listed 
in the following sections. 

 62C-52. Aquatic Plant Permit Rules - addresses plant importation, transportation, non-
nursery cultivation, possession and collection of aquatic plants. The State of Florida 
aquatic plant management program can establish rules to eradicate, control, or prevent the 
introduction and dissemination of noxious or prohibited aquatic plants.  

 62C-20. Aquatic Plant Control Permits – states “No person shall attempt to control, 
eradicate, remove or otherwise alter any aquatic plants in waters of the state, including 
those listed in 369.251 F.S., except as provided in a permit issued by the Florida 
Department of Environmental Protection (FDEP) unless the waters in which aquatic plant 
management activities are to take place are expressly exempted in Rule 62C-20.0035, 
FAC.” 

 §369.25(2), F.S., and the memorandum of agreement with the Division of State Lands 
(effective date 28 May 1992, which is incorporated by reference in Rule 62C-20, FAC, 
and is available from the bureau) - protects sovereign lands from the improper and 
excessive collection of native aquatic plants for purposes of sale, re-vegetation, 
restoration, or mitigation. 

 Florida Administrative Code, Chapter 5B-57 – provides guidelines on introduction or 
release of plant pests, noxious weeds, arthropods, and biological control agents. 

http://www.orcbs.msu.edu/biological/programs_guidelines/programs_guidelines.htm
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 Endangered Species Acts for Plants and Animals (F.S. §372.072 et seq.) – lists animals 
based on scientific data, while the recommendations from the general public are 
considered in listing or delisting of plants (F.S. §372.072; §581.185; FAC Ann. 5B-
40.0056). 

8.3.3.1 Florida Fish and Wildlife Conservation Commission 

 Exotic Species (Non-indigenous marine plants and animals) (F.S. §370.081) – defines 
controls to minimize the introduction and spread of exotic species. For example, 
potentially harmful exotic aquatic plants and animals may not be imported, possessed, or 
released into the waters of the State.  

 Chapter 68A-17 – defines rules relating to Wildlife and Environmental Areas 

 Chapter 68A-17.004 – describes general prohibitions related to fishing, hunting, trapping, 
and camping in particular wildlife and environmental areas   

 Prohibits cutting, destroying or removing of any tree or protected plant (per F.S. 
§581.185) unless authorized by the landowners or Commission 

 States that harvest of alligators, their eggs or hatchlings should be conducted in 
accordance with Commission‟s order(s) and Rules (68A-25.031, 68A-25.032, and 68A-
25.042, FAC) 

 Chapter 68A-23 – describes rules relating to freshwater fish  

 Chapter 68A-23.002 - provides the general methods of taking freshwater fish  

 Chapter 68A-23.012 – contains special regulations for Lake Okeechobee 

 Chapter 68A-23.0131 – contains special regulations for Lake Seminole and the St. 
Mary‟s River 

 Chapter 68A-23.008 - details restrictions on freshwater fish importation [Fla Stat. Ann 
§372.26(1)] (transferred to 68A-23.008) – provides guidelines on introduction of non-
native aquatic species in the waters of the State. This chapter includes provisions for sale, 
inspection of fish for bait or propagation purposes and diseased fish  

 Chapter 68E-1 - provides rules relating to permits for collection and possession of 
indigenous saltwater animals for experimental, scientific, educational or exhibitional 
purposes 

 Chapter 68E-4 – describes permit application procedures and requirements for placing 
drugs or other chemicals in marine waters for capturing live marine species (for purposes 
other than human consumption) 

 Regulation of foreign animals (F.S. §372.265) – states that  “It is unlawful to import for 
sale or use, or to release within this state, any species of the animal kingdom not 
indigenous to Florida without having obtained a permit to do so from Fish and Wildlife 
Conservation Commission” 

 Chapter 68A-1.002 – Regulation of Wild Animal Life and Freshwater Aquatic Life in the 
State 
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 Chapter 68A-4.005 - Introduction of Foreign Wildlife or Freshwater Fish or Carriers of 
Disease  

 For more information visit  https://www.flrules.org/ 
 

8.3.3.2 Florida Department of Environmental Protection (FDEP) 

 Chapter 62-160, FAC - defines the minimum field and laboratory quality assurance, 
methodology and reporting requirements for data that may be submitted to FDEP, or used 
for any environmental decision-making in the State of Florida. The goal is to assure that 
biological data used by the FDEP are appropriate and reliable and are collected and 
analyzed by scientifically sound procedures. 

 DEP - SOP-001/01 – defines the FDEP SOPs for Field Activities including water quality 
and biological community sampling.  

 FS 6000 – provides guidelines on general biological tissue sampling, including 
precautions taken to avoid sample contamination and degradation. Precautions are 
discussed in each of the following biological tissue sampling SOPs: 

o FS 6100 (Shellfish tissue sampling) 
o FS 6200 (Finfish tissue sampling) 
o FS 6300 (Miscellaneous animal tissue sampling) 
o FS 6400 (Plant tissue sampling) 

 FS 7000 – provides guidelines on general biological community sampling, which include 
the following sampling procedures: 

o FS 7100 (Phytoplankton) 
o FS 7200 (Periphyton) 
o FS 7300 (Macrophytes) 
o FS 7400 (Benthic macroinvertebrate)   
o FS 7410 (Rapid Bio-assessment (Biorecon) method) 
o FS 7420 (Stream Condition Index) 
o FS 7430 (Hester-Dendy sampling) 
o FS 7440 (Core sampling) 
o FS 7450 (Dredge sampling) 
o FS 7460 (Lake condition index (lake composite) sampling) 

These DEP SOPs or methods/procedures are available online at:  
http://www.dep.state.fl.us/water/sas/sop/sops.htm 

 

8.4 Responsibilities 

Responsibility for maintaining consistency and ensuring collection of biological data of 
acceptable and verifiable quality through the implementation of the quality system described in 
the QASR is shared by the key personnel involved in each project.  However, the Project 
Manager (PM) or Principle Investigator (PI) is ultimately responsible for data quality and for 
implementing procedures necessary to ensure that data meet QASR requirements and project 

https://www.flrules.org/
http://www.dep.state.fl.us/water/sas/sop/sops.htm
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data quality objectives. Detailed information on responsibilities is presented in QASR Chapter 
2, Section 2.2.4. 

8.5 Training 

Individuals involved in biological monitoring and assessment must have relevant science 
backgrounds, demonstrable knowledge, and required experience in the assigned sampling, 
monitoring, and analysis areas. Because health and safety issues must also be addressed, it is 
advisable that the project or contract manager require that an organization have a health and 
safety plan when performing field work. Documentation of the individual training must be kept 
by the entity performing the sampling. 

8.6 Project Planning and Review 

A monitoring plan that defines the purpose of the plan and its intended use of the data collected 
should be prepared.  Guidance on preparing a monitoring plan is provided in QASR Chapter 2 
(Section 2.7, Preparing a Monitoring Plan, and Section 2.9, Contracting Guidelines) and in 
CGM 40 Project-level Water Quality and Hydrometeorologic Monitoring and Assessment 
http://www.evergladesplan.org/pm/program_docs/cerp-guidance-memo.aspx. The REstoration, 
COordination and VERification (RECOVER) Assessment Team (AT) has developed a guidance 
document “Assessing the Response of the Everglades Ecosystem to Implementation of the 
Comprehensive Everglades Restoration Plan” and an SOP on “RECOVER Review of Project-
Level Monitoring Plans; both documents are available at www.evergladesplan.org.  

8.6.1 Data Quality Objectives 

DQOs are quantitative and qualitative statements of the overall level of uncertainty that a 
decision-maker is willing to accept. Consequently, DQOs should define the type and quality of 
data needed for a specific project. DQOs should also drive the sampling design and identify the 
level of statistical significance needed to support its conclusion from the study. The study design 
should therefore specify a sample size large enough to account for natural variability to ensure 
that DQOs are met. Guidelines for formulating project-specific DQOs are presented in QASR 
Chapter 2, Section 2.5. 

DQOs should include discussions on intended use of data and the types of decisions that will be 
made based on the study results. Biological indicators being assessed should be specified and 
expected outcomes should be anticipated to ensure that appropriate types and quantities of data 
are collected to complete the data assessment. The types of quality control measures to be used 
to monitor the data quality, and how frequently they will be used, should be discussed. The 
methods that must be used or the requirements for a new or alternative method (if the contractor 
is to develop a method) should be identified.   

Spatial and/or temporal variability can significantly impact the reliability of data generated and 
therefore, conclusions derived from the monitoring program. The nature and extent of variability 
may dictate the number of samples to be collected, the method of collection and analysis, the 
sampling location, and the overall sampling design.   

Sampling units and definitions should be clearly identified to facilitate comparison of datasets 
from different projects and areas. This may involve coordination and communication among 
PMs and PIs to determine what those units and definitions should be. 

http://www.evergladesplan.org/pm/program_docs/cerp-guidance-memo.aspx
http://www.evergladesplan.org/
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8.6.2 Sampling Strategy 

When preparing a work plan, an important consideration is selecting the specific sampling 
plan/strategy that can be used to improve data quality. Sampling strategies should be developed 
by the project team to satisfy project-data needs. More detailed information on evaluating 
various sampling strategies is presented in Chapter 3, Section 3.6.2 (Sampling Strategies) and in 
the biological SOPs available on the QAOT QASR Web page: 
http://www.evergladesplan.org/pm/program_docs/qasr.aspx. Additional information is also 
available in “Guidance for Choosing a Sampling Design for Environmental Data Collection” 
(EPA QA/G-5S). 

Another important factor to consider is selecting an appropriate monitoring method that can be 
evaluated using statistical power analysis. This analysis provides the probability of getting a 
statistically significant result given that there is an ecologically significant biological effect in the 
population being studied and is a critical component of designing experiments and testing results 
(Toft and Shea, 1983; Thomas and Krebs, 1997). Power analysis provides an evaluation of the 
ability to detect statistically significant differences in a measured monitoring variable using the 
observed variance among replicates to estimate the minimum treatment effect that the study will 
be able to detect. 

Statistical significance and biological significance are not equivalent concepts. For example, for 
large sample size, most statistical hypothesis tests are likely to show statistical significance, 
regardless of the biological importance of the results. On the other hand, for a small sample size, 
biologically important phenomena may be unable to separate variance from otherwise significant 
biological changes Statistical and biological significances can be linked using statistical power 
analysis (Thomas and Juanes, 1996).   

Statistical power analysis examines the four major applications of power analysis: 

 Sample size needed to achieve desired levels of power; 

 Level of power that is needed in a study to detect an impact or change; 

 Magnitude of effect that can be reliably detected by a study; and 

 Sensible criteria for statistical significance. 
PMs and/or PIs should use power analysis to evaluate or investigate, if applicable, the 
relationship between the range of sample sizes that are deemed feasible, effect sizes thought to 
be biologically important, levels of variance that could exist in the population (usually taken 
from literature or pilot data), and desired levels of α and statistical power. However, in some 
situations, the underlying assumption of the power analysis procedure (i.e., that current variance 
is the same as future variance) may be violated, and due caution is advisable in interpreting and 
applying results. The importance of power analysis can be illustrated by examining the possible 
outcomes associated with hypotheses testing (USEPA 1982b, 1992, 1995, and 2002). Also, refer 
to Chapter 2, Section 2.8 for other requirements. 

8.6.3 Method Selection 

This section provides guidance to project personnel, PIs, and consultants for selecting 
appropriate ecological or biological monitoring methods. The ultimate goal is to select a method 
that accurately represents the population being sampled, and that will produce data that are of 

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
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acceptable and verifiable quality, as well as data that are consistent and comparable among 
different entities. CERP project or contract managers or designees are responsible for making 
sure that the methods used for a specific project will produce data that are pertinent to their 
intended use. As mentioned in Section 8.1, the objective of this section is not to be prescriptive 
in identifying exclusive methods that would therefore discourage innovation and adoption of 
better technology or procedures, but rather to identify key data quality and reporting elements.  

Method selection begins by answering the following questions about a particular method that is 
under consideration:   

1. Is there an existing method for this type of monitoring or assessment? Is it being used 
for CERP or similar projects in South Florida ecosystem? 

2. Is the method suitable for the South Florida environment? 

3. Will the method meet the goals of the project?   

4. Will the data be comparable to other CERP data? 

5. Will the resulting data answer the questions posed by the stakeholder?   

8.6.3.1 Method Evaluation  

The PM, consultant, or PI developing the monitoring plan or preparing the SOW should 
determine the method most suitable for their specific project. Regulatory methods that must be 
used, particularly for permit compliance monitoring, are listed in Section 8.3. The methods and 
procedures on the Web page: http://www.evergladesplan.org/pm/program_docs/qasr.aspx  
should be used for CERP or CERP-related projects. These SOPs may be used to compare 
sampling and analysis methods/procedures for a specific biological parameter. A detailed 
description of each monitoring method is provided, including data quality, parameter-reporting 
name/units, database elements, and references. Methods in biological monitoring include field-
related activities (e.g., field survey, sample collection, sample preparation and sample 
processing), as well as laboratory examination, sample preservation, and sample archiving.  

8.6.3.2 Alternative Methods/Procedures 

Alternative procedures may be considered when the methods described in the QASR are 
unsuitable for a specific application or if alternative methods are deemed more efficient, 
practical, or could result in similar quality or improved quality of data. Such alternative 
procedures should be fully documented, validated, and submitted to the QAOT, RECOVER 
Council of Chairs, and Project Delivery Team (PDT) following the steps outlined in QASR 
Chapter 2, Section 2.3. Alternative methods and procedures require approval prior to 
implementation.   

A SOP documenting the proposed alternative should be submitted for review along with project 
documentation (e.g., monitoring plan, work plan, etc.). The submitting entity will also be 
required to provide documentation to satisfy the following performance based criteria: 

 The reference that is the basis for the method; 

 Use of at least one QC checks listed in Table 8.1, or description of an alternate form of 
quality control; 

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
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 Acceptance criteria that will apply to the selected QC checks; 

 Use of all required data elements from Table 8.4, otherwise, a description of alternate 
data elements or reason for exclusion; and 

 Performance of data verification, validation, management, and reporting, as described in 
Section 8.9.3 and QASR Chapters 5 and 10, or justification for the deviation. 

Alternative procedures will not be approved for the following methods in DEP-SOP-001/01 or 
DEP-SOP-002/01: 

 FS 7310, Lake Vegetation Index Sampling 

 FS 7410, Rapid Bioassessment (Biorecon) Method 

 FS 7420, Stream Condition Index (D-frame Dipnet) Sampling 

 FS 7460, Lake Condition Index (Lake Composite Sampling) 

 FT 3000, Aquatic Habitat Assessment 

8.6.3.3 Continuing Method Performance Evaluation  

Ongoing assessment of method performance is critical for minimizing data loss and is especially 
important during the early stages of implementation to confirm that data quality requirements are 
being met. Project teams or designated project or task managers should continually assess the 
effectiveness of project methodology and make necessary modifications following guidance for 
alternative procedures (Section 8.6.3.2). This evaluation may be accomplished by performing the 
following activities: 

 QC checks  
QC checks should be performed on an on-going basis. They should be performed 
internally by the originating organization or externally by the stakeholder or its designee.  

 Audits 
On-site audits should be conducted to verify and document that projects are being 
performed according to stipulated methodology.  On-site audits may be conducted by the 
project QAO or other individuals designated to perform a QA function for the project. 

 Data Review 
Data should be evaluated promptly according to predetermined DQOs using appropriate 
data quality assessment procedures. It is critical that the first few data sets be reviewed 
thoroughly in order to quickly resolve any methodology, QA/QC requirements, or data 
format problems.  

8.7 Procedures 

Procedures for biological monitoring and assessment include collection and analysis procedures 
for monitoring of different taxonomic groups (e.g., phytoplankton and periphyton, vegetation, 
invertebrates, fish, reptiles and amphibians, and birds. Established procedures for CERP are 
documented as SOPs. For monitoring or assessment activities tied to any regulatory permit 
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compliance, all applicable provisions in this manual and additional requirements specified in 
relevant regulatory documents must be followed. 

8.7.1 Field Collection and Analysis Procedures 

Methods for biological monitoring and assessment for CERP or CERP-related projects have been 
compiled by project managers and researchers. Subsequently, these methods and procedures for 
some of the biological parameters identified in each taxonomic group have been consolidated as 
the SOPs for CERP projects.  It should be noted that these SOPs are living documents and will 
be updated as necessary.  The SOPs are available on the QAOT QASR Web page 
http://www.evergladesplan.org/pm/program_docs/qasr.aspx. 

8.7.2 Field Collection Procedures for Bioaccumulation Studies 

Analyses of animal tissues (finfish and macroinvertebrates) are used to provide information on 
the contaminant bioavailability in sediment and water as well as bioaccumulation of these 
contaminants in top predators. Because target levels for analytes of interest (i.e., mercury, 
methylmercury, pesticides, and other toxicants) are in the parts per billion (ppb) range, an 
important concern in sampling and processing tissues is avoiding sample contamination and 
degradation.  The SOPs for the collection, handling, and shipment of tissue samples that will be 
analyzed for bioaccumulation of contaminants of concern are also available on the QAOT QASR 
Web page http://www.evergladesplan.org/pm/program_docs/qasr.aspx. 

8.7.3 Sample Handling, Receipt, and Custody 

8.7.3.1 Sample Handling, Preservation, and Shipping 

The primary QA consideration in sample collection, processing, preservation, and shipping 
procedures is the preservation of sample integrity from the time the sample was collected to the 
time of analysis. Proper sample preservation will prevent contamination or degradation of the 
target analytes for analysis.  

References on sample handling, preservation and shipping include the following: 

 QASR Chapter 3 – discusses surface water sampling 

 FS 6000 and FS 7000 (DEP-SOP-001/01) - discuss procedures for biological (tissue and 
community) sampling, including sample handling, preservation, and shipping 

 EPA 823-B-00-007 - describes sample handling, packaging and preservation of fish, 
shellfish and turtles, from time of collection to delivery at the processing laboratory  

8.8 QA/QC 

This section specifies some of the general QC checks that may be implemented to assess data 
quality (Table 8.1). Monitoring field PMs should include all of the relevant QC checks from 
these lists, including the requirements in Chapters 2, 10, and 11 of the QASR, to help ensure 
generation of data of acceptable and verifiable quality. The specific QC checks that will be used 
for the project should be defined in the monitoring plan or work plan. 

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
http://www.evergladesplan.org/pm/program_docs/qasr.aspx
http://www.dep.state.fl.us/labs/qa/sops.htm
http://www.dep.state.fl.us/labs/qa/sops.htm
http://www.epa.gov/cgi-bin/claritgw?op-Display&document=clserv:OW:0800;&rank=4&template=epa
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QC checks may be used as a part of an internal QA program (by the entity performing the 
measurement), and/or via an external QA program. Generally, external QC checks will be 
performed less frequently than internal QC checks.  
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Table 8.1   General QC Checks
1
 

QC Type Implementation Purpose Minimum
2
 Frequency (Internal

6
) Minimum

2
 Frequency (External

7
) 

Performance 
Evaluation 

Each organization participating in the 
performance evaluation exercise 
examines blind standardized reference 
specimens or performs the same 
observation exercise. An analysis is 
performed on pooled data and each 
datum is statistically evaluated based on 
its deviation from the data pool. 

Typically used in biological or 
ecological evaluations involving 
taxonomic identification. Serves as 
an indicator of deviation from a set 
statistical range. 

NA Annually or Staff submit completed 
samples each quarter, one sample 
selected for identification by a 
second taxonomist with a goal of 
95% accuracy for comparison or 
results are within 5% of each other. 

Skill 
Verification 

Personnel tasked with performing a 
specific biological or ecological 
examination participate in a skill 
verification exercise. 

Typically used in studies involving 
biological or ecological indices. 
Demonstrates an individual’s 
capability in a particular field of study.  

Initially (prior to award of contract) 
and annually3 thereafter. Training 
records and demonstration of 
capability must be documented 
internally 

Initially (prior to award of contract) 
and annually3 thereafter.  

Replicates Sequential iterations of the variable of 
interest are performed identically, within a 
short time interval. For within-crew 
variability, the same crew re-measures a 
site; for between-crew variability, another 
re-measures the same site. 

Typically used to demonstrate that 
observed intra-sample variability is 
attributable to sampling methods or 
to heterogeneity of the sampling site 
or media.  

As required by the project4 

or 5% duplicate samples 
 

Sorting 
Statistic 

A sample is sorted into specimens to be 
examined with the remaining material 
retained (rather than being discarded). A 
second, follow-up examination is 
performed by a second taxonomist to 
identify specimens missed during the 
initial sorting.  

Used in biological or ecological 
evaluations involving sorting and 
tallying of taxa. Provides a 
quantifiable measurement of sorting 
efficiency.  

Quarterly or 5% samples checked 
for sorting efficiency 

NA 

Identification 
Consistency 

An example specimen is examined 
separately by two individuals (one with at 
least 1 year experience in specific 
taxonomic area) and identified to the 
lowest taxonomic level. The two 
identifications are compared and 
statistically evaluated for consistency.   

Used in studies involving taxonomic 
identification. Establishes the lowest 
taxonomic level that can be 
consistently identified. Serves to 
corroborate identification between 
taxonomists.  

Quarterly or 5% of sample 
checked for taxonomic accuracy, 
Vegetation& Fish-retain 
unknowns for expert identification 

Annually and when changing 
contractors or PIs5 

Ground-
Truthing 

Ground truthing is usually done on site, 
performing surface observations and 
measurements of various properties of 
the features that are being studied usually 
from a remote platform (i.e., satellite 
imagery, aerial photography). 

Survey data should be ground-
truthed for accuracy. 

As required by the project  As required by the project 

NA = Not Applicable 
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1QCchecks may be applied individually or in combination but not all listed QC checks need be performed for a given measurement or observation.   
2 Frequency stipulated for each QC type is the minimum that must be performed. The method specific QC frequency presented in SOPs may be more stringent. 
3Each individual successfully demonstrating capability in a particular field is issued a skill verification certificate (initially) before developing data and prior to award of contract for CERP 
purposes. Thereafter, demonstration of capability is verified annually.  
4Replicate data must be sufficient to meet the experimental design criteria for a particular study (RECOVER, 2004).   
5May be performed as part of a Performance Evaluation Study. 
6Internal is within a laboratory or field crew. 
7External is among laboratories or field crews. 
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8.8.1 Corrective Actions 

Corrective actions must be performed for data associated with QC checks failing acceptance 
criteria. The following describes a general approach for applying corrective actions: 

Verify Calculations: Raw data calculations used to generate the failing QC result are re-
examined for possible errors. Steps used to develop the failing QC result are reviewed and 
compared to the reference SOP or method.  

Equipment Maintenance: Equipment is examined and recalibrated (if applicable). If no 
calibration or equipment problems are noted, then manufacturer recommended troubleshooting 
and maintenance should be performed. 

If the same QC failure occurs, repeat the measurement/observation whenever possible. 

Investigate Cause: Determine the cause of the QC check failure or discrepancies and resolve the 
issue.   

Remedial Action: Assess the impact of the QC Check failure on the data.  If possible, re-analyze 
the sample once the cause has been identified and corrected. E.g., if identifications by one 
taxonomist are inaccurate, the samples identified by that person should be re-identified by 
another qualified taxonomist. 

Qualify Data: If it is not possible to re-analyze impacted samples, data associated with QC 
checks that fail must be qualified as outlined in Section 8.8.2. Any reference to, or use of, 
qualified data should be accompanied with the applied qualifier. Data should be qualified, if 
subsequent observations or measurements result in a consecutive re-occurrence of the same QC 
failure. 

Peer Review: If a QC failure persists, the process used to develop the data must be subjected to 
peer review. External review may include: field audits, facility audits, or discussion of the 
process with external experts in the particular field of study. 

Retraining: Training for personnel involved in performing measurements should be conducted 
by a qualified trainer to help ensure correct and consistent procedures are being employed. 

8.8.2 Data Qualification  

Data associated with a batch that does not meet the project-specified QA/QC criteria are 
qualified with applicable qualifier codes. Qualifier codes commonly associated with biological 
data are presented in Table 8.2. Additional qualifiers may be implemented in the future. In cases 
when none of these qualifiers apply, appropriate text comment codes may be used, provided that 
those codes are clearly described in the database and any data reports. 

8.8.3 Quality Control Requirements and Procedures 

The QC process includes those activities required during data collection to produce and 
document the data quality that meets the pre-established DQOs. Some of the QC procedures are 
presented in the biological SOPs posted on the QAOT QASR Web page located at 
http://www.evergladesplan.org/pm/program_docs/qasr.aspx. 

  

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
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Table 8.2  Common Qualifier Codes (Adapted from FDEP: DEP-QA-002/02)  

Code Description 

A Value reported is the arithmetic mean (average) of two or more determinations. This code 
shall be used if the reported value is the average of results for two or more discrete and 
separate samples. Samples shall have been processed and examined independently. Do not 
use this code if the data resulted from a replicate examination of the same parent sample or 
field site. 

M/F When reporting species: M/F indicates the sex. 

J Estimated value; value may not be accurate. This code shall be used in the following 
instances:   

1. Surrogate recovery limits have been exceeded; 
2. No known quality control criteria exist for the component; 
3. Reported value failed to meet the established quality control criteria for either precision 

or accuracy;  
4. Sample matrix interfered with the ability to make any accurate determination; or  
5. Data are questionable because of improper laboratory or field protocols (e.g., 

composite sample was collected instead of a grab sample). 
 
Note:   
"J" value shall be accompanied by justification for its use. 
"J" value shall not be used if another code applies (e.g., K, L, M, T, V, Y, I). 

N Presumptive evidence of presence of biota. This qualifier shall be used if: 
The component has been tentatively identified based on specimen characteristics, but 
taxonomic identification could not be conclusively made (e.g., for degraded specimens).   

O Sampled, but specimen lost or examination not performed 

Y Examination was performed on an improperly preserved sample (if applicable). The data may 
not be accurate. 

? Data are rejected and should not be used. Some or all quality control data were outside 
criteria, and the presence or absence of a taxon cannot be determined from the data. 

The following codes deal with certain aspects of field activities. The codes shall be used if the 
observation/measurement was performed in the field. The codes shall be added by the originating 
organization if they apply: 

D Measurement or observation was made in the field.  

! Data deviate from historically established ranges. 
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8.8.3.1 Field Quality Control  (FQC) 

FQC includes utilizing study designs that include replicates, verifying the skills and 
identification consistency of those making field IDs, estimating cover, etc., and measuring 
sorting efficiency via sorting statistics.  Refer to Table 8.1 for a description of general QC 
checks.   

 Performance Evaluation: Serves as an indicator of deviation from a set of statistical 
range, typically conducted annually. 

 Skill Verification: Demonstrates an individual‟s capability in a particular field of study 
conducted initially with annual re-verification. 

 Replicates: Typically used to demonstrate that observed intra-sample variability is 
attributed to collection methods or the heterogeneity of the sampling site or media. This 
FQC is project-specific. 

 Sorting Statistics: Provides a quantifiable measurement of the sorting efficiency 
conducted quarterly. 

 Identification Consistency: Establishes the lowest taxonomic level that can be 
consistently identified by corroborating identification between taxonomists and is 
conducted quarterly. 

 Ground-Truthing: When applied to biological sampling, ground-truthing involves 
verification of counts, identifications and cover estimates by a second person or via a 
second process. 

8.8.4 Quality Assurance Requirements 

8.8.4.1 Audit Procedures 

The project QAO or designee shall be responsible for administering periodic Systems and 
Performance Audits. Audits should consist of one or more of the following: 
 

 On-site assessment of field or laboratory procedures; 

 Review, assessment, and/or validation of data associated with a given CERP project; 

 The submission of performance evaluation specimens to an organization for identification 
with results used to evaluate that organization‟s technical performance for a given CERP 
project; or  

 Review of other relevant information as specified in a project contract, work plan, order, 
permit, or other applicable CERP document. 

The audit is conducted by personnel who are independent of the technical activities being 
audited.  Direct observation and reviews of records and documents are used to assess 
conformance with SOPs and project and CERP requirements.  Issues identified during the audit 
must be supported by direct, objective evidence. 
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The auditing team should provide a final report to the audited party and provide copies to the PM 
and the QAOT. The audited group is required to respond in writing, stating a corrective action 
plan. The auditor and/or QAOT evaluate the response to determine its acceptability. If the 
auditing team determines that data should be rejected, either in whole or in part, then the auditing 
team shall submit a report to the QAOT and the PM. The decisions to reject data may be issued 
by the PM and/or QAOT, depending on the rationale and basis. 

PMs and contract managers are encouraged to refer to these audit reports when evaluating 
contractor performance.  

Systems Audits 

Systems audits determine overall compliance with the QASR, SOPs, monitoring plans, and other 
required standards. Systems audits are conducted periodically (facility audits are conducted at 
least annually) and as needed. Facility and field systems audits are conducted objectively on 
organizations that provide biological data for the CERP. A determination that field or laboratory 
systems are not meeting applicable contract requirements, or are not producing data meeting 
project DQOs, is sufficient cause for initiating corrective actions and may require qualifying or 
rejecting all or part of the data. The following evaluations occur in a systems audit where 
appropriate: 

 Document Review; 

 Specimen Preservation 

 Examination Methods and Preparation Methods; 

 Performance Evaluation Reports; 

 Split Sample Results Evaluation; 

 Duplicate or Replicate Results; 

 Lowest Taxonomic Level Reached; and 

 Statistical Calculations Used. 

Performance Evaluations 

Performance evaluation audits are used to evaluate the effectiveness of an organization‟s routine 
QA/QC program through the blind analysis of samples whose values are known to those 
administering the audit. Organizations providing biological monitoring data for CERP projects 
may be selected to participate in, mandated inter-facility performance evaluations. Performance 
evaluation audit failures will result in corrective actions and may require qualifying or rejecting 
all or part of the data for that parameter. Performance audits may be conducted for: 

 Invertebrates 

 Vegetation 

 Fish 

 Periphyton 

 Birds 
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8.8.4.2  Data QA Measures 

Protocols for biological QA measures are discussed in Chapter 8, Section 8.9 and other QA 
measures in QASR Chapters 2, 3, 7, 10, and 11. These procedures must be updated at least 
annually or when the process changes. Biological data must undergo a yearly review to assess 
data quality and monitor system performance. 

8.8.5 Voucher Specimens 

Voucher specimen is the only reliable means of corroborating the identity of species that serves 
as a basis of study, usually a cadaver, and is retained as a reference. Accurate species 
identifications are an integral part of biology and require voucher specimens to provide a basic 
tool for scientific methodology, enabling subsequent workers to repeat the study. Type specimen 
is a particular voucher specimen which serves as a basis for taxonomic description of that sub-
species.   

8.9 Data Management 

This section outlines the minimum data requirements specific to biological and ecological 
monitoring and assessment, supplementing what has already been discussed in QASR, 
Chapter 10. Data submitted for inclusion in the shared data environment must be uniform and 
structured due to the number of CERP projects, personnel, and differing methodologies used for 
data development.  

8.9.1 Documentation Requirements  

Final reported biological data must be supported by adequate documentation. Adequate 
documentation is defined as being legible and complete, so that any final result can be 
independently reconstructed from raw data. Document types and elements that may be used for 
documentation are presented in Table 8.3. 
  



  Chapter 8 - Biological Monitoring and Assessment 

Quality Assurance Systems Requirements 8-21 September 12 

Table 8.3  Document Types and Elements 

Document Purpose Documentation Elements 

Field Notes Raw field data  Contains elements of Table 8.4 
 Field measurements and observation data 
 Field equipment information 
 Chain of Custody forms 

Completed field sheets 

Laboratory Notes Raw data for specimen 
examinations 

 Contains elements of Table 8.4 
 Results and associated observations 
 Incorporates applicable qualifiers 
 QA/QC data 
 Summary of non-conformance problems and 

resolutions 

Quality Manual 
(QM) 

Organizational level document 
to stipulate policies and 
procedures to ensure data 
quality  

Retain copies of applicable laboratory and field 
QMs that were used to perform data collection 
activities. Analytical laboratories are required by 
National Environmental Laboratory Accreditation 
Conference (NELAC) to have a QM. Field 
sampling organizations are required by FDEP and 
this QASR to have a field QM.  

Standard 
Operating 
Procedures 
(SOPs) 

Process level document to 
outline procedures for a given 
method 

If SOPs on the QAOT QASR  web page were 
used, their number should be referenced.  If  
alternative procedure were developed and 
accepted, then the QASR SOP format should be 
utilized. SOPs must be complete, stand-alone 
documents that describe the actual process used 
for data development. 

Contract SOW Specifies requirements of the 
contract and the expected 
deliverables 

Retain copy of each version of the SOW; effective 
dates must be clearly specified in the document. 

Work Plan 
(monitoring plan, 
sampling and 
analysis plan, QA 
project plans, or 
project plans) 

Provides details of work to be 
done, project objectives, 
DQOs, project design, project 
organization and QA/QC 
elements. 

Retain copy of each version of the work plan. 
Each version must specify the effective dates for 
the plan. 

Training and Skill 
Verification 
Certificates 

Documents demonstrated 
capability for a given 
taxonomist or field crew 
member. 

Date of verification, participating individual, 
individual administering the verification, applicable 
parameters, references, number of specimens 
reviewed and number of correct identifications, 
criteria used to issue certificate, and projected 
follow-up verification date. 

Equipment Logs Documents information for 
each instrument or piece of 
equipment 

Name of item, unique identifier, date received and 
date placed in service, placement of equipment 
(where appropriate), copy of manufacturer’s 
instructions, dates and results of calibrations (if 
applicable), details and dates of maintenance, and 
dates equipment was out of, and put back in, 
service. 
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Reference 
Standard Logs 

Documents information for 
standard reference 

Type of standard reference (e.g., taxonomic 
identification key, specimen library, or reference 
slides), source of reference, date of creation of 
reference, and applicable methodology.  

Reagent Logs Documents chemicals used in 
field or laboratory activities 

Name of reagent, manufacturer, date of receipt, 
and expiration date. If applicable: preparation 
method, date of preparation, date of expiration, 
and preparer’s initials. 

Quality 
Assessment 
Reports 

Report on the quality of 
activities related to monitoring 
and assessment  

QC results, QC failures and resolutions, and audit 
outcomes and corrective actions. 

Audit Reports 
(Field, Processing, 
or Laboratory 
Examination) 

To assess the quality of field 
activities, sample collection, 
data collection activities, and 
conformance to documented 
requirements. 

Compares actual field procedures to referenced 
methods. 

Chain-of-Custody Documentation to track 
specimens from collection 
through disposal or archival. 

Unique identifier, identification link to parent 
sample, date and time of sample receipt, date of 
specimen disposal, condition of sample on 
receipt, sample preservation, applicable holding 
times, sample transmittal and tracking forms, and 
Table 8.4 elements. 

8.9.1.1 Field Documentation Requirements 

Field teams and laboratory organizations should maintain project records in a dedicated bound 
logbook. Project name, number and location should be entered on the front inside cover of the 
logbook. It is recommended that each logbook page be numbered and dated. Entries should be 
written in permanent waterproof ink, be legible, and contain accurate and inclusive 
documentation of all project activities. At the end of all daily entries, or at the end of a particular 
event, if appropriate, the investigator should draw a diagonal line and initial, indicating 
conclusion of the entry. Because field records are the basis for later written reports, language 
should be objective and factual. Once completed, these field logbooks become legal documents 
and must be maintained as part of the official project files. All aspects of sample collection and 
handling, as well as visual observations, must be documented in the field logbooks. 

The following is a list of information that must be included in the field notebook/logbook: 

 QC check samples collected;  

 Sample collection equipment (where appropriate); 

 Field analytical equipment, and equipment utilized to make physical measurements; 

 Calculations, results, and calibration data for field sampling, field analytical, and field 
physical measurement equipment; 

 Serial numbers of sampling equipment used, if available; 

 Sampling site identification; 

 Date and time of sample collection; 
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 Description of the sample location, including lat/long coordinates; 

 Unique sample number assigned to each sample 

 Description of the sample; 

 Number of species and numbers of individuals collected, if applicable; 

 Sample collector; 

 Procedure used to collect the sample; 

 Diagrams of processes; 

 Maps/sketches of sampling locations; and 

 Weather conditions that may affect the sample. 

8.9.1.2 Additional Documentation Requirements for Aquatic Species  

In addition, the following information must be included in the field notebook when processing 
some aquatic species samples: 

 Site name; 

 Sample identification number; 

 Total length in millimeters; 

 Total weight in grams; 

 Sex; 

 Whether otoliths were collected and their disposition; and 

 If a composite sample, weight of sample (both archive and analysis sample) (document 
>5 grams). 

8.9.1.3 Data Archives 

For general information regarding archiving, refer to QASR Chapter 10. All applicable data 
elements must be recorded and reported. Many of these elements are used when performing data 
validation. Even though some of the elements may not seem necessary for a particular project, 
the usability and applicability of data for other purposes or for future evaluation may be 
enhanced if all pertinent information are provided at the time of data submission. Refer also to 
QASR Chapter 10 and procedures from the CERP Data and Information Team or designated 
CERP data steward for more specific requirements on what needs to be reported. 

8.9.2 Data Processing and Reduction 

For data to be assessed and utilized to support CERP goals, it is essential to adopt uniform 
conventions for describing environmental measurements and to standardize collected and stored 
data elements. To avoid problems associated with data that do not meet the project‟s quality 
objectives, the data stream must be managed and assessed as it is acquired. If data standards are 
developed up front and consistently applied, electronic tools can be developed to perform „real-
time‟ data loading and data quality assessment. Data standardization will allow collection data to 



  Chapter 8 - Biological Monitoring and Assessment 

Quality Assurance Systems Requirements 8-24 September 12 

electronically merge with analytical data. Data standards include an electronic data deliverable 
(EDD) protocol (described in QASR Appendix 5-A) and data reporting standards.  

The following subsections describe key data management procedures associated with these 
environmental measurements and related common data elements in a monitoring project.  

8.9.2.1 Electronic Data Requirements 

The data management team along with the PM, and QAOT will establish standards to ensure 
coordination and consistency in data practices. For example, it is essential to identify the 
attributes with unique and unambiguous labels. A protocol should be established outlining the 
identification scenario. A central registry for these attributes (including Station IDs, Project IDs, 
Sample IDs, etc.) will be established in accordance with the CERP Data Management Plan. 

8.9.2.2 Data Elements  

As discussed in Chapter 10 of the QASR, the adoption of uniform conventions for describing 
environmental data and standardization of data elements developed are essential if data are to be 
assessed and utilized to support CERP goals. Data identifiers applicable to Biological 
Monitoring and Assessment projects discussed in Chapter 10 include: 

 Data Identifiers- Unique identifier, including stations, project names, and collection 
dates and times.  

 Geolocational Identifiers- Each sampling station must have a unique identifier that 
provides the necessary information to locate it spatially and to determine the reliability of 
the geolocational tags.  

 Project Identifiers- A convention for naming sites in new projects and contained in a 
central project registry established to issue and store names to avoid duplicate project 
names for the same effort. 

 Field Identifiers- Field sampling points must be identified with a unique identifier. If the 
same sampling point is used by multiple projects, then common identifiers should be 
established, stored in a central registry, and used by all parties that collect samples from 
that location 

 Sample Identifiers Each collected sample or quality control sample examined must have 
a unique identifier assigned by the examining facility. Each sample identifier must be 
linked to only one field identification number.  

Key considerations for CERP PMs include uniform data elements, reporting units, and naming 
conventions. The applicable data elements outlined in Table 8.4 are used to achieve these 
considerations when developing work plans.   
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

Proj. Identifier Identification of 
Organization 

Each result must be 
linked to the organization 
providing the 
measurement, 
observation, or taxonomic 
identification. 

All 

Proj. Identifier Project Name Project for which data are 
collected. 

All 

Geo. Identifier Sample Location Location from which the 
sample or datum was 
collected in both narrative 
format and lat/long 
coordinates. 

All 

Geo. Identifier, 
Field Identifier 

Collection Date Date of sample collection 
in MM/DD/YYYY format. 

For collected 
specimens 

Geo. Identifier, 
Field Identifier, 
Sample identifier 

Collection Time Time of sample collection 
in 24-hour (military) 
HH:MM format. 

For collected 
specimens 

Field Identifier Specimen 
Identification 

Each specimen must 
have a unique identifier 
assigned by the 
originating organization. 
This requirement also 
applies to QC specimens. 

All 

Field Identifier Specimen Type Type of biota collected 
(e.g. submerged aquatic 
vegetation). 

All 

Field Identifier Examination Date Date specimen was 
examined (start of 
examination process) in 
MM/DD/YYYY format. 

All 

Field Identifier Examination Time Time specimen was 
examined (start of 
examination process) in 
24-hour (military) HH:MM 
format. 

All 

Field Identifier Examination 
Location 

Location at which the 
specimen was examined; 
must be either “field” or 
“laboratory”. 

All 

Field Identifier Result Basis Basis for result:  
 Measured 
 Observed 
 Extrapolated 

As applicable 

Field Identifier Taxonomic 
Identification 

For database purposes, 
taxonomic identification 

As applicable 
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

may be presented as a 
code that is permanently 
linked to the result 
(library).  

Field Identifier Comments Any comments pertinent 
to the measurement, 
observation, or 
identification. 

As applicable 

Field Identifier Result Final results may be text 
or numeric. 

All 

Field Identifier Result Units The standard convention 
for the measurement, 
observation, or 
identification. Standard 
conventions are specified 
in biological SOPs posted 
on the QAOT QASR Web 
page at 
http://www.evergladespla
n.org/pm/program_docs/q
asr.aspx.  

All 

Field Identifier Data Qualifiers 
with Metadata 

Valid qualifiers listed in 
QASR Table 8.2 or a 
descriptive qualifier (e.g., 
“stressor suspected”).  

As applicable 

 Reference The basis of the method 
used for observation, 
measurement, or 
identification must be 
referenced. 

All 

 Reporting Limit Minimum reporting limit 
for the measurement 
(e.g., biomass). 

Quantitative 
Measurements 

 Test Summary 
Statistics 

Statistic used to develop 
or generate results (e.g., 
extinction coefficient). 

As applicable 

Field Identifier Taxonomist Name of person(s) and 
organization(s) 
conducting the 
measurement, 
observation, or 
identification.  

Required if 
taxonomy is 
performed 

Field Identifier Test Conditions Observations or test 
conditions that could 
affect the result. 

As applicable 

 Quality Control 

http://www.evergladesplan.org/pm/program_docs/qasr.aspx
http://www.evergladesplan.org/pm/program_docs/qasr.aspx
http://www.evergladesplan.org/pm/program_docs/qasr.aspx
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

 Replicate 
Reference 

Unambiguous reference 
for replicate specimens.   

Replicate 

 Batch ID Unambiguous reference 
linking specimens 
collected, prepared, or 
examined together 

As applicable 

 Preparation 
Conditions 

Brief description of the 
preparation conditions 
used for preparing a 
specimen, if different or 
not described by the 
reference method (e.g., 
dry at 100oC for 7 days) 

As applicable 

Field Identifier Parent Sample ID Unique identifier of the 
sample that was the 
source of replicate 
specimens examined.  

Replicates 

 QC Sample Unambiguous reference 
indicating that a specimen 
was analyzed as a QC 
check. Must include a 
description of the type of 
QC check and source. 

As applicable 

 Links to other data 
taken at the same 
time 

 As applicable 

 Reference 
Standard  

Type and source of the 
reference standard (e.g., 
Standard Methods 
reference slides, 
laboratory specimen 
library, etc.).  

As applicable 

Field Identifier Instrument 
Identification 

Unique identification of 
the specific instrument 
used for the test (e.g., 
unit and serial number). 

As applicable 

Field Identifier Verifying 
Taxonomist 

Name of person verifying 
the observation, 
measurement, or 
identification. 

As applicable 

 Verification Date Date of result verification 
in MM/DD/YYYY format. 

As applicable 

 Verification Time Time of result verification 
in 24-hour (military) 
HH:MM format. 

As applicable 

 Taxon Tally Tally of the number of As applicable 
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

each taxon. 

 Elements for Sample Collection 

 Sampler Name of person(s) and 
organization conducting 
the sampling. 

All 

 Meteorological 
Information 

Weather conditions at the 
site. 

All 

 Site Conditions Information specific to the 
site which may be 
relevant to the quality of 
data. 

All 

 Field Identification 
Codes 

Unique identifier within a 
project or program, 
specific to the sample 
collection event or field 
examination location for a 
particular site, date and 
time. 

All 

 Ancillary Records 
(e.g., 
photographs, 
maps) 

Linked to a specific 
sample or examination 
event. 

As applicable 

 Sampling Method Description or reference 
to SOP or method. 

All 

 Collection 
Equipment 

Equipment type, 
construction, and 
identifier. 

Collected 
specimens 

 Sample 
Preservation  

Description of sample 
preservation. 

As applicable 

 Depth of Sample In meters. As applicable 

 Chain of Custody Sample handling and 
storage records. 

All 

 Links to 
Supporting 
Metadata  

Example: raw 
photosynthetic active 
radiation (PAR) 
measurements. 

As applicable 

 Calibration 
Activities 

Calibration times and 
results of initial and 
continuing checks. 

As applicable 

 Equipment Failure Description of failure and 
date in MM/DD/YYYY 
format. 

As applicable 

 Troubleshooting Corrective actions to 
correct a problem and 

As applicable 
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

date in MM/DD/YYYY 
format. 

 Equipment 
Maintenance 

Maintenance performed 
(such as quantum sensor 
calibration for PAR meter) 
and date in MM/DD/YYYY 
format. 

As applicable 

 Number of 
Containers  

Number of containers 
collected for each sample 
linked to a unique field 
identification code. 

Collected 
Specimens 

 Receiving Body of 
Water 

 Surface water 

 Secchi Depth In meters. As applicable 

 Type of aquatic 
system sampled 

 Surface water 

 Size of Study 
Area 

Size of the system or the 
study area within the 
system (e.g., acre, square 
meter). 

All 

 Ancillary 
Information  

Ancillary information to 
accompany developed 
data, such as: 

 Percentage of land-
use types in the 
watershed that drain 
to the site; 

 Potential for erosion 
within the watershed 
that affects the site; 

 Local point-source 
and non-point-source 
pollution; 

 Vegetated riparian 
buffer zone width on 
each side of the 
stream or river or the 
least buffered point 
of the lake, wetland, 
or estuary; 

 Presence of artificial 
channelization near 
the sampling location 
(stream or river); 

 Presence or absence 
of impoundments 
near the sampling 
location; 

As applicable 
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

 Vertical distance 
from current water 
level to peak 
overflow level; 

 Distance of high 
water mark above 
the stream bed; 

 Percentage range 
that best describes 
the degree of 
shading in the 
sampling area; 

 Odors associated 
with the sediments; 

 Presence or absence 
of oils in sediment; 

 Deposits including 
smothering by sand 
or silt; 

 Description of any 
noticeable water 
odors; 

 Term that best 
describes the relative 
coverage of oil on 
the water surface; 

 Term that best 
describes turbidity in 
the water; 

 Term that best 
describes the color 
of the water; 

 Other 
conditions/observatio
ns that may be 
helpful in 
characterizing the 
site; and 

 Relative abundances 
of periphyton, fish, 
aquatic 
macrophytes, and 
iron/sulfur bacteria. 

 Reporting Units For Benthic Invertebrate and Algal 
Taxonomic Identification  

(adapted from Chapter 62-160, FAC) 

 Sorting Efficiency, 
(%) 

Method used in sorting 
different taxa.  

As applicable 

 Number and 
Identity of Taxa in 

 All 
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 Table 8.4   Minimum Data Element Requirements 

Category Data Element Description Applicability 

Sample 

 Percent 
Agreement  of 
Taxonomists 

Verification of percentage 
agreement between or 
among identifications 
performed by two or more 
taxonomists when results 
were generated. 

As applicable 

 Standard 
Reference 
Collection 

Were organisms verified 
against standard 
reference collection?  
(Yes or No). 

As applicable 

 Organism range Does the organism range 
include Florida? (Yes or 
No). 

As applicable 

 Microscopic 
Magnification 

Specify macroscopic 
magnification used in the 
measurement. 

Algal or as 
applicable 

 Dilution Factor Specify dilution factor 
used. 

Algal or as 
applicable 

 Surface Area 
Sampled 

Surface area where 
samples were collected. 

Periphyton or 
as applicable 

 Volume Sampled Volume of sample. Phytoplankton 
or as 
applicable 

 Number of Fields 
Counts 

 Algal or as 
applicable 

 Number of 
Colonies 

Number of colonies in 
dilution water suitability 
test associated with 
samples. 

Microbiological 
/ as applicable 

 Media Test Optimal growth in media 
test? (Yes or No). 

Microbiological
/ As applicable 
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8.9.3 Data Review 

All CERP biological and ecological monitoring data should be verified and validated prior to 
assessment and use; verification and validation procedures should be documented. Refer to 
QASR Chapters 5 and 11 for general data verification, validation, and assessment procedures. 
Documentation should meet the minimum requirements specified in this chapter and other 
relevant chapters of QASR (Chapters 5, 10, and 11). Reviewed records (electronic or 
hardcopy), as well as the documented review, should be maintained at least five years beyond the 
life of the project or permit cycle; and follow EPA, FDEP, and CERP requirements for storage, 
accessibility, and security. 

8.9.3.1 Data Verification 

Data verification is conducted by the organization originating the data. The reviewer must be 
familiar with applicable requirements (e.g. Quality Manual, project work plans, SOPs, QASR, 
referenced methods, and other applicable requirements).   

Checklist to Document the Data Verification Process 

A checklist or other systematic approach must be used to document the verification process. The 
acceptance criteria for each check must be pre-determined and follow the QA targets and 
requirements listed in the organization‟s quality manual (QM), method reference, or the work 
plan (if more stringent). Checks include verifying that: 

 Sample identification on all documentation is correct; 

 Specimen preparation/identification methods used are correct; 

 Identification to the lowest required taxonomic level was achieved; 

 Sample preservation is documented and correct (if applicable); 

 Quality control specimen results are acceptable; 

 Calculations are correct; 

 Documentation is neat, accurate, complete, and organized; 

 Corrections to documentation are properly made; 

 Non-conformance is explained and documented; 

 Manual transcriptions are checked for accuracy; 

 Documentation requirements for other tests with specialized criteria are met; 

 Correct units are reported; 

 Correct methods were specified; 

 The taxonomist that produced the data is identified; 

 Equipment/instruments used in the procedure are identified; 

 Sampling locations are properly identified; 
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 Dates and times of collection and examination are documented; 

 Maintenance performed is documented; 

 Preventative maintenance and periodic calibration checks (e.g. quantum sensor 
calibration) are current; 

 Information affecting data quality is documented; 

 Data results were properly uploaded to the field computer; or 

 Data results were accurately entered in notes and properly transcribed; 

 Corrective action was initiated as needed and documented; 

 Sample type was correctly identified; 

 Comments are properly documented; 

 Data have been qualified as discussed in Section 8.8.2; 

 Initial and rework or initial and replicate values are comparable, and if not, the source of 
discrepancy is found and documented; 

 Comparison checks for related tests are within specified limits or the discrepancy 
explained; 

 Data make sense for the project and site; and 

 Chain-of-custody form (for specimens submitted to and examined in a laboratory) and 
field notes match data entries. 

Electronic/Hardcopy Documents Used for Data Verification 

Electronic/hardcopy documents necessary to conduct data verification include: 

 QASR, QM, referenced method, SOP and work plan; 

 Sample log-in information with sample collection date and time; 

 Bench sheets/field notes; 

 Quality control results with acceptance/performance criteria; 

 Non-conformance log/sheets; 

 Copy of all manual data entry after entry; 

 Chain-of-custody forms (if specimens are submitted to and examined in a laboratory); 

 Final report; 

 Instrument manuals (as needed); 

 Results of internal taxonomic cross-comparison identifications; 

 Results of inter-parameter comparison checks; and 

 Maintenance logbook/sheet; 
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 Corrective action/non-compliance documentation. 

8.9.3.2 Data Validation  

Data validation is usually conducted by qualified and knowledgeable project personnel, QA 
personnel, or consultants, following a structured and documented procedure. The reviewer must 
be familiar with the originating organization‟s QM, project work plans, SOPs, QASR, referenced 
methods, and any other applicable requirements. The reviewer verifies that the data meet 
specifications and project DQOs. The data reviewer also checks the validity or presence of data 
qualifiers and corrective actions.   

Checklist to Document the Data Validation Process 

A checklist or other systematic approach must be used to document the validation process. The 
acceptance criteria for each check must be pre-determined and follow the QA targets and 
requirements listed in the QM, method reference, or the work plan (if more stringent). Checks 
include: 

 Sample identifications match on all documentation and the chain-of-custody form (for 
specimens submitted to and examined in a laboratory);  

 Field notes reviewed and compared to final report; 

 Data review – including laboratory examinations and QC results; 

 Verification of appropriate method, providing the lowest taxonomic identification level, 
with the proper reporting units;  

 Comprehensive review of the final data report including range checks and correct data 
entry; 

 QC acceptability; 

 Reasonableness of data; 

 QC tracking; 

 Comparability of initial and reworked/replicate values; 

 Comparison checks between related parameters; 

 Appropriate use of qualifiers; 

 Rectifying comments with data use; 

 Comparison of data to project DQO; 

 Use of specimen identification keys or other reference material; 

 Raw data versus reported values; 

 System performance standards; and 

 Evaluation of bench logs, chain of custody, preparation logs, etc. 
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Electronic/Hardcopy Documents Used for Data Validation 

The documentation required to conduct data validation are: 

 QM, SOP, work plan and QASR, (if any);   

 Chain-of-custody form (for specimens examined submitted to and examined in a 
laboratory); 

 Data verification and data validation forms; 

 Examination logbook; 

 Final report from the originating organization; 

 QC information; 

 Bench taxonomist inter-parameter/comparison checks; 

 Non-conformance documentation; and 

 Corrective action documentation. 

8.9.3.3 Data Assessment  

Data assessment is usually conducted by assigned project personnel, a consultant, or a group that 
has the experience or has been trained to perform this function. The reviewer(s) must be familiar 
with the project work plans, QASR requirements, referenced methods, and project history. Refer 
to QASR, Chapter 11, Section 11.7, for discussion on the components of data quality assessment 
(DQA) process. 

The purpose of this assessment is to determine if data meets the project‟s objectives in terms of 
quality, completeness, and historical data trends. The acceptance criteria for each check are 
based on the DQOs in the project plan. The types of tests and the statistical tools used should be 
determined during the planning phase of the project.   

Checklist to Document Data Assessment 

Although specific checks will vary with the types of data collected, the following general checks 
may be performed: 

 Historical trend; 

 Data abnormalities and outliers; 

 Comparison with State and Federal criteria or regulatory limits; 

 Review of examination notes for conditions affecting data quality; 

 Verification that appropriate qualifiers have been applied; and 

 Suitability of selected method. 

Electronic/Hardcopy Documents Used for Data Assessment 

The following documents and data are required to perform these checks: 

 Verification and validation reports; 
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 Work plan and other project documents; 

 Any previously collected data sets relevant to the project; and 

 Documentation or knowledge of historical data results. 

8.10 Reporting 

Final reported biological data must be supported by adequate documentation.  Adequate 
documentation is defined as being legible and complete, so that any final result can be 
independently reconstructed from raw data.  Documentation types and elements include the 
documents presented in Table 8.3. 

8.11 Records Custody, Security and Access 

The QASR Chapter 10 provides a set of general rules to standardize records custody, security, 
and access to be used by all parties involved with CERP biological monitoring. 

 

1. Records Custody - Includes procedures to avoid accidental or intentional modification 
of existing records and to track data custody from creation through final storage.   

2. Records Security - Includes procedures for electronic data back-up, for protecting data 
and computer equipment from the environment, and for making changes to information 
technology infrastructures.   

3. Records Access - Includes procedures for requesting data, accessing data, making 
changes to data, and data flow. 
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STANDARD OPERATING PROCEDURES 
for 

COLLECTING AND PREPARING ORGANIC MATTER SAMPLES 
FOR MACROFOSSIL ANALYSIS 

 
 
1.0 INTRODUCTION 
 
In the south Florida ridge-and-slough landscape, the transport of suspended particulate organic 
matter (OM) or “floc” (operationally defined as unconsolidated soil, plant detritus, and algae 
found just above the soil surface [Hagerthey et al., 2008]) is hypothesized to drive the 
development and stability of landscape patterning and microtopographic variation that 
characterized the pre-drainage system (Larsen et al., 2007).  Sediment macrofossils are defined 
as large plant fragments such as seeds, leaf and root tissues, generally large enough to be seen 
without magnification (greater than 500 micron-sized).  Used in combination with molecular 
organic markers (Saunders et al., 2006; Gao et al., in prep.), macrofossils can be used to indicate 
an OM source, thus providing information on relative inputs of aquatic versus terrestrial 
vegetation, periphyton inputs, or shifts in woody species, for example.  Applications of 
macrofossil analyses on south Florida floc may therefore serve to answer a critical uncertainty 
for restoration:  to what extent does increased water flow preferentially entrain and transport 
sediment-derived OM among sawgrass ridges and deeper water sloughs?  It is hypothesized that 
(experimentally) increased water flow would preferentially entrain OM from sloughs, and re-
deposit it in sawgrass ridges.   
 
2.0 METHOD SUMMARY 

 
Macrofossils derived mainly from seed and characteristic plant fragments were previously used 
to determine the functional taxonomic source of OM in the south Florida wetlands, specifically 
plant and periphyton OM sources from south Florida sawgrass, wet prairie, and slough habitats 
(Saunders et al., 2006; 2008; in prep.).  The objective of this standard operating procedure (SOP) 
is to provide a consistent method for preparing OM samples collected in the field for analyses of 
macrofossils and subsequent laboratory analyses.  The first part of this SOP includes the steps 
required for initial collection and storage of samples prior to laboratory analyses.  To summarize, 
initial preparations of biomarker samples require that the sample be de-watered and kept cold 
after collection.  Samples are collected with horizontal and vertical sediment traps.  
 
The second part of this SOP includes the steps required for macrofossil laboratory analyses.  
Macrofossil concentrations of the following important macrofossils are evaluated on floc, 
detritus, or surficial soil (top 4 centimeters [cm]) samples.  Seed specimens that may be 
recovered from south Florida ridge and slough soils include those of sawgrass, sedges (beakrush 
and other members of the family Cyperaceae), nymphaeids (Nymphoides sp. and members of the 
family Nymphaeaceae), cattail, shallow-slough taxa (Pontederia sp. and Sagittaria sp.), and 
charophyte (benthic macro-algae) oospores.  In addition, macrofossil analyses could include the 
identification of a select suite of plant fragments specific to key ridge and slough species.  The 
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latter include sclereids from sawgrass biomass (Winkler et al., 2001; Saunders et al., 2008; in 
prep.; Gao et al., in prep.) and fine root tips of sawgrass (Saunders et al., 2008; in prep.; Gao et 
al., in prep.).  Additional methods are being refined to identify macrofossils of Nymphaeaceae.  
Samples should be examined under a dissecting stereo-microscope at 30x magnification. 
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
3.1 Vertical Sediment Traps Deployed in Canals 
 
Vertical sediment traps are deployed in canals or waters, selected at the discretion of the 
Principal Investigator (PI), where the depth exceeds two (2) meters.  Traps must be deployed 
such that the tops of the vertical tubes are sufficient distance from the bottom of the water body 
to minimize contamination by bottom sediment re-suspension events. 
 
3.2 Vertical Sediment Traps Deployed in Marsh/Slough Habitats 
 
Vertical sediment traps in marsh and slough habitats should be deployed such that the top of the 
trap is located approximately in the middle of the water column, but not less than 15 cm from the 
sediment surface.  Allowing sufficient distance from the bottom ensures that the trap would not 
be affected by the benthic floc layer and is not fouled by metaphyton in the upper water column. 
 
3.3 Horizontal Sediment Traps deployed in Marsh/Slough Habitats 
 
Horizontal sediment traps in marsh and slough habitats should be deployed such that the inflow 
of the trap is located parallel to the predominant flow direction of water.  There are two target 
heights for deploying these traps—“high” and “low”.  The first target height (high) is 
approximately in the middle of the water column, but not less than 15 cm from the sediment 
surface.  This ensures that the trap would not be affected by the benthic floc layer.  A second 
target height (low) is five (5) cm from the sediment surface, within the height of standing benthic 
floc in south Florida ridge and slough wetlands (Wood, 2005; Leonard et al., 2006).  The low 
trap deployment serves to measure the rate at which floc moves as bedload at or near the soil 
surface. 
 
4.0 EQUIPMENT AND SUPPLIES 
 
4.1 Field Activities  
 
The requirements for equipment and supplies listed below must be followed. 
 
4.1.1 Boat and Supplies 
 

• Boat/airboat and related United States Coast Guard (USCG) safety equipment 
• Fuel supply (primary and auxiliary)  
• Tie-line 
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• Spare parts kit 
• First aid kit  
• Spare oars 
• Maps with sampling site locations 
• GPS or Loran instrumentation  
• Anchors (at least two to position boat) 
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the sampling team) 
 
4.1.2 Canal Vertical Sediment Trap Deployment and Retrieval 
 

• GPS unit 
• Notebook, datasheet, and pen 
• Weighted marked line  
• Anchors (at least two) 
• Meter stick 
• Optical Backscatter Sensor (OBS) 

 
Additional equipment is needed for vertical sediment trap deployment and retrieval, as listed 
below. 

 
4.1.2.1 Canal Vertical Sediment Trap Deployment 
 

• Sediment Traps minimally equal to the number of sites.  A sediment trap consists of a: 
o Basket capable of holding three PVC tubes 
o Three clean tubes (PVC length: width ratio greater than 8). 
o Anchor (cinder block) 
o Floats (three empty one [1] gallon milk jugs) 
o Support line (rope) 
o Gaff 

• Cable ties 
• Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp loggers) set to 

desired logging interval 
 
4.1.2.2 Canal Vertical Sediment Trap Retrieval 
 

• Materials required per trap for continuous sediment trap deployment: 
o Three clean replacement tubes (PVC length: width ratio greater than 8) – OR – three 

containers equal to twice the volume of the vertical tube (e.g., if the volume of the 
vertical tube is two (2) liters, then the container volume should be at least four (4) 
liters) 

o Funnel 
o Wash bottles with DI water 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-A-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Collecting and Preparing Organic Matter Samples for Macrofossil Analysis August 2012 
 4 

o Gaff 
• Looped line with carabiner to attach trap to the boat 
• OBS 
• Optical Shuttle (or other means) to offload Temperature Sensor Dataloggers (Onset 

HOBO Pro v2 Water Temp loggers) 
 
4.1.3 Marsh Vertical Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites:  A sediment trap consists of a: 
o PVC sleeve (4-inch inner diameter [i.d.]; 24-inch length) with bottom end 

permanently sealed with a plug 
o PVC tube (3-inch i.d.; length-width ratio greater than 8), cleaned, filled with DI 

water, and with bottom end permanently sealed with a plug and a removable cap 
affixed to top end 

• Piston corer (with cutting shoe affixed to bottom end of corer; piston secured loosely 
inside cutting shoe with rope affixed for ease of removal; and handle bars tightened and 
secured to top end of corer) 

• GPS unit 
• 1-inch i.d. PVC (48-inch length) 
• Notebook, datasheet, and pen 

 
4.1.4 Marsh Vertical Sediment Trap Retrieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement tube (3-inch i.d. PVC length: width ratio greater than 8), equal to 

the number of sites. 
o –OR- labeled containers equal to at least twice the volume of the vertical tube  
o Funnel 
o Wash bottles with DI water 
o Removable cap for 3-inch diameter PVC tube 
o Test plug for 4-inch PVC sleeve 

• GPS unit 
• Notebook, datasheet, and pen 
• Meter stick 

 
4.1.5 Marsh Horizontal Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites:  A sediment trap consists of a 
o PVC/polyethylene horizontal sediment trap tube (approx. 10 cm i.d. x 1 m). 
o Cleaned trap, filled with DI water, with (removable) plugs in both inlet and outlet 

tubes 
o Pipe clamps (two per trap) for securing sediment trap tube to 1 ½-inch diameter PVC 

poles 
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• GPS unit 
• 1 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
• Notebook, datasheet, and pen 
• Meter stick 

 
4.1.6 Marsh Horizontal Sediment Trap Retrieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement horizontal sediment trap (PVC/polyethylene trap, approximately 

10 cm i.d. x 1 m), equal to the number of sites 
o Removable plugs for inlet and outlet tubes 
o –OR- labeled containers equal to at least twice the volume of the vertical tube  
o Funnel 
o Wash bottles with DI water 

• 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
• Plastic cone 
• GPS unit 
• Notebook, datasheet, and pen 

 
4.1.7 Floc Collection and De-watering in Preparation for Biomarker Macrofossil Analyses 
 

• 20L carboys; the number minimally equal to the number of floc samples to collect.  
• Labeled acid-washed, combusted glass jars; the number minimally equal to the number of 

floc samples to collect 
• Funnel 
• DI water for rinsing 
• Wash bottles (500mL) with DI water 
• 4-mm tubing (120 cm length) 
• Syringe to fit 4-mm tubing (with piston for drawing suction) 
• Doweling rod (90 cm length) with sponge (7.5 cm diameter) affixed to one end 
• Butyrate tube (7.5-cm inner diameter; 90-cm length) with removable plastic cap; the 

number equal to the number of floc samples to collect 
• Aluminum foil 
• Cooler with ice; large enough to hold glass jars 
• Notebook, datasheet, and pen 

 
4.2 Laboratory Procedures  
 
4.2.1 Wet-sieving Preparation for Macrofossil Analyses 
 

• Water hose with spray nozzle 
• Source of tap water (for hose) 
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• Sieves:  63 μm, 500 μm, and 1 mm sieve 
• Plastic tub (approximately 12 inches x 24 inches  x 5 inches) 
• Hard perforated surface (e.g., bench) for holding plastic tray, allowing water to drain 
• Cooler with ice; large enough to hold glass jars 
• 18 oz. whirlpack bags (3 per sample, labeled with the original sample name plus the 

words “63 μm” on one bag, “500 μm” on another bag, and “1 mm” on the remaining bag) 
• Notebook, datasheet, and pen 

 
4.2.2 Counting Macrofossils 
 

• One 18 oz. whirlpack bag, which contains the previously wet-sieved sample (labeled with 
the original sample name plus the words “63 μm”, “500 μm”, or “1 mm”, depending on 
the size fraction of the sample inside the bag) 

• 63μm sieve 
• Plastic tub (approximately 12 inches x 24 inches x 5 inches) 
• Source of tap water from faucet 
• Wash bottle (500mL) with tap water 
• Funnel 
• White (plastic or porcelain) laboratory sampling tray 
• Petri dish 
• Plexi-glass sampling trays with series 1-cm x 25-cm depressions (1-mm deep) 
• Disposable pipette 
• Tweezers (large- and fine-tipped) 
• Stereo-dissecting microscope (at 30x magnification) 
• 20-mL glass scintillation vial 
• Drying oven 
• Refrigerator 
• Notebook, datasheet, and pen 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew members should have training 
documentation in boat operation, vehicle operation, and boating safety.  Field crew members will 
be provided with a handbook of protocols and safety procedures prior to initiating the sampling 
event. 
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6.0 FIELD PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Canal Sediment Trap 
 
6.1.1 Canal Sediment Trap Deployment 
 

A. Pre-departure Activities 
a. Program Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp 

loggers) to desired logging interval 
 

B. Step-by-Step Field Deployment Procedure 
a. Locate site, preferably in the center of the basin (deepest section) where deposition is 

most likely.  This is not an option in canals that are narrow and relatively shallow, in 
which case, site location is dependent on the study objectives. 

b. Secure vessel with at least two anchor lines (forward and aft)    
 

NOTES: 
• Anchors should be positioned to minimize re-suspension of bottom sediments and 

possible contamination of sediment traps.  This is best accomplished by having 
the anchors as far from the desired location as possible.   
 

c. Record water depth with weight line (in meters) 
d. Determine and record the bottom type (hard/soft) 
e. Determine and record if a flocculent layer is present using the OBS; record its 

thickness 
f. Adjust mooring system such that the top of the vertical tubes are sufficiently above 

the bottom.  Floats should be at least one meter below the water surface (this is an 
onsite determination).  

g. Attach water temperature loggers at desired depths 
h. Record the dimensions of the sediment trap mooring system and location of any 

instruments  
i. Using gaff, slowly lower the mooring system into the water column 
j. Observe that the mooring system is properly oriented and that floats are a sufficient 

depth below the surface to avoid being struck by boat traffic.  Adjust if needed. 
k. Mark and record location of sediment traps with GPS.  Important to note landmarks 

that could help locate submerged traps. 
l. Record date and time of deployment 

 
6.1.2 Canal Sediment Trap Retrieval  
 

NOTES: 
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• Polarized sunglasses help to locate submerged floats 
 

A. Using GPS, locate sediment trap 
B. Secure vessel as close to the sediment traps as possible with at least one anchor line; 

however, be sure to minimize re-suspension of bottom sediments and possible 
contamination of sediment traps.  This is best accomplished by having the anchors as far 
from the desired location as possible.  

C. Using the gaff, retrieve the support line until it can be obtained by hand.   
D. Raise the sediment traps such that the tops of the vertical tubes break the water surface 

and, using the upper support line, secure the traps to the vessel.  This step allows the 
tubes to be easily removed from the basket, minimizes disturbance of the trap contents, 
and avoids back injuries from attempting to lift the heavy material into the boat.  
 
NOTES: 

• A looped line with a carabiner attached to the boat can be quickly used to safely 
secure the traps. 
 

E. Determine and record the water depth (meters) 
F. Determine and record if a flocculent layer is present using the OBS; record its thickness 
G. Slowly lift individual vertical tubes from the basket 
H. Follow procedures for floc collection and de-watering in preparation for biomarker 

macrofossil analyses described in step 6.3.1 
I. Download temperature dataloggers 
J. If the deployment is completed, remove mooring system.  Otherwise inspect the mooring 

system for integrity.  Repair as required.  Record actions. 
K. With vertical traps secured in the basket, redeploy the sediment traps 
L. Observe that the mooring system is properly oriented and that floats are a sufficient depth 

below the surface to avoid being struck by boat traffic.  Adjust if needed. 
M. Mark and record location of sediment traps with GPS.  Important to note landmarks that 

could help locate submerged traps. 
N. Record date and time of re-deployment 

 
6.2 Marsh Sediment Trap 
 
6.2.1 Marsh Vertical Sediment Trap Deployment 
 

A. Locate site along the boardwalk (transect) spanning adjacent ridge and slough.  Traps 
should be deployed (preferably at least three traps per transect), spanning both sides of 
and the center-most portion of the ridge-slough ecotone.  Traps should be deployed on 
the upstream side of the existing boardwalk. 

B. Place piston corer over the site for deploying the sediment trap 
C. Push the piston corer into the ground at least two feet, using a twisting motion as needed 

to allow the cutting edge to sever large roots or rhizomes that may be in the way. 
D. Secure the rope (tied to the piston inside the core) to one of the core handle-bars.  Rope 
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could be circled around the handle-bar or a clamping wrench may be used, if necessary. 
E. Remove the piston core with soil inside 
F. Push the 4-inch diameter PVC sleeve, with open end on top and the plugged end on the 

bottom, into the core hole to a depth of two feet such that the lip of the sleeve is 
approximately flush with, or slightly overtopping (within 10 cm), the soil surface. 

G. Cover open end of 3-inch diameter PVC tube with cap 
H. Place the 3-inch diameter PVC tube into the 4-inch diameter PVC sleeve, with open 

(capped) end on top and the plugged end on the bottom.  Lower the PVC tube slowly in 
place. 

I. Remove cap from open end, carefully so as to reduce stirring up sediment around the 
sediment trap 

J. Mark and record location of sediment trap with GPS and place a 1-inch diameter PVC 
pipe on the downstream side of the boardwalk to assist in re-locating the sediment trap 

K. Record date and time of deployment 
 

6.2.2 Marsh Vertical Sediment Trap Retrieval 
 

A. Locate the vertical sediment trap 
B. Determine and record the water depth 
C. Place a removable cap over the top end of the 3-inch diameter PVC tube to reduce 

disturbance around the sediment trap 
D. Raise the 3-inch PVC tube entirely out of the 4-inch diameter PVC sleeve (permanently 

anchored in the soil) 
E. The tubes could either be secured to the boat for transport back to the lab – OR– the tube 

contents could be emptied into a labeled container   
F. Follow procedures for floc collection and de-watering in preparation for biomarker and 

macrofossil analyses described in step 6.3.1 
 
6.2.3 Marsh Horizontal Sediment Trap Deployment 
 

A. Locate site.  Traps should be deployed (preferably at least three traps per transect), 
spanning both sides of and the center-most portion of the ridge-slough ecotone.  The inlet 
tube of the trap should face upstream, the exact direction determined by ongoing 
measurements of water velocity and direction at each site.   

B. Insert 1 ½-inch diameter PVC poles into peat soil (to bedrock) with the poles located 
approximately 1-meter apart, spanning the length of the sediment trap.  The exact 
placement of the poles should be determined by the predominant flow direction measured 
at the site.   

C. Attach sediment trap to the 1 1/2-inch diameter PVC poles.  Use pipe clamps to secure 
the trap to the PVC, adjusting the height of trap so it is either in the high or low position 
described in the section Selection and Sample Collection Location (above). 

D. Remove plugs from the inlet and outlet tubes, carefully so as to reduce stirring the 
sediment around the sediment trap 

E. Mark and record location of sediment trap with GPS.  The 1 1/2–inch diameter PVC 
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poles to which the trap is attached could be used to assist in re-locating the sediment trap 
F. Record date and time of deployment 

 
6.2.4 Marsh Horizontal Sediment Trap Retrieval 
 

A. Using the 1 ½-inch diameter PVC poles, locate the horizontal sediment trap 
B. Determine and record the water depth 
C. Place removable plugs in the inlet and outlet tubes of the sediment trap to reduce 

disturbance around the sediment trap 
D. Loosen pipe clamps that secure the trap to the PVC poles to allow for the removal of the 

trap from its fixed position in the marsh or slough 
E. Raise the sediment trap tube entirely out of water 
F. The tubes could either be secured to the boat for transport back to the lab – OR– the tube 

contents could be emptied into a labeled container   
G. Follow procedures for floc collection and de-watering in preparation for biomarker and 

macrofossil analyses described in step 6.3.1 
H. If sediment trap is to be re-deployed: 

a. Clean and rinse the plastic cone, inlet tube, and sediment trap 
b. Place removable plug into outlet tube 
c. Fill sediment trap with DI water 
d. Screw the plastic cone and inlet tube back onto the sediment trap 
e. Fill sediment trap with additional DI water in the inlet tube until sediment trap is 

completely filled 
f. Place removable plug into inlet tube 
g. Secure trap to the 1 ½-inch diameter PVC poles and adjust to appropriate high or low 

position 
h. Remove plugs from inlet and outlet tubes 
i. Record date and time of deployment 

 
I. If the deployment is completed, remove the ½-inch diameter PVC poles from the soil 

completely 
 
6.3 Floc Collection and De-watering in Preparation for Biomarker and Macrofossil 

Analyses 
 
6.3.1 Field Sampling Procedure 
 

A. Pour 1/3 of the contents into a labeled 20L carboy (corresponding to a single sediment 
trap, and which represents a single sample) through the funnel.   

B. Mix the remaining 2/3, by swirling the vertical tube, and pour into carboy 
C. Rinse the inside of the vertical tube with DI water to capture any remaining particles and 

pour into container 
D. Allow floc to settle in carboy for an amount of time as determined based on the particle 

size desired for chemical analysis and information obtained on settling rates of the 
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desired particle size.   
E. Insert 4-mm tubing into the carboy so that it remains in the water but the opening is 

above the settled floc OM layer 
F. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water to 

drain from the carboy via the tubing.  Continue draining until water is standing just above 
the floc layer.  
 
NOTES: 

• If fine particulate OM is desired for subsequent analyses, then the drained water 
should be captured in a container; however, as the objective of this project is to 
study fluxes of larger floc particles, treatment of fine particulate matter is not 
addressed in this SOP.  
 

G. Pour the entire contents of the carboy into butyrate tube through the funnel, repeatedly 
rinsing carboy with small amounts of DI water to remove remaining floc 

H. Allow floc to settle in butyrate tube for 30 minutes 
I. Insert 4-mm tubing into butyrate tube in the water above the settled floc OM layer 
J. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water to 

drain until water is standing just above floc layer 
K. Insert sponge affixed to doweling rod into the butyrate tube until it makes contact with 

floc layer, and drain excess water above the sponge.  Push sponge further to de-water floc 
and again drain excess water. 

L. Remove cap from bottom end of the butyrate tube, and using the funnel, allow contents 
of butyrate tube to pour into labeled, acid-washed glass container. 

M. Push doweling rod to the end of the tube, until nearly all of the floc OM is collected in 
the glass container 

N. Use DI wash bottle to rinse the butyrate tube, cap, and sponge to collect any remaining 
particulates into the glass jar 

O. If any handling of large pieces of floc OM is needed, use aluminum foil to hold floc 
particles in order to avoid contact with hands 

P. Sample should not be packed tightly into the glass jar and some air space must be 
allowed to avoid breaking the container upon freezing the sample  

Q. Record date and time of sample retrieval, site name, plot name, and sample ID on the 
appropriate datasheet 

R. Clean and rinse the tube and return, after completing step O, to the basket if the 
deployment is to continue 
 

6.3.2 Post-Sampling Procedures  
 
Post-sampling procedures (e.g. sample shipping, equipment cleanup, sample tracking) require 
that if the sample is emptied into glass containers for biological analyses: 
 

A. Keep glass containers packed in ice in a cooler (target temperature 4°C). 
B. Note the unique sample ID on the glass container and record in field notebook that this 
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sample ID is associated with the full sample description that includes the site name, plot 
name, collection date, and names of personnel involved in collection 

C. If sample is destined for biomarker analysis: 
a. Samples can be stored in cooler for no more than 12 hours until freezing or freeze-

drying process is begun  
b. Samples should be transferred from cooler to -80°C freezer until freeze-drying and 

laboratory analyses can be initiated 
c. Proceed by following methods described in the currently utilized SOP for biomarker 

analysis 
 

D. If sample is destined for macrofossil analysis: 
a. Samples may be stored cold (4°C) for up to one (1) year after sampling before 

laboratory procedures are begun.  – OR – As an alternative storage method, samples 
may be transferred from cooler to -80°C freezer, until freeze-drying and laboratory 
analyses could be initiated   

 
7.0 LABORATORY PROCEDURES  
 
7.1 Wet-sieving Preparation for Macrofossil Analyses 
 

A. Attach the spray nozzle to the hose and turn on the hose (attached to water source). 
B. Place the 1-mm sieve on top of the 500-μm sieve, and place the 500-μm sieve on top of 

the 63-μm sieve.  The stack of sieves should be placed in a larger plastic tray, and the tray 
placed on a hard perforated surface (e.g., bench) from which excess water can drain.  

C. Double check the order of the sieves (the top sieve should be the largest size fraction) 
D. Record the sample ID and date 
E. Empty the contents of the sample into the 1-mm sieve, and with the hose and spray 

nozzle, wash the container a few times to make sure it is completely emptied into the 
sieve.  If OM is stuck to the container or tightly clumped, fill the container first with 
some tap water, and let it sit for approximately 20 minutes before sieving.  Repeat 
washing the container into the sieve, and if needed, using your fingers to gently rub or 
loosen the OM into smaller pieces.   

F. Set the hose nozzle to shower mode.  Spray the material in the 1-mm sieve in a circular 
motion so that larger pieces of organic debris (e.g., rhizomes, large roots and leaves) 
remain in the 1-mm sieve, but the smaller fibers collect in the 500 micron sieve beneath.  
Be careful not to spray at too high a speed to cause material to fly out of the sieve. Be 
careful that the lower sieves do not overflow with water and allow material to be lost.  

G. Remove the 1mm sieve carefully, and using the hose and spray nozzle, lightly and gently 
wash the material in the 500-μm sieve for a few seconds, allow the fine particles to settle 
into the 63-μm sieve. 

H. Transfer the contents in each sieve to separately labeled whirlpak bags, the label 
corresponding to the given size fraction (63 μm, 500 μm, or 1 mm). 

I. Store samples cold (4 °C) until further analysis.  If samples cannot be analyzed within 5-
7 days, then samples should be stored frozen. 
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7.2 Counting Macrofossils 
 
Macrofossil counting procedure described below pertains to the analysis of a single sample. 
 

A. Wash sieve and plastic tub with tap water 
B. Place the 63μm sieve flat in the base of the plastic tub 
C. Fill the container holding sample with tap water 
D. Empty sample into sieve by tipping container upside down into the sieve 
E. Rinse the container with tap water three times to ensure all sample has been successfully 

transferred to the sieve   
F. With tap water, gently push the sample into a consolidated clump towards one side of the 

sieve and transfer the moist sample to a petri dish or large white sampling tray, depending 
on the amount of sample 

G. On appropriate datasheet, enter fields for Sample ID, Subsample ID (if sample was split 
for multiple analyses such as both biomarker and macrofossil analyses), size class (write 
“1 mm” for >1 mm fraction; “500 μm” for >500 μm and <1 mm fraction; and “63 μm” 
for >63 μm and <500 μm fraction), date, and analyst’s initials 

H. Disperse the entire sample into the shallow depressions (1-cm width, 25-cm length, 1-mm 
deep) in plexi-glass sample trays.  Note that the shallow depressions in tray each contain 
a gridded (bottom) surface.  The grids are composed of a series of contiguous 1-cm x 1-
cm cells (numbered 1 to 25) and each cell contains a series of lines, spaced at 1-mm 
intervals, running lengthwise along the depression.  
 
a. Each plexi-glass tray contains four (4) shallow depressions, and multiple trays may 

therefore be required to disperse the entire sample   
b. Sample material should be dispersed in tray depressions such that the sample 

accounts for approximately one-third of the grid area.  This rule ensures sample is 
well-dispersed and facilitates the counting and identification process. 

c. Use a pipette to add tap water to each depression in all trays such that the 
macrofossils are slightly buoyant in the water   

d. Tweezers may be used to separate material that remains overly consolidated or 
clumped 
 

I. Slide plexi-glass tray from right to left under a 30X stereo-dissecting microscope, 
identifying and counting contents in each grid cell 

J. For each row analyzed, first enter the row number (number them sequentially 1, 2, 3, etc. 
up to the nth row analyzed) on the appropriate datasheet 

K. For each known specimen encountered write the specimen name in the “Specimen 
Name” column.  Specimen names are based on a library of standard specimens.  
Specimens include mainly seeds, some plant fragments identifiable to species or other 
functional taxonomic grouping (some examples include “other Cyperacaeae seeds”; 
“mollusc-shell fragments”; “charophyte spores”; “other spores”).  Specimens are 
identifiable based on a number of characteristics, including but not limited to surface 
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texture and patterning, size, color, and other morphological characters. 
 
NOTES: 

• Identification of the macrofossils is performed by comparison of morphological 
features with standards obtained from a combination of live specimens collected 
in the field and/or from surficial soils (except for fossils in which no modern 
examples are found; i.e., those found only in pre-modern depths).    
 

L. In the “Percent Intact” field, enter the estimated percent of a total intact specimen.  
Acceptable values include seven (7) classes for seeds:  0-5%; 5-25%; 25-50%; 50%; 50-
75%; 75-100%; or 100%.  For certain species, seeds may split into discrete halves upon 
germination, and the value of 50% intact is used only in those cases where complete 
halves are unambiguous.  For plant and other fragments that have no discrete boundaries 
(for example, sawgrass sclereids, as in Winkler et al., 2001; Saunders et al., in prep.), the 
percent intact value should be 100%. 

M. Tally the number of occurrences of each specimen-percent intact combination per row in 
the “Count” field   

N. If a specimen is to be collected and stored, remove the specimen from the plexi-glass 
tray, carefully avoiding any disturbance to the remaining sample in the tray   
 
a. Place the specimen in a labeled 20-mL scintillation vial   
b. The vial should be labeled with the corresponding Sample ID, subsample ID, size 

class, date, analyst initials, brief description of contents and a unique vial ID number   
c. Write the ID number of the vial in the “Vial” field on the appropriate datasheet   
d. To preserve the specimen, vial may be oven-dried overnight (60 °C), and the vial can 

be capped – OR—to preserve morphological features (for example, if subsequent 
photographs are to be taken of specimen), the specimen should be initially air-dried, 
kept refrigerated and subsequently re-hydrated as needed. 
 

O. If no known specimens are encountered in a given row, write “EMPTY” in the specimen 
name field, “100%” in the “percent intact” field, “1” in the “Count” field and leave the 
“Vial” field blank  

P. Finally, write any relevant comments or observations about known specimen(s) or other 
particles encountered in the “Notes” field 

Q. Place sample back in the original container 
 

a. Transfer sample from plexi-glass trays to the 63-μm sieve, using a funnel 
b. Consolidate the sample in the sieve using water 
c. Transfer the consolidated sample to the original container 
d. Use DI wash bottle to rinse remaining sample from sieve to container 
e. If sample is stuck and difficult to remove from sieve, add small amount of DI water, 

and rapidly and continuously tap sieve to dislodge sample so it becomes buoyant in 
the water while at the same time pouring sieve contents into the container.  This step 
may need to be repeated several times. 
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R. Calculate concentration (C-i) for each specimen type i in total floc mass as: 

a. For each specimen type i, calculate the total count of intact specimens (SUM-i) as 
follows: 
i. Let SUM-a,i equal the number of all observations of size class a (where a = {0-

5%, 5-25%, 25-50%, 50%, 50-75%, 75-100% and 100%}) for specimen type i. 
ii. For each size class a, calculate total intact specimens by multiplying the SUM-

a,i by the average value of the size class: 
• (average value of the size class) x (SUM-a,i) / (100) 
• For example, the average value of size class 5-25% = 15% 

iii. Calculate the sum (SUM-i) total number of intact specimens for specimen i 
across all 7 size classes: 
• SUM-1,i + SUM-2,i + SUM-3,i + SUM-4,i + SUM-5,i + SUM-6,i + SUM-

7,i 
iv. Summation of all size classes observed for specimen I x total count  

• C-i =  (SUM-i ) / (dry weight of initial floc sample (g)) 
 

8.0 DATA MANAGEMENT 
 
8.1 Data Entry, Validation, and Verification 
 

A. Use a black pen for all logbook and bench sheet entries 
B. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials 
C. Data should be entered from field and lab notebooks into a spreadsheet   
D. Data and calculations are to be performed in MS Excel or in a database (e.g., South 

Florida Water Management District’s ERDP Oracle Database).  The following 
information is suggested: 
 
• Site Name 
• Tube ID (replicate) 
• Region 
• Latitude 
• Longitude 
• Depth of Water Column (meters) 
• Depth of Sediment Traps (top of trap to water surface (meters) 
• Date of Sediment Trap Deployment 
• Date of Sediment Trap Retrieval 
• Total number of days deployed (days) 
• Cross sectional area of vertical tube (meters) 
• Mass (grams) of material collected (e.g., dry weight or organic matter) 
• Sedimentation Rate (g/m2/d) 
• Notes 
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E. After entering the data, write the date and initials of the person entering the data and the 

spreadsheet filename in the “data entered #1 (who/date)” and “data filename” fields, 
respectively, in the bottom left-hand corner of the spreadsheet 

F. All notes and data entries must be verified by a minimum of two individuals 
a. One individual should read the values from the field notebook or the data sheet and 

the other individual should check that those values are entered correctly into the file 
b. In the data file, insert a row directly below the last data row proofed.  On this inserted 

row, enter a proofed “tag” with the date proofed. 
c. This proofed tag indicates that all data on previous rows have been proofed while data 

below the proofed tag are not yet proofed 
d. If proofing data recorded on data sheets, enter the initials of both individuals as well 

as the date on the “proofed” line 
G. Metadata should accompany all files and include the following: 

a. Name of the person(s) who collected and entered the data 
b. Period over which data were collected 
c. Location(s) where the data were collected 
d. Location of the raw data 
e. Explanation of any fields or abbreviations that might need explaining 
f. Relevant GPS information (e.g., projection) 
g. Contact information for the person(s) who may be contacted with any questions 

pertaining to the files 
h. Quality assurance/quality control procedures 

 
8.2 Data Quality Objectives 
 

A. Prior to mass determinations, verify the accuracy and precision of the balance 
B. For every tenth sample of macrofossil counted (Section 7.2 Counting Macrofossils), a 

second macrofossil count of the sample is performed to allow for determination of 
repeatability. 

C. Based on replicate extractions reported in the literature, for comparability, all samples are 
treated in an identical manner, with the same internal quantification methods 

D. Samples of the standing litter or surficial soils should be collected at each site to assess 
the extent to which macrofossil characteristics in floc samples are within the values of 
their probable sources   

E. Floc or soil macrofossil values should be compared with values published from similar 
south Florida habitats, as described in Saunders et al., 2006; 2008; in prep.) and 
forthcoming publications quantifying macrofossil characteristics in similar south Florida 
habitats 
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FIGURE 1.  EXAMPLE OF LAB DATA FORM 
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STANDARD OPERATING PROCEDURES 
for 

LABORATORY ANALYSIS OF VEGETATION SAMPLES 
 

 
1.0 INTRODUCTION 
 
This Standard Operating Procedure (SOP) outlines the procedures for the laboratory analysis of 
vegetation samples collected in the field from the ridge-and-slough landscape of south Florida.  
Sheetflow has long been hypothesized as a primary driver in the formation and maintenance of 
the ridge-and-slough landscape pattern.  A critical threshold of flow velocities could redistribute 
floc from the sloughs to the sawgrass ridge.  Harvey et al. (2009) conducted field experiments 
and dimensional analysis showing that the main controls on flow velocity are water depth, water 
surface slope, and vegetation architecture.  Because emergent vegetation, which resists flow, 
fully penetrates through the water column, flow velocities are more sensitive to variability in 
water surface slope rather than variability in water depth.  Vertical profiles of flow velocity vary 
non-logarithmically with depth (Harvey et al., 2005) but can be accurately predicted using 
estimates of water surface slope, vegetation frontal area profiles, with a velocity measurement at 
a single depth serving to calibrate the model.  The purpose of this analysis is to determine the 
relevant flow resistance parameters (frontal area, stem diameter, and biovolume) of vegetative 
communities.  Another relevant parameter, biomass, should be determined in the laboratory.  The 
field collection component is detailed in a separate SOP (QASR SOP 8-C-001). 
 
2.0 METHOD SUMMARY 
 
This SOP details the established procedures currently used for analyzing vegetation samples 
collected in the Decomp Physical Model (DPM) study area of south Florida.  The purpose of the 
laboratory analysis is to determine the relevant flow resistance parameters (frontal area, stem 
diameter, and biovolume) as well as biomass.  Vegetation typically includes both emergent and 
submerged aquatic vegetation and specific procedures for each are outlined. 
 
3.0 EQUIPMENT AND SUPPLIES 

• Laboratory data-entry sheets 
• Black pen 
• Ruler 
• Micrometer 
• Kimwipes 
• Aluminum drying pans 
• Balance 
• Bucket of water 
• Drying oven 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-B-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Laboratory Analysis of Vegetation Samples August 2012 
 2 

4.0 QUALIFICATIONS AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The coordinator should work with one or more of the staff 
while collecting data; thus data collections are directly checked by the coordinator.  Members of 
the lab crew must have previous experience in sampling projects, good recommendations, and 
proven ability to work in the lab reliably and independently.  All lab crew members are required 
to have at least one month of documented training by the coordinator prior to recording any data.  
Lab crew members will be provided with a handbook of protocols and safety procedures prior to 
conducting the lab work. 
 
5.0 LABORATORY PROCEDURES 
 

A. Vegetation should be separated by species, depth increments, and live and dead material 
B. Count the number of stems and leaves:  the number of stems present in situ for each 

depth increment is estimated from the cut fragments by counting the number of stems 
longer than 15 centimeters (cm).  The number of leaves should be counted for 
Cephalanthus occidentalis, Cladium jamaicense, Justicia angusta, Nymphaea odorata, 
and Panicum hemitomon. 

C. Measure the width of every stem (culm) longer than 15 cm, or ten (10) randomly selected 
stems if stem counts are greater than ten (10), of every species in every depth increment 
in the middle of the stem fragment along the widest dimension (major axis) and 
perpendicular to that dimension (minor axis) using a micrometer.   

D. Measure the width and length of every leaf in the middle of the leaf fragment along the 
widest dimension (major axis) and perpendicular to that dimension (minor axis) using a 
micrometer, or ten (10) randomly selected leaves if leaf counts were greater than ten (10), 
using a ruler and micrometer.   

E. Sawgrass (Cladium jamaicense) measurements should be handled differently because of 
the leaf’s unique v-shaped cross section (note we are referring to leaves and not culms, 
which are considered stems).  Measure sawgrass leaf width across the widest part of the 
v-shaped stem (i.e., across the top of the ‘‘v’’), with an additional measurement of the 
minor axis dimension (i.e., from the base of the ‘‘v’’ to one of its tips). 

F. OPTIONAL STEP:  Measure samples that contain epiphyton with calipers and keep the 
sweaters intact (these may deflate or come off during shipping, if so extract stems with 
preserved sweaters and measure them).  Then wipe off the epiphyton coating with 
kimwipes and place in a pan for drying and weighing (obtain a measure of the weight of 
the kimwipe, first).  Measure in the middle of the stem fragment along the widest 
dimension (major axis) and perpendicular to that dimension (minor axis) using a 
micrometer.   

G. Calculate average stem diameter and frontal area (refer to Equations, Section 6.0) 
H.  Float Utricularia spp. in water and measure the diameter of the plant from the outer 

edges of the leaflets or attached periphyton.  Measure the length of the stem.  This will 
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account for width of the Utricularia and associated periphyton.  Compare this estimate 
with that obtained from Step 5.0J. 

I. Calculate the dimensional volume of the stems and leaves of each species in each depth 
increment using geometric approximations of plant architecture.  The dimensional 
volumes of all stems and leaves should be calculated as elliptical cylinders, with the 
exception that Cladium jamaicense leaves are calculated as solid triangular prisms. 

J. The diameter of Utricularia stems does not vary greatly.  Use a uniform Utricularia 
diameter of 0.4 millimeters (mm).  (This value was obtained by Harvey et al., 2005 by 
computing a weighted average of Utricularia purpurea stems and fronds measured from 
a scaled botanical drawing [Britton and Brown, 1913]). 

K. Calculate the dimensional volume of periphyton and Utricularia by converting 
periphyton biomass to a total volume.  Multiply the dry biomass obtained from oven 
drying by a density of 18.3 mg/mL (density estimate from Larsen, 2008) to obtain 
biovolume for periphyton.    

L. Assume periphyton and Utricularia occur in association and calculate a new effective 
stem diameter for the complex.  Partition periphyton biovolume as annuli of constant 
thickness around all Utricularia stems.  Equation comes from Larsen et al., 2009, 
Ecological Engineering. 

M. Oven dry all samples in the following manner: 
a. Set the oven temperature to 80 degrees Celsius 
b. Place samples in pre-weighed aluminum trays 
c. Dry for 24 hours and obtain a sample weight.  Continue to dry and weigh samples 

every 24 hours until the sample achieves a constant weight. 
 

6.0 EQUATIONS 
 

6.1 Volume of per iphyton 
 
To determine the volume of periphyton, simply use the dry biomass from the oven-dry 
samples and multiply by a bulk density for periphyton (18.3 mg/ml). 

 

 

6.2 Frontal Area 

 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-B-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Laboratory Analysis of Vegetation Samples August 2012 
 4 

 
a = frontal area 
dAxis1=average stem diameter, Axis 1 
dAxis2=average stem diameter, Axis 2 
dLAxis1=average leaf diameter, Axis 1 
dLAxis2=average leaf diameter, Axis 2 
4/10000/10 = normalization for 1 m quadrat, unit conversion (mm to cm), divided over the 
depth increment 
 

6.3 Dimensional Volume 
] 

 

 

 

 
7.0 DATA MANAGEMENT 

 
7.1 Data Entry, Validation, and Ver ification 

 
A. Verify the accuracy and precision of the balance 
B. Use a black pen for all logbook and bench sheet entries 
C. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials 
D. Raw data to be collected from each sample (bag) includes: 

a. Stem count 
b. Stem width (minor) 
c. Stem width (major) 
d. Leaf count 
e. Leaf width (minor) 
f. Leaf width (major) 
g. Dry biomass of periphyton 

 
E. Data will be entered from lab notebooks into a spreadsheet   
F. Data and calculations from above equations are to be performed in MS Excel.  The 

following information is required in the results summary: 
a. Sample ID 
b. Site 
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c. Community type 
d. Replicate # 
e. Increment height 
f. Species, specifying live or dead 
g. Frontal area 
h. Dimensional volume 
i. Date of collection 
j. Notes 

 
G. After entering the data, write the date and initials of the person who entered the data 

and the spreadsheet filename in the “data entered #1 (who/date)” and “data filename” 
fields, respectively, in the bottom left-hand corner of the spreadsheet 
 

7.2 Data Quality Objectives 
A. In order to maintain ease of analysis, all measurements should be recorded in consistent 

units designated by field headings in the lab and field bench sheets 
B. Equations should be translated into Excel for auto-calculation to reduce user error 

 
7.3 Definitions 

A. Biovolume frontal area multiplied by the average stem diameter 
B. Frontal area the area of the plant projected orthogonal to the direction of primary flow 
C. Epiphyton a collection of organisms mechanically associated which typically cover 

the stems of emergent aquatic vegetation 
D. Periphyton a collection of organisms mechanically associated which typically cover 

submerged aquatic vegetation, specifically Utricularia 
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STANDARD OPERATING PROCEDURES 
for 

FIELD COLLECTION OF VEGETATION SAMPLES 
 
 
1.0 INTRODUCTION 
 
This Standard Operating Procedure (SOP) outlines the procedures for vegetation sampling in the 
ridge-and-slough landscape of south Florida.  Sheetflow has long been hypothesized as a primary 
driver in the formation and maintenance of the ridge-and-slough landscape pattern.  A critical 
threshold of flow velocities could redistribute floc from the sloughs to the sawgrass ridge.  
Harvey et al. (2009) conducted field experiments and dimensional analysis showing that the 
main controls on flow velocity are water depth, water surface slope, and vegetation architecture.  
Because emergent vegetation, which resists flow, fully penetrates through the water column, 
flow velocities are more sensitive to variability in water surface slope than variability in water 
depth.  Vertical profiles of flow velocity vary non-logarithmically with depth (Harvey et al., 
2005) but can be accurately predicted using estimates of water surface slope, vegetation frontal 
area profiles, with a velocity measurement at a single depth serving to calibrate the model.  The 
purpose of field collection is to determine the relevant flow resistance parameters (frontal area, 
stem diameter, and biovolume) of vegetative communities.  Another relevant parameter, 
biomass, should be determined in the laboratory.  The laboratory component is detailed in a 
separate SOP (QASR SOP 8-B-001). 

 
2.0 METHOD SUMMARY 
 
Vegetation community structure is an important factor affecting the shape of velocity profiles 
and determining the distribution of velocities close to the peat bed (Larsen et al. in review); 
therefore, vegetation community composition, biomass, biovolume, and stem densities could be 
determined.  Within the four intensive study sites, vegetation in 0.25 square meter (m2) quadrats 
should be characterized in a stratified random strategy along transects from each slough, 
transition, and adjacent ridge locations at the four focal slough sites.  Vegetation sampling should 
be conducted during the wet and dry seasons. 
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION  
 
Three representative ridge and slough habitats should be selected for detailed measurements 
within the flow-way where surface flow velocities will at times exceed three (3) centimeters per 
second (cm/sec).  Therefore, there are three random samples per vegetation type.  A fourth site 
located outside of the flow-way would serve as a low-velocity control site.  To minimize 
disturbance, a network of aluminum walkways and staging platforms should be constructed to 
access sampling sites.  Sites should be accessed by airboats using established routes or by a float 
helicopter.  Community types to be sampled at each of the four sites include:  deep slough, 
shallow slough, transition (i.e. wet prairie), and ridge (i.e. sawgrass).  Another community of 
interest is cattail which may occur by itself or in association with sawgrass.  
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4.0 EQUIPMENT AND SUPPLIES 
 

4.1 Boat and Supplies 
 

• Boat/airboat and related United States Coast Guard (USCG) safety equipment 
• Fuel supply (primary and auxiliary) 
• Tie-line 
• Spare parts kit 
• First aid kit  
• Spare oars 
• Maps with sampling site locations 
• GPS or Loran instrumentation  
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the sampling team) 
 

4.2 Vegetation Sampling 
 

• 0.25 m2 square quadrat 
• Four (4) 1” diameter PVC poles notched at 10 cm increments 
• Four (4) pipe clamps 
• Sampling bags 
• Waterproof permanent markers 
• Scissors (with lanyards to prevent losing it) 
• Hedge clippers 
• Snorkel and mask 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew members should have training 
documentation in boat operation, vehicle operation, and boating safety.  Field crew members will 
be provided with a handbook of protocols and safety procedures prior to initiating the sampling 
event. 
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6.0 FIELD PROCEDURES 
 

A. Randomly place a floating 0.25 m2 square quadrat in an area of undisturbed vegetation 
for each targeted vegetation type.  This is generally done blind by turning your back to 
the plant community and tossing the frame.   

B. Obtain GPS coordinates of the quadrat location. 
C. If any emergent stems are displaced by the frame of the quadrat, return them to their 

original orientation   
D. Determine the increment of vegetation sampling (generally 10 or 20 cm increments), 

depending on flow depth. 
E. Place four vertical one (1) inch PVC poles at each inside corner of the quadrat to prevent 

movement of the quadrat during sampling.  Place the quadrat frame at the vertical 
increment of interest and prevent movement by placing clamps on the vertical poles 
above the frame.   

F. Name the quadrat according to the nearest DPM site name and geomorphic location 
(ridge or slough) and prepare plastic sample bags with the quadrat name, increment, and 
date 

G. Starting from the highest increment, clip all vegetation found within the vertical planes 
of the quadrat sides at the lower elevation boundary of each increment   

H. For increments under water, position the frame with clamps on the poles at the bottom of 
each increment.  Use a snorkel mask to facilitate accurate and precise clipping.   

I. Cut the stems from the top of the sampling interval to the bottom and proceed from the 
top of the vegetation to the sediment-water interface.  For thin and delicate stems, 
scissors are usually sufficient and preferred (for more precise cuts).  For sawgrass and 
thicker culms, clippers should be used.  Cuts should proceed from coarse scale to fine 
scale with the final cuts in each increment being the most precise.  Try to avoid cutting 
stems in half or in multiple sections so that each stem of each vegetation type can be 
counted. 

J. For the deepest depth increment that includes the peat, cut immediately above the peat, 
within the layer of floc (fine detritus) and coarse detritus  

K. Try to preserve all periphyton attached to macrophytes and Utricularia.  The best way to 
do this is to minimize the amount of water in the periphyton bags.  This reduces 
disturbance to the vegetation.  In order to intersect the Utricularia at an individual 
increment, it may be necessary to view the quadrat underwater with goggles.  In 
addition, maintain preservation of epiphyton on stems.    

L. For each depth increment (above and below water), sort the cut material by species, 
place in plastic bags, and store on ice or in a refrigerator until processing.  See the 
Vegetation Lab SOP (QASR SOP 8-B-001) for the sample processing methodology. 
 

7.0 DATA MANAGEMENT 
 

7.1 Data Entry, Validation, Ver ification 
 
A. Verify the accuracy and precision of the balance 
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B. Use a black pen for all logbook and bench sheet entries 
C. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials 
D. Data will be entered from lab notebooks into a spreadsheet 
E. After entering the data, write the date and initials of the person who entered the data and 

the spreadsheet filename in the “data entered #1 (who/date)” and “data filename” fields, 
respectively, in the bottom left-hand corner of the spreadsheet 

F. Each bag should be labeled with date, sample/quadrat name, and increment. (e.g. 
6/10/2011, RS2 ridge, 0-10 cm). 

 
7.2 Data Quality Objectives 

 
A. GPS locations are in the following projection and datum: Cylindrical, NAD 83.  
B. Metadata should accompany all files and include the following: 

a. Name of the person(s) who collected and entered the data 
b. Period over which data were collected 
c. Location(s) where the data were collected 
d. Location of the raw data 
e. Explanation of any fields or abbreviations that might need explaining 
f. Relevant GPS information (e.g., projection) 
g. Contact information for the person(s) who may be contacted with any questions 

pertaining to the files 
h. Quality assurance/quality control procedures 

 
8.0 DEFINITIONS 

 
A. Biovolume frontal area multiplied by the average stem diameter 
B. Frontal area area of the plant projected orthogonal to the direction of primary flow 
C. Epiphyton a collection of organisms mechanically associated which typically cover 

the stems of emergent aquatic vegetation 
D. Periphyton a collection of organisms mechanically associated which typically cover 

submerged aquatic vegetation, specifically Utricularia 
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STANDARD OPERATING PROCEDURES 
for 

COLLECTING AND PREPARING ORGANIC MATTER SAMPLES  
FOR MOLECULAR ORGANIC MARKER (BIOMARKER) ANALYSES 

 
 
1.0 INTRODUCTION 
 
In the south Florida ridge-and-slough landscape, the transport of suspended particulate organic 
matter (OM) or “floc” (operationally defined as unconsolidated soil, plant detritus, and algae 
found just above the soil surface [Hagerthey et al., 2008]) is hypothesized to drive the 
development and stability of landscape patterning and microtopographic variation that 
characterized the pre-drainage system (Larson et al., 2007).  Lipid biomarkers, generally defined 
as chemical compounds indicative of organic matter source, can provide information on relative 
inputs of aquatic versus terrestrial vegetation, periphyton inputs, or shifts in woody species.  
Applications of biomarker analyses of south Florida floc, therefore, serve to answer a critical 
uncertainty for restoration:  to what extent does increased water flow preferentially entrain and 
transport sediment-derived OM among sawgrass ridges and deeper water sloughs?  It is 
hypothesized that (experimentally) increased water flow could preferentially entrain OM from 
sloughs, and re-deposit it in sawgrass ridges.  This standard operating procedure (SOP) describes 
the procedures for preparing OM samples collected in the field for analyses of molecular organic 
markers (biomarkers) and for the subsequent laboratory analyses for biomarkers.    
 
2.0 METHOD SUMMARY  
 
Biomarkers derived from plant lipids and other organic fractions have previously been used to 
determine the functional taxonomic source of OM in the Everglades wetlands, specifically plant 
and periphyton OM sources from Everglades sawgrass, wet prairie, and slough habitats (Mead et 
al., 2005; Saunders et al., 2006).  The first part of this SOP includes the steps required for initial 
collection and storage of OM samples prior to laboratory biomarker analyses.  To summarize, 
initial preparations of biomarker samples require that the sample be de-watered, kept cold 
immediately after collection, and frozen at -80 °C within 12 hours of collection.  Samples must 
be stored frozen until biomarker analyses are initiated.   
 
The second part of this SOP includes the steps required for biomarker laboratory analyses 
themselves.  Biomarker concentrations of the following important lipid biomarkers and proxies 
are evaluated on floc and biomass samples:  the Paq, an index based on the difference in n-alkane 
distributions between aquatic versus terrestrial plants; C20 highly-branched isoprenoids, 
potential markers for cyanobacterial inputs from periphyton; kaurenes, biomarkers for sawgrass; 
and botryococcanes, hydrocarbon markers indicative of green algae.  Samples are treated with 
standard organic geochemical methods.  Freeze-dried samples are solvent-extracted in 
dichloromethane with sonication three times and pooled into a total lipid extract, which is 
fractionated into aliphatic and aromatic hydrocarbon fractions by silica gel chromatography.  
Fractions are analyzed with gas chromatograph – mass spectrometer (GC/MS). 
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Given previously published estimates of floc vertical accumulation in ridge and slough habitats 
in Everglades National Park (ENP) (Leonard et al., 2006), it is estimated sediment traps will 
require four to six weeks to accumulate approximately one (1) gram dry weight of OM sufficient 
for biomarker analysis.  No current estimates are available from horizontal sediment traps, but 
personal observations by Hagerthey (SFWMD) from a high-flow mesocosm experiment suggest 
a similar timeframe may be needed for horizontal traps.  The deployment times should be 
adjusted as more information is obtained. 
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
Site selection and sample collection of floc from sediment traps are described in the SOP’s for 
sediment traps (QAOT_Sediment_Trap_SOP.docx; QAOT_Sediment_Trap_Marsh_SOP.docx) 
and summarized briefly below.   
 
3.1 Vertical Sediment Traps Deployed in Marsh/Slough Habitats 
 
Vertical sediment traps in marsh and slough habitats should be deployed such that the top of the 
trap is approximately located in the middle of the water column, but not less than 15 centimeters 
(cm) from the sediment surface.  Allowing sufficient distance from the bottom ensures that the 
trap would not be affected by the benthic floc layer and is not fouled by metaphyton in the upper 
water column. 
 
3.2 Horizontal Sediment Traps Deployed in Marsh/Slough Habitats 
 
Horizontal sediment traps in marsh and slough habitats are deployed such that the inflow of the 
trap is located parallel to the predominant flow direction of water.  There are two target heights 
for deploying these traps—“high” and “low”.  The first (high) target height is approximately in 
the middle of the water column, but not less than 15 cm from the sediment surface.  This ensures 
that the trap would not be affected by the benthic floc layer itself.  A second target height (low) 
is five (5) cm from the sediment surface, within the height of standing benthic floc in south 
Florida ridge and slough wetlands (Wood, 2005: Leonard et al., 2006).  The low trap deployment 
serves to measure the rate at which floc moves as bedload at or near the soil surface. 
 
4.0 EQUIPMENT AND SUPPLIES 
 
4.1 Field Activities 
 
The requirements for equipment and supplies listed below must be followed. 
 
4.1.1 Boat and Supplies 
 

• Boat/airboat and related United States Coast Guard (USCG) safety equipment 
• Fuel supply (primary and auxiliary)  
• Tie-line 
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• Spare parts kit 
• First aid kit  
• Spare oars 
• Maps with sampling site locations 
• GPS or Loran instrumentation  
• Anchors (at least two to position boat) 
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the sampling team) 
 
4.1.2 Canal Ver tical Sediment Trap Deployment and Retr ieval 
 

• GPS unit 
• Notebook and pen 
• Optical Backscatter Sensor (OBS) 
• Weighted marked line to determine depth 
• Anchors (at least two) to position boat 
• Meter stick 

 
4.1.2.1 Canal Vertical Sediment Trap Deployment 
 

• Sediment Traps minimally equal to the number of sites:  A sediment trap consists of a: 
o Basket capable of holding three tubes 
o Three clean tubes (PVC length:width ratio greater than 8) 
o Anchor (cinder block) 
o Floats (three empty one [1] gallon milk jugs) 
o Support line (rope) 

• Gaff 
• Cable ties 
• Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp loggers) set to 

desired logging interval 
 
4.1.2.2 Canal Vertical Sediment Trap Retrieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Three clean replacement tubes (PVC length:width ratio greater than 8) – OR –  three 

containers equal to twice the volume of the vertical tube (e.g., if the volume of the 
vertical tube is 2 liters, then the container volume should be at least 4 liters) 

o Funnel 
o Wash bottles with DI water 
o Gaff 

 
• Looped line with carabiner to attach trap to the boat 
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• Optical Shuttle (or other means) to offload Temperature Sensor Dataloggers (Onset 
HOBO Pro v2 Water Temp loggers) 

 
4.1.3 Marsh Ver tical Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites.  A sediment trap consists of a: 
o PVC sleeve (4-inch inner diameter [i.d.]; 24-inch length) with bottom end 

permanently sealed with a plug 
o PVC tube (3-inch i.d.; length-width ratio >8), cleaned, filled with DI water, and with 

bottom end permanently sealed with a plug and a removable cap affixed to top end 
• Piston corer (with cutting shoe affixed to bottom end of corer; piston secured loosely 

inside cutting shoe with rope affixed for ease of removal; and handle bars tightened and 
secured to top end of corer) 

• GPS unit 
• 1-inch i.d. PVC (48-inch length) 
• Notebook, datasheet, and pen 

 
4.1.4 Marsh Ver tical Sediment Trap Retr ieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement tube (3-inch diameter PVC length:width ratio greater than 8), 

equal to the number of sites 
o –OR- labeled containers equal to at least twice the volume of the vertical tube  
o Funnel 
o Wash bottles with DI water 
o Removable cap for 3-inch diameter PVC tube 
o Test plug for 4-inch PVC sleeve 

 
• GPS unit 
• Notebook, datasheet, and pen 
• Meter stick 

 
4.1.5 Marsh Hor izontal Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites.  A sediment trap consists of a: 
o PVC/polyethylene horizontal sediment trap tube (approximately 10 cm ID x 1 m) 
o Clean sediment trap filled with DI water and have (removable) plugs in both inlet and 

outlet tubes 
o Pipe clamps (two per trap) for securing sediment trap tube to 1 ½-inch diameter PVC 

poles 
 

• GPS unit 
• 1 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
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• Notebook, datasheet, and pen 
• GPS unit 
• Meter stick 

 
4.1.6 Marsh Hor izontal Sediment Trap Retr ieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement horizontal sediment trap (PVC/polyethylene trap, approximately 

10 cm i.d. x 1 m), equal to the number of sites 
o Removable plugs for inlet and outlet tubes 
o –OR- labeled containers equal to at least twice the volume of the vertical tube  
o Funnel 
o Wash bottles with DI water 

• 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
• Notebook, datasheet, and pen 
• GPS unit 

 
4.1.7 Floc Collection and De-water ing in Preparation for  Biomarker  Analysis 

 
• 20L carboys, the number minimally equal to the number of floc samples to collect 
• Labeled acid-washed, combusted glass jars, the number equal to the number of floc 

samples to collect 
• Funnel 
• Wash bottles with DI water 
• 4-mm tubing (120 cm length) 
• Syringe to fit 4-mm tubing (with piston for drawing suction) 
• Doweling rod (90 cm length) with sponge (7.5 cm diameter) affixed to one end 
• Butyrate tube (7.5-cm inner diameter; 90-cm length) with removable plastic cap, the 

number equal to the number of floc samples to collect 
• Notebook and pen 

 
4.2 Laboratory Procedures 
 

• Labconco FreeZone 6 L benchtop freeze-drying system  
• 35 mesh sieve 
• Mortar and pestle 
• Glass test tubes with Teflon-lined caps 
• 2:1 dichloromethane:methanol 
• Sonicator 
• Water or 0.9% NaCl 
• Bench-top centrifuge 
• Disposable Pasteur Pipette  (229 mm, 2mL capacity)  
• Rotary evaporation flask 
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• Silica gel  
• Hexane 
• 15:5 Hexane:Toluene 
• 10:10 Hexane:Toluene 
• 19:1 Hexane:Ethyl Acetate 
• 18:2 Hexane:Ethyl Acetate 
• 17:3 Hexane:Ethyl Acetate 
• 16:4 Hexane:Ethyl Acetate 
• 30 mL Methanol 
• BSTFA/pyridine 
• Internal standards 
• Agilent 6890 GC 
• Agilent 5973 MS 
• Rtx (Restek)-5ms (30 m, 0.25 mm i.d., 0.25µm film thickness) capillary column 
• Drying oven 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
  
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew members should have training 
documentation in boat operation, vehicle operation, and boating safety.  Field crew members will 
be provided with a handbook of protocols and safety procedures prior to initiating the sampling 
event. 

 
6.0 FIELD PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Canal Ver tical Sediment Trap 
 
6.1.1 Canal Sediment Trap Deployment 
 

A. Pre-departure Activities 
a. Program Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp 

loggers) set to desired logging interval 
B. Step-by-Step Field Deployment Procedure 

a. Locate site, preferably in the center of the basin (deepest section) where deposition is 
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most likely.  This is not an option in canals that are narrow and relatively shallow, in 
which case, site location is dependent on the study objectives. 

b. Secure vessel with at least two anchor lines (forward and aft)    
 

NOTES: 
• Anchors should be positioned to minimize re-suspension of bottom sediments and 

possible contamination of sediment traps.  This is best accomplished by having 
the anchors as far from the desired location as possible.   
 

c. Record water depth with weight line (in meters) 
d. Determine and record the bottom type (hard/soft) 
e. Determine and record if a flocculent layer is present using the OBS; record its 

thickness 
f. Adjust mooring system such that the top of the vertical tubes are sufficiently above 

the bottom.  Floats should be at least one meter below the water surface (this is an 
onsite determination).  

g. Attach water temperature loggers at desired depths. 
h. Record the dimensions of the sediment trap mooring system and location of any 

instruments  
i. Using gaff, slowly lower the mooring system into the water column 
j. Observe that the mooring system is properly oriented and that floats are a sufficient 

depth below the surface to avoid being struck by boat traffic.  Adjust if needed. 
k. Mark and record location of sediment traps with GPS.  Important to note landmarks 

that could help locate submerged traps. 
l. Record date and time of deployment 

 
6.1.2 Canal Sediment Trap Retr ieval 

 
NOTES: 

• Polarized sunglasses help to locate submerged floats 
 

A. Using GPS, locate sediment trap  
B. Secure vessel as close to the sediment traps as possible with at least one anchor line; 

however, be sure to minimize re-suspension of bottom sediments and possible 
contamination of sediment traps.  This is best accomplished by having the anchors as far 
from the desired location as possible. 

C. Using the gaff, retrieve the support line until it can be obtained by hand   
D. Raise the sediment traps such that the tops of the vertical tubes break the water surface 

and, using the upper support line, secure the traps to the vessel.  This step allows the 
tubes to be easily removed from the basket, minimizes disturbance of the trap contents, 
and avoids back injuries from attempting to lift the heavy material into the boat.  
 
NOTES: 

• A looped line with a carabiner attached to the boat can be quickly used to safely 
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secure the traps 
 

E. Determine and record the water depth (meters) 
F. Determine and record if a flocculent layer is present using the OBS;  record its thickness 
G. Slowly lift individual vertical tubes from the basket 
H. Follow procedures for floc collection and de-watering in preparation for biomarker 

macrofossil analyses described in step 6.3.1 
I. Download temperature dataloggers 
J. If the deployment is completed, remove mooring system.  Otherwise inspect the mooring 

system for integrity.  Repair as required.  Record actions. 
K. With vertical traps secured in the basket, redeploy the sediment traps 
L. Observe that the mooring system is properly oriented and that floats are a sufficient depth 

below the surface to avoid being struck by boat traffic.  Adjust if needed. 
M. Mark and record location of sediment traps with GPS.  Important to note landmarks that 

could help locate submerged traps. 
N. Record date and time of re-deployment 

 
6.2 Marsh Sediment Trap 
 
6.2.1 Marsh Ver tical Sediment Trap Deployment 
 

A. Locate site along the boardwalk (transect) spanning adjacent ridge and slough.  Traps 
should be deployed preferably at least three traps (per transect), spanning both sides of 
and the center-most portion of the ridge-slough ecotone.  Traps are to be deployed on the 
upstream side of the existing boardwalk. 

B. Place piston corer over the site for deploying the sediment trap 
C. Push the piston corer into the ground at least two feet, using a twisting motion as needed 

to allow the cutting edge to severe large roots or rhizomes that may be in the way 
D. Secure the rope (tied to the piston inside the core) to one of core handle-bars.  Rope could 

be circled around the handle-bar or a clamping wrench may be used, if necessary. 
E. Remove the piston core with soil inside 
F. Push the 4-inch diameter PVC sleeve, with open end on top and the plugged end on the 

bottom, into the core hole to a depth of two feet such that the lip of the sleeve is 
approximately flush with, or slightly overtopping (within 10 cm), the soil surface. 

G. Cover open end of 3-inch diameter PVC tube with cap 
H. Place the 3-inch diameter PVC tube into the 4-inch diameter PVC sleeve, with open 

(capped) end on top and the plugged end on the bottom.  Lower the PVC tube slowly in 
place. 

I. Remove cap from open end, carefully so as to reduce stirring sediment around the 
sediment trap 

J. Mark and record location of sediment trap with GPS and place a 1-inch diameter PVC 
pipe on the downstream side of the boardwalk to assist in re-locating the sediment trap 

K. Record date and time of deployment 
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6.2.2 Marsh Ver tical Sediment Trap Retr ieval 
 

A. Locate the vertical sediment trap 
B. Determine and record the water depth 
C. Place a removable cap over the top end of the 3-inch diameter PVC tube to reduce 

disturbance around the sediment trap 
D. Raise the 3-inch PVC tube entirely out of the 4-inch diameter PVC sleeve (permanently 

anchored in the soil) 
E. The tubes could either be secured to the boat for transport back to the lab – OR– the tube 

contents can be emptied into a labeled container   
F. Follow procedures for floc collection and de-watering in preparation for biomarker 

analyses described in step 6.3.1 
 
6.2.3 Marsh Hor izontal Sediment Trap Deployment 
 

A. Locate site.  Traps should be deployed (preferably at least three traps per transect), 
spanning both sides of and the center-most portion of the ridge-slough ecotone.  The inlet 
tube of the trap should face upstream, the exact direction determined by ongoing 
measurements of water velocity and direction at each site.   

B. Insert 1 ½-inch diameter PVC poles into peat soil (to bedrock).  The exact placement of 
the poles would be determined by the predominant flow direction measured at the site.   

C. Attach the sediment trap to the 1 1/2-inch diameter PVC poles.  Use pipe clamps to 
secure the trap to the PVC, adjusting the height of trap so it is either in the high or low 
position described in the section Selection and Sample Collection Location (above). 

D. Remove plugs from the inlet and outlet tubes, carefully so as to reduce stirring sediment 
around the sediment trap 

E. Mark and record location of sediment trap with GPS.  The 1 1/2–inch diameter PVC 
poles to which the trap is attached could be used to assist in re-locating the sediment trap. 

F. Record date and time of deployment 
 
6.2.4 Marsh Hor izontal Sediment Trap Retr ieval 
 

A. Using the 1 ½-inch diameter PVC poles, locate the horizontal sediment trap 
B. Determine and record the water depth 
C. Place removable plugs in the inlet and outlet tubes of the sediment trap to reduce 

disturbance around the sediment trap 
D. Loosen pipe clamps that secure the trap to the PVC poles to allow for the removal from 

its fixed position in the marsh or slough 
E. Raise the sediment trap tube entirely out of water 
F. The tubes could either be secured to the boat for transport back to the lab – OR– the tube 

contents could be emptied into a labeled container   
G. Follow procedures for floc collection and de-watering in preparation for biomarker and 

macrofossil analyses described in step 6.3.1 
H. If sediment trap is to be re-deployed: 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-D-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Collecting and Preparing Organic Matter Samples for Molecular Organic Marker Analyses August 2012 
 10 

a. Clean and rinse the plastic cone, inlet tube, and sediment trap 
b. Place removable plug into outlet tube 
c. Fill sediment trap with DI water 
d. Screw the plastic cone and inlet tube back onto the sediment trap 
e. Fill sediment trap with additional DI water into inlet tube until sediment trap is 

completely filled 
f. Place removable plug into inlet tube 
g. Secure trap to the 1 ½-inch diameter PVC poles and adjust to appropriate high or low 

position 
h. Remove plugs from inlet and outlet tubes 
i. Record date and time of deployment 

 
I. If the deployment is completed, remove the ½-inch diameter PVC poles from the soil 

completely 
 
6.3 Floc Collection and De-Water ing in Preparation for  Biomarker  and Macrofossil 

Analyses 
 

6.3.1 Field Sampling Procedure 
 

A. Pour 1/3 of the contents into a labeled 20L carboy (corresponding to a single sediment 
trap, and which represents a single sample) through the funnel   

B. Mix the remaining 2/3, by swirling the vertical tube, and pour into carboy 
C. Rinse the inside of the vertical tube with DI water to capture any remaining particles and 

pour into container 
D. Allow floc to settle in carboy for an amount of time as determined based on the particle 

size desired for chemical analysis and information obtained on settling rates of the 
desired particle size   

E. Insert 4-mm tubing into the carboy so that it remains in the water but the opening is 
above the settled floc OM layer 

F. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water to 
drain from the carboy via the tubing.  Continue until water is standing just above the floc 
layer.  
 
NOTES: 

• If fine particulate OM is desired for subsequent analyses, then this drained water 
should be captured in a container; however, as the objective of this project is to 
study fluxes of larger floc particles, treatment of fine particulate matter is not 
addressed in this SOP.  
 

G. Pour the entire contents of the carboy into butyrate tube through the funnel, repeatedly 
rinsing carboy with small amounts of water to remove remaining floc 

H. Allow floc to settle in butyrate tube for 30 minutes 
I. Insert 4-mm tubing into butyrate tube in the water but above the settled floc OM layer 
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J. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water to 
drain until water is standing just above floc layer 

K. Insert sponge-affixed to doweling rod into the butyrate tube until it makes contact with 
floc layer, and drain excess water above the sponge.  Push sponge further to de-water floc 
and again drain excess water. 

L. Remove cap from bottom end of the butyrate tube, and using the funnel, allow contents 
of butyrate tube to pour into labeled, acid-washed glass container 

M. Push doweling rod to the end of the tube, until nearly all of the floc OM is collected in 
the glass container 

N. Use DI wash bottle to rinse the butyrate tube, cap and sponge to collect any remaining 
particulates into the glass container 

O. If any handling of large pieces floc OM is needed, use aluminum foil to hold floc 
particles in order to avoid contact with hands 

P. Sample should not be packed tightly in the glass container and some air space must be 
allowed to avoid breaking the container upon freezing the sample  

Q. Record date and time of sample retrieval, site name, plot name, and sample ID on the 
appropriate data-sheet  

R. Clean and rinse the tube and return, after completing step O, to the basket if the 
deployment is to continue 
 

6.3.2 Post sampling Procedures 
 
Post sampling procedures (e.g. sample shipping, equipment cleanup, sample tracking) require 
that if the sample is emptied into glass containers for biological analyses: 
 

A. Keep glass containers packed in ice in a cooler (target temperature 4°C) 
B. Note the unique sample ID on the glass container and record in field notebook that this 

sample ID is associated with the full sample description that includes the site name, plot 
name, collection date, and names of personnel involved in collection 

C. If sample is designated for biomarker analyses 
a. Samples can be stored in a cooler for no more than 12 hours until freezing or freeze-

drying process is begun  
b. Samples should be transferred from cooler to -80°C freezer until freeze-drying and 

laboratory analyses can be initiated 
c. Proceed by following methods described in the currently utilized SOP for biomarker 

analysis 
 

D. If sample is destined for macrofossil analysis: 
a. Samples may be stored cold (4°C) for up to one (1) year after sampling before 

laboratory procedures are begun.  – OR – As an alternative storage method, samples 
may be transferred from cooler to -80°C freezer, until freeze-drying and laboratory 
analyses could be initiated   
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7.0 LABORATORY PROCEDURES 
 

A. Record Sample identification (ID) and relevant sample description (e.g., deployment and 
retrieval date, if from a sediment trap) in lab notebook 

B. Lyophilize frozen floc/OM sample with a Labconco FreeZone 6 L benchtop freeze-
drying system at -40 °C and 0.133 mBar for 24 hours or until no further change in mass is 
detected   

C. Following freeze-drying, sift freeze-dried sample through a 35 mesh sieve to remove 
larger vegetation and root debris   

D. Homogenize sample material less than 35 mesh with a mortar and pestle prior to 
extraction 

E. Extract samples ultrasonically in glass test tube with Teflon-lined caps, following a 
modified Folch (1957) protocol, and described in the following steps 
a. Immerse sample in a mixture of 2:1 dichloromethane:methanol at a volume at least 

five to ten (5-10) times the sample volume   
b. Sonicate samples for 15 minutes   
c. Add a 0.2 volume quantity of extra pure water or 0.9% NaCl to sample, cap the 

sample tube, and shake the sample vigorously.  Two layers should form - an organic 
layer on the bottom of the tube containing the lipids and an aqueous layer floating on 
top   

d. Use a gentle spin in a bench-top centrifuge to aid in removal of emulsions  
e. Remove the bottom organic layer by pipette to a rotary evaporation flask  
f. Replace the organic volume with fresh dichloromethane and repeat the process (steps 

a-e), combining the organic layer with the first extraction.  Total extraction efficiency 
using two sequential extractions removes approximately 96-98% of the total lipid 
extract.  Three extractions can be considered quantitative and is recommended.   

g. Once the three sequential extractions are combined, remove excess solvent by rotary 
evaporation, and store samples in hexane. 
 

F. Then fractionate total lipid extracts via silica gel column chromatography for further 
purification and separation of lipid classes   

G. Deactivate approximately 7-8 g of silica with 5% H2O and allow to rest in a sealed 
container for 24 hours prior to column chromatography   

H. After packing the column with silica gel in hexane, load the sample onto the top of the 
silica gel column   

I. Then collect eight fractions with the following solvents or solvent mixtures: 
a.  Hydrocarbons (20 mL Hexane) 
b.  Aromatic Hydrocarbons (15:5 Hexane:Toluene) 
c.  Wax Esters (10:10 Hexane:Toluene) 
d.  Methyl Esters (19:1 Hexane:Ethyl Acetate) 
e.  Ketones/Aldehydes (18:2 Hexane:Ethyl Acetate) 
f.  Alcohols (17:3 Hexane:Ethyl Acetate) 
g.  Sterols (16:4 Hexane:Ethyl Acetate) 
h.  Polar Lipids (30 mL Methanol) 
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J. After fractions are collected, remove excess solvent by rotary evaporation  
K. Treat neutral lipids requiring derivatization, such as sterols and straight-chain alcohols, 

with BSTFA/pyridine at 50 °C for 30 minutes to convert alcohols to trimethylsilyl ethers 
for enhanced chromatographic performance 

L. Spike all fractions with an internal standard for quantification and analyze on an Agilent 
6890 GC coupled to an Agilent 5973 MS in electron ionization mode at 70 eV 

M. Fit the gas chromatograph with an Rtx (Restek)-5ms (30 m, 0.25 mm i.d., 0.25µm film 
thickness) capillary column with constant flow of the Helium carrier gas at 1.2 mL/min 

N. Increase oven temperature from 60 to 300 °C at a rate of 6 °C/min, followed by an 
isothermal hold for 15 minutes 

O. Perform identification of the lipids in several ways by (a) comparison of chromatographic 
retention times, (b) comparison of the mass spectra with those of authentic standards, (c) 
comparison with reported mass spectral libraries, and (d) through mass spectral 
interpretation.  Record retention times and mass spectra electronically and store on the 
computer using the ChemStation software provided by the manufacturer.  Available Mass 
Spectral libraries include the NIST and Wiley electronic libraries already set up on the 
instrumental setup to be used.  

P. Detection limits for individual lipids are 2 ng/g (Jaffé et al., 2001) 
Q. Run procedural blanks in tandem with biomarker samples to allow for determination of 

contamination levels, if present 
R. Based on replicate extractions reported in the literature, for comparability, treat all 

samples in an identical manner, with the same internal standards and quantification 
methods 

S. The internal standard method should be used for quantification using squalane as internal 
standard.  Response factors would be determined using available commercial standards 
for the biomarkers determined.  Where commercial standards are not available, a 
response factor of one (1) would be used.  The percent recovery, would be determined 
using suitable recovery standards spiked onto the sample prior to extraction.  

T. Once biomarkers have been identified positively and quantified as described above, all 
raw data is to be entered into a spreadsheet (see Figure 1. for example Excel spreadsheet). 

 
8.0 DATA MANAGEMENT 
 
8.1 Data Entry, Validation, and Ver ification 
 

A. Use a black pen for all logbook and bench sheet entries 
B. To correct raw data entries, place a single line through the incorrect entry, and write the 

corrected entry near the error with the date and the analyst’s initials 
C. Data should be entered from field and lab notebooks into a spreadsheet (e.g., Excel) 
D. Data and calculations are to be performed in Excel or in a database (e.g., South Florida 

Water Management District’s ERDP Oracle Database).  The following information is 
suggested: 
a. Site Name 
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b. Tube ID (replicate) 
c. Region 
d. Latitude 
e. Longitude 
f. Depth of Water Column (meters) 
g. Depth of Sediment Traps (top of trap to water surface (meters) 
h. Date of Sediment Trap Deployment 
i. Date of Sediment Trap Retrieval 
j. Total number of days deployed (days) 
k. Cross sectional area of vertical tube (meters) 
l. Mass (grams) of material collected (e.g., dry weight or organic matter) 
m. Sedimentation Rate (g/m2/d) 
n. Notes 

 
E. After data are entered, the initials of the person who entered the data, the date and the 

spreadsheet file name will be recorded on each notebook page at the bottom right-hand 
side 

F. All notes and data entries must be verified by a minimum of two individuals 
a. One individual should read the values from the field book or the data sheet and the 

other individual should check that those values are entered correctly into the file 
b. In the data file, insert a row directly below the last data row proofed.  On this inserted 

row, enter a proofed “tag” with the date proofed 
c. This proofed tag indicates that all data on previous rows have been proofed while data 

below the proofed tag are not yet proofed 
d. If proofing data recorded on data sheets, enter the initials of both individuals as well 

as the date on the “Proofed” line 
 

1. Metadata should accompany all files and include the following: 
a. Name of the person(s) who collected and entered the data 
b. Period over which data were collected 
c. Location(s) where the data were collected 
d. Location of the raw data 
e. Explanation of any fields or abbreviations that might need explaining 
f. Relevant GPS information (e.g., projection) 
g. Contact information for the person(s) who may be contacted with any questions 

pertaining to the files 
h. Quality assurance/quality control procedures 

 
8.2 Data Quality Objectives  
 

A. Prior to mass determinations, verify the accuracy and precision of the balance. 
B. Identification of the lipids is performed by comparison of chromatographic retention 

times, mass spectra of authentic standards, and reported mass spectral libraries.  
C. Detection limits for individual lipids are 2 ng/g (Jaffé et al., 2001) 
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D. Procedural blanks are run in tandem with biomarker samples to allow for determination 
of contamination levels, if present 

E. Based on replicate extractions reported in the literature, for comparability, all samples are 
treated in an identical manner, with the same internal standards and quantification 
methods 

F. Samples of the dominant plant species or algal biomass will be collected at each site to 
assess the extent to which biomarker characteristics in floc samples are within the values 
of the likely sources   

G. Floc or biomass biomarker values will be compared with values published from similar 
south Florida habitats, as described in Mead et al. (2005), Saunders et al. (2006) and 
forthcoming publications (Gao et al., in prep) quantifying biomarker characteristics in 
similar south Florida habitats 
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FIGURE 1.  Example Excel Spreadsheet with molecular marker data entered. 
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STANDARD OPERATING PROCEDURES 
for 

AMERICAN ALLIGATOR AND AMERICAN CROCODILE MONITORING 
 
 
1.0 INTRODUCTION 
 
The Comprehensive Everglades Restoration Plan (CERP) REstoration, COordination, and 
VERification (RECOVER) program’s conceptual ecological models (CEMs) for the Total 
System, Biscayne Bay, Southern Marl Prairies, Ridge and Slough, and Mangrove Estuarine 
ecosystems identify three major stressors to wetlands that are affecting alligator and crocodile 
populations:  (1) water management practices (affecting hydrology); (2) agricultural and urban 
development (affecting habitat loss and hydrology); and (3) decreased freshwater flow to 
estuaries (affecting salinity regimes) (U.S. Army Corps of Engineers [USACE], 2004).  Results 
of additional alligator and crocodile monitoring projects would increase certainty of CEM 
linkages hypothesizing population responses to the restoration of freshwater flow and salinity 
patterns in estuaries and the return of more natural hydropatterns in interior wetlands and 
alligator holes.  
 
The main objectives of this monitoring effort are to:  1) monitor changes in alligator populations 
resulting from restoration over short-term (body condition), medium-term (distribution, relative 
density, hole occupancy) and long-term (demography) temporal scales; and 2) monitor changes 
in growth, survival, body condition, relative density, and nesting of crocodiles in response to 
CERP Projects. 
 
2.0 METHOD SUMMARY 

 
Because of its unique geographic location and subtropical climate, south Florida is the only place 
in the world where both alligators and crocodiles occur.  The most important factors affecting 
regional distribution and abundance of these crocodilians are loss of habitat, changes in 
hydroperiod, alterations in water depth, and changes in salinity (Mazzotti and Brandt, 1994; 
Mazzotti, 1999; Mazzotti and Cherkiss, 2003; Rice et al., 2005; Mazzotti et al., 2007).  The 
objective of this standard operating procedure (SOP) is to provide a consistent method for 
monitoring American alligator and American crocodile in south Florida.  This method 
incorporates five survey types:  alligator spotlight surveys, alligator capture surveys, occupancy 
of alligator holes, crocodile capture surveys, and crocodile nest surveys. 
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
3.1 Alligator  Spotlight Surveys 
 
Spotlight surveys for relative density of alligators should be conducted along routes established 
in estuarine rivers, freshwater canals, and marshes. Surveys along these routes should be 
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performed by skiff, canoe, johnboat, airboat, and truck and conducted in marshes, canals, and 
estuaries in the dry season, and marshes and estuaries in the wet season (Figure 1).  

 
3.2 Alligator  Capture Surveys 
 
Capture surveys should be conducted in the same general locations as the spotlight surveys.  A 
minimum of 15 alligators greater than 1.25 meters (m) in total length (TL) should be captured in 
each area.  Total length (TL), snout-vent length (SVL), head length (HL), tail girth (TG), and 
weight should be measured, sex should be determined, and any abnormalities/deformities should 
be noted.  Relative condition of alligators should be determined by conducting a condition factor 
analysis (Zweig, 2003; Mazzoti et al., 2009).  Alligators should be captured in both the wet and 
dry seasons (Figure 1).  Captures should be conducted by a two- or three-person crew.  One 
person should be designated the lead and have final say in all capture procedures. 

 
3.3 Occupancy of Alligator  Holes 
 
Alligator occupancy of alligator holes should be monitored using aerial surveys by helicopter 
during the spring dry season (Figure 1).  Distribution, density, and demography of alligators 
maintaining holes should be monitored and patterns in occupancy should be examined annually. 

 
3.4 Crocodile Capture Surveys 
 
Capture surveys should be conducted within the study area for the crocodile monitoring program.  
Sampling for growth, survival, body condition, and relative density of crocodiles should occur 
throughout much of the year along coastal areas (Figure 1).   

 
3.5 Crocodile Nest Surveys 
 
Nest surveys for crocodiles should be conducted from April through August within suitable 
habitat of the mangrove shoreline.  Suitable habitat includes presence of elevated, well drained, 
nesting substrate adjacent to relatively deep (greater than 1 m), low to intermediate salinity (< 20 
parts per thousand [ppt]) water, protected from effects of wind and wave action, and free from 
human disturbance (Mazzotti, 1999).  Man-made nesting areas along canal banks (berms) may 
provide near ideal nesting conditions.   
 
Nests are to be located by searching suitable nesting habitat for signs of nesting (crawls, drags, 
and digging) during nest preparation (March through May) and hatching (July and August) using 
some combination of motorboat, canoe, johnboat, foot, and helicopter.  Fate of nests should be 
determined based on evidence of success or failure. 
 
 
4.0 EQUIPMENT AND SUPPLIES 
 
The requirements for equipment and supplies listed below must be followed. 
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4.1 Alligator  Spotlight Surveys and Alligator  and Crocodile Capture Surveys 
 

• Motorboats/skiffs (custom built to traverse shallow water and handle wind and waves) 
and related United States Coast Guard (USCG)  safety equipment (minimum four 
motorboats of varying sizes with one as a backup if one breaks down and two johnboats 
with two four horsepower kicker engines). 

• Four trucks capable of towing vessels 
• GPS, set to display in Universal Transverse Mercator grid with a map datum of WGS 84 
• “Rite in the Rain” field books 
• “Rite in the Rain” datasheets 
• Pencils 
• Compass 
• 200,000-candlepower spotlight 
• Air/water thermometer 
• Refractometer 
• Headlamp for each participant 
• Leatherman Multi-Tool 
• Tackle boxes (keep equipment together) 
• Tools (wrenches, screwdrivers, electrical connectors, testing light, boxcutter) 
• Tool bag 
• Watch, or other time-keeping device 
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the team) 
 

Additional equipment is needed for alligator spotlight surveys and alligator and crocodile capture 
surveys, as listed below. 

 
4.2 Alligator  Spotlight Surveys 
 

• Airboats (custom built to handle shallow and deep water, with enough freeboard to land 
and transport alligators) and related USCG safety equipment (minimum four boats, with 
two as backup if one breaks down).  Grass rakes are removable to improve visibility.  

• Marked poles (for measuring water and muck depth [centimeters]) 
• Kestrel (used to average wind speed) 
• Personal Data Assistant (PDA) 
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4.3 Alligator  Capture Surveys 
 

• Airboats (custom built to handle shallow and deep water, with enough freeboard to land 
and transport alligators) and related USCG safety equipment (minimum four boats, with 
two as backup if one breaks down).  Grass rakes are removable to improve visibility.  

• Monel webtags (medium size for alligators <1.75 m, large size for alligators ≥1.75 m 
• Webtag applicator 
• Snares (various sizes, including mouth snares and capture snares) 
• Snatch hook 
• Marked poles (for measuring water and muck depth meters) 
• Pilstrom tongs 
• Large bucket 
• GPS, set to display in Universal Transverse Mercator grid with a map datum of WGS 84 
• Braided rope (various sizes, including minimum of two at least 15 feet long) 
• PVC pipe (7/16 inch to ¾ inch diameter approximately 24 inches long) 
• Noose pole (approximately six feet in length) 
• Electrical Tape 
• Duct tape 
• Large rubber bands (for securing mouth closed) 
• Rebar (7/16 inch to ¾ inch diameter ranging from 36 to 48 inches long) 
• Freight straps (two) 
• Metric measuring tape 
• Scales (various sizes ranging from 5 kilograms [kg] to 250kg) 
• Probe or speculum 
• Sharp knife 

 
4.4 Occupancy of Alligator  Holes 
 

• Helicopter and flight time 
• Truck for transportation to and from airport 
• GPS, set to display in Universal Transverse Mercator grid with a map datum of WGS 84 
• “Rite in the Rain” field books 
• Pencils 
• Leatherman Multi-Tool 
• Nomex flight suit for each participant 
• Flight helmet for each participant 
• Nomex gloves for each participant 
• Leather boots for each participant 
• Watch, or other time-keeping device 
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4.5 Crocodile Capture Surveys 
 

• Nautical charts 
• Snares (various sizes, including mouth snares and capture snares) 
• Snatch hook 
• Pilstrom tongs 
• Large bucket 
• Braided rope (various sizes, including minimum of two at least 15 feet long) 
• PVC pipe (7/16 inch to ¾ inch diameter approximately 24 inches long) 
• GPS, set to display in Universal Transverse Mercator grid with a map datum of WGS 84 
• Noose pole (approximately six feet in length) 
• Electrical Tape  
• Duct tape 
• Large rubber bands (for securing mouth closed) 
• Rebar (7/16 in to ¾ in diameter ranging from 36 to 48 inches long)  
• Freight straps (two) 
• Metric measuring tape 
• Leatherman Multi-Tool 
• Scales (various sizes ranging from 100g to 250kg) 
• Probe or speculum 
• Sharp knife 
• Scissor 

 
4.6 Crocodile Nest Surveys 
 

• Helicopter and flight time 
• Canoe (one) 
• Truck capable of towing vessel (two vessels minimum) 
• GPS, set to display in Universal Transverse Mercator grid with a map datum of WGS 84 
• “Rite in the Rain” field books 
• Pencils 
• Nautical charts 
• Compass 
• Nomex flight suit for each participant 
• Flight helmet for each participant 
• Nomex gloves for each participant 
• Leather boots for each participant 

 
 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
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This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew members should have training 
documentation for boat operation, vehicle operation, boating safety, and conducting surveys.  
Field crew members will be provided with a handbook of protocols and safety procedures prior 
to initiating the sampling event. 
 
All field crew that perform crocodilian capture or survey work will be trained through 
established protocols (Mazzotti et al., 2010) and must meet minimum requirements.  To achieve 
this, inexperienced personnel go through a training process to gain the necessary experience to 
capture, survey, and collect data in a consistent manner.  Field crew members will be evaluated 
biannually to ensure performance levels meet established protocol guidelines (Mazzotti et al., 
2010).  
 
6.0 FIELD PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Alligator  Spotlight Surveys 
 
Variation in detectability of alligators due to environmental conditions (i.e., water depth, air 
temperature, and wind speed) will be controlled for by adhering to the established survey 
protocols described below.  The protocols summarized below are documented by Mazzotti et al. 
(2010). 
 

A. Conduct one alligator survey along each of two 10-km-long transects, 1 km apart, in each 
marsh area, if possible, depending on dry season water levels and available area.  These 
surveys should be performed by skiff, airboat, and truck. 
 
NOTES:  

• Surveys conducted by skiff or airboat should be done at a speed sufficient for the 
craft to be on minimum plane (minimum speed which is required to keep the 
vessel on plane).  Because of differences in hull design, propellers, engines, and 
vegetative communities, there is no established speed for vessels (airboats usually 
operate at 1800 revolutions per minute [rpm]).  

• Perform surveys twice in each area, each season, at least 14 days apart to achieve 
independent counts (Woodward and Moore, 1990; Mazzotti et al., 2010).  
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• Surveys should not be conducted during a full moon, heavy rain, wind greater 
than 15 miles per hour (mph), or begun while in-situ water temperature is below 
18 degrees Celsius. 
 

B. Surveys should be conducted by a crew of two people, one primary observer (usually 
boat driver) and a data recorder (records data via GPS and PDA in the field or in a field 
book and then transferred to PDA) 

C. Record time, wind speed (using Kestrel 2000 averaged over one [1] minute), water 
temperature (ºC) approximately six inches (6") below surface, air temperature (ºC), 
salinity (ppt), water depth in centimeters (cm) (using marked pole), and total depth (cm) 
(top of water column to bedrock using marked pole) at the start point of each survey 
route. 

D. Record tracks and waypoints of the route using GPS   
E. The driver/primary observer should use a 200,000 candlepower spotlight to locate 

alligators.  Once animals have been spotted, headlamps may be used to reestablish close 
proximity eyeshines or to count hatchlings. 

F. The data recorder should record all animals observed within 50 m of the designated route.  
Record waypoints and corresponding Universal Transverse Mercator (UTM) coordinates 
for the location of each observed animal.  Animals within ten (10) m of each other do not 
require separate waypoints.   
 
NOTES: 

• Only animals observed by the primary observer should be recorded. 
• Every effort should be made to return to the survey route at the same point and by 

the same path after deviating from course to approach an eyeshine.  Animals 
observed within 50 m of the primary route should be recorded even when 
observed while going to and from an eyeshine. 
 

G. The data recorder should record the habitat type/dominant vegetation for each observed 
animal and place habitat type into the most appropriate category from the following:  

• 2 Airboat Trail 
• 3 Canal  
• 6 Sawgrass  
• 7 Cattail  
• 9 Levee Break  
• 10 Mangrove  
• 12 Other Dominant Vegetation  
• 13 No Emergents  
• 14 Mixed Emergents 
 

NOTES: 
• The habitat type recorded is the dominant habitat in the immediate proximity of 

the observed eyeshine. 
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• Each vegetation category should be further subdivided to describe the percent 
cover:  Sparse (<26%), Medium (26-75%), and Dense (>75%).  Also, describe the 
height of vegetation as Tall (greater than shoulder height of the observer), or 
Short (less than shoulder height of the observer).  Height should only be recorded 
if the percent cover of the vegetation is recorded as dense. 
 

H. The data recorder should record size estimates of each individual alligator in 0.25 m 
increments with the estimate indicating the lower bound of the size class.  Size class 
estimates which cannot be accurately made should be classed as follows: 
a. Hatchlings = (H) <0.5 m 
b. Small = 0.5 - <1.25 m  
c. Medium = 1.25 - <1.75 m  
d. Large = > 1.75 m  
e. Unknown* = (U) No size estimate could be made using the available information 

 
NOTES: 

• Every effort should be made to place an animal into one of the more descriptive 
size classes.  Only use Unknown if no inference to the size class can be made. 
 

I. The data recorder should record time, water temperature (ºC) approximately six (6) 
inches below surface, air temperature (ºC), salinity (ppt), water depth (cm) (using marked 
pole), total depth (cm) (top of water column to bedrock using marked pole), and moon 
phase at the end point of each survey route. 

J. At the conclusion of each survey, the recorder should hot synch the PDA to enter the data 
into the replica survey database.  The designated person should transfer the waypoints for 
each alligator sighting into Microsoft Access and assign it an appropriate transect 
number. 
 
NOTES: 

• Encounter rates per unit survey length, calculated from spotlight survey data, can 
be used as an indicator of relative abundance.  
 

K. Examine trends in relative abundance by size class (adult, sub-adult, juvenile) and for all 
non-hatchling animals based on the combined spotlight survey data from current and 
previous surveys.  The survey data should provide information on population size class 
structure. 

 
6.2 Alligator  Capture Surveys 
 
To determine condition of alligator populations, semi-annual capture surveys should be 
performed near spotlight survey routes (Figure 1).  Spotlight surveys should be completed prior 
to initiation of capture surveys to prevent inaccurate animal counts due to possible disturbance in 
the area. 
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A. Capture a minimum of 15 alligators greater than 1.25 m total length in each area by hand, 
snare, snatch hook, or Pilstrom tongs in the fall and spring of each year. Record capture 
technique. 
a. Snare capture 

1. Attach snare to noose pole using duct tape. 
2. Tie all snares to the appropriate part of the boat.  Use ropes that are at least 15 feet 

in length to ensure that the alligator would not roll into the boat. 
3. Snare alligators around the neck to allow for control of the animal.  In the event 

where an alligator is snared around its body or tail, a second snare should be 
placed around the neck as soon as possible so as not to lose the animal. 

4. Alligators should not be brought on board until they are tired.  As the alligators 
tire, they would begin to roll more and more slowly until they are barely turning 
over.   

5. Once the captain has determined the alligator is tired, the captain should secure 
the mouth with a mouth snare with the assistance of the PVC pole to cinch down 
the snare.   

6. Once the mouth is secured by the snare, the captain should grab the mouth for the 
catcher to secure closed with electrical tape or rubber bands and tape.  No 
alligator is to be brought onto the boat without its mouth secured. 

7. After the mouth is secured, the alligator can be brought onto the boat to be 
measured and weighed.  

i. To weigh the alligator, use rope to prevent the alligator from moving.  
ii. If the alligator is too large for one person to lift by themselves, use the 

freight straps to secure the animal.  
iii. After the animal is secured, slide the rebar through the eye of the scale and 

use two people to lift the alligator with the rebar.   
iv. Weight must be applied to the alligator at all times, to maintain control 

over the animal while it is onboard and to prevent it from returning to the 
water.  

b. Hand capture  
NOTES: 

• Hand captures are only to be performed by experienced personnel 
• The appropriate size for hand capture is equal to or less than 1.25 m.  Never hand-

capture an alligator that is too big to handle. 
 

1. Grab the alligator behind the neck.  Never grab an alligator on any other part of its 
body. 

2. Keep the alligator at arm’s length.  Never bring an alligator into your body.  If an 
alligator that is too big to handle is grabbed, let it go.  If help is needed bringing in 
an alligator, keep the animal in the water, and ask for help. 

3. Secure the mouth with a mouth snare, followed by tape or rubber bands and tape, 
and place a snare around its neck. 

c. Snatch hook capture 
NOTES: 
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• Using the snatch hook to capture alligators could be useful in areas where 
alligators submerge before the snare could be used. 
o Before casting, make sure the casting area is clear 
o Try to snatch the alligator on its side.  Take care to prevent the alligator from 

going into vegetation. 
o Snare the alligator and secure the mouth according to procedures described 

above 
• If possible, try to remove the snatch hook before bringing the alligator on the boat 
• If the snatch hook could not be removed safely before bringing the alligator on the 

boat, note where the snatch hook is and take care not to get caught on it while 
bringing the alligator on the boat 

• Remove snatch hook and perform normal procedures 
d. Tong capture 
NOTES: 

• Tongs could be used for capturing hatchlings that are in difficult locations such as 
up under vegetation. 

• It is very difficult for one person to capture and handle a hatchling due to the 
length of the tongs. 
o To capture hatchlings, try to grab them around the body and gently squeeze 

the handle.  Take care to prevent excess pressure from crushing the animal.  
Releasing the handle will release the hatchling. 

o Carefully place hatchling into a bucket or hand to another person for 
additional procedures. 

B. Record time of each capture 
C. Measure and record TL, SVL, HL, and TG using a metric-measuring tape, and weight 

using freight straps (for large alligators) and scales of various sizes, ranging from 5 kg to 
250 kg). 
a. TL:  the measurement is taken from the tip of the snout to the tip of the tail along a 

straight line; measured in cm. 
b. SVL:  the measurement is taken from the tip of the snout to the posterior end of the 

cloacal vent in a straight line; measured in cm. 
c. Weight: measured in grams (g) or kg 
d. HL:  measured in cm, from the tip of the snout to center of posterior end of skull, on 

the dorsal side 
e. TG:  measured in cm, the circumference of the tail at the 3rd scute row posterior of 

the rear legs. 
D. Determine and record sex of each captured alligator by examining the cloaca for presence 

of a penis or clitoris.  A probe or speculum is generally required for crocodiles less than 
60 cm. 

E. Record any abnormalities/deformities for each alligator  
F. Tag each alligator using Florida Fish and Wildlife Conservation Commission (FWC) web 

tags or by clipping scutes (using a sharp knife) to identify recaptured individuals.  
Webtag is to be placed on the right hind leg, between the second and third digit.  If the 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-E-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
American Alligator & American Crocodile Monitoring     August 2012 
 11 

alligator has been captured and tagged before, document tag number or clipped scutes 
that identify the alligator. 

G. Once the measurements and alligator observations have been recorded and the animal has 
been tagged, the alligator is ready to be released.  For snare and snatch hook captures use 
the following procedures. 
a. Tie release rope to the boat  
b. Tie other end of the release rope to the tape and rubber bands around the mouth. 

During the tying process, the head should be secured to ensure that the alligator does 
not pull the tape off before it is in the water. 

c. The tape and rubber bands can be removed once the alligator is in the water by 
pulling on the release rope.  Care must be taken to ensure that the tape and rubber 
bands have been removed.  

H. Record geographic location, habitat characteristics, and environmental characteristics 
including air temperature (ºC), water temperature (ºC) approximately six (6) inches below 
surface, water depth (cm) and muck depth (cm) (using marked pole), and salinity (ppt), 
where applicable.  

I. Prepare capture equipment for next capture prior to leaving the capture site to look for the 
next animal. 

J. Provide descriptive summary statistics for each population parameter (i.e., abundance, 
demography, and condition)  

K. Use data from captured animals to provide information on sex ratios and body condition.  
Examine relationships between body condition and environmental factors.  
 
NOTES: 

• An inverse relationship was previously found between body condition and water 
depth before capture date for animals caught in ENP using simple linear 
regression with data from the Everglades Depth Estimation Network (EDEN) 
daily water depth surface model (Fujisaki et al., 2009).  Using a similar method of 
analysis, these relationships should be further examined, including water depth 
data for other portions of the study areas as well as other environmental 
covariates. 

 
6.3 Occupancy of Alligator  Holes 
 

A. Conduct helicopter surveys via modified Standard Reconnaissance Flights (SRF) during 
the dry season (April–June) to determine occupancy rate of alligator holes  
a. Fly along transects at 500-meter east-west intervals (the number and length of 

transects would vary with the size of the study area).   
b. Record start and end time of each survey 
c. Observers (two) sit on both sides of the helicopter 

 
NOTES: 
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• It is assumed that each observer could identify an alligator hole at a distance of up 
to 250 meters, so that all alligator holes within a given area of flown transects are 
observed  

• Each participant should wear a Nomex flight suit and gloves and a flight helmet 
• The helicopter should fly at an average height of 150 feet above ground, hovering 

at 50 feet to provide researchers a closer look at any individual holes observed  
• When an alligator hole is detected, the pilot should navigate to the observed hole  

 
d. Record the following information at each observed alligator hole:  

1. Whether or not an alligator is present 
2. Sizes of observed alligator(s) 
3. Whether or not the hole contains water or is dry 
4. GPS location   

 
NOTES: 

• Holes should be considered occupied if an alligator is observed in the hole or 
located within a short distance of the hole (e.g., in a trail or basking next to the 
hole)  
 

B. Provide descriptive summary statistics of number and demography (size class) of animals 
occupying holes. 

 
6.4 Crocodile Capture Surveys 
 
The procedures described below for capturing and counting crocodiles are documented in 
Mazzotti (1999), Mazzotti and Cherkiss (2003) and Mazzotti et al. (2007). Triennial surveys of 
accessible ponds, canals, and exposed shorelines are performed by a combination of motor boat, 
johnboat, and canoe between January and March, April and June, and October and December.  
Variation in detectability of crocodiles during capture surveys due to environmental conditions 
(i.e., air temperature and wind speed) would be controlled by adhering to the established survey 
protocols described below.  
 

A. Attempt to capture all crocodiles encountered, with the exception of adults (>2.25 cm 
TL) between March 15th and September 15th, the breeding season. 
a. Depending on size, capture crocodiles by hand, snares, snatch hook, or Pilstrom tongs 

(< 1m) using methods described in Step 6.2.   
B. Record time of each capture 
C. Measure and record TL, SVL, HL, and TG using a metric measuring tape, and weight 

using freight straps (for large crocodiles) and scales of various sizes, ranging from 100 g 
to 250 kg). 
a. TL:  measurement is taken from the tip of the snout to the tip of the tail along a 

straight line; measured in cm 
b. SVL:  measurement is taken from the tip of the snout to the posterior end of the 

cloacal vent in a straight line; measured in cm 
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c. Weight:  measured in g or kg 
d. HL:  measured in cm, from the tip of the snout to center of posterior end of skull, on 

the dorsal side 
e. TG:  measured in centimeters, the circumference of the tail at the 3rd scute row 

posterior of the rear legs 
 

D. Check each captured crocodile for marks.  If not marked, mark crocodiles by removing 
tail scutes according to the prescribed sequence indicated in Figure 2 (Mazzotti and 
Cherkiss, 2003). 
 
NOTES: 

• The following maxims should be followed:  “count twice, cut once” when 
marking the animal and “count twice and then again” when recording the mark in 
the field book. 
 

E. Record location of crocodile captures with GPS.   
F. Determine and record sex of each captured crocodile by examining the cloaca for 

presence of a penis or clitoris.  A probe or speculum is generally required for crocodiles 
less than 60 cm. 
a. Tag each crocodile by clipping scutes (using a sharp knife, or scissor for hatchlings) 

to identify recaptured individuals.  If the crocodile has been captured and tagged 
before, document clipped scutes that identify the crocodile. 
 

G. Once the measurements and crocodile observations have been recorded and the animal 
has been tagged, the crocodile is ready to be released.  For snare and snatch hook 
captures use the following procedures. 
a. Tie release rope to the boat  
b. Tie other end of the release rope to the tape and rubber bands around the mouth.  

During the tying process, the head should be secured to ensure that the crocodile does 
not pull the tape off before it is in the water. 

c. The tape and rubber bands should be removed once the crocodile is in the water by 
pulling on the release rope.  Care must be taken to ensure that the tape and rubber 
bands have been removed.  

 
H. Record habitat characteristics, and environmental characteristics including air 

temperature (ºC), water temperature (ºC) approximately six (6) inches below surface, and 
salinity (ppt), where applicable.  

I. Prepare capture equipment for next capture prior to leaving the capture site to look for the 
next animal 

J. Measure and record relative density (encounter rates), body condition, and juvenile 
growth and survival by tri-annual survey and capture efforts (Figure 3) 
 
NOTES: 
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• Use measures of absolute growth and minimal survival as indices of juvenile 
relative growth and survival for purposes of comparing populations of crocodiles 
from different locations in Florida and for refining performance measures.   

• For growth rate, use changes in TL for crocodiles marked as hatchlings (< 0.65 m) 
and recaptured as juveniles (0.65 m < 1.5 m TL) because those data are available 
for known populations of crocodiles.  

• Minimal survival is defined as proportion of hatchling crocodiles known to have 
survived for at least 12 months.  Minimal survival does not differentiate between 
death, dispersal, and wariness.  Dispersal is described as a direct enumeration of 
hatchling crocodiles that survived and dispersed from a nesting area. 
 

6.5 Crocodile Nest Surveys 
 
The procedures described below for performing nest surveys were documented in Mazzotti 
(1999), Mazzotti and Cherkiss (2003), and Mazzotti et al. (2007).  
 

A. Locate nests by searching suitable nesting habitat for signs of nesting (i.e., crawls, drags, 
and digging) during nest preparation (March through May) and hatching (July and 
August) by some combination of motorboat, canoe, johnboat, foot, and helicopter.  

B. Use one survey crew each year, surveying the same areas from year to year.  At least one 
observer should have previous experience performing surveys.   

C. Perform aerial surveys (by helicopter) at the beginning of the nesting season followed by 
confirmation of nesting activity on the ground. To do this the helicopter is flown along 
coastal areas known to have nesting activity or suitable habitat and observers search for 
signs of nesting activity (digging).  In addition, surveys should be performed on the 
ground of areas not visible during aerial surveys. 
a. For aerial surveys, two observers sit on the same side of the helicopter. 

 
NOTES: 

• Each participant should wear a Nomex flight suit and gloves, a flight helmet and 
leather boots. 

• The helicopter should fly at an average height of 100 feet above ground, hovering 
at 50 feet to provide researchers a closer look at any individual nests observed.  
 

b. When crocodile nest is detected, the pilot should navigate to the observed nest, where 
a location will be taken using a GPS.   

 
D. Record the following data to describe the environment and fate of each nest: 

a. Vegetation: type of vegetation (e.g., mangrove or hammock) surrounding the nest 
b. Substrate: nest material 
c. Habitat: type of habitat (e.g., pond, creek, cove, canal, bay) 
d. Success/Failure: a nest is successful when one egg hatches.  The number of hatched 

shells and failed eggs should be counted and the cause of egg failure recorded 
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whenever possible.  However, it should be noted that the number of hatched shells 
present provides only a minimum estimate of the number of hatchlings produced. 

 
E. Visit nest sites on the ground three to four times weekly during the hatching period to 

detect and capture hatchlings.  Fate of nests should be determined from evidence of 
success (hatchlings, hatched shells, or both) or failure (failed eggs)  

F. Determine trends in nesting by combining previous data (beginning in 1978) with data 
collected in current efforts.  
 
NOTES: 

• Linear and non-linear regression models should be considered to be used to look 
at trends in habitat use and success rates  
 

7.0 DATA MANAGEMENT 
 
7.1 Data Entry, Validation, and Ver ification 
 

A. Prior to weight determinations, verify the accuracy and precision of the scale 
B. Use a pencil for all field book and data sheet entries 
C. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials 
D. Data should be entered from field and lab notebooks into a Microsoft Access database.  

The following information is required: 
a. Data recorded for alligator spotlight surveys 

1. Date of survey 
2. Location of survey 
3. Survey length 
4. Start and end time of survey 
5. Name of vessel used during survey 
6. Name of data recorder, GPS user, and primary observer 
7. Environmental characteristics including: moon phase, cloud cover, wind speed 

and direction, air and water temperature, water depth, bedrock depth, and salinity, 
where applicable  

8. Tracks and waypoints of route using GPS 
9. Transect number 
10. GPS location of alligator  
11. Size of alligator using appropriate size class category 
12. General habitat description, including habitat type/dominant vegetation using 

most appropriate category 
13. Notes 

b. Data recorded for alligator capture surveys 
1. Name of vessel used during survey 
2. Area of capture 
3. Name of observers 
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4. Date of capture 
5. Time of capture 
6. Capture technique 
7. Observer size estimate 
8. GPS location of alligator  
9. Measurements for each alligator: total length, snout-vent length, head length, tail 

girth, and weight 
10. Sex of each alligator  
11. Notes on abnormalities or deformities  
12. General habitat description 
13. Environmental characteristics including: air and water temperature, water depth, 

muck depth, and salinity, where applicable  
14. Web tag number or clipped scutes that identify each alligator 
15. Recapture or not 
16. General condition of alligator 

 
c. Data recorded for occupancy of alligator holes 

1. Name of vessel used during survey 
2. Name of observers 
3. Transect number 
4. Date of survey 
5. Time transect was flown 
6. GPS location of alligator hole 
7. Whether or not an alligator is present in each alligator hole 
8. Size of observed alligator(s)  
9. Whether or not the alligator hole contains water  

 
d. Data recorded for crocodile capture surveys 

1. Name of observers 
2. Date of capture 
3. Location of capture 
4. Time of capture 
5. Capture technique 
6. GPS location of each crocodile 
7. Measurements for each crocodile:  TL, SVL, HL, TG, and weight 
8. Sex of each crocodile  
9. Notes on abnormalities or deformities  
10. Environmental characteristics including:  air and water temperature, water 

depth, muck depth, and salinity, where applicable  
11. Web tag number or clipped scutes that identify each crocodile 
12. Recapture or not 

 
e. Data recorded for crocodile nest surveys 

1. Name of observer 
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2. Area surveyed 
3. Date of survey 
4. GPS location of crocodile nests 
5. Number of crocodile nests 
6. Environmental characteristics and nest description  
7. Fate of crocodile nests 

 
E. All notes and data entries must be verified by a minimum of two individuals 

a. One individual should read the values from the field book or the data sheet and the 
other individual should check that those values are entered correctly into the file 

b. In the data file, insert a row directly below the last data row proofed.  On this inserted 
row, enter a proofed “tag” with the date proofed. 

c. This proofed tag indicates that all data on previous rows have been proofed while data 
below the proofed tag are not yet proofed 

d. If proofing data recorded on data sheets, enter the initials of both individuals as well 
as the date on the “Proofed” line 

 
F. Metadata should accompany all files and include the following: 

a. Name of the person(s) who collected and entered the data 
b. Period over which data were collected 
c. Location(s) where the data were collected 
d. Location of the raw data 
e. Explanation of any fields or abbreviations that might need explaining 
f. Relevant GPS information (e.g., projection) 
g. Contact information for the person(s) who may be contacted with any questions 

pertaining to the files 
h. Quality assurance/quality control (QA/QC) procedures  

 
7.2 Data Quality Objectives 
 

A. Data collected through datasheets or field books should have each field completed 
(Figure 3).   
 
NOTES: 

• If a field is not used, N/A will denote not applicable in the field notes 
• It is the responsibility of the captain of the vessel or flight crew member to double 

check that all data have been filled in correctly 
 

B. Instructions for entering data are unique to each data set and data must be entered no 
more than a month after data collection  

C. Data recorded on datasheets or in field books should be entered into the appropriate 
database by one person, and proofed by another prior to being added to the master 
database 

D. Copies of datasheets and field books should be made and stored in separate locations 
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from the originals.  Data recorded by handheld (Palm) devices should have built-in QC 
scripts to reduce missing data and prevent incorrect data from being recorded  

E. Backups of all data should be made at least twice a month  
 
 

 
FIGURE 1. SUMMARY OF THE TIMEFRAME FOR ALLIGATOR  

AND CROCODILE FIELDWORK  
Note: Red denotes possible extension of fieldwork due to water level fluctuations.  Alligator surveys and capture events for 

canals only conducted in the spring are denoted by      .  
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    Mazzotti and Cherkiss, 2003 

 
FIGURE 2.  SCUTE CONFIGURATIONS 

Top Used by the Florida Fish and Wildlife Conservation Commission 
Bottom: Used by the University of Florida 
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FIGURE 3.  ALLIGATOR CAPTURE DATASHEET  

Note:  See description of measures and coding on following page. 
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Description of Measures and Coding 
Crew First initial and surname of boat crew 
Recapture/Tag # Has this alligator been previously captured and if so what is the tag type and number? 
Web Tag # Number engraved on toe tag (e.g., GFC 37201).  Webtag is to be placed on right hind leg, between the second and 

third digit. 
Scute Clip # Animal number divided from scute clipping (used only on LOX) 
Area  Geographical location and determination of marsh/canal (circle or the other) 
 ENP-SS Everglades Nat Park Shark Slough 
 ENP-FC Frog City 
 ENP-EST Estuarine 
 LOX Loxahatchee NWR 
 WCA2A Water Conservation Area 2A 
 WCA3ATower Water Conservation Area 3A North 
 WCA3AHD Central (Holiday Park) 
 WCA3A-N41 South 
 WCA3B Water Conservation Area 3B 
 BICY Big Cypress National Preserve 
Capture Date Date in 1 Oct 99 format 
Capture Time All times are in 24 hr (military) format (0215; 1622) 
GPS Location UTM coordinates of capture site (Easting 0548515, Northing 2891857).  Please check

Water / Air Temp 

 that GPS is set to display in 
Universal Transverse Mercator with a map datum of WGS 84 
In-situ air and water temp. (~ 6” below surface) recorded in degrees Celsius

Habitat Type  
 only 

Specific Habitat Type 
 Open water 1 
 Airboat trail 2 
 Canal 3 
 Sawgrass 6 
 Cattail Marsh 7 
 Levee Break 9 
 Mangrove 10 
 Other Dominant Vegetation 12(describe in notes) 
 No Emergents 13(includes gator holes and submerged/water level vegetation) 
 Mixed Emergents 14 
 River 15 
Water Depth Water depth at capture site in cm.  Measured from the water surface to top of substrate.  This measurement is not 

taken in open water, canals, rivers or levee breaks. 
Total Depth Measure from surface of water to bedrock in cm.  This measurement is not taken in open water, canals, rivers or 

levee breaks.   
Muck Depth This measurement is not taken, but can be calculated by subtracting the water depth from the total depth. 
Cap Method Capture Method (Snare, Hand, Tongs, Snatch Hook), circle appropriate selection. 
Measurement All measurements must be in cm, animal should be as straight and flat as possible. 
 HL Head length-measured dorsally from tip of snout to center of V at posterior end of skull plates 
 SVL Snout-vent length-measured from tip of snout to immediately posterior of vent.  Check box for ventral or 

dorsal measurement. 
 TL Total length-measured from tip of snout to end of tail 
 TG Ttail girth-measure tail circumference at break in scale row immediately posterior of vent.  (Third scute row 

posterior of rear legs.) 
 WT Weight-mass of animal recorded in grams or kilograms 
 Sex sex of animal recorded as male or female (circle appropriate selection) 
Salinity Recorded in ppt using a refractometer.  The measurement is only to be taken in brackish waters such as ENP-EST. 
Notes and 
Deformities 

Note any additional relevant information about the animal or capture area (e.g., found 1 dead 6’ gator, animal 
appeared in poor physical condition).  Note any physical deformities or prominent scars (missing LR foot).  Upon 
first observation circle skinny, fat, or normal. I f there are no notes or deformities write None. 

Size Estimates Write the size estimate and the name of the person who makes the estimate.  The estimate should be made as soon as 
possible and the number written should be the lower limit of the size class. 

General Condition To be determined at capture, circle one description that is most appropriate. 
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STANDARD OPERATING PROCEDURES 
for 

DETERMINATION OF PARTICULATE FLUX IN CANALS  
USING VERTICAL SEDIMENT TRAPS 

 
 
1.0 INTRODUCTION 
 
Uncertainty remains on the ecological necessity to completely backfill canals.  This Standard 
Operating Procedure (SOP) addresses one aspect of this uncertainty; are canals particulate sinks?  
It is hypothesized that particulate erosion and transport are key processes required to restore and 
maintain the ridge and slough patterned landscape (Larsen et al., 2007).  Canals may inhibit these 
processes by reducing particulate transport due to complex hydrodynamic interactions between 
the marsh and canal.  These interactions may result in capture and reduction in the downstream 
particulate load needed to sustain ridge, slough, and tree island processes.   
 
2.0 METHOD SUMMARY 
 
Sediment traps have long been used to assess the vertical flux and characterization of particulate 
matter in aquatic environments.  The theoretical and practical aspects of sediment traps have 
been extensively reviewed (Bloesch and Burns 1980).  For calm waters, the method relies on the 
suspension of vertical tubes within the water column to capture the rain of particles.  A sediment 
trap and mooring system consist of an anchor, a support line, a sediment trap (vertical cylinders 
with a length to width ratio greater than 8), and a subsurface float.  Deployment lengths vary 
depending on the trophic state or sediment load of the water body.  It is anticipated, for example, 
that deployments of three (3) to four (4) months would be sufficient for canals in south Florida; 
however, this value should be adjusted as more information is obtained.  Sedimentation rates are 
simply calculated as mass divided by deployment time (g/m2/d).  As particle-settling velocities 
are influenced by the density of water, temperature data loggers are attached at regular intervals 
along the mooring system. 
 
Whereas sedimentation rates must be determined for all deployments, the particulate material 
retrieved from the traps could be analyzed for a variety of chemical and biological parameters.  
One of two types of analysis should be determined a priori by the Principal Investigator (PI) – a 
biomarker analysis or a macrofossil analysis.  Procedures are dependent on which analysis is to 
be conducted.  The SOP for the parameters of interest can be found at evergladesplan.org. 
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
Vertical sediment traps should be deployed in canals or waters, selected at the discretion of the 
PI, where the depth exceeds two (2) meters.  Traps must be deployed such that the tops of the 
vertical tubes are sufficient distance from the bottom of the water body to minimize 
contamination by bottom sediment re-suspension events.    
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4.0 EQUIPMENT AND SUPPLIES 
 
4.1 Field Activities 
 
The recommended requirements for equipment and supplies are listed below. 
 
4.1.1 Boat and Supplies 
 

• Boat/airboat and related United States Coast Guard (USCG) safety equipment 
• Fuel supply (primary and auxiliary)  
• Tie-line 
• Spare parts kit 
• First aid kit  
• Spare oars 
• Maps with sampling site locations 
• GPS or Loran instrumentation  
• Anchors (at least two to position boat) 
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the sampling team) 
 
4.1.2 Canal Ver tical Sediment Trap Deployment and Retr ieval 

 
• GPS Unit 
• Notebook, datasheet, and pen 
• Weighted marked line  
• Anchors (at least two) 
• Meter stick 
• Optical Backscatter Sensor (OBS) 

 
Additional equipment is needed for sediment trap deployment and retrieval, as listed below, 
independently. 
 
4.1.2.1 Canal Vertical Sediment Trap Deployment 
 

• Sediment Traps minimally equal to the number of sites:  A sediment trap consists of a: 
o Basket capable of holding three tubes 
o Three clean tubes (PVC length:width ratio greater than 8). 
o Anchor (cinder block) 
o Floats (three empty one [1] gallon milk jugs) 
o Support line (rope) 
o Gaff 

• Cable ties 
• Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp loggers) set to 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-F-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Determination of Particulate Flux in Canals Using Vertical Sediment Traps August 2012 

3 

desired logging interval. 
 

4.1.2.2 Canal Vertical Sediment Trap Retrieval 
 

• Materials required per trap for continuous sediment trap deployment: 
o Three clean replacement tubes (PVC length:width ratio greater than 8) – OR –three 

containers equal to twice the volume of the vertical tube (e.g., if the volume of the 
vertical tube is two (2) liters, then the container volume should be at least four (4) 
liters. 

o Funnel 
o Wash bottles with DI water 
o Gaff 

• 20L carboys, the number equal to the number of floc samples to collect 
• Labelled acid-washed, combusted glass jars; the number equal to the number of floc 

samples to collect 
• 4-mm tubing (120 cm length) 
• Syringe to fit 4-mm tubing (with piston for drawing suction) 
• Doweling rod (90 cm length) with sponge (7.5 cm diameter) affixed to one end 
• Butyrate tube (7.5-cm inner diameter; 90-cm length) with removable plastic cap; the 

number equal to the number of floc samples to collect 
• Looped line with carabiner to attach trap to the boat 
• Optical Shuttle (or other means) to offload Temperature Sensor Dataloggers (Onset 

HOBO Pro v2 Water Temp loggers). 
• OBS 

 
4.2 Laboratory Equipment 
 

• Balance  
• Beaker, 250 mL, one per sample  
• Rinse bottle containing deionized water  
• Enamel pan, or other large vessel for mixing sediment  
• Metal spatula 
• Drying oven, 105 °C  2° 
• Aqueous sodium hexametaphosphate 

o Add 6.2 g of (NaPO3)6 to 1 L of DI water 
 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
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recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew should have training documentation in boat 
operation, vehicle operation, and boating safety.  Field crew members will be provided with a 
handbook of protocols and safety procedures prior to initiating the sampling event. 
 
6.0 FIELD PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Canal Vertical Sediment Trap Deployment 
 

A. Pre-departure  
a. Program Temperature Sensor Dataloggers (Onset HOBO Pro v2 Water Temp 

loggers) to desired logging interval 
 

B. Field Deployment Procedure 
b. Locate site, preferably in the center of the basin (deepest section) where deposition is 

most likely.  This is not an option in canals that are narrow and relatively shallow, in 
which case, site location is dependent on the study objectives. 

c. Secure vessel with at least two anchor lines (forward and aft).    
 

NOTES: 
• Anchors should be positioned to minimize re-suspension of bottom sediments and 

possible contamination of sediment traps.  This is best accomplished by having the 
anchors as far from the desired location as possible.   
 

C. Record water depth with weight line (in meters) 
D. Determine and record the bottom type (hard/soft) 
E. Determine and record if a flocculent layer is present using the OBS; record its thickness 
F. Adjust mooring system such that the top of the vertical tubes would be sufficiently above 

the bottom.  Floats should be at least one meter below the water surface (this is an onsite 
determination)  

G. Attach water temperature loggers, if needed.  Number of loggers and depths dependent 
on study. 

H. Record the dimensions of the sediment trap mooring system and location of any 
instruments  

I. Using gaff, slowly lower the mooring system into the water column 
J. Observe that the mooring system is properly oriented and that floats are a sufficient depth 

below the surface to avoid being struck by boat traffic.  Adjust if needed. 
K. Mark and record location of sediment traps with GPS.  Important to also note landmarks 

that could help locate submerged traps. 
L. Record date and time of deployment. 

 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-F-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Determination of Particulate Flux in Canals Using Vertical Sediment Traps August 2012 

5 

6.2 Canal Vertical Sediment Trap Retrieval 
 

A. Using GPS, locate sediment trap 
 

NOTES: 
• Polarized sunglasses help to locate submerged floats 

 
B. Secure vessel as close to the sediment traps as possible with at least one anchor line; 

however, be sure to minimize re-suspension of bottom sediments and possible 
contamination of sediment traps.  This is best accomplished by having the anchors as far 
from the desired location as possible.   

C. Using the gaff, retrieve the support line until it can be obtained by hand 
D. Raise the sediment traps such that the tops of the vertical tubes break the water surface 

and, using the upper support line, secure the traps to the vessel.  This step allows the 
tubes to be easily removed from the basket, minimizes disturbance of the trap contents, 
and avoids back injuries from attempting to lift the heavy material into the boat.   
 

NOTES: 
• A looped line with a carabiner attached to the boat can be quickly used to safely 

secure the traps) 
 

E. Determine and record the water depth (meters) 
F. Determine and record if a flocculent layer is present using the OBS; record its thickness 
G. Slowly lift individual vertical tubes from the basket 
H. The tubes could either be secured to the boat for transport back to the lab – OR–the tube 

contents could be emptied into a labeled container   
 

NOTES: 
• The determining factor is based on the predetermined additional analysis slated for 

the sample by the PI 
 

a. If samples are only to be analyzed for sedimentation rate, tubes are to be transported: 
1.Secure tubes vertically in the boat 
2.Replace with a new clean tube if the deployment is to continue 

 
b. If samples are to be analyzed for organic sources using biomarker or macrofossil 

analysis, tube contents should be emptied: 
1.Pour 1/3 of the contents into a labeled 20L carboy through the funnel   
2.Mix the remaining 2/3, by swirling the vertical tube, and pour into carboy  
3.Rinse the inside of the vertical tube with DI water to capture any remaining 

particles and pour into container 
4.Allow floc to settle in carboy for an amount of time as determined based on the 

particle size desired for chemical analysis and information obtained on settling 
rates of the desired particle size   
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5.Insert 4-mm tubing into the carboy so that it remains in the water but the opening 
is above the settled floc OM layer 

6.Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow 
water to drain out of the carboy via the tubing.  Continue draining until water is 
standing just above the floc layer.  

 
NOTES: 

• If fine particulate OM is desired for subsequent analyses, then the drained water 
should be captured in a container; however, as the objective of this project is to study 
fluxes of larger floc particles, treatment of fine particulate matter is not addressed in 
this SOP.  
 

7. Pour the entire contents of the carboy into butyrate tube through the funnel, 
repeatedly rinsing carboy with small amounts of DI water to remove remaining 
floc 

8. Allow floc to settle in butyrate tube for 30 minutes 
9. Insert 4-mm tubing into butyrate tube in the water but above the settled floc OM 

layer 
10. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow 

water to drain until water is standing just above floc layer 
11. Insert sponge-affixed to dowling rod into the butyrate tube until it makes 

contact with floc layer, and drain excess water above the sponge.  Push sponge 
further to de-water floc and again drain off excess water. 

12. Remove cap from bottom end of the butyrate tube, and using the funnel, allow 
contents of butyrate tube to pour into labeled, acid-washed glass container 

13. Push doweling rod to the end of the tube, until nearly all of the floc OM is 
collected in the glass container 

14. Using DI wash bottle to rinse the butyrate tube, cap and sponge to collect any 
remaining particulates into the glass jar 

15. If any handling of large pieces floc OM is needed, use aluminum foil to hold 
floc particles in order to avoid contact with hands 

16. Sample should not be packed tightly into the glass container and some air space 
must be allowed to avoid breaking the container upon freezing the sample  

17. Record date and time of sample retrieval, site name, plot name, and sample ID 
on the appropriate datasheet  

18. Clean and rinse the tube and return, after completing step H, to the basket if the 
deployment is to continue 
 

I. Download temperature dataloggers 
J. If the deployment is completed, remove mooring system.  Otherwise inspect the mooring 

system for integrity.  Repair as required.  Record actions. 
K. With vertical traps secured in the basket, redeploy the sediment traps 
L. Observe that the mooring system is properly oriented and that floats are a sufficient depth 

below the surface to avoid being struck by boat traffic.  Adjust if needed. 
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M. Mark and record location of sediment traps with GPS.  Important to note landmarks that 
could help locate submerged traps. 

N. Record date and time of re-deployment. 
 
7.0 POST SAMPLING PROCEDURES  
 
Post-sampling procedures   e.g., sample shipping, equipment cleanup, sample tracking The 
following procedures are required if the sample is emptied into glass containers for biological 
analyses: 

A. Keep glass containers packed in ice in a cooler (target temperature 4°C) 
B. Note the unique sample ID on the glass container and record in fieldbook that this sample 

ID is associated with the full sample description that includes the site name, plot name, 
collection date, and names of personnel involved in collection 

C. If sample is destined for biomarker analysis: 
a. Samples designated for biomarker analyses should be stored in cooler for no more 

than 12 hours until freezing or freeze-drying process begins  
b. Samples should be transferred from cooler to -80°C freezer until freeze-drying and 

laboratory analyses could be initiated 
 

D. If sample is destined for macrofossil analysis: 
a. Samples may be stored cold (4°C) for up to one (1) year after sampling before 

laboratory procedures are begun – OR – As an alternative storage method, samples 
may be transferred from cooler to -80°C freezer, until freeze-drying and laboratory 
analyses could be initiated.   

 
8.0 LABORATORY PROCEDURES 
 
8.1 Sediment Ash-Free Dry Weight  
 

A. Homogenize the sediment sample by gently but thoroughly mixing with a metal spatula 
a. For sediment that is sticky or heavy with clay, add up to 10 mL of aqueous sodium 

hexametaphosphate.  This surfactant aids in separating particles.  
b. The entire sample may be emptied into an enamel pan or other large vessel if more 

room is needed for mixing.  
 

B. Record the date, time and analyst  
C. Weigh a 250 mL beaker.  Record the beaker mass.  
D. Add sediment to the beaker using the spatula and record the beaker + wet sediment 

mass 
a. Weigh enough sediment to have at least 25 g when dry:  typically ~50 g for coarse 

grain (sand) and ~100 g for fine silt or clay samples  
 

E. Repeat steps 1 through 4 for each sample so they can be dried together in the oven 
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F. Place the beaker in the sediment oven at 105 °C to dry the sample.  After 24 hours, cool 
and weigh the beaker and record the beaker + dry sediment mass.  
a. Depending on the sediment matrix, drying may take from a few hours to a day.  Be 

sure sediment is dry before weighing.  
 

G. Return beaker containing dried sample to oven until ready to begin analysis.  
 

Sedimentation Rate (SR, g/m2/d ) per tube is calculated as: 

 
 
Where M is equal to the mass (g) of material (dry sediment mass) in the sediment trap, Area is 
the cross sectional area of the sediment trap tube (m2), and Time is the deployment duration 
(days).  An average and standard deviation for a single sediment trap is obtained using the three 
tubes.  
 
9.0 DATA MANAGEMENT  
 
9.1 Data Entry, Validation, and Verification  
 

A. Use a black pen for all logbook and bench sheet entries. 
B. To correct raw data entries, place a single line through the incorrect entry, write the 

corrected entry near the error with the date and analyst’s initials 
C. Data should be entered from field and lab notebooks into a spreadsheet.  Data and 

calculations are to be performed in MS Excel or in a database (e.g., South Florida Water 
Management District’s ERDP Oracle Database).  The following information is suggested: 
a. Site Name 
b. Tube ID (replicate) 
c. Region 
d. Latitude 
e. Longitude 
f. Depth of Water Column (meters) 
g. Depth of Sediment Traps (top of trap to water surface (meters) 
h. Date of Sediment Trap Deployment 
i. Date of Sediment Trap Retrieval 
j. Total number of days deployed (days) 
k. Cross sectional area of vertical tube (meters) 
l. Mass (grams) of material collected (e.g., dry weight or organic matter) 
m. Sedimentation Rate (g/m2/d) 
n. Notes 

 
D. After entering the data, write the date and initials of the person who entered the data and 

the spreadsheet filename in the “data entered #1 (who/date)” and “data filename” fields, 
respectively, in the bottom left-hand corner of the spreadsheet.   
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E. All notes and data entries must be verified by a minimum of two individuals  
a. One employee should read the values from the field book or the data sheet and the 

other employee should check that those values are entered correctly into the file 
b. In the data file, insert a row directly below the last data row proofed.  On this inserted 

row, enter a proofed “tag” with the date proofed 
c. This proofed tag indicates that all data on previous rows has been proofed while data 

below the proofed tag is not yet proofed. 
d. If proofing data recorded on data sheets, enter the initials of both employees as well 

as the date on the “Proofed” line 
F. Prior to mass determinations, verify the accuracy and precision of the balance. 
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STANDARD OPERATING PROCEDURES 
for 

DETERMINATION OF PARTICULATE FLUX IN RIDGE AND SLOUGH HABITATS 
USING VERTICAL AND HORIZONTAL SEDIMENT TRAPS 

 
 
1.0 INTRODUCTION 
 
In the south Florida ridge-and-slough landscape, the transport of suspended particulate organic 
matter (OM) or “floc” [operationally defined as unconsolidated soil, plant detritus, and algae 
found just above the soil surface (Hagerthey et al., 2008)] is hypothesized to drive the 
development and stability of landscape patterning and microtopographic variation that 
characterized the pre-drainage system (Larson et al., 2007).  Uncertainty remains on the extent to 
which increased water flows characteristic of the pre-drainage Everglades, for example, would 
reverse the current state of reduced microtopographic variation and degraded landscape 
patterning.  It is hypothesized that (experimentally) increased water flow rates would 
preferentially entrain benthic floc and surficial sediments from sloughs, and re-deposit them in 
sawgrass ridge habitats, building microtopography.  This standard operating procedure (SOP) 
addresses, specifically, the uncertainty associated with the magnitude of transport and deposition 
of floc among sloughs and sawgrass ridge habitats as a function of altered water flow.  
Differences in the magnitude and structure of vegetation, including periphyton, among ridges 
and sloughs, may influence the degree to which high flow would result in preferential flow paths 
of water, local-scale water velocities, and the entrainment of surficial sediment and benthic floc 
into the water (Leonard et al., 2006; Larsen et al., 2007).  These dynamics would ultimately 
underlie the potential for and time-scale over which restored water flow would in turn restore 
microtopography and patterning of the pre-drainage system.  
 
2.0 METHOD SUMMARY 
 
Vertical deposition of particles in the marsh should be captured following Leonard et al., (2006), 
but modified to capture larger samples as needed for subsequent biomarker (chemical and 
macrofossil) analyses.  The method entails inserting PVC tubes (with a length-to-width ratio of 
more than 8) vertically into the soil such that the top end opens within the water column to 
capture the rain of particles, consistent with sediment traps deployed in the canals (see currently 
utilized SOP for Determination of Particulate Flux in Canals Using Vertical Sediment Traps).  
Horizontal transport of floc should be measured employing sediment trap methods described in 
Philips et al., (2000), in which a PVC/polyethylene sediment sampler (approximately 10 
centimeters [cm] inner diameter x 1 meter [m]) captures suspended sediments moving in the 
direction of water flow and induces sedimentation by settling.  The sampler should be deployed 
within and above the floc layer to collect time-integrated suspended sediment samples. The SOP 
for the parameters of interest can be found at evergladesplan.org 
 
Based on published estimates of floc vertical accumulation in ridge and slough habitats in 
Everglades National Park (ENP) (Leonard et al., 2006), it is estimated sediment traps would 
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require four to six weeks to accumulate approximately one (1) gram dry weight of OM sufficient 
for biomarker analysis.  No current estimates are available from horizontal sediment traps, but 
personal observations by Hagerthey (SFWMD) from a high-flow mesocosm experiment suggest 
a similar timeframe may be needed for horizontal traps.  The deployment times should be 
adjusted as more information is obtained.  Vertical sedimentation rates are calculated as mass 
divided by deployment time (g/m2 (ground area)/d).  Horizontal sedimentation rates are 
calculated as mass divided by deployment time (g/cm2 (inlet area)/d).   
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
3.1 Vertical Sediment Traps Deployed in Marsh/Slough Habitats 
 
Vertical sediment traps in marsh and slough habitats are deployed such that the top of the trap is 
approximately located in the middle of the water column, but not less than 15 cm from the 
sediment surface.  The latter ensures that the trap would not be affected by the benthic floc layer 
itself and minimally affected by interference with metaphyton in the upper water column. 
 
3.2 Horizontal Sediment Traps Deployed in Marsh/Slough Habitats 
 
Horizontal sediment traps in marsh and slough habitats are deployed such that the inflow of the 
trap is located parallel to the predominant flow direction of water.  There are two target heights 
for deploying these traps—“high” and “low”.  The first (high) target height is approximately in 
the middle of the water column, but not less than 15 cm from the sediment surface.  The latter 
ensures that the trap would not be affected by the benthic floc layer itself.  A second (low) target 
height deployment height is five (5) cm from the sediment surface, which is within the height of 
standing benthic floc in Everglades ridge and slough wetlands (Leonard et al., 2006; Wood, 
2005).  The latter deployment serves to measure the rate at which floc moves as bedload at or 
near the soil surface. 
 
4.0 EQUIPMENT AND SUPPLIES 
 
4.1 Field Activities 
 
The requirements for equipment and supplies listed below must be followed. 
  
4.1.1 Boat and Supplies 
 

• Boat/airboat and related United States Coast Guard (USCG) safety equipment 
• Fuel supply (primary and auxiliary)  
• Tie-line 
• Spare parts kit 
• First aid kit  
• Spare oars 
• Maps with sampling site locations 
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• GPS or Loran instrumentation  
• Anchors (at least two to position boat) 
• Boating Safety Plan (including emergency phone numbers of local hospitals and family 

contacts for each member of the sampling team) 
 
4.1.2 Marsh Ver tical Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites:  A sediment trap consists of a: 
o PVC sleeve (4-inch inner diameter [i.d]); 24-inch length) with bottom end 

permanently sealed with a plug 
o PVC tube (3-inch i.d.; length-width ratio greater than 8), cleaned, filled with DI 

water, and with bottom end permanently sealed with a plug and a removable cap 
affixed to top end 

• Piston corer (with cutting shoe affixed to bottom end of corer; piston secured loosely 
inside cutting shoe with rope affixed for ease of removal; and handle bars tightened and 
secured to top end of corer) 

• GPS unit 
• 1-inch i.d. PVC (48-inch length) 
• Notebook, datasheet, and pen 

 
4.1.3 Marsh Ver tical Sediment Trap Retr ieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement tube (3-inch diameter PVC length:width ratio greater than 8), 

equal to the number of sites 
o –OR- labeled containers equal to at least twice the volume of the vertical tube (e.g., if 

the volume of the vertical tube is 2 liters, then the container volume should be at least 
4 liters) 

o Funnel 
o Wash bottles with DI water 
o Removable cap for 3-inch diameter PVC tube 
o Test plug for 4-inch PVC sleeve 

• GPS unit 
• 20L carboys, the number equal to the number of floc samples to collect (additional 

carboys may be included if the collection of fine particulate OM obtained is desired (from 
drained water, per section 6.2); however, as the objective of this project is to study fluxes 
of larger floc particles, further treatment of fine particular matter is not addressed in this 
SOP). 

• Labeled acid-washed, combusted glass jars; the number equal to the number of floc 
samples to collect 

• 4-mm tubing (120 cm length) 
• Syringe to fit 4-mm tubing (with piston for drawing suction) 
• Doweling rod (90 cm length) with sponge (7.5 cm diameter) affixed to one end 
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• Butyrate tube (7.5-cm inner diameter; 90-cm length) with removable plastic cap; the 
number equal to the number of floc samples to collect 

• Notebook and pen 
• Meter stick 
 

4.1.4 Marsh Hor izontal Sediment Trap Deployment 
 

• Sediment traps minimally equal to the number of sites:  A sediment trap (see figure 1 in 
Philips et al., 2000 for complete schematic) consists of a: 
o PVC/polyethylene horizontal sediment trap tube (approximately 10 cm ID x 1 m) 
o Threaded plastic cone (upstream end), with inlet tube (nylon pneumatic tubing, 4 mm 

ID, 150 mm length) 
o Threaded plastic cap (downstream end), with outlet tube (nylon pneumatic tubing, 4 

mm ID, 150 mm length) 
o Cleaned trap, filled with DI water, with (removable) plugs in both inlet and outlet 

tubes 
o Pipe clamps (two per trap) for securing sediment trap tube to 1 ½-inch diameter PVC 

poles 
• GPS unit 
• 1 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
• Notebook, datasheet, and pen 

 
4.1.5 Marsh Hor izontal Sediment Trap Retr ieval 
 

• For continuous sediment trap deployment, material required per trap: 
o Clean replacement horizontal sediment trap (PVC/polyethylene trap, approximately 

10 cm ID x 1 m), equal to the number of sites 
o Removable plugs for inlet and outlet tubes 
o –OR- labeled containers equal to at least twice the volume of the vertical tube 
o Funnel 
o Wash bottles with DI water 

• 1/2-inch i.d. PVC poles (150-cm length), equal to twice the number of sediment traps 
• 20L carboys, the number equal to the number of floc samples to collect (additional 

carboys may be included if the collection of fine particulate OM obtained is desired (from 
drained water, per section 6.4); however, as the objective of this project is to study fluxes 
of larger floc particles, further treatment of fine particular matter is not addressed in this 
SOP).  

• Labeled acid-washed, combusted glass jars; the number equal to the number of floc 
samples to collect 

• 4-mm tubing (120 cm length) 
• Syringe to fit 4-mm tubing (with piston for drawing suction) 
• Doweling rod (90 cm length) with sponge (7.5 cm diameter) affixed to one end 
• Butyrate tube (7.5-cm inner diameter; 90-cm length) with removable plastic cap; the 
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number equal to the number of floc samples to collect 
• Notebook and pen  
• GPS unit 
• Meter stick 

 
4.1.6 Laboratory Equipment 
 

• Balance  
• Beaker, 250 mL, one per sample  
• Rinse bottle containing deionized water  
• Enamel pan, or other large vessel for mixing sediment  
• Metal spatula 
• Drying oven, 105 °C  2° 
• Aqueous sodium hexametaphosphate 

o Add 6.2 g of (NaPO3)6 to 1 L of DI water 
 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crew must have previous experience in field sampling projects, good 
recommendations, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Field crew members should have training 
documentation in boat operation, vehicle operation, and boating safety.  Field crew members will 
be provided with a handbook of protocols and safety procedures prior to initiating the sampling 
event. 

 
6.0 FIELD PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Marsh Ver tical Sediment Trap Deployment 

 
A. Locate site along the boardwalk transect spanning adjacent ridge and slough.  Traps 

should be deployed (preferably at least three per transect), spanning both sides of and the 
center-most portion of the ridge-slough ecotone.  Traps should be deployed on the 
upstream side of the existing boardwalk. 

B. Place piston corer over the site for deploying the sediment trap. 
C. Push the piston corer into the ground at least two feet, using a twisting motion as needed 

to allow the cutting edge to severe large roots or rhizomes that are in the way. 
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D. Secure the rope (tied to the piston inside the core) to one of core handle-bars.  Rope could 
be circled around the handle-bar or a clamping wrench may be used, if necessary. 

E. Remove the piston core with soil inside 
F. Push the 4-inch diameter PVC sleeve, with open end on top and the plugged end on the 

bottom, into the core hole to a depth of two feet such that the lip of the sleeve is 
approximately flush with, or slightly overtopping (within 10 cm), the soil surface. 

G. Cover open end of 3-inch diameter PVC tube with cap 
H. Place the 3-inch diameter PVC tube into the 4-inch diameter PVC sleeve, with open 

(capped) end on top and the plugged end on the bottom.  Lower the PVC tube slowly in 
place. 

I. Remove cap from open end, carefully so as to reduce stirring sediment around the 
sediment trap 

J. Mark and record location of sediment trap with GPS and place a 1-inch diameter PVC 
pipe in ground and extending above the water surface adjacent to the trap to assist in re-
locating the sediment trap 

K. Record date and time of deployment 
 
6.2 Marsh Ver tical Sediment Trap Retr ieval 
 

A. Locate the vertical sediment trap 
B. Determine and record the water depth 
C. Place a removable cap over the top end of the 3-inch diameter PVC tube to reduce 

disturbance around the sediment trap 
D. Raise the 3-inch PVC tube entirely out of the 4-inch diameter PVC sleeve (permanently 

anchored in the soil) 
E. The tubes could either be secured to the boat for transport back to the lab –OR- the tube 

contents could be emptied into a labeled container   
 
NOTES: 

• The determining factor is based on the predetermined additional analysis slated 
for the sample by the principal investigator (P.I.) 
 

a. If samples are only to be analyzed for sedimentation rate, tubes are to be transported: 
1. Secure tubes vertically in the boat 
2. Replace the sediment trap with a new clean 3-inch diameter PVC tube if the 

deployment is to continue 
b. If samples should be analyzed for organic sources using biomarker or macrofossil 

analysis, tube contents are to be emptied: 
1. Pour 1/3 of the contents into a labeled 20L carboy through the funnel  
2. Mix the remaining 2/3, by swirling the vertical tube, and pour into carboy  
3. Rinse the inside of the vertical tube with DI water to capture any remaining 

particles and pour into container 
4. Allow floc to settle in carboy for an amount of time as determined based on the 

particle size desired for chemical analysis and information obtained on settling 
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rates of the desired particle size  
5. Insert 4-mm tubing into the carboy so that it remains in the water but the opening 

is above the settled floc OM layer 
6. Using a syringe (with piston), draw a vacuum through the 4-mm tubing and allow 

water to drain out of the carboy via the tubing.  Continue draining until water is 
standing just above the floc layer.  
 

NOTES: 
• If fine particulate OM is desired for subsequent analyses, then the drained water 

should be captured in a carboy (per section 4.1.3); however, as the objective of 
this project is to study fluxes of larger floc particles, treatment of fine particulate 
matter is not addressed in this SOP.  

 
F. Pour the entire contents of the carboy into butyrate tube through funnel, repeatedly 

rinsing carboy with small amounts of DI water to remove remaining floc 
G. Allow floc to settle in butyrate tube for 30 minutes 
H. Insert 4-mm tubing into butyrate tube in the water but above the settled floc OM layer 
I. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water to 

drain until water is standing just above floc layer 
J. Insert sponge-affixed to dowling rod into the butyrate tube until it makes contact with 

floc layer, and drain excess water above the sponge.  Push sponge further to de-water floc 
and again drain excess water. 

K. Remove cap from bottom end of the butyrate tube, and using the funnel, allow contents 
of butyrate tube to pour into labeled, acid-washed glass container 

L. Push doweling rod down to the end of the tube, until nearly all of the floc OM is 
collected in the glass container 

M. Using DI wash bottle to rinse the butyrate tube, cap and sponge to collect any remaining 
particulates into the glass jar 

N. If any handling of large pieces floc OM is needed, use aluminum foil to hold floc 
particles in order to avoid contact with hands 

O. Sample should not be packed tightly into the glass container and some air space must be 
allowed to avoid breaking the container upon freezing the sample  

P. Record date and time of sample retrieval, site name, plot name, and sample ID on the 
appropriate datasheet  

Q. Clean and rinse the 3-inch PVC tube and return it to the 4-inch PVC sleeve if the 
deployment is to continue 

f. If the deployment is completed, then place a test plug over the 4-inch diameter PVC 
sleeve until the next deployment – OR – if the final deployment and experiment is 
completed, remove the 4-inch diameter PVC from the soil completely 

g. With the 4-inch diameter PVC sleeve in place, redeploy the sediment trap by inserting the 
clean 3-inch PVC tube 

h. Record date and time of deployment. 
 
Post sampling procedures are dependent on the intended analysis of the material collected from 
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the trap.  Refer to Section 7.0 of this SOP.   
 
6.3 Marsh Hor izontal Sediment Trap Deployment 
 

A. Locate site.  Traps should be deployed (preferably at least three per transect), spanning 
both sides of and the center-most portion of the ridge-slough ecotone.  The inlet tube of 
the trap should face upstream, the exact direction determined by ongoing measurements 
of water velocity and direction at each site.   

B. Insert 1 ½-inch diameter PVC poles into peat soil (to bedrock) with the poles 
approximately 1-meter apart, spanning the length of the sediment trap.  The exact 
placement of the poles would be determined by the predominant flow direction measured 
at the site.   

C. Attach sediment trap to the 1 1/2-inch diameter PVC poles.  Use pipe clamps to secure 
the trap to the PVC, adjusting the height of trap so it is either in the high or low position 
described in the Selection and Sample Collection Location section (above) 

D. Remove plugs from the inlet and outlet tubes, carefully so as to reduce stirring sediment 
around the sediment trap. 

E. Mark and record location of sediment trap with GPS.  The 1 1/2 –inch diameter PVC 
poles to which the trap is attached could be used to assist in re-locating the sediment trap. 

F. Record date and time of deployment 
 
6.4 Marsh Hor izontal Sediment Trap Retr ieval 
 

A. Using the 1 ½-inch diameter PVC poles, locate the horizontal sediment trap 
B. Determine and record the water depth 
C. Place removable plugs in the inlet and outlet tubes of the sediment trap to reduce 

disturbance around the sediment trap 
D. Loosen pipe clamps that secure the trap to the PVC poles to allow for the removal of the 

trap from its fixed position in the marsh or slough 
E. Raise the sediment trap tube entirely out of water  
F. The tubes could either be secured to the boat for transport back to the lab –OR- the tube 

contents could be emptied into a labeled container.   
 

NOTES: 
• The determining factor is based on the predetermined additional analysis slated 

for the sample by the P.I. 
 

a. If samples are only to be analyzed for sedimentation rate, tubes are to be transported: 
1. Secure tubes vertically in the boat 
2. Replace the sediment trap with a new clean horizontal sediment trap if the 

deployment is to continue 
b. If samples are to be analyzed for organic sources using biomarker or macrofossil 

analysis, tube contents should be emptied: 
1. Unscrew and remove the plastic cone and inlet tube affixed to the sediment trap 
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2. Pour 1/3 of the contents of the sediment trap and any remaining material inside 
the plastic cone and inlet tube into the labeled 20L carboy through the funnel   

3. Mix the remaining 2/3, by swirling the sediment trap, and pour into carboy  
4. Rinse the inside of the sediment trap with DI water to capture any remaining 

particles and pour into the carboy 
5. Allow floc to settle in carboy for an amount of time as determined based on the 

particle size desired for chemical analysis and information obtained on settling 
rates of the desired particle size 

6. Insert 4-mm tubing into the carboy so that it remains in the water but the opening 
is above the settled floc OM layer 

7. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow 
water to drain out of the carboy via the tubing.  Continue draining until water is 
standing just above the floc layer.  

 
 
 

NOTES: 
• If fine particulate OM is desired for subsequent analyses, then the drained water 

should be captured in a carboy (per section 4.1.5); however, as the objective of 
this project is to study fluxes of larger floc particles, treatment of fine particulate 
matter is not addressed in this SOP.  
 

8. Pour the entire contents of the carboy into butyrate tube through funnel, repeatedly 
rinsing carboy with small amounts of DI water to remove remaining floc 

9. Allow floc to settle in butyrate tube for 30 minutes 
10. Insert 4-mm tubing into butyrate tube in the water but above the settled floc OM layer 
11. Using syringe (with piston), draw a vacuum through the 4-mm tubing and allow water 

to drain until water is standing just above floc layer 
12. Insert sponge-affixed to dowling rod into the butyrate tube until it makes contact with 

floc layer, and drain off excess water above the sponge.  Push sponge further to de-
water floc and again drain excess water. 

13. Remove cap from bottom end of the butyrate tube, and using the funnel, allow 
contents of butyrate tube to pour into labeled, acid-washed glass container 

14. Push doweling rod down to the end of the tube, until nearly all of the floc OM is 
collected in the glass container 

15. Using DI wash bottle to rinse the butyrate tube, cap and sponge to collect any 
remaining particulates into the glass jar 

16. If any handling of large pieces floc OM is needed, use aluminum foil to hold floc 
particles in order to avoid contact with hands 

17. Sample should not be packed tightly into the glass container and some air space must 
be allowed to avoid breaking the container upon freezing the sample  

18. Record date and time of sample retrieval, site name, plot name, and sample ID on the 
appropriate datasheet 
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G. If sediment trap is to be re-deployed: 
 
a. Clean and rinse the plastic cone, inlet tube, and sediment trap 
b. Place removable plug into outlet tube 
c. Fill sediment trap with DI water 
d. Screw the plastic cone and inlet tube back onto the sediment trap 
e. Fill sediment trap with additional DI water into inlet tube until sediment trap is 

completely filled 
f. Place removable plug into inlet tube 
g. Secure trap to the 1 ½-inch diameter PVC poles and adjust to appropriate high or low 

position 
h. Remove plugs from inlet and outlet tubes 
i. Record date and time of deployment 

 
H. If the deployment is completed, remove the ½-inch diameter PVC poles from the soil 

completely 
 

7.0 POST SAMPLING PROCEDURES  
 
Post sampling procedures (e.g. sample shipping, equipment cleanup, sample tracking) require 
that if the sample is emptied into glass containers for biological analyses: 

a. Keep glass containers packed in ice in a cooler (target temperature 4°C) 
b. Note the unique sample ID on the glass container and record in fieldbook that this sample 

ID is associated with the full sample description that includes the site name, plot name, 
collection date, and names of personnel involved in collection 

c. If sample is destined for biomarker analysis: 
1. Samples designated for biomarker analyses should be stored in cooler for no more 

than 12 hours until freezing or freeze-drying process begins  
2. Samples should be transferred from cooler to -80°C freezer until freeze-drying and 

laboratory analyses could be initiated 
d. If sample is destined for macrofossil analysis: 

1. Samples may be stored cold (4°C) for up to one (1) year after sampling before 
laboratory procedures are begun.  – OR – As an alternative storage method, samples 
may be transferred from cooler to -80°C freezer, until freeze-drying and laboratory 
analyses could be initiated.   

 
8.0 LABORATORY PROCEDURES 

 
8.1 Sediment Ash-Free Dry Weight  
 

A. Homogenize the sediment sample by gently but thoroughly mixing with a metal spatula 
a. For sediment that is sticky or heavy with clay, add up to 10 mL of aqueous sodium 

hexametaphosphate.  This surfactant aids in separating particles.  
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b. The entire sample may be emptied into an enamel pan or other large vessel if more 
room is needed for mixing.  
 

B. Record the date, time and analyst  
C. Weigh a 250 mL beaker.  Record the beaker mass.  
D. Add sediment to the beaker using the spatula and record the beaker + wet sediment 

mass 
a. Weigh enough sediment to have at least 25 g when dry: typically ~50 g for coarse 

grain (sand) and ~100 g for fine silt or clay samples  
 

E. Repeat steps 1 through 4 for each sample so they can be dried together in the oven 
F. Place the beaker in the sediment oven at 105 °C to dry the sample.  After 24 hours, cool 

and weigh the beaker and record the beaker + dry sediment mass.  
a. Depending upon the sediment matrix, drying may take from a few hours to a day.  Be 

sure sediment is dry before weighing.  
G. Return beaker containing dried sample to oven until ready to begin analysis  

 
 

Sedimentation Rate (SR, g/m2/d ) per tube  is calculated as: 
 
 

 
 
 
Where M is equal to the mass (g) of material (dry sediment mass) in the sediment trap, Area is 
the cross sectional area of the sediment trap tube (m2), and Time is the deployment duration 
(days).  

 
9.0 DATA MANAGEMENT 
 
9.1 Data Entry, Validation and Ver ification 
 

A. Prior to mass determinations, verify the accuracy and precision of the balance 
B. Use a black pen for all logbook and bench sheet entries 
C. To correct raw data entries, place a single line through the incorrect entry, write the 

corrected entry near the error with the date and analyst’s initials 
D. Data should be entered from field and lab notebooks into a spreadsheet  
E. Data and calculations are to be performed in MS Excel or in a database (e.g., South 

Florida Water Management District’s ERDP Oracle Database).  The following 
information is required: 
 
• Site Name 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-G-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Determination of Particulate Flux in Ridge & Slough Habitats Using Sediment Traps                 August 2012 

12 

• Tube ID (replicate) 
• Region 
• Latitude 
• Longitude 
• Depth of Water Column (meters) 
• Depth of Sediment Traps (top of trap to water surface (meters) 
• Date of Sediment Trap Deployment 
• Date of Sediment Trap Retrieval 
• Total number of days deployed (days) 
• Cross sectional area of vertical tube (meters) 
• Mass (grams) of material collected (e.g., dry weight or organic matter) 
• Sedimentation Rate (g/m2/d) 
• Notes 
 

F. After data are entered, the initials of the data-enterer, the date and the spreadsheet file 
name should be recorded on each notebook page at the bottom right-hand side 

G. An independent observer should double-check all data entries in the notebook 
H. To correct raw data entries, place a single line through the incorrect entry.  Write the 

corrected entry near the error with the date and the analyst’s initials. 
 

References 
 
Hagerthey S.E., S. Newman, K. Rutchey, E.P. Smith, and J. Godin, 2008. Muliple regime shifts 

in a subtropical peatland: Community-specific thresholds to eutrophication. Ecol. Mono. 78: 
547-565. 

 
Larsen L.G., J.W. Harvey, and J.P. Crimaldi, 2007. A delicate balance: Ecohydrological 

feedbacks governing landscape morphology in a lotic peatland. Ecol. Mono. 77: 591-614. 
 
Leonard L., A. Croft, D. Childers, S. Mitchell-Bruker, H. Solo-Gabriele, and M. Ross, 2006. 

Characteristics of Surface-Water Flows in the Ridge and Slough Landscape of Everglades 
National Park: Implications for Particulate Transport. Hydrobiologia 569: 5-22 

 
Philips J.M., M.A. Russel, and D.E. Walling, 2000. Time-integrated sampling of fluvial 

suspended sediment:  a simple methodology for small catchments. Hydro. Processes 14: 
2589-2602. 

 
Wood, A., 2005. Dynamics of detrital particulate organic material in the ridge and slough 
landscape of the Everglades. Masters Thesis, Florida International University. 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-H-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Alkaline Phosphatase Activity on Artificial Substrates             1 August 2012 

STANDARD OPERATING PROCEDURES 
for measurement of 

ALKALINE PHOSPHATASE ACTIVITY ON ARTIFICIAL SUBSTRATES 
 
 
1.0 Introduction 
 
Phosphatases can be associated with algae, bacteria and zooplankton.  They are found both 
internally (attached to the cell wall) and released into the environment as free enzymes.  These 
enzymes catalyze the hydrolysis of phosphomonoesters to orthophosphate and an organic 
compound: 
 

R-PO4 + H2O =====» ROH + H2PO4 
 
Phosphatases are classified as either acid or alkaline, depending on the pH of the environment in 
which they exist.  Alkaline phosphatase activity (APA) allows microbes to scavenge phosphorus 
from the environment. APA production by bacteria and algae decreases as internal stores of 
phosphorus rise in response to increasing phosphorus levels in the surrounding environment 
(McCormick et al., 2002).  This physiological response to phosphorus enrichment, together with 
increased cell metabolism, is well documented in periphyton mats in the Everglades 
(McCormick and Scinto, 1999; Newman et al., 2003) and provides a quick and easy evaluation 
of phosphorus status consistent with other measures (Fitzgerald and Nelson, 1966; Healey and 
Hendzel, 1980; Pettersson, 1980).  Measuring APA on periphyton mats associated with artificial 
substrates in south Florida slough systems provides information regarding area phosphorus 
levels. 
 
2.0 Method Summary 
 
The objective of this standard operating procedure (SOP) is to provide a consistent method for 
measuring APA on artificial substrates.   
 
The determination of APA is conducted at a pH representative of the environment in which they 
exist by adjusting the pH of the buffer solution.  The substrate used in this assay, 4-
methylumbelliferyl phosphate (MUP), has a low background fluorescence, thus allowing assay 
of a wide variety of concentrations with very high sensitivity.  The amount of substrate added is 
determined by preparing an increasing amount of substrate solution.  Vmax is calculated as the 
amount of substrate to maximize enzymatic hydrolysis. 
 
MUP is prepared in a pH adjusted buffer and added into the sample.  The phosphatase enzyme 
that may be present in the sample would hydrolyze MUP into methylumbelliferone (MU) and 
phosphate.  MU fluoresces at a specific wavelength when excited with ultra violet (UV) light and 
can be quantified by a fluorometer.  
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3.0 Site Selection and Sample Collection Location 
 
APA should be measured on periphyton attached to dowels in background water from the 
surrounding slough.  Slough sites will be selected in flow and no flow conditions.  Four racks 
each containing 16 dowels will be deployed at each site.  Initially, samples would be collected 
bi-weekly.  Dependent on the results this may be subsequently changed to monthly.   
 
4.0 Equipment and Supplies 
 
4.1 Laboratory Set-Up Equipment and Supplies 

•   Bio-Tek Synergy HT (spectroflourometer) 
•  4-methylumbelliferyl phosphate disodium salt 
•  4-methylumbelliferone (7-hydroxy-4-methylcoumarin)(MU) 
• tris(hydroxymethyl)aminomethane Tris base (store in desiccator) 
• Magnesium Sulfate (MgSO4) 
• E-pure (DI) or Millipore water 
• Concentrated  NaOH100 ml red volumetric flasks (quantity appropriate for number of 

standards) 
• Weighing spatula 
• Freezer 
• Drying oven @ 105oC 
• Stir plate and stir bars 
• pH meter (and standards) 
• Analytical balance, 0.0001 g sensitivity 
• 1 L and 500 ml volumetric flasks 
• Dessicator  
• Cooler for dark storage   
• Labeling tape 
• Thick and thin Sharpie pens 
•   Field and lab notebooks 

 
4.2 Field Collection and Sample Assay Equipment and Supplies 

• Pre-labeled centrifuge tubes, appropriate for number of samples 
• Screw tops for tubes 
• Spare tubes and tops 
• Tube racks    
• Labeling tape 
• 50 µl to 1000 µl) adjustable micropipette with tips 
• Finpipette 1 ml to 10 ml adjustable with tips 
• Dispensette container 
• Cooler(s) and ice 
•  50 ml centrifuge tubes 
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• Thick and thin Sharpie pens 
• 4-methylumbelliferyl phosphate  (MUP) (kept in cooler) 
• Standards (kept in cooler) 
• Utility cutter (strong enough to cut through soft plastic hooks that hold dowels in place) 
• Kimwipes 
• Field data book 
• E-pure (DI) or Millipore water 
• Watch or other time-keeping device 

 
4.3 Laboratory Processing for  Ash-free Dry Mass Equipment and Supplies 

• 1 L Erlenmeyer sidearm flask 
• Vacuum pump w/ tubing 
• Filter column for holding 47 mm diameter filters  
• Wash bottle with DI water 
• Pre-ashed, pre-weighed glass fiber filters (Whatman GF/C, 47 mm diameter) and 

aluminum weigh pans 
• Filter forceps 
• Disposable rubber gloves 
• Drying oven @ 105oC 
• Desiccators 
• Laboratory data book 
• Thin Sharpies (for writing in data book) 
• Analytical balance, accurate to 0.0001g 
• Weight set for balance calibration 
• Muffle furnace 
• Heat-resistant gloves 
• Large tongs 
• Rubber policeman 
• Pen 
• Data book 
• E-pure (DI) or Millipore water 
• Watch or other time-keeping device 
• Fresh desiccant (in pans) 

 
5.0 Field Crew Composition, Qualifications, and Training 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field and laboratory coordinators should work with one 
or more of the staff while collecting data; thus data collections are directly checked by the field 
and laboratory coordinators.  Members of the field and laboratory crews must have good 
recommendations, previous experience in field sampling and laboratory projects, respectively, 
and proven ability to work in the field and laboratory reliably and independently.   
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6.0 Procedures 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Laboratory Set-Up Procedures 
 
6.1.1 Preparation of Reagents 
 

a. Prepare a 0.1 M solution of Tris (base) buffer   
Tris Stock Buffer 

b. Add 12.11 g Tris to 1 L volumetric flask and add enough E-pure (DI) water to bring it 
into solution using stir plate and appropriate stir bars 

c. Remove stir bars 
d. Fill to volume with DI water to get a final concentration of 0.01 M 

 

a. Measure 100 ml of Tris stock buffer into 1 L volumetric flask   
Working Buffer 

b. Bring to volume using sterile E pure water 
c. Adjust the pH to 8.00 by slowly adding concentrated HCl while stirring 

 
NOTES: 

• The final concentration of this solution is 0.01M Tris/0.001M MgSO4 
 

a. Weigh  0.03001g of 4-Methylumbelliferyl phosphate disodium salt  (MUP) and bring to  
100 ml volume using the Tris stock buffer   

Substrate [(MUP (FW=300.1)] 

b. Freeze until ready for use 
c. Store unused MUP in jar with desiccant in freezer 

 
6.1.2 Preparation of Standards 
 
Stock Standard (

a. Dry approximately 1 g of MUP (MU-sodium salt, FW 176.0) in drying oven overnight at 
105○C   

1000 µM MU) 

b. Weigh out  0.02205g of 4-methylumbelliferone of oven-dried MU into a 1 L volumetric 
flask and dilute to volume with working Tris buffer 

c. Keep at room temperature in a dark container 
 

a. Make calibration standards using calibrated pipettes and 100 ml volumetric flasks 
Calibration Standards 

b. Pipette appropriate quantity (see table below) of MU into pre-labeled volumetric flask 
and dilute to volume with working Tris buffer 
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c. Invert several times until well-

mixed 
 
NOTES: 

• Standard curve should have r2 > 0.990 
• To calculate final APA values in nM/min/ml, the equation below is used 

o The equation will be preset on a spreadsheet and only requires data entry 
o The substrate blank needs to be subtracted from the final value to account for 

the autohydrolysis of MUP to MU 
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Where: 

o FUf = final fluorescence reading 
o FUi = initial fluorescence reading 
o Tf = final time 
o Ti = initial time 
o C = calibration factor (nM/FU) as determined by the slope and intercept of 

the standard curve with MU.  If samples are run in microplate reader, 
enzyme kinetic determinations will be conducted. 

 
6.2 Field Collection and Assay of Samples Procedures 
 
Samples should be run in the field soon after collection when possible.  Long transport/waiting 
times may affect accuracy of assay.  If necessary, transport samples in ice chest with a small 
layer of ice on the bottom to keep samples dark and cool (NOT COLD). 
 
6.2.1 Field Collection 
 

a. Place centrifuge tube labeled (P) periphyton into water below a hanging dowel chosen for 
sampling 
 
NOTES: 

• Select dowels which look representative of the mesocosm.  Do not collect 
“abnormal” dowels. Specifically, do not collect dowels that appear to have been 
disturbed by external force.  i.e. bird or alligator.    

 

Concentration of 
MU nM 

Amount of 1000 nM 
MU to pipette (mL) 

0 0 
125 1 
250  2 
500  4 
1000  8 
2000  16 
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b. Carefully collect the dowel by sliding the centrifuge tube over the dowel from below, 
clipping the hook, and replacing the screw cap.  This entire procedure should be done 
underwater. 

c. Place all centrifuge tubes into a rack inside a cooler with a small layer of ice for transport. 
 
6.2.2 Assay of Samples 
 

a. Leave tubes in the cooler so that they will remain in the dark 
b. Thaw MUP in DI water bath in beaker to bring to ambient temperature. 
c. Turn on fluorometer to warm for 15 minutes. 
d. Run standards to check calibration of the fluorometer.  Adjust as necessary. 

Collect slough water in Dispensette container and dilute by half with DI water.  
NOTES: 

•  Slough water may have varied activity due to nutrient content as well as 
microbial activity.  A preliminary test of the slough water is recommended to 
determine its fluorescence. 
 

e. Pipette 4.5 ml of slough/DI water mixture to each of three fluorometer tubes labeled 
“C”1-3  (these are the slough controls) 

f. Pipette 4.5 ml of DI water to each of three fluorometer tubes labeled “DI” 1-3 (these are 
the DI controls) 

g. Pipette 500 µl of MUP into a DI control tube.  Place in fluorometer.  Record time and 
fluorometer reading once stable.  Place in rack in dark cooler and repeat with remaining 
DI control and slough control samples. 

h. After 30 minutes, place each control sample in fluorometer and record time and reading.  
Set samples aside. 

i. Dispense 40 ml of slough/DI mixture and appropriate sample dowel into a labeled 50 ml 
centrifuge tube.  Pipette 4 ml of MUP into assay container, close cap, swirl gently to mix, 
and place in dark cooler.  Record time in data book.  Repeat with as many samples as can 
be assayed in approximately ten (10) minutes. 

 
NOTES: 

• It takes approximately one (1) minute to prepare each sample. 
 

j. If activity is potentially high (i.e., low phosphorus conditions), remove sample from 
cooler after approximately seven (7) minutes.  Carefully pipette 800 µl water from assay 
container into a 48 well microplate.  Obtain fluorescence reading.  Record time and 
reading.  Remove from fluorometer.   Replace sample in cooler.  Repeat with remaining 
samples. 

k. After 15 minutes, repeat procedure from Step j.  Once the first set of samples is complete, 
repeat Steps j and k until all samples have been read. 

 
6.3 Laboratory Processing for  Ash-free Dry Mass 
 

a. Pre-ash filters 
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1. Place filters in individual aluminum weigh pans   
2. Number each filter near the edge with a pencil and etch the corresponding number on 

each weigh pan with a pencil   
3. Ash in the muffle furnace at 500oC for one (1) hour to volatilize any residual organic 

matter   
4. While still warm (greater than 100oC), remove pans using long forceps and heat-

resistant gloves from furnace and cool to room temperature in a desiccator. 
5. Remove weigh pans one at a time from the desiccator and weigh. 

 
NOTES:  

• Keep desiccator closed while weighing. 
 

6. Record pan number and pan weight (includes filter) in the data book.  Set aside. 
7. Repeat weighing procedure for all pans/filters. 

 
NOTES:  

• Weighed pans can be stored in a single desiccator. 
 

b. Attach filter apparatus and vacuum pump to Erlenmeyer flask   
c. Using forceps, place a pre-ashed and pre-weighed filter in the filter apparatus 

 
NOTES: 

• Do not touch filter with hands as this will affect the filter weight  
 

d. Remove centrifuge tubes from cooler 
e. Remove the dowel from the centrifuge tube and scrape off periphyton with a rubber 

policeman, capturing released periphyton in the tube.  Pour tube contents into filter 
column and filter. 
 
NOTES: 

• Alternatively, dowels can be scraped directly over filter column and rinsed with 
DI.  Pour tube contents into filter column. 
 

f. Rinse tube with small amount of DI water using wash bottle to remove any residual 
periphyton or other particulate material.  Pour rinse water into filter column. 

g. Filter until all water has passed through the filter.  Remove filter with forceps and return 
to the labeled weigh pan. 

h. Repeat Steps e through g for additional tubes until all samples have been processed  
i. Place the weigh pans with the filters in a drying oven at 105ºC and allow to dry 

 
NOTES: 

• Allow samples to dry for at least 72 hours   
• Be sure that a pan of fresh desiccant is present in the drying oven 
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j. Remove weigh pans from drying oven and place in desiccator(s).  Allow pans to cool to 
room temperature. 

k. While pans are cooling, calibrate balance using manufacturer's instructions located with 
the balance.  Check calibration using the standard weights.   
 
NOTES: 

• Touch standard weights with tongs only.  Do not touch with your hands. 
 

l. Weigh samples using same procedure as described in Step a.  Obtain weight to the 
nearest 0.0001 g and record in the Dry Weight column of the table in the data book. 

m. Once weight is obtained, set sample aside (do not return to desiccator).  Repeat until a dry 
weight is recorded for all samples. 

n. Once constant dry weights have been obtained, place samples in muffle furnace and ash 
for one (1) hour at 500oC 

o. When samples have been ashed and cooled sufficiently (less than 100°C), remove 
samples from muffle furnace using heat-resistant gloves, place in desiccator(s), and allow 
to cool to room temperature   

p. While samples are cooling, repeat balance calibration procedure 
q. Weigh all samples as described above.  Record weights in the Ashed Weight column of 

the table prepared in the data book. 
 

7.0 Data Management 
 
7.1 Data Entry, Validation, and Ver ification 
 

a. Prior to mass determinations, verify the accuracy and precision of the balance 
b. Use a black pen for all data book entries 
c. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials 
d. Data will be entered from field and lab notebooks into an Excel spreadsheet   
e. After entering the data, write the date and initials of the person who entered the data in 

the bottom left-hand corner of the spreadsheet 
f. All notes and data entries must be verified.   
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STANDARD OPERATING PROCEDURES 
for 

DECOMPOSITION STRIPS (COTTON STRIPS) 
 
 
1.0 Introduction 
 
Organic matter decomposition is an important process controlling internal nutrient cycling and 
soil accumulation/loss.  An important component of long-term removal and storage of nutrients 
is their incorporation into aquatic macrophytes and burial of this biomass in the sediments 
(Kadlec, 1997; Reddy et al., 1999); Chimney and Pietro, 2006).  However, decomposition of 
plant material before burial returns nutrients to the water column.  Therefore, it is important to 
understand the critical role that plant decomposition plays in nutrient cycling, though the 
quantification of environmental effects on decomposition is complicated. 
 
A frequently used method of separating environmental effects is to quantify mass loss rates of a 
common substrate such as leaves from a single plant in various microsites by way of litter bag 
studies.  Another approach is the measurement of fiber tensile strength loss in strips of cotton 
fabric inserted vertically in the soil by way of cotton strip assays. 
 
Cotton strips are material strips with a known breaking strength.  Upon incubation in the soil 
cotton strips are decomposed which reduces the tensile strength.  The reduction in tensile 
strength can be used as an indication of decomposition rate.   
 
The main objective of this monitoring effort is to calculate an index of potential soil biological or 
decomposer activity on the basis that cellulose is a major constituent of soil organic matter.  
 
2.0 Method Summary 
 
Composed entirely of cellulose, the cotton strips are inserted vertically into the top 15 
centimeters (cm) of soil, removed after two weeks, and then tested for the loss of tensile strength 
using a digital motorized force tester.  Loss in tensile strength is used to calculate an index of 
potential soil biological or decomposer activity on the basis that cellulose is a major constituent 
of soil organic matter.  The technique has been especially useful in describing differences 
between soils and the impact of various management treatments upon soils (Correll et al., 1997).  
 
The cotton strip assay has been used in a variety of sites to determine the effects of 
environmental variables and treatments on the organic matter decomposition cycle, and to 
produce a range of baseline data on cellulose decomposition in contrasting wetlands (Maltby, 
1988). 
 
3.0  Site Selection and Sample Collection Location 
 
Three paired ridge and slough sites will be selected in flow and no flow conditions.  Four frames 
will be deployed at each site. 
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4.0 Equipment and Supplies 
 
The requirements for equipment and supplies listed below must be followed: 
 
4.1 Laboratory Preparation 

• Shirley cotton burial sheet (400 cm wide by 98 cm long; stripes in horizontal direction).  
Two strips per frame for a total of 72 strips. 

• Duct tape 
• Stapler/staples 
• Holding frames.  See figure 1. 
• Fabric scissors 
• Metric ruler 

 
4.2 Deployment and Sampling 

• 24 +/- frames holding cotton strips 
• Insertion device.  See figure 2. 
• Meter stick 
• Field data book 
• Thin Sharpies 
• Pencils 
• Pre-labeled one gallon Ziploc® bags 
• Cooler with ice 

 
4.3 Processing Cotton Str ips 

• Chatillon TCD200 Tension/Compression Tester with force gauge 
• DI water 
• Wash bottle 
• Pencils 
• Thin Sharpies 
• Pre-labeled one gallon Ziploc® bags 
• Metric ruler 
• Fabric scissors 
• Plastic tub 
• Watch or timing device 
• Paper towels 
• Lab data book 

 
5.0 Field Crew Composition, Qualifications, and Training 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  This coordinator is primarily responsible for writing a 
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comprehensive, public access report in a timely fashion (annually).  The field coordinator works 
with one or more of the staff while collecting data; thus data collections are directly checked by 
the field coordinator.  Members of the field crew must have previous experience in field 
sampling projects, good recommendations, and proven ability to work in the field reliably and 
independently.   
 
6.0 Procedures 
 
The following procedures are specific to each of the monitoring activities identified above:   
 
6.1 Laboratory Preparation 

A. Obtain Shirley cotton burial sheets (400 cm wide by 98 cm long; stripes in horizontal 
direction).   

B. Use fabric scissors to cut the cloth into strips 12 cm wide and 68 cm long.  Stripes should 
be horizontal. 

C. Fold one end of cloth over the middle bar of the frame (see fig. 1) and staple it together to 
attach.  Fold the other end over the bottom bar and staple together.  Place a strip of duct 
tape across the top and bottom bars to support cotton strip during insertion and removal 
from soil. 

D. Place two strips on each frame. 
E. Repeat until 36 cotton strip frames have been assembled which includes a set of control 

strips.   
 
6.2 Deployment  

A. Place one frame inside the insertion device so that the bottom bar with the cotton strip     
attached is exposed at the bottom of the insertion device.   

B. Place the tip of the insertion device onto the sediment surface and note the level of the 
water surface (in cm) along the holding frame and record in the field data book.   

C. Holding the bar at the top of the insertion device push the cotton strip 15 cm into the 
sediment using a meter stick to measure. 

D. Carefully remove the insertion device. 
E. Repeat Steps a-d until 4 frames (8 cotton strips) are deployed at each of the sites. 
F. Allow strips to incubate for 2-8 weeks.  Incubation will be dependent on rate of 

decomposition. 
 
6.3 Retrieval 

A. Using a meter stick, measure the cotton strip frame from the water/sediment interface to 
the top of the frame.  Make a note of this measurement in the field book.   

B. Place the insertion device over the cotton strip frame and use it to gently loosen the 
surrounding soil. 

C. Insert metal pin into the small hole at the top of the insertion device to lock the frame in.  
Remove the cotton strip and frame by lifting the insertion device with the frame secured 
within. 
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D. Mark the soil/water interface.  Use the measurement taken prior to removing the cotton 
strip frame from the soil (step 6.3.1).  Make a small cut in the cloth to mark the soil/water 
interface.  This will be 0 cm line when cotton strips are processed.    

 
NOTES:   
  The sediment/water interface is identified as the difference between the total 

length of the frame minus the distance from the top of the frame to the 
sediment/water interface. 

E. Remove cotton strips from frame by cutting them off at each end with scissors.  
F. Gently rinse the cotton strip in ambient water.  Fold and place in a labeled Ziploc® bag.  

Cotton strips from the same site can be placed within the same bag.   
G. Place in cooler on ice and process within 48 hours.   

 
NOTES:  A control set of strips should be inserted and retrieved during the final harvest. 

6.4  Processing Cotton Decomposition Strips 
A. Rinse cotton strips with DI (if necessary). 
B. Label cotton strips.  Using a fine tip Sharpie, label each strip with site ID.  Mark the top 

and bottom of each strip.  The sediment/water interface was already marked in the field 
during collection. 

C. Allow strips to air dry. 
D. Locate the sediment/water interface.  This is the 0 depth line. . 
E. Measure every 2 cm up to 10 cm in both directions marking the soil side with negative 

numbers.   
F. Label each 2 cm strip with appropriate ID using a permanent marker.   
G. Cut with fabric scissors.  Be sure cuts are straight across. 
H. Even up the edges of the strips by removing partial strands until one whole strand can be 

removed. 
I. Turn on the Chatillon TCD200 tension/compressor tester and the TCD200 force guage. 
J. Lower ram by pressing “down” key until it stops. 
K. Place the strips in DI water for approximately five minutes. This is to simulate the 

saturated conditions that the strips experienced in the field. 
L. Place several (approximately 5) on a paper towel to remove excess water. 
M. Place one strip in the force gauge grips.  Roll grips out (away from device) to create an 

opening that you can insert the strip into.  There should be some slack in the strip. 
N. The force gauge should be set in Newtons for cotton strips. 
O. Zero out any values on the force gauge by pressing “peak” key then the “zero” key until 

all values are zero. 
P. The pull speed on the TCD200 should be set to 150.0 mm/min.  max speed is 317.5 

mm/min. 
Q. The ram is activated by the “up” and “down” keys. 
R. Once the strip has torn press stop and record the T peak value.  The tear should be near 

the middle of the strip.  If the strip tears where it is held by the grips, make a note that the 
grips may have caused an artificial tare.  

S. Reset the force gauge and ram and repeat for the remaining strips. 
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7.0 Data Management 
 
7.1 Data Entry, Validation, and Ver ification 

A. Use a black pen for all data book entries. 
B. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials. 
C. Data collected through lab or field books should have each field completed   
D. If a field is not used, N/A would denote not applicable in the field notes 
E. It is the responsibility of the lead investigator to double check that all data have been 

filled in correctly 
F. Copies of datasheets and field books will be made and stored in separate locations from 

the originals.  
G. Backups of all data will be made at least twice a month  
H. Data will be entered from field and lab notebooks into an Excel spreadsheet.  All notes 

and data entries must be verified.  
I. Data must be entered no more than a month after data collection. 

 
NOTES: 

The results of cotton strip assays should not be used as a comparison to the decay of real 
plants.  This method is an assay and should only be used to compare sites or experimental 
conditions. 

 
Figure 1  Cotton Strip Frame 
 

Top 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
           Bottom 
 
 
 
 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-I-001 
 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Cotton Strips 6 August 2012 

Figure 2  Insertion device 
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STANDARD OPERATING PROCEDURES 
for 

SAMPLING ESTUARINE SUBMERGED AQUATIC VEGETATION 
 
 
1.0 INTRODUCTION 
 
It is important to monitor the status of submerged aquatic vegetation (SAV) communities as they 
are good indicators of the overall environmental health of the south Florida ecosystem.  As a 
result, change in seagrass community structure is a key performance measure for the assessment 
of restoration success in south Florida estuaries (Hall et al., 2009). 
 
2.0 METHOD SUMMARY 
 
The objective of this standard operating procedure (SOP) is to identify spatial and temporal trends 
in SAV patterns within multiple types of study areas throughout south Florida.  Methods employed 
for SAV monitoring differ with the study area being investigated due to water column visibility, 
habitat characteristics, and the specific objective(s) of the study area (e.g., edge of seagrass bed 
delineation, density within seagrass bed, community composition).  Methodologies may vary in the 
metric used, the method of estimating the metric, and/or the sampling pattern employed.  The 
metrics described within this SOP include the Braun-Blanquet Cover Abundance (BBCA) Index, 
percent cover (with four different estimation techniques), shoot density, and above- and below-
ground biomass.   
 
2.1 Braun-Blanquet Cover  Abundance Method 
 
The BBCA rapid assessment approach (Mueller-Dombois and Ellenberg, 1974; Fourqurean et al., 
2001) is utilized for bay-wide or within-bed monitoring.  Because this method uses a fast visual 
index with broad categories, it can be used to assess the density of benthic vegetation over large 
areas very quickly.  The metric uses visual estimations of percent cover as determined by bottom 
occlusion and is, therefore, limited by water clarity.   
 
The intensive and destructive transect SAV sampling approach utilizes the BBCA method to 
estimate percent cover, combined with short shoot density counts and above- and below-ground 
biomass samples, to provide finer scale information on the behavior and physiological responses of 
seagrasses.  This method should be utilized on a smaller scale than the rapid assessment approach.   
 
The BBCA method is utilized for edge-of-bed monitoring using the Shallow Water Positioning 
System (SWaPS) as described in Lirman and Deangelo (2007) and Lirman et al. (2008).  In this 
instance, the BBCA approach is used to analyze geo-referenced digital images captured during the 
analysis of video transects.  This monitoring approach requires good visibility; under low visibility 
conditions, field personnel would conduct visual surveys instead. 
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2.2 Point-Intercept Percent Cover  Method 
 
Haphazard deployment of quadrats, together with the point intercept coverage method (Morrison, 
1988), is used for monitoring the mangrove transition zone.  By sub-sampling within a quadrat, the 
point-intercept method allows an estimation of percent cover even when visibility is poor.  The 
method is more time intensive than the BBCA method, but it provides a more sensitive metric for 
areas with low diversity and low density.  
 
2.3 Fixed Seagrass Transects Using the Gr idded Percent Cover  Method 
 
A 1 m2 quadrat, divided by strings into 100 squares, each 10 cm by 10 cm, is used to simplify 
quantitative estimates of cover along fixed seagrass transects to evaluate long-term trends in species 
composition, depth distribution, and edge-of-bed distance from shore.  This technique allows for 
rapid, repeated, quantitative, and non-destructive assessments at the same locations.  Parameters 
measured include water depth, percent cover and biomass estimates of drift algae, percent cover of 
Caulerpa sp., percent cover of total and species-specific seagrass, epiphyte loading, canopy height, 
shoot counts, photosynthetically active radiation (PAR), and water quality.  Underwater video is 
used for image analysis and interpretation.   
 
2.4 Percent Cover  Method (Patch-Scale) 
 
The patch-scale percent cover method is used to non-destructively monitor within-bed percent cover 
and community composition.  This method utilizes a minimum of 30 1 m2 quadrats, each 
subdivided into 25 cells (20 cm by 20 cm) deployed haphazardly throughout each site.  Percent 
cover for each seagrass species or macroalgal functional group is calculated within each quadrat.  
 
A modification of this method is used in the Shallow Water Positioning System (SWaPS) as 
described in Lirman and Deangelo (2007) and Lirman et al. (2008) to determine seagrass and 
macroalgae abundance (percent cover).  In this instance, the percent cover of SAV taxa is estimated 
using high-resolution (10 MP) geo-referenced digital images captured through the glass hull of the 
survey skiff.  Each image obtained is analyzed by trained users from a computer screen to document 
the percent cover of the observed taxa.  Currently, > 30 images are analyzed for each site at this 
time.  This monitoring approach requires good visibility; under low visibility conditions, field 
personnel would conduct visual surveys instead.  The percent cover estimates obtained in this 
project can be easily converted to BBCA metrics. 
 
2.5 Aerial Mapping and Associated Ground-truthing Using Quadzilla 
 
Seagrass mapping from aerial imagery is used to assess trends in seagrass distribution and density at 
the landscape or lagoon-wide scale.  Areas identified through aerial imagery as having questionable 
benthic signatures should be ground-truthed to determine the appropriate map category and to fill in 
species-specific information.  Ground-truthing is performed using a 9 m2 quadrat (Quadzilla) to 
assess percent cover of total and species-specific seagrass as well as macroalgae functional groups.   
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3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
The BBCA rapid assessment approach is utilized for bay-wide or within-bed monitoring.  Examples 
of where bay-wide SAV investigations have been and are currently being performed include the 
Northern Estuaries [Southern Indian River Lagoon {SIRL}, St. Lucie Estuary {SLE}, Lake Worth 
Lagoons {LWL}, and Loxahatchee River Basin], Biscayne Bay, the western Everglades (Lostmans 
River mouth and Oyster, Whitewater, and Coot Bays), Card Sound, and several basins within 
Florida Bay (Manatee Bay, Barnes Sound, Highway Creek, Long Sound, Little Blackwater 
Sound, northwest Blackwater Sound, Joe Bay, Alligator Bay, Davis Cove, Trout Cove, Little 
Madeira Bay, an area south of Little Madeira Bay, Duck Key, Eagle Key, Calusa Keys, Crane 
Keys, Twin Keys, Rabbit Key, Whipray Basin, Rankin Key Basin, Johnson Key, Garfield Bight, 
Terrapin Bay, and Rankin Lake).  The approaches used for bay-wide monitoring could be employed 
in systems similar to the Northern Estuaries, Florida Bay, and Biscayne Bay.  A variation of the 
BBCA approach could be utilized to provide finer scale information in smaller areas or in 
coordination with the SWaPS method.  The SWaPS method is appropriate for shallow (< 1.0m) 
nearshore habitats where boat access is limited.  The mangrove transition zone could be 
evaluated using the point intercept coverage method, especially in areas with low diversity and 
density coverage.  Examples of where monitoring of fresh-to-salt water mangrove transition zones 
is conducted could be found within the Greater Everglades.  Fixed transects using the gridded 
percent cover method should be employed at sites requiring an investigation of long-term trends.  
Lastly, while the percent cover method could be used to monitor within-bed percent cover and 
community composition on a patch-scale level, seagrass mapping from aerial imagery and the 
use of Quadzilla for associated ground-truthing could be used to assess seagrass distribution and 
density trends on a landscape or lagoon-wide scale.   
 
4.0 EQUIPMENT AND SUPPLIES 
 

• Shallow-draft vessel suitable for monitoring region and related U.S. Coast Guard 
(USCG) safety equipment 

• Truck capable of towing vessel 
• Snorkeling, Hookah (surface supplied) diving, and/or self contained underwater breathing 

apparatus (SCUBA) gear 
• Pencils 
• Waterproof paper or Xerox digital synthetic polyester paper 
• Plastic clipboard 
• WAAS-enabled GPS unit 
• Watch or other time-keeping device 
• Datasheets  

 
Additional equipment needed for monitoring SAV is listed below. 
 
4.1 Braun-Blanquet Cover  Abundance Method 
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• 0.25 m2 quadrats (0.5 m x 0.5 m as measured on inside corners) constructed of ¾ inch 
PVC pipe with ¾ inch t-joints forming the corners 

 
4.1.1 Rapid Assessment Approach for  Bay-Wide SAV Density Monitor ing 
 

• Sampling grid and station locations generated using algorithms 
• Specialized site-selection software or random number generator 
• Secchi disk 

 
4.1.2 Intensive Transect SAV Sampling for  Physiological Responses 
 

• 50 m transect tape 
• 10 cm x 10 cm quadrat 
• 9 gallon-size zipper-lock freezer bags 
• Cooler with ice 
• Freezer 
• 15 cm diameter PVC corer with sharpened edge 
• Metric ruler 
• 1 mm brass soil screen 
• Single-sided razor blades 
• 10% (volume/volume) HCl 
• Drying oven 
• Scale 

 
4.1.3 Shallow Water  Positioning System (as descr ibed in Lirman and Deangelo, 2007 and 

Lirman et al., 2008) 
 

• Shallow-draft skiff outfitted with a glass port for through-the-hull image capture and 
camera gimball system 

• High resolution digital SLR camera 
• GPS encoder with GPS output connected to camera 
• Depth sensor connected to GPS encoder 
• Laptop computer to control the camera and store images 
• Licor light meter with spherical sensor 
• YSI meter 
• Clipboard with rite-in-rain paper to record water quality parameters 
• GIS program for site selection 
• GPS compatible software for vessel guidance and physical chart production 
• Desktop computer with large storage capacity 
• Image Editing software 
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4.1.3.1 SWaPS with Base Station 
 

Equipment described in 4.1.3 plus 
• Radio modem 
• Kinematical Positioning (KINPOS) software program 
• Online Positioning User Service (OPUS) GPS processing service 

 
 

  
  

FIGURE 1.  PHOTOGRAPHS OF THE SHALLOW-DRAFT VESSEL 
EQUIPPED WITH A SWAPS PLATFORM USED DURING SURVEYS   

 
Note:  In this instance, the center of the boat hull was cut out and replaced with a plexi-glass view port.  An aluminum gimbaled arm was attached 
to a frame and the GPS receiver/antenna was connected to the top of the arm.  The video camera and/or still-frame camera were connected to the 
other end of the arm.  The base station was fixed to the truck where the boat was deployed (pers. comm., Amit Hazra, PBS&J, March 24, 2011). 
 
 

 
4.2 Point-Intercept Percent Cover  Method 
 

• 0.25 m2 quadrat (0.5 m x 0.5 m as measured on inside corners) with nylon strings 
interlaced across the quadrat frame to form 25 non-squared intersection points within the 
space of the quadrat 

• Marked, weighted line for measuring depth 
• 20 cm diameter Secchi disk 

 
4.3 Fixed Seagrass Transects Using the Gr idded Percent Cover  Method 
 

• 100 m transect tape 
• PVC poles 
• Nylon line 
• 1 m2 quadrat subdivided into 100 equilateral 10 cm x 10cm squares 
• Marked, weighted line for measuring depth 
• Meter stick 

Source = Amit Hazra, PBS&J, March 24, 2011, Pers. comm., Source = Lirman et al., 2008 

B A 
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• LI-COR 4π sensor on a Tree or Tee 
• Wide-angle, high resolution, Hi-8 color video camera  
• Mobile Underwater Video Transporter (MUViT) “sled” 
• Colored flagging tape 
• Adobe Premier software 
• Transparent field sheet overlay 
• Secchi disk 
• Air thermometer 
• Kestrel 2000 

 
4.4 Percent Cover  Method (Patch-Scale) 
 

• 1 m2 quadrat subdivided into 25 equilateral 20 cm x 20 cm sections (for construction see 
section 6.4.1) 

• Duct tape 
• Permanent markers 
• Meter stick 
• Marked, weighted line for measuring depth 
• Digital camera 
• Secchi disk 

 
4.4.1 Quadrat Assembly 
 

• 3/4 inch PVC pipe 
• 90 degree PVC T fittings 
• PVC cement 
• Meter tape 
• Drill and 1/8 inch drill bit 
• Brightly colored nylon line  
• Glue gun and glue or butane lighter 
• Washed quartz (inert) gravel (>1/8 inch)  
• Peanut buoys 

 
4.5 Aerial Mapping and Associated Ground-truthing Using Quadzilla 
 
4.5.1 Aerial Imagery Collection and Mapping 
 

• Leica ADS 40 (SH2) pushbroom sensor mounted within a twin-engine Piper Navaho 
Chieftain airplane, or similar 

• Precise Point Positioning 
• Global Navigation Satellite System 
• Leica Geosystem’s Orientation Management Software 
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• SOCET SET photogrammetric workstation 
• Z/I OrthoPro software 

 
4.5.2 Photointerpretation of Aer ial Imagery and Maps 
 

• Softcopy workstation 
 
4.5.3 Ground-truthing Aer ial Maps Using 9 m2 Quadzilla 
 

• 9 m2quadrat (collapsible 3 m x 3 m quadrat; dubbed Quadzilla) 
 
4.5.3.1 Quadzilla Construction 
 

• Four, 3-m long ¾” PVC pipes 
• 3/8” nylon line 
• Black paint 
• Meter stick 

 
4.5.3.2 Quadzilla Monitoring 
 

• Meter stick 
• Marked, weighted line 
• Digital camera 
• Secchi disk 

 
4.6 Surface Water  Quality Measurements 
 

• Standard electronic sensors (YSI 6600, YSI 85 handheld, and/or LI-COR PAR Tree 
Quantum Sensor painted black to reduce reflection, consisting of two scalar sensors 
positioned 0.5 m apart on a measured pole as described in Step 6.6) 

• LI-COR 4π sensor on a tree or tee 
• LI-1400 software 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field coordinator should work with one or more of the 
staff while collecting data; thus data collections are directly checked by the field coordinator.  
Members of the field crews must have good recommendations, previous experience in field 
sampling projects, and proven ability to work in the field reliably and independently.  All field 
crew members are required to have at least one month of documented training by the field 
coordinator prior to collecting any data.  Training should include SAV identification, proper 
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quadrat deployment, and SAV density measurements that encompass the entire range of 
possibilities (very sparse to very dense).  New and experienced staff members should estimate 
BBCA within the same quadrats until the new staff member knows the macrophyte species 
encountered and obtains the same cover estimates as the experienced staff member.  An initial 
BBCA calibration should be performed with all BBCA divers during the first day of sampling.  
Field crew members should have training documentation in boat operation, vehicle operation, 
boating safety, and valid SCUBA certification, if SCUBA is used.  Field crew members will be 
provided with a handbook of protocols and safety procedures prior to initiating the sampling 
event. 
 
6.0 PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Braun-Blanquet Cover  Abundance Method 
 
6.1.1 Rapid Assessment Approach for  Bay-Wide SAV Density Monitor ing 
 
The BBCA approach to rapid assessment of plant cover in the marine environment should be 
applied when conducting bay-wide SAV density monitoring.  It should be conducted at least 
once a year.  If only conducted once a year, this approach should be consistent on the time of 
year to attempt to remove the seasonality of SAV communities from the data trends. 
 

A. The regional area of interest should be partitioned into approximately 30 tessellated 
hexagonal grid cells using the grid supplied by the US Environmental Protection 
Agency’s Environmental Monitoring and Assessment Program (USEPA EMAP) and the 
Florida Fish and Wildlife Conservation Commission’s Fish Habitat Assessment Program 
(FWC FHAP) as an example.  The sampling grid and station locations should be 
generated using algorithms similar to those developed by the USEPA EMAP and the 
FWC FHAP.   

B. Prior to entering the field, select a site from within each grid cell either through 
specialized site-selection software or through a random number generator. 

C. Record time of day and exact GPS location of each monitoring site upon arriving at the 
selected sampling sites. 

D. Measure Secchi depth (to the nearest 10 cm). 
 
NOTES: 

• If Secchi depth is found to exceed water depth (i.e., bottom) the depth should be 
recorded as a 9999 in the database. 

 
E. Four quadrats should be haphazardly deployed off the port side and four quadrats should 

be haphazardly deployed off the starboard side of the moored vessel at each site by 
throwing from above the water surface, not placing while underwater to avoid observer 
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selective positioning.  Quadrats should be placed with no less than five (5) m separating 
any two quadrats such that the SAV within the site could be appropriately characterized.  

F. Document quadrat number on datasheet.  One observer, on snorkel, hookah, or SCUBA, 
would be responsible for assessing the SAV within each quadrat; one observer would 
sample the quadrats on the port side of the vessel and a second observer would sample 
those on the starboard side of the vessel. 

G. Datasheet columns should be pre-labeled with all possible categories of vegetation for the 
region (Figure 2).  Scorer should proceed with scoring left to right.  
 
NOTES: 

• Aggregated vegetation categories should be on the left-side of the datasheet, 
coming before the individual species or genera.  

• Individual species or genera should not be scored before totals as this could cause 
artificially inflated total scores.   

• At a minimum, all categories in Table 1 should be included on the datasheet.   
• Individual genera of macroalgae could be scored for more detail or merely noted 

as present. 
 
H. Scoring of each category should be estimated by the observer using the BBCA scale 

found in Table 2. 
 

NOTES: 
• The benthic community should not be manipulated after throwing the quadrat.  If 

shoots are compressed under the physical structure of the quadrat, they should be 
left alone for the purpose of estimating BBCA. 

• There should be no strings crossing the quadrat for subdivision or any other 
purpose.  Strings cause compression of shoots and inflate the total cover estimate.   

• Short shoot counts should never be conducted prior to BBCA scoring as this 
could cause bias in the observer’s mind, especially with plants that are numerous 
but represent small cover. 

• Blue-green algal mats are not to be included in the total macrophyte cover 
estimates. 

• Detritus should not be considered as benthic macrophyte cover. 
• Periodic inter-calibration exercises need to be conducted to ensure comparability 

among groups using this method since this is a visual metric. 
• To ensure consistency within a group, at least one quadrat per day per team 

should be identified as a quality control quadrat.  Each member of the team would 
score the quadrat on their data sheet for comparison purposes.  Only one set of 
scores (the consensus) would be kept as part of the official project database, but 
the remainder would be recorded and kept for quality assurance/quality control 
(QA/QC) purposes in a separate database.   

• Scores of 0.1 and 0.5 should always be recorded as “0.1” or “0.5” and never as 
“.1” or “.5” to avoid entry errors where the decimal is faded or obscured.  
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FIGURE 2.  EXAMPLE DATASHEET FOR BBCA METHOD.  
 
Note;   Categories should be in pre-labeled columns with aggregates to the left and individual species to the right.  Scoring should be completed 
left to right to minimize missing data and biased scoring. 
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TABLE 1.  MINIMUM SCORING COLUMNS FOR BBCA DATASHEET 
Column 
Name Description 

TOT Total benthic macrophyte cover 
TDR Total drift algae cover 
TSG Total seagrass cover 
TMA Total macroalgae cover (does not include drift algae) 
TCAL Total calcareous green algae 
TGO Total green other algae (all non-calcareous green) 
TBR Total brown algae 
TT Thalassia testudinum 
HW Halodule wrightii 
SF Syringodium filiforme 
RM Ruppia maritime 
HE Halophila engelmanii 
HD Halophila decipiens 

 
 

TABLE 2.  BRAUN-BLANQUET COVER ABUNDANCE SCALE 

BBCA VALUE RANGE OF COVER 
VALUES (%) ABUNDANCE 

5 >75 - 100 Any 
4 >50 - ≤75 Any 
3 >25 - ≤50 Any 
2 ≥5 - ≤25 Any 
1 < 5 Numerous 

0.5 < 5 Sparse 
0.1 < 5 Solitary 
0.0 Absent Absent 

 
 
6.1.2 Intensive Transect SAV Sampling for  Physiological Responses 
 
This intensive and destructive transect SAV sampling approach provides finer scale information 
on the behavior and responses of seagrasses.  It uses 50 m permanent transects at 15 fixed 
locations and is therefore sampling on a smaller scale than the BBCA rapid assessment method.  
This sampling should be conducted approximately every six months (May/June and between 
October and December). 
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A. Locate the start and end-point of the 50 m transect using GPS. 
B. On each established transect, a minimum of ten locations would be randomly selected and 

sampled using the BBCA method and 0.25 m2 quadrats.  
C. Conduct and record actual short shoot density counts for all seagrass species encountered 

within the 10 cm x 10 cm quadrat mounted in the corner of each 0.25 m2 quadrat at each of 
the BBCA quadrats.  

D. Collect, bag, and transport on ice before storing in a freezer ten T. testudinum shoots for 
morphometrics and epiphyte analysis (see Steps 6.1.2 F-L).   

E. Collect above- and below-ground biomass samples from three 15 cm diameter cores 
arbitrarily placed on the sediment surface adjacent to each transect line.  
a. Collect samples by rotating the corer into the sediment ~30 cm.  Exact depth of the core 

depends on the depth of the rhizomes. 
b. Divide each core into three 10 cm sections of sediment depth.   
c. Rinse soil and detritus from in these sections from roots using standard 1 mm brass soil 

screens and ambient surface water in the field. 
d. Bag all material remaining in the sieves for each section in separate labeled zipper-lock 

freezer bags and transport on ice before storing in a freezer until analysis (see Steps 
6.1.2 F-L).   
 

F. In the laboratory, thaw and rinse core samples to remove remaining sediment and separate 
material by seagrass species and macroalgal groups. 

G. The number of short shoots, leaf number, and leaf area measurements shall be made on 
intact T. testudinum, H. wrightii and R. maritima shoots from the shoots collected in step D 
and the cores collected in step E.  

H. Divide each seagrass species into fractions representing live rhizomes and roots, shoots and 
stems, blades, and dead material.   

I. Remove epiphytes from all shoots by scraping the blades with a single-sided razor blade. 
J. Rinse all fractions and macroalgae in ten (10) percent (volume/volume) HCl, dry in drying 

oven at 60 °C, and weigh to a constant weight on calibrated scale.   
K. Report biomass for each fraction as grams dry mass. 
L. Report average dry mass for each sampling site using calculations from all samples. 

 
6.1.3 Shallow Water  Positioning System  
 
6.1.3.1 Site Selection 
Seasonal surveys (wet season, dry season) are conducted in Biscayne Bay between Matheson 
Hammock and Manatee Bay using a stratified random sampling design based on the US EPA’s 
EMAP sampling protocol.  Nearshore habitats are divided into five 100-meter buffers (strata) at 
increasing distance from shore. These strata are further divided into equal-size cells and one 
survey point is generated within each subdivision at random.  The GPS coordinates for each 
point are exported into a boat GPS for navigation in the field.  To increase GPS accuracy, 
establish a static GPS base station in the vicinity of SWaPS operation to track the detectable GPS 
satellites in synchrony with the mobile GPS receiver onboard the SWaPS survey vessel.  
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6.1.3.2 Field Sampling Methods 
 
The SWaPS survey skiff if driven to the selected survey site. The engine is stopped and the 
camera/GPS system started. A set of initial images are taken and evaluate on the on-board laptop 
computer to adjust image settings (strobe power, focus, aperture, ISO). Once the image quality is 
set, images are taken at 10-sec intervals as the skiff drifts with wind and currents. A total of 30-
50 images at collected at each site, usually representing a 50-m transect. 
 
As the camera captures the images of the bottom (which are imprinted individually with GPS 
and depth information, Figure 3), light (PAR), salinity, DO, and temperature are collected at the 
surface and at the bottom with hand-held instruments (Licor and YSI). This information is 
recorded in data-sheets along with site and date information. 
 
The video/photo-based method described as the main survey methodology for edge-of-bed 
monitoring requires good visibility to obtain the taxonomic discrimination expected (i.e., 
species-level for most taxa).  Diver/snorkel collection of images may be required if turbidity 
would not allow for surface collection.  Field personnel would be deployed on site (with marker 
buoy) to conduct visual surveys by deploying 0.25 m2 PVC quadrats haphazardly at the selected 
site for analysis using the BBCA method.  Alternatively, approximately 30 random images could 
be collected within the same area if particular sites cannot be re-visited within the same season 
(image specific GPS encoding is not available with this option).  Field personnel conducting the 
video surveys should carry snorkel gear and be fully capable of conducting visual surveys in low 
visibility conditions, as necessary.   
 
6.1.3.3 Image Analysis  
 

A. Upon return to the laboratory, the images stored in the boat computer are transferred to 
the lab computer and separated by site in different folders. Images are archived in tif or 
jpg format. 

B. For each site, select ten (10) images at random from the image library to determine the 
percent cover of SAV taxa. 

C. Each image is processed in an image-editing software like Photoshop to improve 
sharpness and color balance to aid with identification prior to scoring. 

D. For each digital image (i.e., the sample unit for that site), record community type, species 
observed, and abundance (percent cover) directly from the computer monitor  

E. Percent cover is estimated as the fraction of the entire image occupied by each SAV 
taxon when viewed directly from above using a continuous cover scale from 0 to 100 %.. 
With a minimum resolution of 5%. Any categories that appear to cover < 5% of the 
image get a score of 1%.   
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F. Cover data are recorded for each taxon and transcribed into MS Excel spreadsheets. The 
average percent cover (n = 10 images) is calculated for each category and assigned to 
each site.  
 
  

SCORING STEPS (repeated for each image) 
 

1) Look at whole image and assign an SAV score. This score will include ALL plant matter, 
both green and senescent and decayed. The only things that are NOT considered under 
the SAV score are SHELLS, MANGROVE LEAVES/ROOTS, AND ANY 
TERRESTRIAL PLANT MATERIAL. 

 
Epiphytic puff or substrate (puff, mat, carpet, etc), is considered part of the detritus, so it 
must be counted as SAV. Any fuzz of plant origin is counted. 

 
2) Score Epiphytes by looking at the whole image and identifying the following epiphyte 

types: F = filamentous, C = Calcareous, B = Bacterial.  For each category identified, note 
the Maximum cover reached and score as: L = low (<30 of blade surface area occupied 
by a given type), M = medium (30-60%), and H = high (>60%).  Write down what you 
see as combinations of TYPE/COVER. For example F/L, B/H, etc.   

  
3) For all of the other categories (seagrass, algae) you will ONLY take into account live, 

GREEN tissue (but see exception for white calcareous tissue below) 
   
4) Score % cover of live material. 
 
5) For Macroalgae, we have columns for genera (e.g., Anadyomene, Chara, Caulerpa) and 

for functional groups (drift, rhizophitic). Do not double score. For example, if you have a 
score for Anadyomene, do not include Anadyomene in your estimate of drift. 

 
6) Drift: all reds, browns and unknowns that are NOT epiphytic will be added together for 

the Drift column. Do not try to guess what is under the drift algae. If you do not see it, 
don't score it. 

 
7) Calcareous green algae (Halimeda, Penicillus, Acetabularia, and Udotea) may show 

areas of bleaching (white skeletal structure) but this is still standing crop – score as live. 
Do not score skeletal remnants that are lying on the sediment. 

 
 

6.1.3.4 QAQC Procedures 
 

• A subset of images shall be scored by multiple observers initially to assess inter-
observer variability.  Seasonal or annual calibration should be used for all 
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participants (new and experienced).  Variability could be reduced by conducting 
training sessions as new participants are incorporated into the project. 

 
• Calibrate between visual and image-based surveys annually or whenever new 

survey personnel are incorporated into the project to control data consistency. For 
training and calibration, survey a subset of sites with different characteristics 
(e.g., seagrass-dominated, algal dominated, and mixed communities) using both 
methods. 

 
 

 
Source:  Lirman et al., 2008 
 

FIGURE 3.  EXAMPLE OF THE TIME-STAMPED DIGITAL FRAMES 
OBTAINED DURING SURVEYS USING THE SWAPS METHOD 

 
 

 
6.2 Point-Intercept Percent Cover  Method 
 
The Point-Intercept Percent Cover Method should be applied when conducting SAV density 
monitoring within the mangrove transition zone where there is chronic low density and low 
diversity.  SAV is non-destructively surveyed every eight weeks at each station.  Abundance 
estimates of SAV are assessed using a point intercept percent cover method which employs a 
0.25 m2 quadrat with 25 points (Morrison, 1988).   
 

A. Record time of day and GPS location of each monitoring site. 
B. Quadrats should be haphazardly deployed by throwing from above the water surface, not 

placing while underwater to avoid biased positioning.  A minimum of 12 quadrats should 
be sampled at each site.  
 
NOTES: 

• If SAV compaction is caused by the quadrat or its strings, the observer should 
straighten the SAV before proceeding with counts to ensure accurate cover 
estimates.   
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C. Measure water depth (cm) with a marked, weighted line.  Record results. 
D. Measure water transparency to the nearest centimeter using a 20 cm diameter Secchi disk.  

Record results.  
E. One observer, on snorkel, hookah, or SCUBA, would be responsible for assessing the 

SAV within each quadrat. 
a. For each species present within the quadrat, the observer would count the number of 

nodes (points of intersecting string) that come in contact with that particular species.  
b. The number, if greater than zero (i.e., 1-25), would be recorded on the datasheet 

along with the species of SAV and the quadrat number (i.e., 1-12).   
c. If a species is present but not in contact with a node, a 0.5 would be recorded on the 

datasheet along with the species of SAV and the quadrat number. 
 

NOTES: 
• Detritus should not be considered as benthic macrophyte cover.  To ensure 

consistency within a group, at least one quadrat per day per team should be 
identified as a quality control quadrat.  Each member of the team would score the 
quadrat on their data sheet for comparison purposes.  Only one set of scores (the 
consensus) would be kept as part of the official project database, but the 
remainder would be recorded and kept for quality assurance/quality control 
(QA/QC) purposes in a separate database.  

 
6.3 Fixed Seagrass Transects using the Gr idded Percent Cover  Method 
 
Fixed seagrass transects are used to evaluate long-term, lagoon-wide trends in species 
composition, depth distribution, and edge-of-bed distance from shore (i.e., seagrass expansion 
and loss).  All transects should be monitored at least twice a year, summer and winter, roughly 
corresponding to times of maximum and minimum seagrass abundance, respectively.  The intent 
of the design of this methodology is to sample (1) repeatedly at the same location along the same 
line, (2) quantitatively, (3) non-destructively, and (4) rapidly.  

A. Extend a transect line, marked with a series of flags every 10 m along a 100 m line, 
roughly perpendicular to shore out to the deep edge of the grass bed. 

B. To exactly locate the deep edge of the grass bed, tautly string a measured line between 
fixed PVC poles located perpendicular to the shore.   
a. The following definition for the deep “edge” of a grass bed has been adopted: 

1. If the seagrass coverage (counted percent cover) abruptly drops off (% cover = 
1% or less) record this distance as the edge, or 

2. If the “bed” continues at a sparse density (less than 1% visual or less than 
approximately 30 shoots/m2) for more than 30 m, monitor those 30 m, at 10 m 
intervals, and record the distance of the grid before the 30 m sparse bed begins as 
the edge.  

i. For example, if the observer has a visual of 10% at 80 m, 1% at 90 m, 0.5% at 
100 m, 0.25% at 110 m and 0.5% at 120 m, record 90 m as the edge of the 
grass bed. 
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NOTES: 
• Do not get caught up in looking in a wide area for the “edge.”  Remember, all 

other data are taken from a 1-m2 grid along the line.  Continue to look along the 
line in a 1-m wide area. 
 

C. Center a 1 m2 quadrat, divided by strings into 100 squares, each 10 cm by 10 cm 
(Figure 4), to simplify quantitative estimates of cover, every 10 m on the line. 

D. One observer, on snorkel, hookah, or SCUBA, would be responsible for assessing the 
seagrass parameters within each quadrat.  The parameters that should be measured 
include: 
a. Water depth (cm) – use a marked, weighted line to establish a bottom profile of 

seagrass versus depth. 
b. Drift Algae – calculate both a percent cover estimate and a biomass estimate as 

follows: 
1. Percent cover – present or absent within each of the 10 cm by 10 cm cells. 
2. Biomass estimate – based on the following scale from 0 to 5.   

i. 0 - no algae 
ii. 1 - <10% cover of only single strands 

iii. 2 - >10% cover of only single strands 
iv. 3 - “tumble weed” clumps <50% cover 
v. 4 - “tumble weed” clumps >50% cover but can still see the bottom 

vi. 5 - “tumble weed” clumps 100% cover, cannot see the bottom. 
 

c. Caulerpa percent cover – Caulerpa species should be counted as being either present 
or absent within each of the 10-cm by 10-cm cells. 

d. Caulerpa visual percent – estimate (from 0-100%) the Caulerpa sp. cover within the 
1-m2 quadrat, not an exact count.  A good way to visualize this estimate is to mentally 
picture a dense coverage, then try to visually “push” all the Caulerpa sp. in the 1-m2 
quadrat to one side until it resembles a dense coverage. 

e. Seagrass visual estimatepercent – estimate (from 0-100%) the overall seagrass cover 
and the seagrass cover for each species present within the 1-m2 quadrat, not an exact 
count.  A good way to visualize this estimate is to mentally picture a dense coverage, 
then try to visually “push” all the seagrass in the 1-m2 quadrat to one side until it 
resembles that dense coverage.  The total count of seagrass “coverage” in the 100 
cells is then the visual estimate.   

 
NOTES: 

• Helpful hint:  a dense Halodule wrightii grass bed has approximately 30-35 
shoots/10 cm cell, so a 1% visual = approximately 30 shoots total.  

 
f. Seagrass percent cover – for all seagrass and for each individual species, count as 

being either present or absent within each of the 10-cm by 10-cm cells.  This 
procedure allows for an objective direct count of percent cover. 
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g. Epiphyte loading (Halodule wrightii only) – compare visual estimates taken in the 
field with the most representative Epiphyte Photo Index (EPI) photograph (Figure 5) 
on a scale of 0-5 (Morris et al., 2001; Myers and Virnstein, 2000).  The scale is a 
photographic reference of different "levels" of epiphyte loading (epiphyte biomass 
per seagrass biomass; Table 3).   
1. Collect three shoots of Halodule wrightii from around the quadrat by pinching off 

near the sediment surface. 
2. Examine these shoots by floating them in your hand. 
3. By comparing to the EPI, the general category (1-5) should be picked first (check 

that both higher and lower alternatives have been eliminated). 
4. Again comparing to the EPI, select a sub-category (a-e), if appropriate, based on 

its best match to the EPI reference photographs and table. 
5. Check the following considerations before making a final assessment: 

i. Length and width of seagrass blades (affects seagrass biomass); 
ii. Entire distribution, not just fuzz on tip; and 

iii. Type of epiphyte (a fine film over the entire blade may be a heavy loading). 
 

h. Canopy height (cm) – measure for each species present.  Blades are "combed" with 
fingers vertically up along the quadrat.  A composite measure of the blades is made to 
the nearest cm.  Most blades tend to reach a similar maximum length; those few 
extra-long blades (< 5%) are excluded. 

i. Shoot counts – make direct counts of individual shoots from eight fixed, pre-selected 
cells, of the 100 10-cm by 10-cm cells.  These counts are for each species present, 
made at mid-bed, 10 m from the deep edge, and at the deep edge of the transect (last 
quadrat sampled).   
1. The 100 cells should be numbered such that instead of using 10 random numbers, 

use a fixed, eight-square sampling scheme for shoot counts (Figure 6).  
2. If the Total Visual % is less than 3%, count the total number of shoots present in 

the 100 10-cm by 10-cm cells.  If two species are present and one of the species 
has a visual of 3% or less and the other species has a visual of 4% or higher, count 
the total shoot counts for the species with less than 3% and count the eight fixed 
cells for the other species. 

j. If Halophila johnsonii is present within a m2 quadrat, then: 
• Determine the percent cover using the method described above for 

seagrass. 
• Determine the patch size by: 

o Going backwards and forward along the transect line to find first and 
last occurrences.  Record the actual distances to get the length of the 
patch. 

o Looking out laterally from both sides of the transect line, to a 
maximum of approximately 5 m each way, for a total of 10 m, record 
the lateral extent as the width of the patch (noting if greater than 10 m 
total). 

o Keeping all notes on the Halophila johnsonii field sheet.  
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k. Photosynthetically Active Radiation (PAR) – using a LiCor 4Π (spherical) quantum 
sensor, three PAR readings are taken simultaneously at 20 cm, 50 cm below the 
surface, and canopy height (30 cm up from the sediment surface) at the deep edge of 
each transect.  

l. Underwater video – record underwater video along the entire length of the transect 
during the summer sampling.   

1. Walk a wide-angle, high resolution, Hi-8 color video camera, 
approximately at average canopy height, along the measured transect line 
which is marked with colored flags at each meter interval for easy 
reference.   

2. Convert video taken to digital format through the use of Adobe Premier 
software or record directly in a digital format.   

3. Maintain the video images as an archive of seagrass transects.   
 

m. Transparent Field Sheet Overlay – as a final check after completing the transect but 
before leaving the site, overlay the transparent field check sheet (Figure 8) over the 
data sheet.  Use this sheet to ensure that all parameters have been measured, and 
nothing has been missed, especially those parameters dependent on one another.  For 
example, if there is a visual estimate for Halodule, there should also be a percent 
cover, an epiphyte biomass, and a canopy height. 

n. Water Quality – water quality parameters should be collected at 0.5 m deep at the 
deep edge of each transect.  If the depth is shallower than 0.6 m, collect the 
parameters at approximately half of the total water depth.  For example, if the total 
depth is 0.5 m, collect the water quality parameters at 0.25 m.  

o. In addition to those parameters and associated procedures described in Section 6.6, 
the following data should also be collected: 

1. Secchi depth (m) – completed on the sunny side of the boat and without 
sunglasses 

2. Collection depth (m) of water quality parameters 
3. Total water depth (m) at sampling location 
4. Air Temperature (°C) 
5. Cloud cover – what percentage of the entire sky is covered with cloud 

cover.  This number can range from 0 –100 
6. Wind Direction – using Kestrel 2000 averaged over one [1] minute 
7. Wind Velocity 
8. Time - collection time of the parameters 

 
E. Establish the seagrass zone of occurrence at every site.  The zone of occurrence is the 

distance where the grass completely stops. 
a. If the grass continues for several hundred meters, spot checks from the boat are 

sufficient, but record the distance and the visual percent of grass at every spot. 
b. Spot checks should be performed every 50m from the boat until grass is no longer 

present. 
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FIGURE 4.  SAMPLE 1-M QUADRAT, DIVIDED BY STRINGS INTO 100 SQUARES, 

EACH 10 CM BY 10 CM 
 

 
 
 

1 m 

10 cm 
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FIGURE 5.  THE EPIPHYTE PHOTO INDEX (EPI), SHOWING FIVE CATEGORIES 
(1-5) OF EPIPHYTE LOADINGS, EACH ILLUSTRATED BY FIVE EXAMPLES (A-E) 

 
Note:  Epiphyte loading increases between and within each category (values given in Table 3) (Morris et al.,2001; Myers and Virnstein, 2000). 
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TABLE 3.  QUANTITATIVE, ACTUAL EPIPHYTE LOADING OF GRAMS  
OF EPIPHYTE PER GRAM OF SEAGRASS FOR EPI PHOTOGRAPHS (FIGURE 5), 

CATEGORIES (1-5), AND SUB-CATEGORIES (A-E)  
 Category 

Sub-
Category 

1 2 3 4 5 

a 0.121 0.264 0.465 0.761 0.910 
b 0.177 0.282 0.517 0.799 0.980 
c 0.190 0.342 0.544 0.800 1.087 
d 0.228 0.390 0.593 0.805 1.120 
e 0.232 0.416 0.672 0.870 1.525 

                              Source:  Morris et al., 2001; Myers and Virnstein, 2000 
 
 

9 19 29 39 49 59 69 79 89 99 

 8 18 28 38 48 58 68 78 88 98 

 7 17 27 37 47 57 67 77 87 97 

 6 16 26 36 46 56 66 76 86 96 

 5 15 25 35 45 55 65 75 85 95 

 4 14 24 34 44 54 64 74 84 94 

 3 13 23 33 43 53 63 73 83 93 

 2 12 22 32 42 52 62 72 82 92 

 1 11 21 31 41 51 61 71 81 91 

 0 10 20 30 40 50 60 70 80 90 

FIGURE 6.  SAMPLE EIGHT-SQUARE SAMPLING SCHEME 
FOR CONDUCTING SHOOT COUNTS 
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Note:  color coding (Morris et al., 2001) 
 

FIGURE 7.  SAMPLE TRANSPARENT FIELD CHECK SHEET 
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6.4 Percent Cover  Method (Patch-Scale) 
 
The Patch-Scale Percent Cover Method should be applied when conducting within-bed percent 
cover and community composition monitoring.  Sites shall be non-destructively sampled 
bimonthly (every other month) for seagrass and macroalgae throughout the duration of the study. 
 

A. Assemble a minimum of 30 1 m2 quadrats (each subdivided into 25 equilateral 20 cm x 
20 cm quadrants [cells]) following the procedures outlined in Step 6.4.1. 

B. Label 30 - 1 m2 quadrats 1-30 using duct tape and permanent marker. 
C. Record general field site location. 
D. Deploy quadrats from shallow waters skiff in haphazard fashion with no less than five (5) 

m separating any two quadrats such that the SAV within the site could be appropriately 
characterized. 
 
NOTES: 

• Sampling involves turning one’s back to the plant community and throwing the 
quadrant frame over the shoulder to limit “sampler selection preference” errors 
and maximize randomization. 
 

E. Geo-reference the position of each quadrat using, at a minimum, a WAAS-enabled GPS 
unit held over the middle of the quadrat.  Record quadrat number with each GPS location. 
a. Store final data in an ArcGIS shapefile which includes quadrat locations and 

associated SAV attributes. 
b. Convert the shapefile to an Excel file (or other appropriate file format) for additional 

analysis. 
 

F. Use a marked, weighted line to measure water depth at each quadrat location. 
G. When water clarity permits, collect representative underwater photographs/digital images 

of each quadrat. 
H. One observer, on snorkel, hookah, or SCUBA, would be responsible for assessing the 

SAV within each quadrat. 
I. Count the number of cells (out of 25) housing each seagrass species, each macroalgae 

functional group, and those cells that are bare (“bare” is defined as a cell not containing 
seagrass or macroalgae).  Calculate percent cover for each quadrat by seagrass species or 
macroalgae functional group by dividing the number of quadrats housing a 
species/functional group by 25.  For example, a quadrat with 12 Syringodium filiforme 
cells, 16 Halodule wrightii cells, four macroalgal cells, and three bare cells should be 
interpreted as having 88% total SAV cover with S. filiforme covering 48%, H. wrightii 
covering 64%, and macroalgae covering 16% of the quadrat.  A sample datasheet is 
provided in Figure 8. 
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NOTES: 
• Because of the diversity of macroalgae species, macroalgae should be grouped 

into categories based on a modified form/function classification (Table 4) rather 
than by species (Exception:  Caulerpa spp. should be identified by species). 

• If species not listed on datasheet are found, the observer and principal investigator 
(PI) should review the characteristics of the species and agree upon the category 
to which it belongs. 
 

J. Record the total number of seagrass and total number of macroalgae cells within each 
quadrat.   

K. Assess seagrass canopy height concurrently with the enumeration of SAV by species 
within each quadrat using the following methodology: 
a. Loosely gather a small group of shoots of the dominant seagrass species in each 

quadrat and extend to the maximum height of their blades, without uprooting the 
shoots. 

b. Use a meter stick to measure to the nearest centimeter, the distance from the substrate 
to the blade tips, ignoring the few (<10%) if any, extra long blades. 

c. If seagrass is sparse, five individual shoots of the canopy-forming species within a 
quadrat should be measured and the mean of these heights used to calculate an overall 
mean canopy height for the bed.   
 

L. Measure Secchi depth (to the nearest 10 cm). 
 
NOTES: 

• If Secchi depth is found to exceed water depth (i.e., bottom) the depth should be 
recorded as a 9999 in the database. 
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Note:  The “Float_#” category is used to record a  

              reference number for the GPS location of each quadrat. 
 

FIGURE 8.  SAMPLE DATA SHEET  
 

 
 
 
 
 
 

SITE_NAME

Float_#

DEPTH_cm

STAFF

DATE
Score 0-25

TOT_BARE

TOT_SG
TOT_Algae

HWRI
SFIL

HJON/VAME
HDEC
HENG
TTES

RMAR
A-DRIFT

A-Fil
A-Sheet
A-Calc.

CAUL
CAUL_SP

CAN_SP

CAN_HT(cm)

CANHT_SFIL

COMMENTS
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TABLE 4.  CATEOGORIES OF MACROALGAE BASED ON A MODIFIED 
FORM/FUNCTION CLASSIFICATION AND EXAMPLES 

Drift/Attached Calcareous Caulerpa Filamentous Sheet 

Dictyopteris spp. 
Halimeda 
incrassada Caulerpa brachypus 

Chaetomorpha 
crassa 

Hincksia 
mitchelliae  

Dictyota spp. 
Penicillus 
dumetosus 

Caulerpa 
cupressoides 

Chaetomorpha 
minima Ulva spp. 

Rosenvingea spp. Udotea spp. Caulerpa fastigiata Enteromorpha spp. Gayrala allymenia 
Cladophora prolifera Acetabularia spp. Caulerpa mexicana Anotrichium tenue  

Gayralia oxysperma Padina spp. Caulerpa prolifera 
Asparagopsis 
taxiformis 

 

Acanthophora 
spicifera  

 
Caulerpa racemosa Polysiphonia spp.  

 

Champia 
salicornioides 

 Caulerpa 
sertulerioides 

Centroceras 
clavulatum  

 

Chondria capillaris  Caulerpa verticilata Ceramium spp.  
Dasya ocellata   Derbesia marina  
Gracilaria spp.    Lyngbya spp.  
Gracilariopsis 
lemaneiformis 

    

Hypnea spp.      
Laurencia condroides     
Liagora spp.     
Solieria flilformis      
Spyridia hypnoides      
Thuretia bornetii     
Bryopsis pennata     
Codium spp.     
Sargassum spp.     
Halymenia spp.     
Dictyopteris spp.     
Dictyota spp.     
Note:  This list is not exhaustive and not all species can be found in any one estuary. 
 
 
6.4.1 Quadrat Assembly 
 
The following methodology should be applied for assembling a 1 m2 quadrat (subdivided into 25 
equilateral 20 cm x 20 cm quadrants [cells]), for use with the percent occurrence cover analysis 
approach.   
 

A. The quadrat frame is made of 3/4 inch PVC pipe and 4 X 90 degree elbows.  Assemble 
sides by connecting with the T-fittings. 

B. Using a meter tape, measure the PVC and mark with a pencil near the center of the inner 
side of each edge, the spot where the holes will be drilled.  The holes should be 20 cm 
apart, with 4 holes per side. 
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C. Drill each hole through both walls of the PVC using a 1/8 inch drill bit. 
D. Weave nylon string through holes following diagram in Figure 9 

(http://limpetsmonitoring.org/docs/Buildquadrat.pdf) until a taught grid is constructed.  
Tie a knot at start and then again after string is pulled through each hole.  Once all 
parallel lines are strung, turn quadrat 90 degrees and string second side going over and 
under the first length of string.  A completed quadrat is pictured in Figure 10. 

E. To insure the string stays taught and the ends do not fray, glue the knot with a glue gun or 
melt the ends of the string with a butane lighter. 

F. Attach a labeled peanut buoy to a corner of each 1 m2 quadrat using nylon line.   
 
NOTES: 

• The labels on each buoy/quadrat pair should match.   
• The buoy will help identify the position of each quadrat from the water surface. 

 
 

 
                                                                   Source: http://limpetsmonitoring.org/docs/Build_quadrat.pdf 
 

FIGURE 9.  DIAGRAM SHOWING HOW TO WEAVE NYLON LINE  
TO ASSEMBLE 1 M2 QUADRAT SUBDIVIDED INTO EQUILATERAL CELLS 

 
 

http://limpetsmonitoring.org/docs/Buildquadrat.pdf�
http://limpetsmonitoring.org/docs/Build_quadrat.pdf�
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Source: http://limpetsmonitoring.org/docs/Build_quadrat.pdf 
 

FIGURE 10.  EXAMPLE OF QUADRAT SUBDIVIDED INTO EQUILATERAL CELLS 
FOR SUBMERGED AQUATIC VEGETATIVE SAMPLING  

 
 
6.5 Aerial Mapping and Associated Ground-truthing Using Quadzilla 
 
This method should be used to assess trends in seagrass distribution and density at a lagoon-wide 
scale (this is not a species-specific evaluation).  Maps should be completed at two- to five- year 
intervals.  
 
Aerial imagery should be acquired in the spring/summer (at 1:24,000 or better scale).  All 
imagery should be immediately reviewed to identify any areas with questionable benthic 
signatures.  Those identified areas should then be inspected in the field (ground-truthed) to 
determine the appropriate map category. 
 
6.5.1 Aerial Imagery Collection and Mapping 
 

A. Monitor pre-flight conditions (e.g., water clarity trends) and define when conditions are 
acceptable for aerial imagery collection.  Constraints may include the following: 
a. Plant growth state 
b. Water clarity:  water is expected to be clearest either (a) a few days after the passage 

of a dry cold front, when water temperatures are at a minimum and after winds have 
been slight or (b) after a few weeks of low rainfall and moderate to calm wind 
conditions. 

c. Sun angle:  photography should be acquired when surface reflection from sun glint 

http://limpetsmonitoring.org/docs/Build_quadrat.pdf�


QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-K-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Sampling Estuarine Submerged Aquatic Vegetation  August 2012 

32 

does not cover submerged areas.  Surface water roughness due to winds and waves 
would also affect sun glint.  Sun angle generally between 15 degrees and 30 degrees 
should minimize surface water glint. 
 

NOTES: 
• While the sun angle consideration is very important in eliminating surface 

reflection from the water, the priority is to acquire imagery which clearly captures 
seagrass vegetation so that it can be mapped via photo interpretation.  Final 
acceptance of the imagery would be based on the visibility of seagrass and other 
submerged features rather than a calculation of when the imagery was flown in 
relation to sun angle. 
 

d. Weather conditions:  Clear skies with no haze and visibility of at least 7 miles.  
Sea state calm, minimal waves, no white caps.  Because winds are generally 
calmer early in the day, mornings are considered preferable to afternoons. 

e. Date:  Imagery would be collected during the first available date-window 
beginning on April 25th that meets the above criteria/constraints.  All 
photographs should be taken during a single 14-day period, if possible, and 
preferably on the same day or adjacent days.  The window for imagery 
acquisition is April 25 through July 31, 2011.  Attempts should be made to 
acquire the imagery as soon after April 25th as possible. 
 

B. Obtain a project shapefile boundary representing the project area for collection of aerial 
imagery.  Use this shapefile to develop a flight line plan map in shapefile format, 
showing the positions of intended flight lines, for the project. 

C. Collect the aerial imagery using a Leica ADS 40 (SH2) pushbroom sensor mounted 
within a twin-engine Piper Navaho Chieftain airplane. 
a. Collect Airborne GPS (ABGPS) and Inertial Measurement data (IMU).  
b. Use Precise Point Positioning (PPP) for GPS coordinate correction during the 

mission.  
1. This technology provides accuracies identical to differential corrections using a 

base station (or CORS beacon) but allows for correction via signals received from 
the Global Navigation Satellite System (GNSS) using a single frequency GPS 
receiver.  

2. The collection of complete ABGPS/IMU data is absolutely necessary when using 
an ADS40 (SH2) sensor.  

3. Evaluate an ABGPS processing report to ensure completeness and accuracy. 
 

c. The following imagery specifications should be followed: 
1. Ground Sample Distance:  GSD shall be 0.3 meters (1 foot) with a maximum 

variation of 2%. 
2. Radiometric resolution:  16 bit or higher. 
3. Overlap:  Stereo imagery is required.  A side lap of 30% would be accomplished.  

Forward overlap is not specified since the project would utilize a push broom 
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sensor. 
4. Exposure:  Imagery should be calibrated to capture the best exposure of 

submerged bottom features. 
5. Flight stability and airspeed:  Resolution loss due to blurring should not occur.  

IMU data processing would adjust for crab, tilt, and tip of the aircraft. 
6. ABGPS/IMU: ABGPS and IMU coordinates should be reported in: 

i. NAD 83 (NSRS2007), UTM, Zone 17, meters  
ii. NAVD 88, meters.  Geoid09 should be used to perform conversions from 

ellipsoidal heights to orthometric heights.  
7. Imagery Bands:  Imagery will be delivered in four-band stack format including 

blue, green, red, and near infrared. 
 

D. Draft samples of un-rectified, raw imagery, prior to subsequent aerial triangulation and 
orthorectification within two weeks after acquisition.  These samples should be used to 
determine the acceptability of the imagery prior to commencing with other tasks.  

E. Use Leica Geosystem’s, Orientation Management (ORIMA) software for 
aerotriangulation.  
a. All photogrammetric measurements would be made in a softcopy environment.  
 

F. Automatic blunder detection techniques along with visual inspections would be utilized 
to remove any measurements that are in error. 
a. Aerotriangulation accuracy should be designed to ensure that the triangulated imagery 

and associated digital orthophotography meet USGS National Map Accuracy 
Standards for 1:12,000-scale map products.  

b. Checkpoints would be utilized to test the spatial accuracy of the aerial triangulation 
solution prior to commencement with orthophotography generation.  The project’s 
triangulated imagery will be loaded within a SOCET SET photogrammetric 
workstation. 

c. Photo-identifiable check point coordinates would be verified against the imagery (see 
Step 6.5.1H). 
 

G. Produce 4-band digital orthophotography with a focus on the visibility of submerged 
features.  Radiometric adjustments would be implemented with a priority on seagrass 
identification. 
a. Utilize Z/I OrthoPro software for rectification and orthophotography processing. 
b. Utilize a USGS 30 meter digital elevation model (DEM) during processing. 
c. Spatial accuracy should be designed to ensure that the digital orthophotography meets 

USGS National Map Accuracy Standards for 1:12,000 scale maps. 
d. The final ground sample distance and pixel size of all digital orthophotography 

should be one (1) foot. 
e. The file format of the digital orthophotography should be .tiff with associated .tfw 

files. 
f. The digital orthophotos should be delivered and projected to NSRS2007, UTM, Zone 

17, meters. 
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g. For Florida sites, the digital orthophotography will be tiled based on Florida’s 5000ft 
x 5000ft tiling scheme. 
 

H. Test horizontal spatial accuracy using photo identifiable check points obtained from 
higher accuracy orthophotography, existing visible control, and/or field surveying. 
a. Check points would be chosen on static photo identifiable features that primarily 

occur on the land rather than within open water. 
b. A minimum of 25 check points would be used for accuracy testing and control 

acceptance for every 500-square-mile subset of the project area.  
c. Check points should be distributed so that points are spaced at intervals of at least 

10% of the diagonal distance across the dataset and at least 20% of the points are 
located in each quadrant of the dataset. 
1. For maps on publication scales larger than 1:20,000, not more than 10 percent of 

the points tested shall be in error by more than 1/30 inch, measured on the 
publication scale. 

 
6.5.2 Photointerpretation of Aer ial Imagery and Maps 
 

A. Use Softcopy Workstations (or equivalent) to photo-interpret the collected imagery.  
a. The photo interpreters should exercise extra care especially on the deep edge of 

seagrass beds.  “Real” changes should be made regardless of the minimum mapping 
unit (MMU). 

b. Outer boundaries of beds are more important than density categorization within beds. 
c. The minimum mapping unit for all categories is 0.25 acres (0.1 hectares). 

1. When deciding whether an area with patches of seagrass is one polygon of patchy 
seagrass or individual seagrass polygons, apply guideline c above with a MMU of 
0.25 acres.  Err on the side of lumping except in areas where small patches are the 
only seagrass present. 

2. If an area has only a few patches, each <0.25 acres:  include the polygon of patchy 
seagrass if the total seagrass area is >0.25 acres.  Err on the side of including these 
rather than excluding them.  
 

NOTES: 
• It is more important to map individual small isolated patches than similar sized 

patches that are part of a large matrix.  
• Care should be taken in mapping small areas of seagrass when only a small 

amount of seagrass is present, e.g., around a spoil island.  
 

d. Ensure consistency with past photo interpretation when delineating seagrass changes. 
e. The shoreline should be used unchanged during stereocompilation.  

1. The new line work should be snapped to the shoreline where appropriate.  
2. If the shoreline bisects any of the photo-interpreted seagrass beds during this 

process, possibility of editing the shoreline should be considered. 
3. Significant changes to be mapped should follow similar criteria as mapping 
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original seagrass polygons – only changes larger than the MMU of 0.25 acres 
(0.1 ha) should be mapped, except where the changes less than the MMU unit 
either are completely new (not present in the previously mapped year) or have 
completely disappeared and except for changes in the deep edge of seagrass beds. 

4.The new undelineated aerial photography shall be compared to the 
photography from the previous mapped year and seagrass vector data to 
ensure changes are mapped accurately. 

 
f. If uncertainties occur during photo-interpretation, the photo-interpreter(s) should:  

1) delineate the problem area; 2) code it as a 9000 attribute; 3) produce a shapefile 
with GPS location and the photo-interpretation question; and 4) revisit the problem 
area in the field so that the problem could be resolved.  
 

B. Develop an ArcMap shapefile in which polygons are annotated using the mapping 
categories described below.  Ensure that coverage is labeled using a modification of the 
Florida Land Use and Cover Classification System (FLUCCS).  The categories to be used 
are listed and described below: 
a. Seagrass, continuous, dense - FLUCCS code 9116.  The dominant feature of these 

seagrass beds is that they are continuous in nature, with interconnected areas of 
seagrass.  These beds may contain many small interspersed patches of sparsely 
vegetated or unvegetated bottom.  The dense aspect means that the area should 
contain more vegetated bottom than unvegetated bottom, and thus would have a 
lower limit of about 50-60% cover of seagrass.  Only sand patches greater than 0.25 
acres should be distinguished within a continuous, dense bed.  Species composition is 
not mapped.  A density hierarchy would be provided within this FLUCCS code that 
distinguishes areas that are generally greater than 50% continuous cover (dense 
seagrass: 9116-dsg) and areas with less than 50% continuous cover (sparse seagrass: 
9116-ssg).   

b. Seagrass, patchy - FLUCCS code 9113.  Areas 0.25 acres or greater in size that 
consist of primarily (greater than 50%) bare bottom in which many small patches 
(each less than 0.25 acres) of seagrass are scattered, and where the seagrass patches 
are not interconnected.  (The lower limit of what constitutes a seagrass bed is 
approximately 10% cover; areas with <10% cover are considered “unvegetated 
bottom”). 

c. Unvegetated bottom - FLUCCS code 5400.  Barren substrate with little or no 
perceptible seagrass (< 10%) or only algae.  

d. Algae beds – FLUCCS code 9121.  Algae will not be mapped. 
 

C. Identify areas of concern for ground-truthing assessments and reference these areas on a 
map to take into the field. 

D. Conduct ground-truthing assessments, as described in Section 6.5.3, to evaluate the 
classification and positional accuracy of the seagrass mapping effort as soon as possible 
after the aerial photos have been taken.  
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NOTES: 
• The intent is to have the accuracy assessment completed within the same season 

as the aerial photos – before growth stage and distribution of seagrass have 
changed substantially.   
 

a. Place the quadzilla data on top of the seagrass map linework to confirm the map 
category (e.g., seagrass, bare bottom) and fill in species-specific distribution 
information.  

 
6.5.3 Ground-truthing Aer ial Maps Using 9 m2Quadzilla 
 
To facilitate landscape-scale mapping, 9 m2 quadrat monitoring is used in areas with 
questionable signatures on the aerial imagery and where aerial interpretation has been difficult in 
the past.  The fieldwork process would allow the photo interpreters to correlate signatures (e.g. 
colors, tones, textures) on the aerial photography with in-field conditions in order to determine 
exact cover type classification.  Field work should be started as close as possible to the date of 
imagery acquisition. 
 
6.5.3.1 Quadzilla Construction 
 
The 9 m2 quadrat (collapsible 3 m x 3 m quadrat; dubbed Quadzilla) is constructed in the 
following manner: 

A. Attach four, 3 m long (3/4”) PVC pipes with a 3/8” nylon line running through the middle 
of each pipe.  

B. Tie the line at one corner.  
C. Paint the middle 1 m length of each 3 m side black for contrast (Figure 11). 
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FIGURE 11.  AN EXPLODED QUADZILLA DEPICTING THE LINE THAT 
CONNECTS EACH SIDE TO THE OTHERS  

 
**Note the line is one piece and tied at one corner (e.g. lower left).  Each side of a Quadzilla has its middle 1 m length painted black to aid in the 
delineation of each of the nine (9) 1 m2 cells within a Quadzilla.  
 
**Note the dotted lines depicting the 1 m2 cells are included for reference only; the Quadzilla is not subdivided in this manner. 
 
 
6.5.3.2 Quadzilla Monitoring 
 

A. Follow directions described in Figure 12-A to Figure 12-E to deploy the 9 m2 quadrat.  
B. Geo-reference the position of each 9 m2 quadrat using, at a minimum, a WAAS-enabled 

GPS unit held over the middle of the quadrat.  Record quadrat number with each GPS 
location. 
a. Store final data in an ArcGIS shapefile which includes quadrat locations and 

associated SAV attributes. 
 

C. Assess seagrass species and macroalgae functional groups within each 1 m2 quadrant 
(n=9) of the Quadzilla by enumerating the number of cells housing each 
species/functional group and those cells that are bare.  

1 m 3 m 
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a. As with the 1 m2 methodology (Section 6.4), macroalgae will be grouped into 
categories (Table 4) rather than by species with the exception of Caulerpa species, 
which should be identified.  

b. Canopy height data should not be collected.  
c. Collect the same ancillary data required in Section 6.4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 12-A.  STEP 1 - HOLD THE COLLAPSED QUADRAT IN THE RIGHT HAND, 

PERPENDICULAR TO THE BENTHOS  
IMMEDIATELY IN FRONT OF THE RIGHT FOOT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 12-B: STEP 2 – ALLOW TWO SIDES TO FALL TO THE LEFT  
CREATING AN UPRIGHT 90° ANGLE LYING TO THE LEFT  

AND UPRIGHT ON THE RIGHT 
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FIGURE 12-C. STEP 3 – DROP THE TOP OF THE UPRIGHT SIDES FORWARD 
WHILE RAISING ONE CORNER OF THE ANGLE VERTEX  

UNTIL TWO RIGHT ANGLES (ONE LYING ON THE BENTHOS AND ONE HELD 
UPRIGHT) ARE FORMED 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 12-D:  STEP 4 – PUSH THE VERTEX OF THE UPRIGHT 90° ANGLE AWAY 

FROM YOU TO THE LEFT ALLOWING IT TO SETTLE TO THE BENTHOS 
RESULTING IN A 9 M2 QUADRAT 
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FIGURE 12-E: STEP 5 – FOLLOWING DEPLOYMENT, ONE SHOULD BE 
STANDING AT OR NEAR THE CENTER OF ONE SIDE OF THE QUADZILLA 

FACING THE DEPLOYED QUADRAT  
 
Note the dotted lines depicting the 1 m2 cells are included for reference only, Quadzilla is not subdivided in this manner. 
 
 
6.6 Surface Water  Quality Measurements 
 
The following methodology should be applied for obtaining surface and bottom readings at or 
near each seagrass monitoring location in a minimum water depth of one (1) m.      
 

A. DEP field SOPs should be followed where available, including FT 1000 – FT 1700, FS 
1000, FS 2000, and FS 2100 (http://www.dep.state.fl.us/water/sas/sop/sops.htm). 

B. Use standard electronic sensors (e.g., YSI 6600, YSI 85 handheld, and/or LI-COR PAR 
Tree Quantum Sensor) calibrated to manufacturer’s specifications.  Readings shall 
include: 
a. Dissolved oxygen (DO) (mg/l) 
b. pH 
c. Temperature (ºC) 
d. Conductivity/salinity (µS/cm; psu) 
e. Chlorophyll and turbidity (water sample grab) (µg/l) 
f. Photosynthetically active radiation (PAR) (µmoles quanta m-2 s-1) 

1. Methods for obtaining PAR readings described below are consistent with methods 
used for the St. Johns River Water Management District’s (SJRWMD) Indian 
River Lagoon/SLE water quality monitoring network (personal communication, 
Lauren Hall, SJRWMD, March 24, 2011).    

2. Make PAR measurements with a LI-COR PAR Tree, painted black to reduce 
reflection, consisting of two scalar sensors positioned 0.5 m apart on a measured 
pole and approximately 90° offset to minimize shading 
i. Obtain first measurement with the top sensor 20 cm subsurface. 
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ii. Obtain the second measurement with the bottom sensor at the canopy level. 
iii. Use both sets of measurements to calculate the k value for the site. 

NOTES: 
• Perform PAR measurements only when solar angle is 30 degrees or greater above 

the horizon.  
• Because solar angle and daylight length vary with season, the allowed times for 

taking PAR measurements could change from month to month. 
• It is possible to use a single LI-COR 4π sensor on a Tree or Tee for the SWaPS 

methodology, with independent readings for air, surface waters, and near 
sediment surface. 

 
3. Prior to taking measurements: 

i. Set up datalogger information to read the following (repeat for (I1, I2, I3): 
• Sensor type = Light 
• Description = “in water multiplier” SPQAXXXX (i.e., -243.7 SPQA2642) 
• Channel label = TOP 
• Multiplier = in water multiplier provided on sensor tag 
• Average = 5 sec 
• Logging option = None 
• Verify that the date and time are set correctly in the datalogger (should 

display DST when applicable) 
• Verify that the Remark Prompts are setup for site, depth, and comment. 

 
4. Record a surface pair and a bottom pair of readings at each site; each pair of 

measurements should be recorded on a specific PAR datasheet.   
5. Following all readings, enter log remarks consisting of: 

i. Site = the station name 
ii. Depth = the depth of the bottom sensor (total depth – 0.3 m or 1.5 m when 

total depth is 1.8 m or greater) 
iii. Comment = the total water column depth in meters 

 
6. Download data values weekly (or more frequently) using LI-1400 software. 

 
7.0 DATA MANAGEMENT 
 
7.1 Data Entry, Validation, and Ver ification 
 
The project staff should maintain field logs on water-proof paper that include, but are not limited 
to, all data collected at each station within each site during each sampling trip.  These daily logs 
should include site name, station, personnel, weather conditions (e.g., cloudy, windy), time of 
day, and tidal stage (i.e., low, high, ebbing, flooding).  Field data should be transferred into an 
electronic database (MS Access preferred) and a spreadsheet (MS Excel preferred) generated 
within five working days of the data’s collection, whenever possible.  The project staff should 
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record an explanation for all missing data and should conduct a rigorous quality 
assurance/quality control (QA/QC) check on all data. 

A. Prior to mass determinations, verify the accuracy and precision of the balance. 
B. Use a black pen for all data book entries. 
C. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials. 
D. After entering the data, write the date and initials of the person who entered the data in 

the bottom left-hand corner of the spreadsheet. 
E. The data transcribed onto Excel data sheets shall be checked for potential transcription 

errors by identifying outliers within sites and strata, and the outliers’ images shall be 
scored again to verify the anomalous records. 

F. All notes and data entries should be verified by a minimum of two individuals. 
a. One individual should read the values from the field notebook or the data sheet and 

the other individual should check that those values are entered correctly into the file. 
b. In the data file, insert a row directly below the last data row proofed.  On this inserted 

row, enter a proofed “tag” with the date proofed. 
c. This proofed tag indicates that all data on previous rows have been proofed while data 

below the proofed tag are not yet proofed. 
d. If proofing data recorded on data sheets, enter the initials of both individuals as well 

as the date on the “proofed” line. 
 

G. Metadata should accompany all files and include the following: 
a. Name of individual (s) who collected and entered the data. 
b. Period over which data were collected. 
c. Location(s) where the data were collected. 
d. Location of the raw data. 
e. Explanation of any fields or abbreviations that might need explaining. 
f. Relevant GPS information (e.g., projection). 
g. Contact information for the individual(s) who may be contacted with any questions 

pertaining to the files. 
h. QA/QC. 

 
7.2 Equipment Calibration and Preparation 
 
Calibration is performed prior to each day’s sampling for DO, pH, depth, and specific 
conductance.  A calibration check is performed on each of these parameters at the end of each 
sampling day.  Instrument temperature checks are performed by project staff on a monthly basis 
against a National Institute of Standards and Technology (NIST) calibrated thermometer during 
the routine maintenance.  Calibration and verification should follow DEP SOPs FT 1000 – FT 
1500 (http://www.dep.state.fl.us/water/sas/sop/sops.htm).  
 
Send LI-COR 4π and 2π PAR quantum sensors to the factory for calibration at a minimum of 
every two years.  Project staff should perform routine maintenance and calibration of the YSI 
sondes following manufacturer specifications.  The project field supervisor is responsible for 

http://www.dep.state.fl.us/water/sas/sop/sops.htm�
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verification of all calibrations during sample post-processing and that all reported data values are 
qualified as per FAC 62-160, Data Qualifier Codes (FDEP, 2008).  Upon discovery of any 
defects or malfunctions that cannot be corrected by project staff, the instrument is removed from 
service and sent back to the manufacturer for further evaluation and repair.  Document all 
maintenance of instrument cables and sensors and a log of pre-calibration and post-calibration 
checks in the corresponding instrument logbook.  Document repairs to the YSI and LI-COR PAR 
sensors in electronic databases. 
 
References 
 
FDEP, 2008. Quality Assurance Rules. Florida Administrative Code, Chapter 62-160.700. p. 32. 
 
Fourqurean, J.W., A.W. Willsie, C.D. Rose and L.M. Rutten, 2001. Spatial and temporal pattern 

in seagrass community composition and productivity in south Florida. Mar. Biol. 138:341-
354. 

 
Fourqurean, J.W., M.J. Durako, M.O. Hall and L.N. Hefty, 2002. Seagrass distribution in South 

Florida: A multi-agency coordinated monitoring program. In J.W. Porter and K.G. Porter, 
eds. The Everglades, Florida Bay, and Coral Reefs of the Florida Keys. An Ecosystem 
Sourcebook. CRC Press, Boca Raton, Florida. pp. 497-522. 

 
Hall, M.O., D. Lirman, S. Blair and M.J. Durako, 2009. Seagrass as indicators of ecosystem 

change in the Southern Coastal System. A presentation to the Southern Coastal System 
Subteam, RECOVER. 

 
Lirman, D. and G. Deangelo, 2007. Geospatial video monitoring of benthic habitats using the 

Shallow-Water Positioning System (SWaPS). Proceedings of the MTS/IEEE Oceans 2007 
Conference, Vancouver, Canada. 

 
Lirman, D., G. Deangelo, J. Serafy, A. Hazra, D. Smith Hazra and A. Brown, 2008. Geospatial 

video monitoring of nearshore benthic habitats of western Biscayne Bay (Florida, USA) 
using the Shallow-Water Positioning System (SWaPS). J. Coastal Res. 24:135-145. 

 
Mader, G.L., 1996. Kinematic and rapid static (KARS) GPS positioning: Techniques and recent 

experiences. In G. Beutler, G.W. Hein, W.G. Melbourne and G. Seeber, eds. IAG Symposia 
No. 115, Springer-Verlag, Berlin, pp. 170–174. 

 
Morris, L.J., L.M. Hall and R.W. Virnstein, 2001. Field guide for fixed seagrass transect 

monitoring in the Indian River Lagoon. St. Johns River Water Management District, Palatka, 
Florida. 155 pp. 

 
Morrison, D., 1988. Comparing fish and urchin grazing in shallow and deeper coral reef algal 

communities. Ecology. 69(5):1367-1382. 
 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-K-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Sampling Estuarine Submerged Aquatic Vegetation  August 2012 

44 

Mueller-Dombois, D. and H. Ellenberg, 1974. Aims and methods of vegetation ecology. John 
Wiley and Sons, New York, 547 pp. 

 
Myers, R.R. and R.W. Virnstein, 2000. Development and use of an epiphyte photo-index for 

assessing epiphyte loadings on seagrass Halodule wrightii. In S.A. Bartone, ed. Proceedings 
of the subtropical and tropical seagrass ecology: Responses to environmental stress 
workshop. CRC Press, pp. 115-124. 

 
 



QASR SOP Biological Monitoring and Assessment Procedures QASR SOP 8-L-001 

This SOP is provided for reference purposes.  It can be modified to meet project-specific needs; all applicable sections must be addressed.  This 
SOP has not been reviewed for technical content.  Inclusion in the QASR does not signify that the procedure has been validated by the QAOT and 
does not imply endorsement. 
 
Bed Floc Collection and Biogeochemical Analysis August 2012 
 1 

STANDARD OPERATING PROCEDURES 
for 

BED FLOC COLLECTION AND BIOGEOCHEMICAL/PARTICLE SIZE ANALYSIS 
 
 
1.0 INTRODUCTION 
 
Bed floc consists of aggregated particles comprised of detritus, microbial communities, and 
mineral particles that form an unconsolidated sediment layer at the bed.  It is hypothesized that 
floc transport between vegetation communities is a critical process sustaining landscape pattern 
in the organic-rich, shallow-water environments of south Florida (Larsen et al., 2009; Larsen and 
Harvey, 2010).  Because of its high detrital content, floc contains particulate organic nutrients 
that may stimulate ecosystem processes.  It is therefore important to collect floc to quantify its 
nutrient and carbon content, as well as particle size distribution, to understand how the 
morphology, entrainment, and settling of the suspended aggregates may impact aquatic 
environments.  
 
2.0 METHOD SUMMARY 
 
This Standard Operating Procedure (SOP) outlines the procedures for collecting flocculent bed 
sediment, packaging and storing it for biogeochemical analyses, and performing in-field particle 
size distribution analyses using a portable laser diffraction particle size analyzer. The collected 
material of interest is operationally defined as the pourable fraction of a bed core when the core 
sleeve is held in a horizontal position. This fraction of the bed sediment is unconsolidated and is 
the most likely portion of the sediment to be entrained by flowing water. It is of interest because 
of its potential to cause topographic differentiation and build landforms through redistribution by 
flowing water and subsequent consolidation. Knowledge of particle size distributions is essential 
to quantifying floc redistribution under different flow conditions. The biogeochemistry of this 
unconsolidated sediment is also of interest, as the sediment can serve as a vector for nutrient 
transport, which can stimulate primary production and organic matter deposition. This SOP is 
based on procedures that are currently being applied to all experiments on bed floc particle size 
and biogeochemical properties performed by the U.S. Geological Survey (USGS) using floc 
collected in south Florida.  Volumetric particle size distributions are assessed using the Laser In 
Situ Scattering and Transmissometry (LISST)-Portable.  
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
Bed floc will be collected at selected intensive monitoring sites (sites with a suite of 
measurements beyond standard monitoring) within the project footprint. These sites were 
selected to contain both ridges (“R” designation) and sloughs (“S” designation). Sample 
collection locations within those sites are undisturbed areas (assessed by the coverage of surficial 
metaphyton) within 5 m of the ends of the east-west platforms. 
 
4.0 EQUIPMENT AND SUPPLIES 
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The requirements for equipment and supplies listed below must be followed. 
 
4.1 Sampling Bed Floc 
 

• 1.5-inch acrylic core tube (60 cm in length) and caps 
• Metric measuring tape 
• Pens 
• Datasheets 
• Lab notebook 
• 1-L Nalgene bottle 
• Cooler with ice 

 
4.2 Par ticle Size Analysis with the Laser  In Situ Scatter ing and Transmissometry 

Por table 
 

• 125-ml sample bottle 
• 500 µm Nitex screen 
• DI water 
• LISST-Portable instrument and manual 

 
4.3 Biogeochemical Analyses 
 

• Crucibles or evaporating dishes (porcelain) 
• Muffle furnace for operation at 550 +/- 50oC 
• Analytical balance 
• Desiccator 
• Tongs 
• Scooping spoon/utensil 
• Drying container (e.g., cups, bags, etc.) 
• Drying oven 
• Calibration weights (NIST certified) for analytical balance 
• Carlo Erba NA 1500 Series 2 elemental analyzer 
• Thermo Electron Eager 300 software 
• Sartorius XM1000P microbalance 
• Tin/silver capsules 
• Micro-spatula 
• Sample block 
• ANA sample holder 
• Forceps 
• Pipette and tips 
• Ash removal tool 
• Sample storage trays 
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• Thermo Spectronic Instruments, Inc. Model Genesys 5 spectrophotometer 
• Acid-washed glassware 
• Calibrated pipettes 
• Centrifuge 
• Centrifuge tubes 
• Syringe 
• Needle 
• Shaker table 
• Scintillation vial and/or 60 mL bottle 
• Whatman 41 filter 
• 0.45 µm PES filter 
• Top pan balance 
• Waste bucket 
• Nitrogen gas 
• Heavy-duty Ziplock bags 
• Heavy-duty spoons 
• Paper towels 
• QC check sample for dry weight 
• Sodium bicarbonate (NaHCO3) 42.005 g/L 
• Sodium hydroxide (NaOH) 20 g/L 
• Hydrochloric acid (HCl) 832 mL conc. HCl/L 
• Chloroform (CHCl3) 
• 1000 ppm phosphate standard solution (NIST) 
• ERA standard solution to be used as a secondary standard 
• Deionized water 
• Concentrated sulfuric acid (H2SO4), ACS Plus grade 
• 5N H2SO4 solution 
• Antimony potassium tartrate solution 
• Ammonium molybdate solution 
• Ascorbic acid solution 
• 10N NaOH 
• Phenolphthalein indicator, 1% solution 
• BBOT-C26H26N2O2S – check standard 
• Sulfanilamide – C6H8N2O2S 
• Peach leaf – NIST #1547 standard reference material 
• Atlas Peat – laboratory reference material 
• UHP oxygen 
• UHP helium 
• Industrial grade nitrogen 
• Chromium III oxide – Cr2O3 
• Silvered cobalt (II,III) oxide – Co3O4/Ag 
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• Copper reduced 
• Quartz turnings – SiO2 
• Quartz wool 
• Quartz tubes 
• Magnesium perchlorate – Mg(ClO4)2 
• 1:1 HCl 

 
 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The coordinator should work with one or more of the staff 
while collecting data; thus data collections are directly checked by the coordinator.  Members of 
the crew must have good recommendations, previous field and lab experience, and proven ability 
to work in the field and lab reliably and independently.  All crew members are required to have 
at least one month of documented training by the coordinator prior to collecting any data.  Crew 
members will be provided with a handbook of protocols and safety procedures prior to initiating 
the sampling event. 
 
6.0 PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Sampling Bed Floc 
 

A. Push a 1.5-inch acrylic core tube into an undisturbed portion of the peat surface, being 
careful not to trap floating metaphyton in the tube.  The core should penetrate at least 
four (4) centimeters (cm) into the consolidated portion of the surficial peat. 

B. Cap the upper end of the core tube to create a vacuum. 
C. Slowly withdraw the core by smoothly pulling it upward.  When the lower end clears the 

peat surface, cap it.  
D. Measure and record the total core length to the top of the floc. 
E. After the floc has settled for at least one minute, slowly pour off clear surface water and 

use a small aliquot to rinse the 1-L Nalgene sample bottle.  Discard the remaining clear 
surface water.  Pour until just prior to the point of floc entrainment. 

F. Slowly and gently pour the floc into the Nalgene sample bottle.  
 
NOTES:  

• There should be clear separation between the floc and the more consolidated peat; 
here, floc is defined operationally as the pourable fraction of the core. 

G. Measure and record the total remaining length of the core. 
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H. Store floc samples in cooler on ice until ready for analysis within one week of sample 
collection.   

I. Discard peat. 
 

6.2 Par ticle Size Analysis with the Laser  In Situ Scatter ing and Transmissometry 
Por table 

 
A. Homogenize the poured floc sample by gently inverting the sample volume.  Remove a 

125-ml aliquot of the well-mixed sample by pouring into a 125-ml LDPE sample bottle.   
B. Discard the remaining floc in the 1-L Nalgene. 
C. Pour the 125-ml aliquot of floc into the 1-L Nalgene sample bottle over a 500 µm Nitex 

screen to remove particles larger than the upper size detection limits of the instrument 
and avoid instrument clogging.  Add 125 ml deionized water.  

D. Following the operations manual for the LISST-Portable (Sequoia Scientific, 2008), 
initialize the instrument and set up a filename for the sample set. 

E. Fill the sample chamber with deionized water to the point of overflow.  
F. Seal the chamber and start the vortex mixer.  
G. Obtain a blank particle size distribution and verify that it meets the criteria for 

transmission and ring detector values (Sequoia Scientific, 2008).  Drain the sample 
chamber. 

H. Homogenize the sample by gently inverting and pour into the sample chamber to the 
point of overflow.  

I. Seal the chamber and start the vortex mixer.  
J. Obtain a 10-second average particle size distribution. 
K. Drain the sample chamber.  
L. Repeat steps 6.2 H-K until five readings are obtained or until the sample is depleted, 

whichever occurs first. 
M. Fill the chamber with deionized water to rinse.  
N. Seal the chamber and start the vortex mixer.  Remove the bolt in the lid to drain the 

chamber while the vortex mixer remains on. 
O. Repeat step 6.2 M-N as needed until no particles are visible and an adequate blank can 

be obtained. 
 
6.3 Biogeochemical Analyses 
 

Biogeochemical analyses on these solid-state floc samples shall be performed by a certified 
laboratory (DB Environmental Laboratories, Inc., Rockledge, FL).  Please see referenced 
SOPs for the following analyses:  Total dry weight (ASA 21-2), loss on ignition (LOI; 
EPA/COE 3-59), total nitrogen (TN) (DBE SOP, “Total Nitrogen”, 2009), total phosphorus 
(TP) digestion (COE 3-227) and analysis (EPA 365.2), and NaHCO3 extraction (DBE SOP, 
“Organic P Fractionation”, 2011).   
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7.0 DATA MANAGEMENT 
 
7.1 Data Entry, Validation, and Ver ification 
 

A. Use a black pen for all datasheet entries. 
B. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials. 
C. After entering the data, write the date and initials of the person who entered the data in 

the bottom left-hand corner of the spreadsheet. 
D. All notes and data entries should be verified by a minimum of two individuals. 

a. One individual shall read the values from the field book or the data sheet and the 
other individual shall check that those values are entered correctly into the file. 

b. In the data file, insert a row directly below the last data row proofed.  On this inserted 
row, enter a proofed “tag” with the date proofed. 

c. This proofed tag indicates that all data on previous rows have been proofed while data 
below the proofed tag are not yet proofed. 

d. If proofing data recorded on data sheets, enter the initials of both individuals as well 
as the date on the “Proofed” line. 
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STANDARD OPERATING PROCEDURES 
for 

DETERMINATION OF PARTICULATE FLUX IN AQUATIC SYSTEMS USING DUAL 
SEDIMENT TRACERS 

 
 
1.0 INTRODUCTION 
 
Uncertainty remains on the ecological necessity to completely backfill canals.  This Standard 
Operating Procedure (SOP) addresses one aspect of this uncertainty; are canals particulate sinks?  
It is hypothesized that particulate erosion and transport are key processes required to restore and 
maintain the ridge and slough patterned landscape (Larsen et al., 2007).  In addition, canals may 
inhibit these processes by reducing particulate transport due to complex hydrodynamic 
interactions between the marsh and canal.  These interactions may result in capture and reduction 
in the downstream particulate load needed to sustain ridge, slough, and tree island processes. 
 
2.0 METHOD SUMMARY 
 
Particle tracking is a method in which a particle transport pathway is visualized using a mass of 
uniquely labeled particles, or tracer particles (White, 1998).  Tracer particles are introduced into 
an aquatic environment and subsequent mapping of the distribution in space and time provides 
the local sediment transport direction and rate (Black et al., 2007).  Tracer experiments require 
the manufacture of synthetic particles which behave in the same way as natural particles.  For 
south Florida, a hydraulically equivalent “floc” particle has been synthesized by Partrac, Ltd 
(Glasgow, UK).  The particle is considered a dual tracer in that it is both fluorescent and 
magnetic and, therefore, greatly improves the capture and mapping efficiency.  The use of 
magnetic rods to retrieve tracer particles also increases the versatility of the method by allowing 
for continuous temporal monitoring and synoptic mapping.   
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
Tracer releases may occur in any aquatic location (e.g., ridge, slough, canals).   
 
4.0 EQUIPMENT AND SUPPLIES 

 
4.1 Laboratory Activities 

 
• Particle tracer that is hydraulically equivalent to the natural particle of interest. 

o Manufacturer for tracer used in south Florida:  Partrac Ltd., 48 St. Andrews Square, 
Glasgow, G1 5PP, UK (www.partrac.com), 

o Previous studies have determined that the characteristics for a tracer particle that is 
equivalent to south Florida floc have a volumetric displacement density of 1050 
kg/m3, median particle diameter of 146 µm, and mean (standard deviation) settling 
velocity of 0.13 (0.05) cm/sec) (Partrac, 2008).   

http://www.partrac.com/�
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o For other particle types, Partrac or another manufacturer should be contacted for 
procedures and information required to create a hydraulically matched tracer suitable 
for the area of interest. 
 

• Large plastic tub 
• Large stirring rod 
• Watch or other time-keeping device 
• Siphon (flexible, clear plastic tubing) 
• Labeled plastic container (0.28 m x 0.14 m) and lid 
• Digital balance 
• DI water 
• Pea gravel 
• Freezer 
• Notebook  
• Black pen 
• Coolers 
• Dry ice 
• Tape 
• Wash bottle 
• Ultra-violet (UV) light source 

 
4.2 Field Activities  
 

• Waterproof notebook  
• Black pen 
• Global Positioning System (GPS) Unit 
• Shallow-draft vessel and related U.S. Coast Guard (USCG) required safety equipment 
• Truck capable of towing vessel 
• Meter stick 
• Magnetic rods (11,000 Gauss) covered with a thin-walled butyrate tube, stored 

individually in PVC tubes (number and type vary depending on the study design and 
objectives) 

• Wide-mouth 1000 mL bottle and lid 
• 10 labeled 60 ml centrifuge tubes and caps 
• Gloves 
• Watch or other time-keeping device 
• Underwater viewing scope 
• Whirl Pak® bags or bottles (1 per magnet plus extras) 
• Wash bottle 
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5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The field and lab coordinators should work with one or 
more of the staff while collecting data; thus data collections are directly checked by the 
coordinator.  Members of the field and lab crews must have good recommendations, previous 
experience in field and lab sampling projects, and proven ability to work in the field and lab 
reliably and independently.  All field and lab crew members are required to have at least one 
month of documented training by the field and lab coordinators prior to collecting any data.  
Field crew members should have training documentation in boat operation, vehicle operation, 
and boating safety.  Crew members will be provided with a handbook of protocols and safety 
procedures prior to initiating the sampling event. 
 
6.0 PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
 
6.1 Tracer  Preparation and Deployment 
 
6.1.1 Pre-depar ture Activities 
 
6.1.1.1 Tracer Washing 
 
Tracer arrives from Partrac in 25 kg batches that have been washed with a small amount of 
detergent.  This step removes any remaining detergent and the remaining buoyant tracer fraction. 

A. Upon receipt, fully submerge the tracer in a large plastic tub of tap water and stir 
vigorously with large stirring rod. 

B. Allow the tracer to settle for one to two hours. 
C. Use flexible, clear plastic tubing to siphon off and discard overlying water. 
D. Repeat three more times. 

 
6.1.1.2 Ice Encapsulation 
 
This procedure minimizes site contamination during the tracer drop.  It is essential when the 
tracer is near neutrally buoyant.   
 

A. Determine the dry mass of tracer required for the study.   
 
NOTES: 

• The mass of tracer required is positively related to the energy of the aquatic 
systems.  In high-energy systems like rivers, more tracer is required since it would 
be quickly transported over great distances.  Less is required in low energy 
systems such as south Florida.   
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• For example, five kg of dry tracer per drop is a good first approximation for the 
study of floc transport in south Florida system. 
 

B. Place a labeled plastic container (0.28 m x 0.14 m) on a tarred balance. 
C. Add pre-washed tracer from Step 6.1.1.1 to the container (target mass need not be exact 

but should range between 0.5 - 1.0 kg). 
D. Record dry mass in kg. 
E. In small increments with mixing in between, add approximately 50 ml of DI water to the 

tracer.   
F. If the tracer is to be deployed directly onto the sediment surface, the addition of a mono-

layer of pea gravel on top of the tracer prior to freezing would ensure that the block does 
not float. 

G. Allow the tracer to settle for one to two hours. 
H. Remove any standing water using siphon. 
I. Cover the plastic container and place the container in a -80º C freezer for a minimum of 

24 hours. 
 
NOTES: 

• The goal is to produce a frozen slurry with a minimal amount of water (low water 
content).  The exact amount and consistency is unique to the hydraulic 
characteristics of the tracer and can only be determined by trial and error.   

• The slurry should not have any visible ice on the surface.  If ice is visible, the 
most common scenero is that as the tracer would melt, large ice chunks with 
tracer would separate from the block, float to the surface and contaminate the 
study site. 

 
6.1.1.3 Transport to Field 
 

A. Load the required number of frozen tracer blocks needed to achieve the target drop mass 
(approximately 5 kg) into coolers. 

B. Place 5 to 10 kg of dry ice on top of the frozen blocks. 
 
NOTES: 

• The reason the dry ice goes on top is because cold air sinks.  Placing the dry ice 
on top ensures an even temperature distribution. 
 

C. Seal coolers with tape to ensure that they do not open during transport.   
 
NOTES: 

• The goal is to drop a frozen block of tracer.   
• Melted blocks cannot be dropped. 
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6.1.2 Field Sampling 
 

A. Locate site and record latitude, longitude and weather conditions. 
B. Secure vessel. 
C. Measure water depth (m) with meter stick and record. 
D. Determine and record the bottom type (hard/soft). 
E. Determine and record if a flocculent layer is present.  Measure the thickness of the layer 

with a meter stick and record. 
F. Establish the drop point (the location where the trace is released is based on best 

professional judgment in association with the study objectives) and record the location. 
G. Randomly pick a location in the vicinity of the drop point and carefully lower a butyrate-

sheathed magnet into the water column and floc, stopping at the sediment surface. 
H. Retrieve magnet after an appropriate period of time (time is dependent on flow velocity 

and spatial array of the magnets) and visually inspect for the presence of any naturally 
occurring magnetic particles.  If particles are present, remove the magnet from the sheath 
and use a wash bottle and DI water to rinse the butyrate sheath into a labeled wide-mouth 
bottle.  Record event.  Follow procedures for quantification of tracer particles in temporal 
studies described in Step 6.3.  The dry mass per unit area obtained for the natural 
particles is then subtracted from the tracer mass.   

I. If the study goal is to only capture synoptic spatial patterns, proceed to step 6.1.2 K. 
J. Establish the geometric array of magnets around the drop point. 

 
NOTES: 

• The magnet array is dependent on the energy of the ecosystem.  In low energy 
systems, as found in south Florida, a first approximation is to establish the 
magnetic array close to the drop zone (within meters) since it is anticipated that 
the transport of the tracer is expected to occur over a relatively short distance 
(meters).  
o Remove from the PVC case and position each magnet with the butyrate-

sheath vertically in the water column.  How the magnet is held in position is 
dependent on the site location and thus will have to be determined for the 
specific study 

o Record the latitude and longitude of each magnet giving each magnet a unique 
identifier. 

o Measure the distance (using a meter stick) and cardinal direction of each 
magnet in relation to the drop point.  Record results. 
 

K. Place ten (10) labeled 60 ml centrifuge tubes into the sediments in a pattern that emanates 
from the drop point at 0.5 meter intervals.  The open-top of the tube must be above the 
sediment-water interface.   
 
NOTES: 

• These tubes are a quality assurance/quality control (QA/QC) step.  The tubes 
function to capture tracer that may escape the drop zone or contaminate the site. 
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L. Drop the tracer.  

 
NOTES: 

• Individuals must wear protective gear (gloves) to handle dry ice. 
• Two individuals are required for a drop. 

o The first individual records the tracer block identifier and the dry mass (kg).    
o Carefully remove the block from the cooler and slowly lower just the bottom 

four (4) cm of the plastic containing the tracer into the water.  This step causes 
the frozen block to separate from the plastic container. 

o Carefully invert the container over the second individual’s waiting hands.  The 
frozen block should drop out of the container intact.  Do not deploy a broken 
block.  

o The second individual slowly lowers the frozen block (pea gravel side down) 
through the water column to the appropriate depth, typically the sediment 
surface. 

o Observe that the block is not floating and that the tracer remains in place. 
o Repeat with the remaining frozen blocks required to attain the prescribed 

tracer mass. 
o Record the time and date of the deployment and total mass of tracer deployed. 
o Once completed, observe the tracer for 10 to 15 minutes and record 

observations.  A viewing scope is useful to observe the tracer underwater. 
 

M. Cap and collect the ten (10) labeled 60 ml centrifuge tubes. 
N. Visually inspect each tube for tracer and record observations.   
O. Store samples for transport to the laboratory.  Analyze samples following procedure 

described in Step 6.3.2. 
 

6.2 Tracer  Retr ieval 
 
6.2.1 Field Sampling - Temporal Studies 

 
A. Carefully approach the site by vessel and determine the surface water current direction.   
B. If no surface flow is evident, determine the wind direction. 
C. Devise a magnet-collection scheme based on the collection of downstream or downwind 

magnets first.  This avoids the possibility of contamination through inadvertent 
disturbance of sediments. 

D. Carefully approach on foot each magnet from downstream and collect it from the water 
column. 

E. Visual inspect the magnet for tracer. 
F. Record observations as well as collection time and date. 
G. Store the magnet in its PVC tube for transport to the lab.  
H. If it is desired to continue monitoring, deploy a new magnet at the time of collection.  

Record the event, including the magnet identifier, date and time.   
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I. Repeat until all magnets are collected. 
 

6.2.2 Field Sampling – Synoptic Studies 
 
Only one magnetic rod and a few spares are required for the synoptic survey.  Prior to arriving at 
the drop zone or region of interest, determine the sampling design or scheme (e.g., number of 
sites, grid or random sampling pattern).   
 

A. Carefully approach the sampling region via vessel.   
B. Determine the direction of current.  If no surface flow is evident, determine the wind 

direction. 
C. Working downstream to upstream, position vessel at the collection site. 
D. Slowly lower the butyrate-sheathed magnet through the water column to the sediment 

surface then slowly retrieve the magnet. 
E. Remove the magnet from the butyrate-sheath. 
F. Use a wash bottle and DI water to rinse the particles from the butyrate sheath into a pre-

labeled bottle or whirl-pak® bag. 
G. Record the latitude and longitude of the sampling point. 
H.  Use a wash bottle and DI water to rinse clean the butyrate sheath. 
I. Re-sheath the magnet. 
J. Proceed to next sampling location and repeat steps 6.2.2 D-I. 

 
6.3 Laboratory Procedures (including laboratory QA procedures) 
 
Ensure that the laboratory and field area are free of extraneous magnetic particles that could 
influence the dry-weight determination of the tracer or natural magnetic particles.  The magnets 
used in these tracer releases are extremely powerful (11,000 Gauss) and can easily capture 
anything magnetic.  Extreme care should be taken to avoid using the magnets around sensitive 
equipment or material (e.g., computers, watches, cell phones, credit cards). 
 
Tracer samples may be stored at room temperature until analyzed.  As the tracer is a synthetic 
particle, there is no set short holding time; however, the tracer particles are inert and will 
dissolve over time (two to three years).   
 

A. Analyze tracer samples for ash-free dry weight determination following standard 
procedures (e.g., Florida Department of Environmental Protection BB-15-1.11).   

B. Calculate the mass per unit area of tracer based on the effective cross sectional capture 
area specific to the type of magnet used.   
 
NOTES: 

• The effective cross sectional area is the width of the magnet field extending from 
the magnet capable of capturing a tracer particle multiplied by the length of the 
magnet.  The width of the magnet field is derived using the magnet array around 
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the drop point described in Step 6.1.2 and the subsequent analysis of tracer 
samples. 

 
6.3.1 Temporal Studies 
 
In temporal studies where the magnets with tracer are transported to the laboratory, the following 
QA procedure needs to be implemented.   
 

A. Visually inspect the magnet and butyrate sheath for the presence of organic material. 
B. If organic material is present in enough quantity as to influence dry-weight 

determination, then the material must be removed by rinsing the magnet before the 
butyrate sheath is removed. 

C. Retain and examine the organic material for the presence of tracer. 
D. If the tracer is present, quantify the mass by using a second magnetic extraction by 

swirling a butyrate-sheathed magnet within the vessel for several seconds to capture the 
tracer and following the dry-weight determination procedure described in Step 6.3. 
 
NOTES: 

• The mass captured in this second extraction represents the magnetic extraction 
error assessment.    

 
6.3.2 Quality Assurance/Quality Control Using Centr ifuge Tubes 

 
The centrifuge tube samples collected at the time of the tracer drop are analyzed for tracer mass 
determination following the dry-weight determination described in Step 6.3.  The tracer mass 
captured in these tubes reflects the quality of the tracer drop.  Ideally, very little material should 
be captured indicating that the tracer was contained within the drop zone.  However, if tracer is 
captured in the tubes, either a correction can be applied to the magnet dry-mass determination or 
the experiment can be deemed contaminated and therefore invalid. 
 
6.3.3 Tracer  Fluorescence Signature 
 
The tracer fluorescence signature is utilized first as a means to visually confirm the presence of 
the tracer utilizing a UV light source.  In the case of complex tracer studies, when particles of 
different fluorescence signatures are used, fluorescence microscopy techniques may be used to 
quantify the proportion and therefore the mass of each tracer fraction.  The method will vary 
depending on the study. 
 
7.0 DATA MANAGEMENT 
 
7.1 Data Entry, Validation, and Ver ification 
 

A. To correct raw data entries, place a single line through the incorrect entry and write the 
corrected entry near the error with the date and analyst’s initials. 
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B. Use a black pen for all logbook and bench sheet entries. 
C. Data and calculations should be performed in MS Excel or in a database (e.g., South 

Florida Water Management District’s ERDP Oracle Database).  The following 
information should be included: 
 
a. Site name 
b. Magnet sample ID  
c. Region 
d. Latitude 
e. Longitude 
f. Depth of water column (meters) 
g. Length of magnet (meters) 
h. Effective cross sectional capture area (m2) 
i. Date of tracer drop and/or magnetic deployment 
j. Date of magnet retrieval 
k. Mass of tracer released/dropped (kg) 
l. Total number of days deployed (days) 
m. Mass (g) of material collected (e.g., dry weight or organic matter) 
n. Notes 

 
D. After entering the data, write the date and initials of the person who entered the data in 

the bottom left-hand corner of the spreadsheet. 
E. All notes and data entries should be verified by a minimum of two individuals. 

a. One individual shall read the values from the field book or the data sheet and the 
other individual shall check that those values are entered correctly into the file. 

b. In the data file, insert a row directly below the last data row proofed.  On this inserted 
row, enter a proofed “tag” with the date proofed. 

c. This proofed tag indicates that all data on previous rows have been proofed while data 
below the proofed tag are not yet proofed. 

d. If proofing data recorded on data sheets, enter the initials of both individuals as well 
as the date on the “Proofed” line. 
 

F. Prior to mass determinations, verify the accuracy and precision of the balance. 
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STANDARD OPERATING PROCEDURES 
for 

ENZYME DECOMPOSITION 
 
 
1.0 INTRODUCTION 
 
The degradation of organic matter is oftentimes limited by enzyme catalyzed reactions which 
may be largely affected by nutrient conditions, as well as the structure and composition of the 
plant community.  It is important to monitor variations in the rates of the enzyme reactions 
involved in the decomposition of organic matter as they can influence the long-term 
accumulation of peat and overall topography of a wetland ecosystem (Penton and Newman, 
2008).   
 
2.0 METHOD SUMMARY 
 
The objective of this Standard Operating Procedure (SOP) is to assess the enzyme activity 
involved in the decomposition of organic matter.  Once the litter and enzyme runs are prepared, a 
spectrofluorometer is used to measure fluorescence and absorption.  This SOP is specific to 
evaluating enzyme activity using a FL 600 spectrofluorometer.  
 
3.0 SITE SELECTION AND SAMPLE COLLECTION LOCATION 
 
Three paired ridge and slough sites will be selected in flow and no flow conditions.  Four 
litterbags containing approximately 10 g of air dried ridge or slough vegetation, collected locally, 
will be deployed at each site. 
 
4.0 EQUIPMENT AND SUPPLIES 
 
The requirements for equipment and supplies listed below must be followed. 
 
4.1 Laboratory Equipment and Chemicals 
 

• Bio-Tek Synergy HT (spectroflourometer) 
• KC4 software 
• 250 ml beakers (5) 
• 250 ml Erlenmeyer flasks (5) 
• Biohomogenizer 
•  Small paper bags 
•  Calibrated pipettes ranging 100µl to 10 ml plus tips 
• Aluminum weigh pans 
• Small plastic weigh boats 
• Scissors 
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• Costar 48 well tissue culture plates 
• Plastic bottles with caps 
• Small brown paper bags 
• 1 dark plastic bottle with cap 
• 10 ml centrifuge tubes with caps 
• Styrofoam centrifuge tube racks 
• Aluminum foil 
• Muffle furnace 
• Watch or other time-keeping device 
• Pens 
• Permanent markers 
• Calibrated balance 
• Deionized water (DI) 
• Drying oven 
• Lab spatula/spoon 
• Metal identification tags 
• Laboratory shaker 
• 8” – 12” Sieve No. 35 (or similar mesh size) 
• 4-methylumbelliferyl phosphate disodium salt (PHO) 
• 4-methylumbelliferyl B-D-glucopyranoside (GLU) 
• L-leucine-7-amido-4-methylcoumarin hydrochloride (LEU) 
• 0.3 % Hydrogen peroxide  
• L-3,4-dihydroxyphenylalanine (L-Dopa) 
• Tris buffer tris(hydroxymethyl)aminomethane 
• 4-methylumbelliferone (7-hydroxy-4-methylcoumarin) (MU) 
• 7-amino-4-methylcoumarin (AMC) 

 
5.0 FIELD CREW COMPOSITION, QUALIFICATIONS, AND TRAINING 
 
This monitoring activity should be overseen by a dedicated coordinator, who is directly 
responsible for ensuring that survey methods, data collection, safety, and management are 
standardized throughout the region.  The coordinator shall work with one or more of the staff 
while collecting data; thus data collections are directly checked by the coordinator.  Members of 
the lab crew must have good recommendations, previous lab experience, and proven ability to 
work in the lab reliably and independently.  All lab crew members are required to have at least 
one month of documented training by the lab coordinator prior to collecting any data. Lab crew 
members will be provided with a handbook of protocols and safety procedures prior to initiating 
the sampling event. 
 
6.0 PROCEDURES 
 
The following procedures are specific to each of the monitoring activities identified above.   
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6.1 Litter  Preparation 
 

A. Number the bottoms of aluminum weigh pans and ash in muffle furnace for two hours at 
500ºC.  Record the pan numbers and their ashed weights, determined by using a 
calibrated balance, in the datasheet under pan # and pan pre-weight (g). 

B. Cut litter bag and gently wash litter with DI water to remove periphyton.  Washing 
should be done over an 8” – 12” sieve to prevent loss of any partially decomposed plant 
matter. 

C. Place washed litter on paper towels with a numbered identification tag to dry for ten (10) 
minutes. 

D. Use a calibrated balance to tare a 250 ml beaker.  Shake excess water from dried litter 
and place dried litter into beaker.  Record the mass in the datasheet as Raw Whole wet 
weight (WW) (g). 

E. Using scissors, cut litter into pieces approximately 1 cm in size and mix by stirring. 
F. Subsample approximately one (1) g of the cut wet sample and place in weigh pan.  Do 

not tare the weigh pan (total mass should be approximately 2 g).  Record the total mass in 
the datasheet as Subsample WW for ash free dry mass (AFDM) determination (+pan) (g). 

G. Place the subsample and pan into the drying oven for two (2) days at 105ºC.  Record 
mass in the datasheet as Subsample dry weight (DW) for AFDM determination (+pan) 
(g).   

H. Ash the sample in the muffle furnace at 500ºC for two (2) hours.  Record mass in the 
datasheet as Subsample ash weight (AW) for AFDM determination (+pan) (g). 

I. Tare a 250 ml Erlenmeyer flask and place approximately one (1) g of cut wet sample into 
the flask.  Record this mass as Enzyme Run Subsample WW (g) in the datasheet. 

J. Add 100 ml of DI water to the flask and then homogenize using biohomogenizer for 
approximately ten (10) minutes or until all the litter is degraded into small particulate 
matter. 

K. Transfer ten (10) ml of the litter suspension into a plastic bottle (labeled with the 
appropriate litter tag number)  a 10ml pipette.   

L. Add 90 ml of DI water to the suspension.   
 
NOTES:  

• This is the suspension that shall be used for enzyme runs described in Section 6.2.   
• Finish four (4) samples before starting the first run. 

 
M. Weigh brown paper bags and record weight.  One bag per litter sample. 
N. Place remainder of litter sample into a brown paper bag and label the bag with the sample 

ID using a permanent marker. Put samples in large drying oven for five (5) days at 60°C.   
O. Weigh the dried total mass of the bag and litter and record in the datasheet as adjusted 

orig/whole dry weight plus bag. 
 
6.2 Enzyme Runs 
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A. Enzyme assays should be performed in a dark room as light exposure can effect 
fluorescence values. 

B. Thawed and temperature equilibrated enzymes should be used.  Place the frozen enzymes 
(i.e., GLU, PHO, LEU) into a beaker of DI water to thaw. 

C. Place the Costar microplate with the straight edge to the left.  Four replicates are used for 
each enzyme/litter combination (Figure 1). 

D. Pipette 360 µL of the 10 mM tris into each of the wells.  
 
NOTES: 

• Volume is very important, so ensure that there are no air bubbles in the tip of the 
pipette. 

 
E. Shake the litter suspension and with the same pipette (but using a different tip) and 

pipette 400 µL of the litter solution into each of four (4) wells for each enzyme.  Change 
tips between each sample. 

F. Pour a small amount of thawed enzyme substrate into a small plastic weigh pan.  In most 
cases, a few drops are enough for a whole plate.  Using a pipette, place 40 µL of enzyme 
into each of the wells.  Place the tip of the pipette to the suspension surface and expel the 
substrate.  Ensure that there are no air bubbles in the tip.  Pipette tips should only be 
changed between substrates. 

G. Place the plate in the spectrofluorometer with the flat edge to the left and remove the 
cover.  Follow procedures described in Section 6.3. 
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FIGURE 1.  A SAMPLE PLATE LAYOUT SHOWING FOUR REPLICATES  
USED FOR EACH ENZYME/LITTER COMBINATION 

 
 

6.3 Spectrofluorometer  
 
Warm the spectrofluorometer for 15 minutes prior to running. 
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6.3.1 Fluorescence  
A. On the desktop, click on the KC4 icon to start the program 
B. Go to protocol and click open protocol.  Open protocol named enzymeassay.prt 
Check settings in case protocol has been changed.   

- Fluorescence 
- 360/40 
- 460/40 
- Bottom 
- A1 – F8 
- 2 
- 3 

C. For Ti measurement, go into settings and choose endpoint. 
D. Choose read.  Endpoint readings should take approximately one (1) minute.  After the 

plate is read, the plate will be ejected from the machine and the computer will indicate 
that there are not enough standards on the plate.  Click OK.   

E. Go to report.  In the left hand column, click on M360/460 and add to the right-hand 
column.  Be sure to remove anything else that is in the right-hand column. 

F. Click print and label the printout with the respective ID numbers and enzymes.  Label 
this sheet as Ti. 

G. Click on new plate and do not save initial reading.  
H. Under settings, change endpoint to kinetic reading.  Click “Read” icon.  This reading will 

take approximately 46 minutes.   
I. The plate will be ejected from the machine upon completion of the read.  Click on report 

and move well zoom from the left-hand column to the right column.  Ensure that the 
wells in the bottom left corner (wells A1 through F8) are filled or it will not print all of 
the wells.   

J. Print.  This will be 20+ pages. 
K. Click on new plate and do not save. 
L. Go to settings and choose endpoint again.  Follow the same steps as described in 6.3.1 B-

G except label sheet as Tf. 
M. Staple all printouts together. 
N. Check kinetic graphs. 

 
NOTES: 

• PHO should be fairly linear with little error. 
• LEU should be in the high range (approximately 17000) fluorescence. 
• GLU often resolves very low activity and thus error in the graphs is usually 

larger. 
• Confirm that the graphs show an increasing trend over time. 
• Check Ti and Tf values to ensure that Tf is greater than Ti.  Some variances are 

expected (especially with GLU) 
• If the results are not consistent with the trends listed above, the sample should be 

run again. 
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6.3.2 Absorption (for  phenol oxides and peroxidase) 
 

A. Using KC4 software go to settings and change from Fluorescence to Absorption. 
B. Set absorbance wavelength to 460 nm. 
C. For Ti measurement, go into settings and choose endpoint. 
D. Choose read. This should take approximately one (1) minute. 
E. Click print and label the printout with the respective ID number and enzyme.   

   
6.4 Phenol Oxidase and Peroxidase 
 
6.4.1 Blanks 
 

A. Label four (4) sets of 10 ml centrifuge tubes with sample IDs (two (2) sets with phenox 
and two (2) sets with perox). 

B. Make blanks before the runs. 
C. For phenox blank runs, pipette 2 ml of the litter suspension sample into each of the 

respective tubes using a pipette.  
D. Pipette 2 ml of 10 mM tris buffer into each of the tubes.  This concludes the procedures 

for the phenox blanks. 
E. For perox blank runs, follow steps 6.4.1 C and D and add 100 µL of 0.3% H2O2 ) 
F. For both the phenox and perox blank runs, centrifuge tubes at 3000 rpm for five (5) 

minutes.   
 
NOTES: 

• Ensure the centrifuge is balanced.  
 

G. Remove 500 µL of supernatant from each tube and place in quadruplicate into the 
microwell plate such that each of four (4) wells in the microwell plate contains 
supernatant from one tube. 

H. Read absorbances for the blank values and print results. 
 
NOTES: 

• There should be one (1) set of blanks for perox and one (1) set of blanks for 
phenox. 
 

6.4.2 Phenox and Perox Runs 
 

A. Separate litter suspension samples into amounts to be placed into the centrifuge at one 
time.  For example, if there are 100 samples, only 36 can be placed into the centrifuge at 
one time.  Take these 36 samples first.   
 
NOTES: 
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• Work with one (1) set of samples at a time because L-DOPA degrades quickly in 
light. 
 

B. For phenox, add 2 ml of 10 mM L-DOPA to the first set of centrifuge tubes. 
C. Add 2 ml of respective litter sample to each of the tubes. 
D. Cap tubes and wrap the tubes and their styrofoam racks in aluminum foil.  Invert several 

times to mix. 
E. Place tube and rack on shaker at 200 rpm for one (1) hour. 
F. After the first 10-15 minutes, begin centrifuging the next set of samples.  

  
NOTES: 

• It may be necessary to run back and forth after the samples are finished with their 
incubation and others are centrifuging.  After one (1) hour on the shaker, 
centrifuge the tubes at 3000 rpm for five (5) minutes.   

• Place 500 µl of supernatant in well of microplate.  Four reps per sample such that 
4 wells each contain 500 µl of the same sample. Read absorbance levels and print 
results. 

• For perox, follow steps 6.4.2 B-C.  Before capping tubes and putting on shaker, 
add 100 µL of 0.3% H2O2 to each tube.  Finish with steps 6.4.2 D-I. 

 
6.5 Standards 
 

A. Make or obtain the standard MU and AMC solutions. 
B. Add 360 µL of 10 mM tris into each of four (4) wells in the well plate.  
C. Add 400 µL of DI water to each well. 
D. Add 40 µL of the respective standard concentration to each of four (4) wells in the well 

plate (Figure 2).   
 
NOTES: 

• Decant a small amount of the standard into the small plastic weigh pans to use for 
the well plate.  Do not pipette directly from the MU standard bottles or return 
excess material to the stock bottles. 
 

E. Add 400 µL of tris and 400 µL of DI to the last four (4) wells in the well plate for a blank 
or zero concentration. 

F. In the spectrofluorometer: 
a. Under settings, run endpoint analysis with fluorescence. 
b. Click layout and choose standards. 
c. Label each well with standard concentration.  
d. Click “Read”. 
e. When run is complete click “Biograph.”  If r2 is greater than 0.990 print the graph. 

 
NOTES: 

Standard concentrations must be labeled in order of highest concentration to lowest.      
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o Read endpoint.  This should take approximately one (1) minute. 
o Click on the biograph button and check for an r2 ≥ 0.990.   
o If an r2 ≥ 0.990 is not achieved, the standards should be run again. 

 
G. Since four (4) wells would be run for each standard concentration, a single suspicious 

sample with a value within a concentration (an outlier) may be discarded.  A minimum of 
triplicate standards are needed. 
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FIGURE 2.  A SAMPLE PLATE LAYOUT SHOWING FOUR REPLICATES  

USED FOR EACH STANDARD CONCENTRATION 
 
 

7.0 DATA MANAGEMENT 
 
7.1 Data Entry, Validation, and Ver ification 
 

A. Prior to weight determinations, verify the accuracy and precision of the balance. 
B. Use a black pen for all datasheet entries. 
C. To correct raw data entries, place a single line through the incorrect entry and write the 

corrected entry near the error with the date and analyst’s initials. 
D. After entering the data, write the date and initials of the person who entered the data in 

the bottom left-hand corner of the spreadsheet. 
All notes and data entries should be verified  
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9.0 REMOTE SENSING PROCEDURES 

9.1 Purpose 
The purpose of the remote sensing chapter is to provide guidelines in the selection, acquisition, 
processing, analysis, and interpretation of remotely sensed data for CERP projects. These 
guidelines should be used by scientists/project managers and others who have responsibilities for 
developing contracts for remote sensing services. The term “remote sensing” (RS) is used here in 
the broadest sense, and includes the use of digital imagery and photography, the collection of 
data from satellite and aerial platforms, the capture of data in electronic, film and print formats, 
and the analysis of data digitally, photogrammetrically, or manually. 

CERP is a joint partnership of Federal, State and Tribal agencies. The guidelines developed here 
reference existing documentation developed by CERP, USACE, US Geological Survey (USGS), 
FDEP, SFWMD, and others. Each section of this chapter is comprised of a topical discussion, 
including both theoretical and practical information, with Internet links to relevant guidelines, 
examples, and reference materials. This chapter is intended to supplement, not supersede, 
existing CERP guidelines and standards. 

9.2 Scope 
The goals of this chapter of the QASR are to outline the minimum QA requirements for 
evaluating and planning RS activities and to provide specific procedures for conducting 
collection activities. The chapter discusses the following: 

• General considerations for RS 

• Pre-field evaluation activities 

• Applicable guidelines and standards 

• Description of RS sensors 

• Comparison of RS platforms 

• Methods and their application to CERP requirements 

• Data Processing and Analysis 

• QA/QC considerations 

This chapter is not intended to be “prescriptive,” but is intended to assure that acceptable 
methods and QA/QC procedures are used when performing environmental investigations. It is 
intended to be a dynamic document that will be periodically reviewed and updated. 

The methods and QA/QC procedures in this manual should be incorporated by reference into any 
monitoring activity conducted for the CERP. This document does not negate the requirement for 
field SOPs or the need for  FSQM that is specific for each sampling agency. 
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9.3 Requirements and Regulations 
During the planning of a project where RS technologies are to be used, it will be imperative that 
the project team discuss and understand the specific requirements and regulations associated with 
a particular platform and sensor. Any nationally or internationally recognized requirements and 
regulations for remote sensing activities should be recognized and incorporated to the extent 
possible. Due to the nature of remote sensing activities, many government organizations have 
general rules and standards that must be followed when conducting remote sensing activities. 
The guidelines described in this chapter of the QASR manual are intended to supplement, not 
supersede, existing guidelines and standards. In addition to the requirements presented in this 
document, all data collection performed for CERP projects must conform to the relevant 
requirements in the following: 

9.3.1 Federal Requirements and Regulations 

• CGM 28, Technical specifications for CERP GIS Data 

• CGM 036, Technical Guidance for Use of the CERP Geodetic Vertical Control Surveys 
Monuments and Referenced Control 

• CGM 040, CERP Technical Guidance for the Project Level Water Quality and 
Hydrometeorologic Monitoring and Assessment 

• USACE EM-200-1-3, 1, Requirements for the Preparation of SAP 

• USACE EM-1110-2-2907, Engineering and Design - Remote Sensing 

9.3.2 State Requirements and Regulations 

• FDEP Quality Assurance Rule Chapter 62-160, FAC 

• FDEP collection and quality control protocols and requirements in DEP-SOP-001/01, 
incorporated by reference in Chapter 62-160.800, FAC 

9.3.3 Other Requirements and Regulations 

• Any other regulations dictated by project requirements in the SOW, QAPP or MP. 

• Relevant Websites Documents relevant to remote sensing requirements and regulations 
are available at numerous organization websites.  Links for the following organizations 
should be used as a starting point to search for relevant information, since guidelines and 
standards are subject to change. 

o CERP 

o USACE 

o SFWMD 

o FDEP 

o US Federal Government 
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o Federal Geographic Data Committee (FGDC) 

o Federal Emergency Management Agency (FEMA) 

o National Aeronautics and Space Administration (NASA) 

o Remote Sensing Professional Associations 

A list of common RS terminologies and definitions can be found in Appendix 9-B. 

9.4 Responsibilities 
Any and all CERP agencies performing or contracting for RS services should refer to QASR 
Chapter 2 for general guidelines and responsibilities associated with spatial data collection 
practices.  Although Chapter 2 requirements refer mostly to field data collection and laboratory 
analyses, similar reporting and documentation methods can be applied to data collected remotely.  
Additionally, information about the elements and structure of a QAPP can also be found in this 
chapter.  A robust QAPP should be developed when performing any kind of RS.  More detailed 
information on QA/QC specific to RS projects can be found in Section 9.8.  It is of particular 
importance to make every attempt to follow the appropriate standards and guidelines for the type 
of activities in question and this information is readily available in Section 9.3.2 above.  
Reporting standards, especially with regard to the creation and maintenance of appropriate and 
complete metadata information, should be robust and consistent with similar or related projects 
and national standards (See Section 9.10). 
 
Understanding the needs of the particular project for which the remotely sensed data is being 
collected is essential in designing a mission that will lead to a successful outcome.  The success 
of a RS project is not defined by a positive or negative answer to the question or questions that 
are being asked, but by the applicability, integrity, and accuracy of the data being generated to 
help answer the question(s).  The DQOs process detailed in Chapter 2 can help ensure that the 
resulting data satisfies the needs of the parent project.  Pre-project planning is essential for 
choosing the appropriate data collection sensor(s), platform, spatial resolution and accuracy, and 
classification resolution and accuracy to ensure data usability.  Temporal resolution can also be a 
major consideration when using remotely sensed data to portray a change in the environment. 
 
CERP agencies performing RS activities either in-house or through a vendor should ensure that 
all personnel working on the project are aware of the standards and requirements set forth by the 
CERP QAOT and the QASR.  This is normally handled by a designated QAO whose 
responsibility is to ensure consistency and integrity of the process.  All in-house and/or contract 
personnel should have the adequate training and background to perform the required tasks 
including a complete understanding of the technologies being deployed.   
 
Standardized contract language should be used whenever possible to help ensure consistency 
between similar or repetitive projects.  Scopes of Work must include the components listed in 
Section 9.8.1 and be submitted for a compliance review by the QAOT or appropriate designee 
before work begins.  This is especially important if the method for data collection and synthesis 
being proposed is non-standard or considered “new and innovative”.   
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Collaboration and cost-sharing practices should be utilized whenever possible to reduce waste 
and duplicative data collection.  During the initial RS project planning process, a thorough 
inventory of existing available spatial data should be conducted to determine whether appropriate 
information already exists with other Agencies.  Even during the interpretation phase of remotely 
sensed data, Agencies should make every attempt to work within already established 
classification systems whenever possible to maintain consistency and comparability with existing 
and future products. 

9.5 Training 
For CERP/RECOVER RS activities, it is necessary that staff participating in these activities be 
appropriately supervised by scientists/engineers who are skilled in the operation of the particular 
platform/sensors to be used. Because RS equipment and platforms may require special 
certifications to operate, all staff, contractors and/or subcontractors who will be directly 
conducting the RS operations must have the appropriate licenses and certifications. 

9.6 Project Planning and Review 

9.6.1 General Characteristics and Considerations of Remote Sensing Systems 
A number of characteristics and tradeoffs common to all RS systems should be considered when 
designing RS projects. The following elements have been modified from Liles and and Kiefer 
(2000) and should be considered in the planning process for RS collections. 

9.6.1.1 Energy Source 
Passive RS systems rely on energy that is reflected and/or emitted from the Earth’s surface 
(Radar and LIDAR are active sensors that are discussed in Section 9.7.2.2). The spectral 
distribution of reflected sunlight and emitted energy is far from uniform. Likewise, solar energy 
levels vary with respect to time and location, and surface materials emit energy with varying 
degrees of efficiency. While the operators have some control over the energy sources for active 
remote sensing systems, for passive systems the energy sources are generally non-uniform and 
vary with time and location. Consequently, there is a need to calibrate for source characteristics 
on a mission-by-mission basis or simply deal with relative energy units sensed at any given time 
and space. 

9.6.1.2 Atmosphere 
To a certain extent, the atmosphere modifies the strength and spectral distribution of the energy 
received by a sensor. Atmospheric effects can add noise to a signal. Techniques and models for 
atmospheric corrections are applied to remove these effects. Atmospheric correction has been 
shown to significantly improve the accuracy of image classification. This is particularly 
important for applications where repetitive observations or multi-sensor collections are involved, 
and data fusion or change detection is planned. 

9.6.1.3 Energy-Matter Interactions at the Earth’s Surface 
Not every material reflects or emits energy in a unique, known way. Since spectral response 
patterns (signatures) play a key role in detecting, identifying and analyzing land and water 
features, there can be a great number of ambiguities with respect to spectral signatures. Radically 
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different material types can be spectrally very similar, making differentiation difficult. Likewise, 
an understanding of energy-matter interactions for land/water features exists at an elementary 
level for some features and is nonexistent for others. 

9.6.1.4 Sensors 
No single sensor is sensitive at all wavelengths – they have fixed limits of spectral sensitivity. In 
addition, there is also a limit on how small an object on the Earth’s surface can be and still be 
recognized as separate from its surroundings. Finally, there are temporal considerations. 
Basically, sensors that have a one-day repeat cycle generally have a large footprint (i.e. 1 km 
spatial resolution), whereas sensors that have a finer spatial resolution (e.g. 30 m), typically have 
a longer repeat frequency (e.g. 14 days for NASA’s Landsat satellite). Ultimately, the choice of a 
sensor involves tradeoffs between spectral, spatial, and temporal resolution/coverage. 

9.6.1.5 Data Processing and Supply System 
The current capability of modern remote sensors to generate data far exceeds the capacity of 
today’s computers to handle these data. Processing sensor data into an interpretable format is 
often an effort entailing considerable planning, improved hardware, advanced processing 
techniques, time, experience, and reference data. Although in some cases data users would like to 
receive their data immediately after acquisition by the sensor in order to make timely decisions, 
this is often not possible. In addition, many sources of RS data are unable to supply imagery over 
an exact geographic area, at the required time, and/or under ideal conditions (e.g. low tide and no 
cloud cover). 

9.6.2 Multiple-View Approach 
The success of many RS applications is improved considerably by taking a multiple-view 
approach to data collection. This may involve multi-sensor data collection efforts, where, for 
example imagery is collected from multiple sensors over one site of interest. It may involve 
multi- or hyperspectral sensing, where data are collected over a range of the electromagnetic 
spectra (covering the visible, near infrared, and thermal infrared portions of the spectra), or it 
may entail multi-temporal sensing, where data are collected on numerous occasions over one site 
of interest. 

9.6.2.1 Multi-sensor Data Collections 
In a multi-sensor approach, data may be collected using either multiple sensors on a single 
platform, or multiple sensors from different platforms. An example of the latter is a collection 
effort that may involve a concurrent satellite-based Landsat overpass, aerial photography, and 
ground observations. Each successive collection provides more detailed information. By 
combining data from multiple sensors with reference information, data fusion techniques are 
used to improve accuracies and generate more specific inferences compared to methods that use 
a single sensor. While data fusion is not a new concept, the emergence of new sensors, advanced 
processing techniques, and improved processing hardware make real-time fusion of data 
increasingly possible. 
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9.6.2.2  Multispectral Sensing 
A large number of RS applications involve discrimination of land and water resources using a 
multi- or hyperspectral approach. Multi-spectral and hyperspectral sensors acquire data from tens 
(multi-spectral) to hundreds (hyperspectral) of wavebands over a specified range of the 
electromagnetic spectrum. When analyzed together, these wavebands produce more information 
than if only a single band was used or if multiple bands were analyzed independently. New 
advances in hyperspectral sensing are revolutionizing the utility of remotely sensed data for 
mapping and monitoring wetlands. It is now possible to map individual wetland species, as well 
as detect very subtle changes in wetland ecosystems such as early signs of stress. 

9.6.2.3 Multi-temporal Sensing 
Multi-temporal sensing involves capturing data over the same geographic area at multiple time 
periods in order to discover trends in vegetation or surface conditions. Change detection, or 
change analysis, is frequently used to monitor vegetation, land use change (e.g. rate of wetland 
loss), and can also be applied to address changes to water quality. Change detection can be 
employed to characterize and track the rate and spread of invasive species over time. Multi-
temporal collections can provide unique information regarding the growth and development 
(phenological stages) of vegetation. Critical to this approach is a careful selection of time 
periods, keeping in mind the primary question(s) being asked. The following section addresses 
questions that should be considered when planning a change detection project. These questions 
are relevant to many other RS projects as well. 

9.6.3 Planning Questions for Data Acquisition  
In order to identify the image technology most appropriate for a particular data collection need, 
the DQOs (Chapter 2, Section 2.5) should be identified so that the right type and quantity of 
data are collected.  The following questions, adapted from Chapter 3, Section 3 of the USACE 
Remote Sensing Engineer Manual EM-1110-2-2907, Oct. 1, 2003, should be answered to define 
basic information needed to select the appropriate technology. 

• What is the primary goal of the project?  Define the performance measure to be used for 
evaluation or assessment, and determine how remote sensing can be applied to assist in 
solving the problem. 

• What is the appropriate remote sensing technology for your application?  Different 
remote sensing data have different physical meanings and contain different information. 
Instead of using whatever types of data are available, you should consider which remote 
sensing technology gives you the right answers. 

• Are several technologies required to meet all the assessment needs, or can a single 
technology serve all the needs? 

• What spatial resolution is needed?  For imagery or digital photography, determine the 
pixel size that is required, and for film photography, determine what scale is required. 

• What is the target, or what is being mapped?  Define what spectral bands are needed. 
Determine what detail is needed from the imagery. 
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• Were past RS projects performed in this area, such that their database could be expanded 
upon? 

• What spectral resolution is needed?  Set bandwidths and proximity. 

• What are the requirements for timing and temporal resolution?  Select season(s) and time 
frequencies.  Each sensor system operates on a different repeat cycle. 

• How urgently are the data needed?  Determine acceptable coverage dates.  Determine the 
turn-around time from data capture to delivery. 

• When will ground-truth data be collected?  Image data acquisition ideally coincides with 
ground-truth data collection for training, analysis, and accuracy assessment. 

• What are the weather and light conditions?  Sensor limitations vary for use in rainy, 
cloudy, or nighttime conditions.  Specify maximum percent of cloud cover acceptable for 
visible and NIR sensors. 

• What accuracy is required?  Set vertical and horizontal accuracy limits. 

• Where is the project located geographically?  Specify the boundary coordinates for the 
area of interest (AOI).  Specify the scene, if applicable (e.g. path & row; orbit & frame). 

• What funds are available?  Determine if cost-sharing with another department or agency 
is possible. Determine if lower-cost archived data will suffice, or if new data are required. 
For a list of archived data costs, see Chapter 4, Section 4 of the USACE Remote Sensing 
Engineer Manual EM-1110-2-2907, Oct. 1, 2003. 

• What field of view is needed?  Specify image overlap, if one image is not sufficient. 
Specify that overlapping flights must be flown in the same direction. 

• What acquisition look direction is needed?  Specify time of day, flight direction and sun 
angle to minimize sun glint.  Specify off nadir angle limit.  For satellite orbital elements, 
see http://www.amsat.org/amsat/keps/kepmodel.html 

• What level of processing will be performed by the vendor?  Basic processes such as 
radiometric, atmospheric and geometric corrections should be considered. 

• What commercial analytical services are needed?  Determine whether external expertise 
is required for specialized processing.  See Chapter 3, Section 4 of the USACE Remote 
Sensing Engineer Manual EM-1110-2-2907, Oct. 1, 2003, for examples of value-added 
products. 

• In what format is the image data to be delivered? 

o Media type (e.g. Compact Disc Read-Only Memory (CDROM), digital tape or file 
transfer protocol (FTP) retrieval) 

o Compressed or uncompressed,  
o Tiled or untiled 
o File type (e.g. satellite format, or Geo Tag Image File Format (TIFF) 
o Electronic or hardcopy maps 
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• If there are license restrictions on the data received, are they acceptable for project 
purposes? Ownership and rights to share data vary.  Consider a multi-user license for 
sharing data across agencies. 

9.6.4 Planning Questions for Change Detection 
A careful definition of RS requirements will have a major impact on project costs, product 
quality, and the eventual usefulness to the end user. The following points have been modified 
from Klemas (2001) and should be considered carefully for relevance to CERP.  

9.6.4.1 General Requirements and Problem Definition 

• Define the decision points that will be made from the RS information. 

• Determine the data layers to be used for monitoring/modeling. 

• If models are used, determine what type (e.g. watershed, hydrodynamic, water quality, 
and ecosystem). 

• Establish the region/boundary of concern (e.g. watershed, drainage area, water body). 

• Select the land use classification system to be used. 

• Determine the minimum mapping unit that is acceptable and relevant to project. 

• Determine the frequency of change detection. 

• If mapped output is required, state the desired accuracy of maps, and identify ground 
resources needed to conduct accuracy assessment. 

9.6.4.2 Sensor Selection and Data Acquisition 

• Determine the data availability, quality, and format. 

• Select the RS system (consider the cost and resolution: temporal, spatial, spectral, or 
radiometric) 

• Select the RS image (years, season, tidal stage, atmosphere, cloud cover, soil moisture, 
etc.)  

• Gather in situ and collateral data (measurements, sites, transects, frequency, etc.) 

• If multiple sensors are used, identify methods for fusing different products in spatial, 
temporal, and radiometric domains. 

9.6.4.3 Data Analysis and Image Processing 

• Determine and conduct image preprocessing (geometric or atmospheric corrections, 
radiometric normalization, and calibration) 

• Determine image classification procedures (supervised, unsupervised, or hybrid) 

• Develop change detection algorithms (post classification, image differencing, etc.) 

• Ground-truth data for training and accuracy assessment 

• Develop a base map for GIS layers (Digital Elevation Model (DEM), bathymetry, etc.) 
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• Develop algorithms for new products (e.g., salinity or a region-specific vegetation index) 

9.6.4.4 Quality Assurance and Quality Control 

• Define spatial data quality 

• Determine statistical accuracy and precision of individual date classifications 

• Determine statistical accuracy and precision of change detection products 

9.6.4.5 Data Storage and Distribution of Results 

• Determine if data are to be distributed and stored as digital products that may be accessed 
via the internet (Internet access) 

• Determine if analog (hardcopy) products will be required 

• Develop a database archive and distribution system for multiple users 

• Create Metadata for all data products 

9.7 Procedures 

9.7.1 Background Information 

9.7.1.1 Applicability of Remote Sensing Technologies to CERP and Other Projects 
Table 9.1 lists a number of CERP monitoring applications, and which sensors may be 
appropriate for use in data collection for that particular application. Table 9.2 presents the 
applicability of different remote sensing technologies to various projects (CERP or non-CERP).  

Table 9.2 also includes the relative cost for each technology, and a ranking of how applicable the 
RS technologies are to various projects. 
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Table 9.1  Summary of the Possible CERP Applications for Some Airborne and Satellite 
Data and Sensors 

CERP 
Applications AVHRR AVIRIS ESSI’s 

Probe-1 HyMap Hyperion Quickbird/
IKONOS IRS ETM MODIS RadarSat LiDAR 

Sawgrass 
vegetation 
patterns in WCAs 

X           

Mangrove 
vegetation 
patterns 

X  X         

Water clarity in 
Estuaries and 
Lake 
Okeechobee 

 X X X X X X X X   

SAV vegetation 
in Lake 
Okeechobee 

 X X X X X X X    

Sea grass bed 
patterns in 
Northern and 
Southern 
Estuaries 

 X X X X X X X    

Native vegetation 
patterns in Lake 
Okeechobee 

 X X X X X X X  X  

Vegetation 
mosaics in 
Greater 
Everglades 
Wetlands 

 X X X X X X X X X  

Algal Bloom 
patterns in Lake 
Okeechobee and 
Estuaries 

 X X X X X X X X X  

Oyster patterns 
in Northern 
Estuaries 

 X X X   X X    

Sulfate 
concentrations in 
CERP 
Reservoirs 

 X X X X X      

Exotic vegetation 
patterns in 
Greater 
Everglades 

   X  X      

Salinity patterns         X   
Planning level 
Mapping          X X 

Planning level 
topographic 
engineering 

         X X 

Water depth 
determination           X 

Note:  Remote sensing science is constantly evolving with new sensors coming on-line as old ones become 
obsolete. A periodic re-examination of the status and technology of a chosen sensor should be performed before 
being considered for a particular application. 
Source: SFWMD, White Paper of Remote Sensing Assessment Team, March 2001. 
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Table 9.2  Applicability of Different Remote Sensing Technologies 

Remote Sensing (RS) Technologies 
Passive RS Active RS 

Aerial Photography 

Remote Sensing 
Applications 

Panchromatic Multi-spectral/ 
Hyperspectral Thermal Microwave 

Film Digital 
Radar LiDAR 

Text Section 9.7.2.1 9.7.2.1; 9.7.2.3 9.7.2.1 9.7.2.1 9.7.2.1 9.7.2.1 9.7.2.2; 
9.7.2.3 

9.7.2.2; 
9.7.2.3

Relative Cost low low/ high moderate low low low/ 
moderate moderate high 

Typical Spatial 
Resolution ~0.5-15 m 1 m – 1 km 20-120 m > 1 km ~0.1-3 m 0.25 – 

3 m ~3 m -1 km 0.1-1 m

Water Quality Applications 
•Temperature/ Sea 
surface temperature 0 1 2 2 0 0 0 0 

•Salinity mapping 0 2 2 2 0 0 0 0 
•Color 0 2 0 0 1 1 0 0 
•Suspended 
materials/ Turbidity 1 2 0 0 1 1 0 0 

•Chlorophyll 0 2 0 0 0 1 0 0 
•Thermal discharges 0 1 2 1 0 0 0 0 
•Sewage plumes 1 2 1 0 1 1 0 0 
•Runoff (nutrients, 
fertilizers) 1 2 0 0 1 1 0 0 

Hydrological Applications 
•Topography 2 1 0 0 1 1 0 2 
•Land cover 1 2 0 0 1 2 0 1 
•Latent/ Sensible heat 
determination 0 0 2 1 0 0 0 0 

•Soil moisture 0 1 1 2 0 0 2 0 
•Surface albedo 1 2 1 0 1 1 2 0 
•Evapotranspiration 
(ET)  2 2 2 1 1 0 0 

•Seepage 0 2 1 0 1 1 0 0 

Ecosystem and Vegetation Assessment 
•Native/ Exotic 
vegetation type and 
distribution 

0 2 0 0 1 2 0 1 

•Seasonal dynamics/ 
Change analysis 0 2 0 0 1 2 0 1 

•Vegetation vigor and 
growth status 0 2 0 0 1 2 0 1 

•Indicator species/ 
Habitat mapping 0 2 0 0 1 2 0 1 

•Riparian ecology 0 2 0 0 1 2 0 1 

Agricultural Applications 
•Crop type and density 0 2 0 0 1 2 0 1 
•Crop growth and 
health 0 2 0 0 1 2 0 1 

•Soil type 1 2 0 0 1 1 1 0 
•Agricultural runoff 1 2 0 0 1 1 0 0 
•Vegetation stress 1 2 0 0 1 1 0 0 
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Remote Sensing (RS) Technologies 
Passive RS Active RS 

Aerial Photography 

Remote Sensing 
Applications 

Panchromatic Multi-spectral/ 
Hyperspectral Thermal Microwave 

Film Digital 
Radar LiDAR 

Limnology, Marine/Lake, Coastal Management  
•Coastal erosion/ 
Shoreline and beach 
delineation 

1 2 0 0 1 1 1 2 

•Phytoplankton 
pigments 0 2 0 0 1 1 0 0 

•Corals 0 2 0 0 1 1 0 0 
•Submerged aquatic 
vegetation (SAV) 0 2 0 0 1 1 0 0 

•Oysters beds/ Reefs 0 2 0 0 1 2 0 0 

Atmospheric Applications  
•Water vapor 0 2 1 2 0 0 1 0 
•Cloud type/ Cloud 
penetration 0 2 0 1 1 1 0 0 

•Aerosol/ Chemical 
pollutants 0 1 1 0 1 1 1 1 

•Weather monitoring/ 
Rainfall intensity 0 1 1 2 0 0 2 0 

Emergency Management 
•Biomass fires 
monitoring & 
assessment 

1 2 2 0 0 0 1 1 

•Base map & normal 
conditions 1 1 0 0 2 2 0 0 

•Hurricane wind flood 
damage 1 1 0 0 2 2 0 0 

•Flood damage 1 2 0 0 2 2 0 1 
•Post-disaster damage 
assessment 1 1 0 0 1 2 0 1 

•Oil spill 0 2 0 0 2 2 2 0 

Land and Water Resources Management 
•Land use 1 2 0 0 1 2 0 0 
•Watershed & basin 
monitoring (canal 
seepage detection) 

0 2 0 0 1 1 0 0 

•Regulatory 
compliance 0 2 0 0 1 2 0 0 

•Water permitting 0 2 0 0 1 2 0 0 
aGround sample distance. 
Note: RS has broad applications and is project-specific; RS technology (sensors) may become quickly outdated and 
any specific project undertaken in the future should re-examine the status per technology. RS Technology Ranking 
Codes are as follows:  0 = Not applicable; 1= Possibly applicable; and 2 = Applicable  
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9.7.1.2 Water Quality Considerations in Remote Sensing 
RS has the potential for use in monitoring many water quality (WQ) parameters, as these 
parameters are measured spectrophotometrically. Theoretically, spectral image data could be 
measured, processed, and related to WQ parameters. To date, this has only been successful with 
a limited number of measurements, including total suspended solids, turbidity, chlorophyll, and 
total phosphorus. 

The use of remote sensing for WQ has been limited by two challenges: 

• Relationship of spectral data with real time WQ measurements (i.e. ground-truthing)  

• Interference due to reflectance in shallow water bodies 

Similar to most data collection efforts, inferences about WQ require that a sufficient number of 
data points be obtained to develop a valid statistical relationship.  For RS activities aimed at 
evaluating WQ, this means that sufficient numbers of discreet WQ samples must be collected 
concurrently with the RS collection effort. If the areas are large and remote, this becomes a 
major logistical effort. It may be logistically impossible to have sufficient personnel to collect 
and process samples within the time constraints of the particular sensor. In addition, many WQ 
parameters are dynamic and can vary over the course of a day, further shortening the data 
collection window.  

Radiative transfer models have been developed to help us understand and predict how photons 
propagate through the complex dynamics of shallow coastal waters. The results enable the 
monitoring of biological processes and the removal of bottom characteristics. These models are 
being used to develop regionally appropriate algorithms, which can be applied to ocean color RS 
images obtained from a variety of platforms (e.g. Moderate Resolution Imaging 
Spectroradiometer (MODIS) and hyperspectral sensors). 

9.7.1.3 Comparison of Typical Remote Sensing Platforms 
As discussed in Chapter 9.7.2, a variety of airborne and satellite platforms are available for 
environmental applications. These platforms can be grouped based on the region within which 
they typically operate. Table 9.3 provides examples of five satellite sensors or types of sensors 
that are grouped from largest footprint (Sea-viewing Wide Field-of-view Sensor (SeaWiFS)) to 
smallest footprint (hyperspectral sensors). Each column indicates the wavebands within which 
the sensor operates. Note these range from numerous narrow wavebands (hyperspectral) to 
several larger bandwidth sensors (Landsat 7 Thematic Mapper (TM), SPOT 4, IKONOS). 

Generally, as the spatial resolution of a sensor increases, the costs of acquisition and processing 
of the data increase as well. This is illustrated in Figure 9.1, which compares approximate costs 
for several commonly used sensors for environmental applications. 
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Table 9.3  Comparison of Spectral Characteristics for Several Commonly Used Sensors 
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Note: Graphic image not to scale; costs reflect 2006 prices. 

igure 9.1 Comparison of Approximate Cost vs. Spatial Coverage for Typical High to 
Moderate Resolution Sensors 

 

9.7.1.4 Remote Sensing Reference Library 
The following links provide tutorials, images, glossaries, descriptions of sensors, and FAQs 
(frequently asked questions) for a variety of RS topics. 

• NASA Remote Sensing Tutorial 
 http://rst.gsfc.nasa.gov/ 

• Ohio View Remote Sensing Tutorial 
 http://dynamo.phy.ohiou.edu/tutorial/tutorial_files/frame.htm 

• On-line Remote Sensing Guide 
 http://ww2010.atmos.uiuc.edu/(Gh)/guides/rs/home.rxml 

• Satellite Mission Catalogue and Satellite Instruments Catalogue 
 http://www.ceos.org/  

• EROS Data Center Image Gallery  
 http://eros.usgs.gov/imagegallery/ 
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9.7.2 Methods 
RS provides cost effective methods for monitoring the Earth at scales, which vary from global to 
local. This is especially important to CERP as adaptive assessment will depend upon the 
measurement of regional responses to the individual components. Time series studies help us 
understand the processes occurring on the land surface, in the atmosphere and in water bodies. 
GIS, used in conjunction with RS applications, enables us to incorporate the results of image 
analyses into spatial databases for modeling and mapping. 

RS technologies can be divided into two classes, namely, passive and active. Passive sensors 
measure available electromagnetic energy (reflected sunlight or radiated thermal heat), while 
active sensors send an energy signal to the target, which is then reflected back to the sensor. 

Sensors are designed to detect the amount of energy within a specified range of wavelengths, 
referred to as the bandwidth. Within the visible spectrum, the various bandwidths are perceived 
as individual colors. Some types of sensors can detect energy at bandwidths outside the visible 
spectrum, such as infrared, thermal and microwave wavelengths. Sensors also vary in the number 
of bandwidths detected. Panchromatic scanners sense one broad bandwidth. Multispectral 
scanners sense several distinct bandwidths. Hyperspectral scanners detect hundreds of very 
narrow bandwidths. Spectral resolution is defined as the number and width (wavelength) of 
bands of electromagnetic energy that are detectable by a given sensor. 

Like a picture being taken when a camera shutter is momentarily open, a sensor records the total 
amount of energy detected in its bandwidth, during a brief moment. The radiometric resolution 
refers to how sensitive the scanner is to variations in the amount of energy detected. Fine 
radiometric resolution would produce an image with many fine shades of gray tones. The 
minimum surface area captured by the sensor for that moment is the spatial resolution (for 
example 20 meters square) and is represented as one pixel in the resulting image. The scanner 
moves across the landscape, recording values for each pixel. Temporal resolution refers to how 
often the same geographic area is revisited by the sensor. 

Electromagnetic energy, which is reflected and/or emitted from objects, can be detected and 
recorded by airborne or satellite platforms as remotely sensed data. A wide variety of airborne 
and satellite platforms are available for environmental applications. In addition, new platforms 
become available on a regular basis, just as older platforms are decommissioned. 

Passive and active RS technologies are described in Sections 9.7.2.1 and 9.7.2.2. Examples of 
platform and sensor combinations that are commonly used are presented, with specific 
information regarding operational history, resolutions, costs and potential applications. In 
addition, an example image of a region in Florida is provided for each specific example. Website 
links to other platforms within the same category are also listed. A list of additional satellite 
sensors with website links is provided in Appendix 9-C. A summary of the applicability of the 
various remote sensing technologies discussed in this chapter is provided as Appendix 9-D. 
 
It is important to note that the information in this chapter and/or appendices may become quickly 
outdated, and any specific project undertaken in the future should re-examine the status of these 
sensors closely.  Improvements in hardware and software and the availability of data with higher 
spectral and spatial resolutions are advancing the capabilities of RS science.  New data collection 
platforms are constantly being developed world-wide for a myriad of different applications.  
New data extraction, analysis, and portrayal methods are constantly being developed and existing 
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methods improved.  This makes it imperative for decision-makers and RS professionals to fully 
understand the needs of a given project and be able to assess which technologies will offer the 
most cost and time efficient solutions for their particular need. 

9.7.2.1 Passive Remote Sensing Technologies 
Passive sensors measure the available electromagnetic energy, such as reflected sunlight or 
radiated thermal heat. Most passive systems detect visible, infrared and/or microwave 
wavelengths.  

Passive RS technology includes the following systems: 

• Panchromatic and multi-spectral 

• Hyperspectral 

• Thermal 

• Passive microwave 

• Aerial photography 

Panchromatic and Multi-spectral Remote Sensing 
Panchromatic and multi-spectral sensors have been available for decades. Panchromatic data are 
collected in a single broad bandwidth, producing a gray scale image similar to a black-and-white 
photograph. Multi-spectral data generally consist of several broad wavebands, which are 
spectrally discrete, producing a natural color or false color image. Both panchromatic and multi-
spectral images reveal spatial information (shapes) and limited spectral information. Frequently 
collected over many years by numerous sensors, these data are readily available at relatively low 
cost. Spatial analyses can include trend studies where a series of images are used to measure 
change in a parameter over time. Satellite-based panchromatic and multi-spectral systems (e.g. 
Landsat, SPOT) have the distinct advantage of providing synoptic coverage and therefore give an 
exhaustive view of broad geographic areas for land cover analysis. Proven applications include, 
but are not limited to, vegetation, hydrologic and ecosystem analysis, water and land resources 
management, and land cover mapping and monitoring. Panchromatic and multi-spectral RS has 
the potential for the following CERP-related monitoring needs: 

• Northern Estuaries submerged aquatic vegetation (SAV)  

• Lake Okeechobee native vegetation  

• Greater Everglades Vegetation Mosaics 

• Greater Everglades Ridge and Slough landscape patterns 

• Southern Estuary SAV patterns 

• Greater Everglades periphyton mat distribution 

Several examples of multi-spectral sensors on various platforms are described below. 

Passive Multi-spectral – Low Resolution (>50m) - Example: MODIS - MODIS specifications 
are listed in Table 9.4, and a MODIS scene over Florida is shown in Figure 9.2. Similar RS 
Platforms are listed below: 
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• AVHRR - http://edc.usgs.gov/guides/avhrr.html 

• ERS-2 - http://earth.esa.int/ers/ 

• TOMS - http://toms.gsfc.nasa.gov/ 

• SeaWiFS - http://oceancolor.gsfc.nasa.gov/SeaWiFS/ 

• IRS-P4 - http://www.isro.org/irsp4.htm 

• CBERS2 - http://www.cbers.inpe.br/en/index_en.htm 

• RESURS-3 - http://sputnik.infospace.ru/resurs/engl/resurs.htm 

• ENVISAT - http://envisat.esa.int/instruments/tour-index/ 

• TRMM - http://trmm.gsfc.nasa.gov/overview_dir/virs.html 

 

Table 9.4  MODIS Specifications 

Name 
MODIS 

http://modis.gsfc.nasa.gov/about/specifications.php 
Bands 36 bands, spectrally discrete 

Resolutions  

Spatial resolution: 250m, 500m, 1000m bands 
Spectral resolution: ~15 nm - 300 nm 
Temporal resolution: twice daily  
Temperature resolution: >0.05 K 
Radiometric resolution: 12 bits 

Sensor description Space-borne visible/NIR/TIR sensor, narrow- to broad-band and low 
spatial resolution 

Spectral range or frequency 36 spectral bands from 405-14,385nm 
Swath width 2,330km 

History of data availability Owned and maintained by NASA. Not commercially operational, but 
available. 

Data cost Raw: Free  
Processed: Free  

Proven uses 
Cloud top altitude, surface/cloud temperature, ozone, cloud properties, 
atmospheric water vapor, biogeochemistry (ex. Phytoplankton), land 
properties, aerosol properties 

Uses being researched 
Improvement on information details and accuracy for all of the above 
applications. Atmospheric, land, and ocean imaging in a single 
instrument 

Equipment/software needed Handheld spectrometer desirable, image processing software such as 
ENVI and ERDAS Imagine 

Possible CERP Applications:   
• Water clarity in Estuaries and Lake Okeechobee. 
• Salinity patterns  
• Vegetation mosaics in Greater Everglades Wetlands 
• Algal Bloom patterns in Lake Okeechobee and Estuaries 
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Figure 9.2  MODIS Scene Over Florida (February 17, 2002) 
 

Passive Multispectral – Medium Resolution (<50m, >15m) Example: Landsat 7 – Landsat 7 
specifications are listed in Table 9.5 and a Landsat 7 image of the Florida Everglades is shown 
in. Figure 9.3.  Similar Remote Sensing Platforms are listed below. 

• IRS-1C, -1D - http://www.isro.org/programmes.htm 

• SPOT-4 - http://spot4.cnes.fr/spot4_gb/index.htm 

• ROCSAT-2 - http://www.skyrocket.de/space/doc_sdat/rocsat-2.htm 

• FORMOSAT - http://www.skyrocket.de/space/doc_sdat/formosat-3-cosmic.htm 

• ASTER - http://asterweb.jpl.nasa.gov/ 

• EO-1 - http://eo1.gsfc.nasa.gov/new/extended/ 

• SPOT-5 - http://spot5.cnes.fr/gb/satellite/satellite.htm 

• CBERS2 - http://www.cbers.inpe.br/en/index_en.htm 

• IRS-P6 - http://www.isro.org/pslvc5/index.html 
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Table 9.5  Landsat 7 Specifications 

Name Landsat Enhanced Thematic Mapper (ETM+) 
http://landsat.gsfc.nasa.gov/ 

Bands 1 pan and 7 multi-spectral bands  

Resolutions 

Spatial resolution: 15m pan, 30m multi-spectral, 60m thermal 
Spectral resolution: >60 nm 
Temporal resolution: 16 days 
Radiometric resolution: 8 bits 

Sensor description Space-borne multi-spectral sensor, broad-band and medium spatial 
resolution 

Spectral range or frequency 0.450-2.35 um (thermal band: 10.40-12.50 μm) 
Swath width 185 km 
History of data availability Commercially operational and available 

Data cost 
Raw: $600/scene 
Processed: ~$2K geo-registered scene  
SLC-off is currently $250 at the USGS 

Proven uses 
Water color, landscape and land use, general vegetation/ecosystem 
mapping, land change detection, vegetation spatial variation/seasonal 
dynamics, coastal line change, emergency preparation and damage 
assessment, regulatory compliance, water permitting 

Uses being researched Improvement on information details and accuracy for all of the above 
applications 

Equipment/software needed Handheld spectrometer desirable, image processing software such as 
ERDAS Imagine 

Possible CERP Applications:   
• Water clarity in Estuaries and Lake Okeechobee. 
• SAV vegetation in Lake Okeechobee 
• Sea grass bed patterns in Northern and Southern  Estuaries 
• Native vegetation patterns in Lake Okeechobee 
• Vegetation mosaics in Greater Everglades Wetlands 
• Algal Bloom patterns in Lake Okeechobee and Estuaries 
• Oyster patterns in Northern Estuaries  
 

 
Landsat Internet Links: 
  

http://landsat.gsfc.nasa.gov/ 
http://landsat7.usgs.gov/index.php 
http://www.tec.army.mil/tio/LANDSAT.htm 
http://www.rsi.ca/products/sensor/landsat/lsat45_price.asp   
http://www.rsi.ca/products/sensor/landsat7/lsat7.asp 
http://edc.usgs.gov/products/satellite/tm.html 
http://edc.usgs.gov/products/satellite/landsat7.html 
http://edc.usgs.gov/products/satellite/mss.html 
http://www.landsat.org/ 
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Figure 9.3  Landsat 7 Image of the Florida Everglades (May 2, 2000) 
 

Passive Multi-spectral – High Resolution (<5m) – Example: Quickbird - Quickbird 
specifications are listed in Table 9.6 and a Quickbird image of the Florida Keys is shown in  
Figure 9.4 Similar Remote Sensing Platforms are listed below. 

• IRS-1C/1D 
 http://directory.eoportal.org/d_ann.php?an_id=8155 

• ROCSAT 
 http://www.skyrocket.de/space/doc_sdat/rocsat-2.htm 

• IKONOS  
 http://www.satimagingcorp.com/satellite-sensors/ikonos.html 

• EROS-A1 
 http://www.spaceandtech.com/spacedata/logs/2000/2000-079a_erosa1_sumpub.shtml 

• SPOT-5  
 http://www.satimagingcorp.com/satellite-sensors/spot-5.html 

• ORBVIEW3  
 http://www.orbital.com/NewsInfo/Publications/OV3_Fact.pdf
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Table 9.6  Quickbird Specifications 

Name Digitalglobe QuickbirdName: 
http://www.digitalglobe.com/ 

Bands 1 pan and 4 multi-spectral channels 

Resolutions  
Spatial resolution: 0.61m pan, 2.44 multi-spectral 
Spectral resolution: >70 nm 
Temporal resolution: 1-14 days 
Radiometric resolution: 11 bits 

Sensor description Space-borne multi-spectral sensor, broad-band and high spatial 
resolution 

Spectral range or frequency 450-900nm 
Swath width 16.5km at nadir 
History of data availability: Commercially operational and available 

Data cost Raw: $14/km2 
Processed: $24/km2  

Proven uses 
Invasive species mapping, photogrammetric mapping, aerial photo 
substitute, data fusion with other lower resolution sensors, coastline 
change, emergency response, coral reef mapping, land cover 
assessment 

Uses being researched Improvement on information details and accuracy for all of the above 
applications 

Equipment/software needed Handheld spectrometer desirable, image processing software such as 
ERDAS Imagine 

Possible CERP Applications:   
• Water clarity in Estuaries and Lake Okeechobee. 
• SAV vegetation in Lake Okeechobee 
• Seagrass bed patterns in Northern and Southern Estuaries 
• Native vegetation patterns in Lake Okeechobee 
• Vegetation mosaics in Greater Everglades Wetlands 
• Exotic Vegetation patterns in Greater Everglades 
• Algal Bloom patterns in Lake Okeechobee and Estuaries 
• Oyster patterns in Northern Estuaries  
• Sulfate concentrations in CERP Reservoirs 
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Figure 9.4  Quickbird Image of the Florida Keys (November 7, 2004) 
 

Hyperspectral Remote Sensing 

Hyperspectral sensors acquire images in hundreds of co-registered, continuous spectral bands 
with narrow bandwidths such that for each picture element (pixel) it is possible to derive a more 
precise spectral signature than is possible with multi-spectral sensors, which acquire fewer and 
broader bands. The hyperspectral data provide two domains of information for evaluation: spatial 
patterns (x and y directions) and spectral dimension (z direction). 
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All natural and man-made materials have a unique signature of reflected light from the sun. The 
finer spectral resolutions of hyperspectral systems are able to measure this signature and 
uniquely identify materials. Hyperspectral systems are currently being used to map individual 
wetland species, as well as detect very subtle changes in wetland ecosystems such as plant vigor 
and health, or the early signs of stress. 

An important challenge associated with the use of hyperspectral sensors is the volume of data 
generated. Hyperspectral data contain hundreds of spectral bands for each pixel. It is not 
uncommon to generate hundreds of gigabytes of data in a typical aerial hyperspectral survey. A 
new generation of processing software, spectral libraries, and automatic feature extraction 
algorithms have been developed to address these challenges. 

Due to the wealth of detailed spectral information that hyperspectral remote sensing provides, 
hyperspectral data have been widely used for quantitative analysis to support a variety of 
applications. A partial list of promising applications supported by hyperspectral remote sensing 
includes terrestrial ecology, vegetation mapping, oceanography, limnology, geology, 
volcanology, climatology, agriculture, agronomy, snow and ice hydrology, and environmental 
management. 

Hyperspectral technology can be applied to the detection of both vegetation and WQ features.  
Potential CERP applications include: 

• St. Lucie salinity patterns 

• Caloosahatchee salinity patterns 

• Lake Worth Lagoon salinity patterns 

• Northern Estuaries Oysters 

• Northern Estuaries SAV 

• Lake Okeechobee native vegetation 

• Lake Okeechobee water clarity 

• Greater Everglades vegetation mosaics 

• Greater Everglades Ridge and Slough landscape patterns 

• Southern Estuary SAV patterns 

• Greater Everglades Mangrove vegetation patterns 

• Southern Estuary water clarity 

It is important to note, that many WQ parameters, such as salinity, may not be directly measured 
by the RS equipment, but may be correlated to other WQ parameters that can be directly 
measured.  Algorithms to estimate parameters such as salinity can therefore be derived, if not 
directly measured.  An example of a hyperspectral sensor on an airborne platform is described 
below.
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Passive Hyperspectral (>36 spectral bands) – Example: Airborne Visible and Infrared 
Imaging Spectrometer (AVIRIS) – AVIRIS specifications are listed in Table 9.7 and an 
AVIRIS true color image of Key West, Florida is shown in Figure 9.5. Similar Remote Sensing 
Platforms (space and airborne) are listed below.   

• AAHIS - http://hydrolab.arsusda.gov/rsbasics/sources.php 
• AHI -  http://www.higp.hawaii.edu/ 
• AIS - http://www.itc.nl/ 
• AISA - http://hydrolab.arsusda.gov/rsbasics/sources.php 
• APEX - http://www.apex-esa.org/ 
• ARES - http://www.ares.caf.dlr.de/intro_en.html 
• ASAS - http://www.itc.nl/ 
• CAMODIS - http://www.cis.rit.edu/class/simg707/Web_Pages/Survey_report.htm 
• CIS - http://www.itc.nl/ 
• CASI-2 - http://arsf.nerc.ac.uk/documents/casi2.pdf 
• EKWAN-1 - http://scs.gmu.edu/~rgomez/Hyperspectral Imaging Systems.doc 
• FLI/PMI - http://rst.gsfc.nasa.gov/Sect13/is_list.html 
• GER EPS-H - http://www.ger.com/epsh.html 
• HYMAP - http://hydrolab.arsusda.gov/rsbasics/sources.php 
• HYPERCAM -http://www.isprs.org/.isprs.org/ 
• IRIS - http://www.itc.nl/ 
• MAIS - http://rst.gsfc.nasa.gov/Sect13/is_list.html 
• MIDIS - http://rst.gsfc.nasa.gov/Sect13/is_list.html 
• MISI -  
• MIVIS - http://www.lara.iia.cnr.it/inglese/mivis/mivis.html 
• PHI - http://www.gisdevelopment.net/aars/acrs/1999/ts10/ts10399.shtml 
• PHILLS - http://rsd-www.nrl.navy.mil/7212/pdf/20020225_OE.pdf 
• PROBE-1 - http://www.earthsearch.com/index.php?sp=10 
• ROSIS -  
• SEBASS - http://www.lpi.usra.edu/science/kirkland/Mesa/text.html 
• SCSI - http://www.borstad.com/papers/peterstmw.html 
• SMIFTS - http://www.itc.nl/ 
• TRWIS-III - http://scs.gmu.edu/~rgomez/Hyperspectral Imaging Systems.doc 
• VIFIS - http://www.unitus.it/dipartimenti/dpv/R.Casa-PhD%20Thesis,2003.pdf 
• MUSIC -  
• OMAIS - http://www.cossa.csiro.au/reports/kaiyang/beijing.htm 
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Table 9.7  Airborne Visible and Infrared Imaging Spectrometer Specifications 

Name AVIRIS 
http://aviris.jpl.nasa.gov/ 

Bands 224 bands, spectrally continuous 

Resolutions  
Spatial resolution: varies. Regularly 3-20 m/flown @20km altitude 
Spectral resolution: ~10 nm 
Temporal resolution: N/A 
Radiometric resolution: 10 bits 

Sensor description Airborne hyperspectral sensor, narrow-band and high to medium spatial 
resolution 

Spectral range or frequency ~400 to 2,500 nm 
Swath width 512 pixels = 1.5-10km 

History of data availability Owned and maintained by NASA JPL. Not commercially operational, but 
available (both archival data and programmed  acquisitions) 

Data cost 
Raw: regularly $100,000/flight hour. $0 to a few thousands dollars for 
NASA PIs. 
Processed: archived: $500/tape 

Proven uses for hyperspectral RS 
technology 

Water color/turbidity/chlorophyll, marine plants, landscape and land use, 
change analysis, vegetation spatial variation/seasonal dynamics, 
vegetation species identification and classification, leaf chlorophyll, leaf 
water, cellulose, lignin, biomass fires, clay/iron minerals, carbonates, 
sulfates, water vapor 

Uses being researched 
Water and air pollutants dissolved organic compounds, surface albedo, 
vegetation vigor/stress, exotic vegetation type and distribution, riparian 
vegetation, cloud types, aerosols, ice studies 

Equipment/software needed Handheld spectrometer required, image processing software such as 
ENVI 

Possible CERP Applications:   
• Detailed analysis of land and water features 
• Water clarity in Estuaries and Lake Okeechobee. 
• SAV vegetation in Lake Okeechobee 
• Sea grass bed patterns in Northern and Southern Estuaries 
• Native vegetation patterns in Lake Okeechobee 
• Invasive species mapping 
• Vegetation mosaics in Greater Everglades Wetlands 
• Algal Bloom patterns in Lake Okeechobee and Estuaries 
• Oyster patterns in Northern Estuaries 
• Sulfate concentrations in CERP Reservoirs 
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Figure 9.5  AVIRIS True Color Image of Key West, Florida (November, 1992) 

 

Thermal Remote Sensing  
In the thermal infrared (TIR) spectral region, most natural surfaces emit electromagnetic 
radiation that can be used for passive detection. Advances in infrared technologies over the past 
two decades have been made possible by the development of modern electronics and new 
detector materials. The result is that high-performance TIR imaging systems, utilizing both 3-5 
micrometer (μm) and 8-12 μm wavelengths, have become available. 

A list of applications supported by thermal RS include geology (e.g. rocks discrimination and 
mineral deposits mapping), water pollution studies (e.g. thermal plumes and oil spills), earth and 
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water surface temperature mapping, soil moisture determinations, snow and ice hydrology, 
volcanology, hydrologic modeling (e.g. latent/sensible heat determination), and agriculture and 
vegetation monitoring.  While this is an important technology for RS, it does not have many 
applications related to CERP and adaptive assessment.   

Passive Microwave Remote Sensing 
Beyond the infrared wavelengths, wave energy in the range ~0.15 cm to ~30 cm (~200 gigahertz 
(GHz) to ~1 GHz) forms the basis of remote sensing by microwave radiometry. Passive 
microwave radiometry, applied to investigations of the Earth's surface, involves the detection of 
thermally generated microwave radiation. Although the naturally emitted microwave radiation 
intensities are much lower than those in the infrared, resulting in poorer brightness temperature 
resolution, the longer wavelengths allow sensing through cloud cover. Passive microwave 
sensors also have the advantage of gathering data at night as well as during the day. 

Microwave RS has been utilized mainly in the following areas: water salinity mapping, surface 
temperature measurement, monitoring of soil moisture content, floodplain delineation, and canal 
seepage detection. 

This technology has some limited utility for CERP principally for measurement of salinity. This 
is especially critical for projects such as Indian River Lagoon, C-43 Reservoir, and Biscayne Bay 
Coastal Wetlands, where salinity regime management is the project purpose. Potential CERP 
monitoring applications include:  

• St. Lucie salinity patterns 

• Caloosahatchee salinity patterns 

• Lake Worth Lagoon salinity patterns 

• Southern Estuary salinity patterns  

Aerial Photography  
Aerial photography was traditionally collected by an airborne camera using panchromatic (black 
and white) or color film. The first aerial photographs were taken in the 1850s from balloons and 
kites. Modern advances in aerial photography, typically taken from aircraft, include film that is 
sensitive beyond the visible spectrum and digital cameras. Vertical photographs are acquired 
when the camera is aimed directly at the ground below. Orienting the camera diagonally at a 
target produces oblique photographs with a much larger field of view and much greater distortion 
of geometry, resulting in distant objects looking much smaller than nearby objects. Vertical 
photographs typically have less distortion and can be more easily geometrically corrected to 
produce consistent scale across the entire photograph.  

9.7.2.2 Active Remote Sensing Technologies 

Active sensors send an energy signal to the target that is then reflected back to the sensor. The 
difference in range and intensity between the source and return signals are measured and 
recorded by the sensor. Most active systems operate at microwave wavelengths, which can 
penetrate through clouds. Therefore, active sensors can be utilized at night or during storms, 
which is an advantage over most passive systems. 
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Active RS sensing technologies include: 

• Radar  

• Light Detection and Ranging (LiDAR)  

Radar Remote Sensing 
Radar is an active sensing system, sending microwave energy and capturing the return signal. 
Synthetic aperture radar (SAR) systems use the distance an aircraft flies to synthesize a large 
antenna. With a synthetically large antenna, SARs can produce improved resolutions over other 
radars. The uniqueness of radar RS can be characterized as follows: 

• SAR technique gives fine resolution in both azimuth and range dimensions. 

• Properly selected frequencies are not affected by the atmosphere, i.e. clouds, dust, gas 
content, and rain. 

• Radar provides its own illumination; therefore, radar data can be acquired during day or 
night. 

• Microwaves are strongly affected by target physical properties; thus, radar remote 
sensing is complimentary to visible/infrared measurements, which are sensitive to 
chemical composition and thermal properties. 

• The polarimetry (polarization) capability helps in understanding the physics of the 
backscattering, therefore widening the range of applications for radar backscatter 
measurements. 

• Interferometric synthetic aperture radar (IFSAR) data can be acquired using two antennas 
on one aircraft or by flying two slightly offset passes of an aircraft with a single antenna. 
IFSAR can be used to generate very accurate surface profile maps of the terrain. 

Due to the above unique features of SAR technology, radar remotely sensed data are being 
frequently utilized in a wider range of disciplines. A partial list of promising applications 
supported by radar remote sensing includes disaster monitoring (e.g. monitoring of hurricane 
induced flooding), environmental monitoring, hydrology and oceanography, geology and 
volcanology, agriculture, cartography, and military intelligence. 

Doppler radar, a ground-based upward-looking technology, measures the speed of moving 
targets by detecting the change in frequency of the reflected wave, caused by the Doppler effect. 
A common application is weather monitoring.   

An example of Active Radar is Radio Detection and Ranging: RadarSaT. RadarSaT 
specifications are listed in Table 9.8 and ERS-1 (no longer operational) radar images of the 
Everglades are shown in Figure 9.6. Similar RS Platforms are listed below. 
 

• ERS-2 - http://earth.esa.int/ers/ 

• ENVISAT-1 - http://envisat.esa.int/ 
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Table 9.8  RadarSaT Specifications 

Name RadarSaT 
http://radarsat.space.gc.ca/asc/eng/satellites/radarsat1/components.asp 

Bands 1 band 
Resolutions  Spatial resolution: ~8-100 m depending upon beam modes and beam 

positions 
Spectral resolution: RF Bandwidth 11.6, 17.3, or 30.0 MHz 
Temporal resolution: repeat cycle is 24 days (but 0.5-5 days if 
combining beam modes and positions, depending upon latitudes) 
Radiometric resolution: 8 bits 

Sensor description Space-borne SAR sensor 
Spectral range or frequency 5.3 GHz (C-band), single frequency, single polarization (HH) 
Swath width 45-500km depending on acquired resolution 
History of data availability Owned and maintained by RadarSaT International. Commercially 

operational and available 
Data cost Raw: >$2,700/scene ($1,500/scene for data older than 01/01/99) 

Processed: >$2,700/scene ($1,500/scene for data older than 01/01/99) 
Proven uses Surface roughness (micro-topography), topography, (DEM generation) 

and/water boundaries, soil moisture, vegetation mapping, 
anthropogenic features, oil spill and pollution, hurricane and storm 
induced flooding, emergency response/recovery/damage assessment 
for hurricane/storm caused flooding 

Uses being researched Improvement on information details and accuracy for all of the above 
applications 

Equipment/software needed Image processing software such as ENVI and ERDAS Imagine 
Possible CERP Applications:  

• Detailed analysis of land and water features 
• Topographic/bathymetric analyses of land and water features 
• SAV vegetation in Lake Okeechobee 
• Sea grass bed patterns in Northern and Southern Estuaries 
• Native vegetation patterns in Lake Okeechobee 
• Invasive species mapping 
• Vegetation mosaics in Greater Everglades Wetlands 
• Algal Bloom patterns in Lake Okeechobee and Estuaries 

 
Internet Links: 
http://gs.mdacorporation.com/products/sensor/radarsat/radarsat1.asp 
http://gs.mdacorporation.com/products/sensor/radarsat2/overview.asp 
http://www.tec.army.mil/tio/RADARSAT.htm 
http://www.crisp.nus.edu.sg/~research/tutorial/radarsat.htm 
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Figure 9.6  ERS-1 Radar Images of the Everglades Showing the Changes in Seasonal Soil 
Moisture (ERS-1 is no longer operational.) 

 

Light Detection and Ranging Remote Sensing  
LiDAR is an active system similar to microwave radar, but operates in the ultraviolet to near 
infrared regions of the spectrum. It consists of a laser that emits radiation in pulse or continuous 
mode through a collimating system. The use of lasers mounted on remote sensing platforms is 
currently restricted to aircraft. Lasers are not yet used on satellite platforms because of their 
requirements for large collection optics and extremely high power sources. 

Three types of LiDAR are presently available: an altimeter type, which can plot a terrain profile; 
a scanning type, which can be used as a mapping instrument; and spectroscopic type, which can 
be used for mapping air pollutants and water quality. 

LiDAR has been used in CERP for planning level elevation surveys. When developing 
topographic maps using LiDAR technology, the return signals from surface features such as 
buildings and vegetation cover are typically removed using a number of dedicated extraction 
algorithms resulting in a “bare earth” digital terrain model. For a number of reasons, wetland 
vegetation cover and standing water confound elevation interpretation. In the Everglades, 
LiDAR use has been limited to surveys performed after the large burns and/or during drought 
periods.  

The Bullets below present examples of Active High Resolution LiDAR. LiDAR specifications 
are listed in Table 9.9 and a Shoals LiDAR relief map near Port Everglades is shown in  
Figure 9.7.  

• ICESAT  http://icesat.gsfc.nasa.gov/ 
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• LiDAR and IFSAR: Pitfalls and Opportunities for Our Future 
 http://www.dewberry.com/uploadedFiles/LIDARandIFSAR.pdf 

• Measuring and Mapping the Topography of the Florida Everglades for Ecosystem 
Restoration - http://erg.usgs.gov/isb/pubs/factsheets/fs02103.html 

• Mapping the Surface of Sheet Flow Water in the Everglades 
 http://www.isprs.org/commission3/annapolis/pdf/Carter.pdf 
 http://www.optech.ca/pdf/Brochures/shoals_shoals.pdf 
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Table 9.9  Light Detection and Ranging Specifications 

Name LiDAR 

Bands 1 or 2 bands 

Resolutions  
Spatial resolution: varies (0.5-30 meters common) 
Spectral resolution: N/A 
Temporal resolution: N/A 
Radiometric resolution: N/A 

Sensor description 
Airborne LiDAR sensor, 6-inch (15.24 cm) vertical accuracy 
achievable.  Detectable water depth is up to three times the Secchi 
Depth. 

Spectral range or frequency 
Commonly an infrared channel (e.g. 1064 nm) is used for surface 
detection, while bottom detection is from a blue-green channel (e.g. 
532 nm) 

Swath width Dependent on altitude of aircraft 

History of data availability 

Commercially operational and available. Such as USACE's Scanning 
Hydrographic Operational Airborne Lidar Survey (SHOALS) system, 
which has become CHARTS (Compact Hydrographic Airborne Rapid 
Total Survey); 3001's AeroScan Laser Mapping system; NASA's 
Airborne Topographic Mapper (ATM) etc. 

Data cost 

Raw: unknown  
Processed:   
- $100-$300 per sq mile (2.59 sq km) (LIDAR data collection & 
processing) 
- $300 -$500 per sq mile (average cost of LiDAR topography, 
depending on deliverables (LiDAR Mapping conference, Spring 2004) 

Proven uses 
Topography, tree height and stand mapping, cultural feature 
delineation, vegetation structure and community mapping, bathymetry, 
nautical charting, clear and shallow waters 

Uses being researched Water quality (e.g. turbidity) and improvement on information details 
and accuracy for all of the above applications 

Equipment/software needed 

- Image processing software such as ENVI and ERDAS Imagine. 
- Raw LiDAR data is generally only accessible to the sensor vendor’s 
post-processing software. Post processed and geo-referenced LiDAR 
data can be delivered in any number of formats, including ASCII, 
TerraScan, BIN and LAS. 

Possible CERP Applications:  
• Planning level mapping 
• Water depth determination 
• Planning level engineering 

Internet Links: 
http://coastal.er.usgs.gov/lidar/ 
http://lidar.jpl.nasa.gov/ 
http://earthobservatory.nasa.gov/ 
http://www.opticsjournal.com/LIDARBibliography.pdf 
http://lidar.ssec.wisc.edu/ 
http://www.geospatial-online.com/geospatialsolutions/article/articleDetail.jsp?id=58326&&pageID=2 

 



Remote Sensing 

Quality Assurance Systems Requirements 9-34 March 09 

 
Figure 9.7  Shoals LiDAR Relief Map Near Port Everglades 

 

9.7.3 Data Processing and Analysis 

9.7.3.1 Photogrammetry and Photo Interpretation 
Photogrammetry is the science of deriving measurements from photographs. Common tasks can 
include rectifying an aerial photograph to minimize inherent distortion of size, distance, and 
scale, linking features on a photograph to a spatial coordinate system, and/or integrating multiple 
photos to create a stereo model for 3D viewing. Photo interpretation is a sub-science of 
photogrammetry and includes the identification and classification of the features on an aerial 
photograph. Digital processing techniques can also be applied to images derived from scanned 
air photos.   

9.7.3.2 Digital Image Processing and Analysis 
Digital image processing includes image correction (atmospheric and geometric), analysis for 
information extraction, and visual display of images or derived maps. Image processing software 
is available commercially or as shareware.  

9.7.3.3 Positional Accuracy 
Correcting images for geographic distortion requires accurate reference data. The coordinate 
locations of identifiable points can be manually captured through GPS technology. The accuracy 
and quality of USGS Digital Orthophoto Quadrangles (DOQs) meet National Map Accuracy 
Standards, and are often used as the reference data for geo-rectification. Accurate elevation data 
can be obtained from USGS Digital Elevation Models (DEMs). 
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Ground Control Points (GCP) for Image Rectification 
Ground control points (GCPs) are physical points on the ground whose positions are known with 
respect to some horizontal coordinate system and/or vertical datum. When mutually identifiable 
on the ground and on a map or photographic image, ground control points can be used to 
establish the exact spatial position (x, y, and z coordinates) and orientation of the image to the 
ground. Examples of GCPs are sidewalk corners and intersections in roads and airports, piers and 
pier abutments. Less desirable GCPs are banks of streams, corners of buildings, trees and areas 
of heavy vegetation cover. 

A simple way to measure such geographic distortion is to compute the root-mean-square-error 
(RMSE) for each ground control point by using the following equation (Jensen, 2005): 

         __________________________ 
RMSE  =  √  (x' – x orig) 2  +  (y' – y orig) 2 

 

where x orig  and  y orig  are the original row and column coordinates of the GCP in the image and 
x' and y' are the computed or estimated coordinates in the original image. The square root of the 
squared deviations represents a measure of the accuracy of this GCP in the image. By computing 
RMSE for all GCPs, it is possible to see which GCP has the greatest error, and determine the 
sum of RMSE.   

The methods used by different agencies to measure positional accuracy of spatial data are 
discussed below: 

• The Federal Geographic Data Committee (FGDC) released the Geospatial Positioning 
Accuracy Standards (GPAS) in 1998. The National Standard for Spatial Data Accuracy 
component of the GPAS uses the concept of well-defined points to test for error. The 
preferred test for positional accuracy is to test the data against an independent source that 
is of higher accuracy. The standards define a minimum number of points to test (i.e. 
twenty) and the preferred arrangement of these points within the dataset. The standards 
(FGDC, 1998) states: 

The NSSDA uses RMSE to estimate positional accuracy. RSME is the square root of the 
average of the set of squared differences between dataset coordinate values and 
coordinate values from an independent source of higher accuracy for identical points. 

Accuracy is reported in ground distances at the 95% confidence level. Accuracy reported 
at the 95% confidence level means that 95% of the positions in the dataset will have an 
error with respect to true ground position that is equal to or smaller than the reported 
accuracy value. The reported accuracy value reflects all uncertainties, including those 
introduced by geodetic control coordinates; compilation and final computation of ground 
coordinate values in the product. 

• The USACE “NAVSTAR GPS Surveying” Manual, EM 1110-1-1003, Chapter 11 
discusses RMSE in more detail. RMS statistics can have varying confidence levels.  
A 1- σ RMS error equates to the radius of a circle in which there is a 63% probability 
that the computed position is within this area. A circle of twice this area (i.e. 2 – σ RMS 
or 2 DRMS) represents approximately a 98% positional probability circle, and 3 DRMS 
represents 99+ % probability. FGDC and the US Army Corps of Engineers require 
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horizontal and vertical geospatial accuracies to be reported at the 95% RMS confidence 
level (equivalent to 2 DMRS). 

The USACE RS Manual (EM 1110-2-2907, Section 5-17) uses a program where RMS 
calculation required an entry of at least three or four GCPs.  RMS error should decrease 
as more GCPs are added to the image.  RMS below 1.0 is an acceptable level of accuracy, 
and the image can be projected and saved.  For RMS higher than 1.0, reposition GCPs 
with high individual errors or delete them and select new GCPs. 

9.8 Quality Assurance and Quality Control 
QA is an integrated system of management activities involving planning, implementation, 
documentation, assessment, reporting, and quality improvement to ensure that a process, item or 
service is of the type and quality needed and expected by the customer. QC is the system of 
technical activities that measures the performance of a process against defined standards set by 
the customer. For any RS applications, including those related to CERP projects, the goal of 
QA/QC is to help ensure that environmental decisions supported by remotely sensed data are as 
reliable, consistent and accurate as possible given the variety of RS technologies that may be 
applied. 

The application of QA/QC processes to RS is complex because RS is a very integrated and 
dynamic science; the type of data generated and the volume of data generated challenge 
traditional QA/QC procedures. There are no “one-size-fits-all” QA/QC procedures for RS 
activities.  Generally, these procedures will vary depending on the type of sensor and platform.  
To date, few documents exist that address remote sensing QA/QC.  In 1999 the U.S. EPA began 
to consider the issues related to QA/QC of RS under their Geospatial Quality Council. Because 
the products of RS are used in conjunction with other products and processes, the potential for 
human induced and computer error is high.    Errors may occur during the various phases of a 
remote sensing project including data collection, data input, data storage, data 
manipulation/transformation, data output and use/interpretation of results.  Therefore, it is critical 
that investigators describe QA/QC procedures and detailed descriptions of how they will control 
potential errors for each of these phases in the project MP or QAPP.  The description of QA/QC 
procedures should document to the extent possible, all judgments and interpretations such that 
another researcher can reproduce their results. 

9.8.1 Quality Assurance for Remote Sensing Projects 

The successful application of RS to a data need is based on the appropriate integration of 
multiple, interrelated data sources and analysis procedures (Lillesand and Kiefer, 2000). There is 
no single combination of sensor and interpretation procedures that is appropriate for all resource 
inventory and environmental monitoring applications. Furthermore, among appropriate 
applications, a wide variety of data acquisition and analysis approaches exist. However, 
conceptually, all successful RS projects involve, at a minimum, the following parameters 
adapted from Lillesand and Kiefer (2000): 

• clear definition of the problem and question(s) being asked; 

• an evaluation of the appropriateness for applying remote sensing technologies; 

• identification of appropriate data acquisition procedures; 
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• identification of appropriate data interpretation techniques; 

• identification of needed reference (ground-truth) data; and 

• establishment of criteria upon which the quality of collected information can be judged. 

The clear articulation of the information requirements of a particular problem and the extent to 
which remote sensing can meet these needs cannot be stressed enough. In many cases, one or 
more of the above criteria are overlooked, resulting in less than satisfactory results (Lillesand 
and Kiefer, 2000). Numerous resource management programs exist with little or no mechanism 
for evaluating the performance of RS systems in terms of information quality. Alternatively, vast 
quantities of remotely sensed data have been collected without the capability to analyze or 
interpret the data to the extent needed. And finally, the most common mistake is the 
inappropriate use of remotely sensed data simply because the problem has not been clearly 
defined. Clearly, articulating the information requirements of a particular problem is critical to 
the success of any RS project. 

For more on the application of QA/QC principles to RS procedures, see the following links: 

• NASA Remote Sensing Tutorial 
 http://rst.gsfc.nasa.gov/Sect13/Sect13_1.html 

• CalSpace Ground-Truthing Tutorial 
 http://www.cstars.ucdavis.edu/classes/hsgrdtutorial.html 

• Guide Specification for Photogrammetric Mapping and Aerial Photography Services 
 http://140.194.76.129/publications/eng-manuals/em1110-1-1000/toc.htm 

The types of RS projects that may be conducted as part of CERP are varied including the types 
of sensors required, the spatial scales required, the target (terrestrial or aquatic), spectral 
resolutions, and technical complexity. For this reason, it is important that QA procedures are 
implemented during the design, execution, and analysis of projects. 

QA during the planning stage should focus on ensuring that detailed, written procedures describe 
data collection, data input, data storage, data manipulation/transformation, data output and 
use/interpretation of results such that data are complete, accurate, and traceable.  The SOW must 
be detailed and include at a minimum the following components: 

• Project goal(s), objectives, and background  

• Location 

• Sensor to be used and justification 

• Detailed ground-truthing/field sampling plan 

• Detail of proposed data analysis, classification, and interpretation of imagery 

• Accuracy assessment, including any calibration and maintenance requirements 

• Documentation procedures 

• Hardware and software requirements, including periodic downloads, battery replacement 
schedules, back-up procedures 

• Metadata 
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• Quality Assurance Plan 

• Deliverables (including graphic formats, map, database, imagery, delivery media and 
format) 

The SOW should be reviewed not only by the QAOT/designee/RS sub-team, but also by at least 
one other outside peer reviewer with expertise in the field of RS, preferably with experience in 
the type of project being reviewed. This will ensure that important details are not omitted, and 
that the project has the greatest chance for success. 

QA assessments will primarily involve reviews of data management or documentation 
procedures.  These assessments will be performed by the project or sponsor agency QA 
representative. In addition, QA activities should assess whether the technical team has met the 
required performance specifications as stated in a SOW.  During this review the deliverables 
may be tested to obtain a statistic measure of certain accuracy parameters, including positional or 
thematic accuracy and an estimation of uncertainty. 

9.8.2 Quality Control for Remote Sensing Projects 
The overall success of any RS project will be predicated on a thoughtful project design with 
clearly achievable goals and outcomes in mind. A successful project is also dependent on the 
integration of multiple, interrelated data sources and analysis procedures. Because of the 
complex nature of RS and the rapidly changing nature of the technology, all projects should have 
the involvement of a RS specialist, preferably one with experience in the type of application 
being addressed. Additional personnel should include scientists and resource managers familiar 
with the scope and nature of the problem being addressed. 

This section provides general guidance on QA/QC issues that are commonly encountered in the 
field of remote sensing. However, in part due to the wide variety of CERP projects that could 
benefit from RS technology, and the technical nature of RS technologies, this document cannot 
begin to address the detail necessary for carrying out individual projects. As each project is 
developed, a QAPP needs to be written specifically for that project. RS is not an exact science, 
and methods and sensors are continually being improved. Information and lessons learned from 
one project should be passed on for future project planning designs. With proper planning, RS 
can play an important and critical role in CERP.  

9.8.2.1 Water Quality 
From a RS perspective, WQ is affected by a variety of components including point source 
pollutants, non-point source pollutants, oil slicks, turbidity, harmful algal blooms, chlorophyll 
concentration, and dissolved organic matter. 

Because of the complex and dynamic nature of the water column, whether it is in estuarine 
systems or inland waters, a well-thought out ground-truth campaign is imperative in order to 
establish the most accurate relationship between remotely sensed data and in situ components of 
the water column. The following are key components that must be addressed for QA purposes: 

Time frame: The dynamic nature of the water column requires that ground-truth data be 
collected relatively concurrent with any over-flight or satellite overpass. The allowable time 
period is dependent upon practical logistics, the nature of the water body, and any currents or 
vertical daily fluctuations that may occur in the area of interest. A one to two hour time period on 
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either side of an over-flight is not uncommon, however this should be determined on a case by 
case basis. 

Spectral returns: In many shallow water bodies, particularly those with good water clarity, 
spectral returns can be confounded by the reflectance characteristics of the bottom substrate. In 
some cases, that portion of the spectral signature being contributed by the bottom can be 
identified through in situ field observations and/or modeled to understand and predict the 
resulting reflectance values (see Section 9.7.1.2, WQ Considerations in RS). Nevertheless, care 
must be taken in interpreting any data that is collected in clear, shallow waters. 

Data needs: The number of ground-truth points needed for any water quality study can vary, 
depending on the specifics of the collection activity. It is important to collect a range of data 
from anticipated minimum values for any parameter to the highest values typically seen. This 
may also mean that multiple ground-truth efforts are needed, including days when conditions are 
fairly calm as well as days just following storm events. Seasonal considerations may need to be 
taken into account as well. This may be more easily accomplished with satellite imagery when 
multiple scenes are available, as compared to aerial data collections. In either case, this will 
ensure a more robust dataset. 

An example of SOW for a representative WQ case study is shown in Appendix 9-G. 

9.8.2.2 Wetlands 
As with WQ, some consideration must be given to the dynamic nature of water movement, water 
depth, and hydro-period. In that regard, the development of formal mapping conventions in 
association with an image interpretation key early in the mapping process can help ensure that 
consistency and integrity are maintained regardless of hydrologic conditions (especially true for 
manual air photo interpretation projects). For CERP monitoring efforts, wetland delineations can 
aid in the following ways:  

• determining status and trends in performance measures; 

• detecting unexpected responses of the ecosystem to changes in stressors resulting from 
CERP activities; and  

• supporting scientific investigations designed to increase the understanding of the 
complexities of the ecosystem over a broader scale.   

Special considerations should be given to the following: 

Scale: Because Everglades wetlands are such a large expanse of territory, special consideration 
should be given to the overall monitoring effort when planning for the acquisition of imagery. It 
is often advantageous to combine the RS missions of a number of associated 
mapping/monitoring projects that can benefit from the same type of sensor data. Not only is there 
a cost advantage due to the economy of scale, but continuity, consistency, and comparability are 
more easily maintained. The overall data acquisition process is also more efficient and 
streamlined. 

Seasonality: Consideration should be given to the seasonal aspects of remotely sensed data that 
are collected for wetlands work. Collections during the dry season may possibly be more useful 
scientifically with the added advantage of reduced cloud cover. The importance of repeat 
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collections during the same time periods on an inter-annual basis is important for change 
detection as well. 

Stand age/successional state: Recent advances in LiDAR technologies allow for the collection 
of multiple pulse returns, which represent canopy structure, e.g. ground topography shrubs, and 
tree tops. When coupled with species composition and site quality information, height serves as 
an estimate of stand age or successional state. It is important that experienced and qualified 
vendors are utilized to collect the most up-to-date imagery and to take advantage of recent 
advances in laser mapping techniques (e.g. data processing, analysis, extraction algorithms), and 
to assess the technologies usefulness for specific objectives. 

Example statements of work for representative wetland case studies are presented in Appendices 
9-E, 9-F, 9-G, and 9-H. 

9.8.2.3 Land Use and Land Cover 
Knowledge of land use and land cover is important for a number of CERP planning and 
management activities. Land cover maps can be developed from a local to a regional scale 
depending on the context of the questions being asked. Land cover mapping can be closely 
correlated to wetland mapping. In an ideal world, accurate wetland data (e.g., National Wetlands 
Inventory) should have a perfect fit within land cover maps of a similar vintage. Unfortunately, 
due to differences in classification systems and wetland definitions, this is often not the case. A 
greater effort should be made to integrate similar data sets such as these during the preliminary 
cross-project planning effort, rather than after the data are processed. Considerations for land 
cover mapping include the following: 

Mapping scheme: A number of mapping schemes are available for land cover classifications. It 
is important to select an appropriate scheme and utilize all decision rules and processes 
associated with it. Trained personnel should be utilized at all times to conduct the imagery 
analysis and interpretation of the remotely sensed data. Whenever possible, project managers 
should make every effort to coordinate classification systems between projects. In that regard, 
development of a classification system should include considerations for cross-project 
interoperability such as using a flexible hierarchal structure with more regional or global 
categories. This will ensure greater consistency, repeatability, and comparability during analyses. 

Quality Assurance: Historically, color infrared photography (CIR) has been used for mapping 
portions of the Everglades. The advantage is that extensive methodologies and QA procedures 
have already been established and products are consistent. The disadvantages include lengthy 
photo-interpretation times on a regional scale and undemonstrated accuracy for mapping a large 
number of Florida vegetation classes. Some vegetation responses to CERP hydrological changes 
may occur within two years (e.g. Taylor Slough, Everglades National Park), yet it is questionable 
whether a regional vegetation map can be produced from photos every two years. One of the 
most comprehensive CIR mapping projects in the region took place within Big Cypress National 
Preserve and Everglades National Park using interpreted NAPP photos. An accuracy assessment 
of the maps derived from the NAPP photos (currently underway), indicates preliminary 
accuracies below 50%. However, more recently, other high resolution satellites and 
hyperspectral platforms are being explored as alternatives or complements to CIR. Careful 
consideration should be given to QA when implementing these tools to ensure high quality 
products that are consistent and repeatable. 
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Ground-truthing: Ground-truthing of land cover is an important component of any successful 
mapping project. While some areas may be easily accessible, other areas may only be accessible 
by airboat and/or helicopter. Adequate funding should be provided to insure that ground-truthing 
can be conducted to a degree necessary to satisfy the project accuracy requirements as well as the 
MP or QAPP. 

Example SOW for of representative land use and land cover case studies are shown in 
Appendices 9-F and 9-H. 

9.8.2.4 Benthic Habitat 
One of the potential performance measures for CERP involves benthic habitat mapping using 
aerial photography. This discussion is based on Guidance for Benthic Habitat Mapping: An 
Aerial Photographic Approach (U.S. NOAA Coastal Services Center 2001) 
(http://www.csc.noaa.gov/benthic/mapping/pdf/bhmguide.pdf), based on the experience gained 
by the NOAA Coastal Services Center. This document provides technical guidance to data 
developers to produce a consistent benthic data set suitable for regional comparison and 
applicable to various coastal management issues. Examples from this document are used to 
illustrate some general areas of QA/QC concerns and applications of data validation methods 
related to spatial and thematic accuracy, specifically for benthic habitat mapping. 

Field Surveys 
Field surveys are critical to ground-truthing benthic data. Field surveys provide opportunities to 
verify the accuracy of data and document more detailed habitat character and conditions in the 
field. Some of the issues to be considered for conducting benthic field verifications are as 
follows: 

• Planning:  identify the goals and desired results of the fieldwork; determine whether the 
data will be used for signature development or accuracy assessment. 

• Weather: check weather forecast, field conditions on the day of fieldwork. 

• Tides:  use bathymetry maps to determine accessibility during high and low tide. 

• Turbidity:  many observations can be made by swimming, snorkeling, scuba diving and 
using a video camera. 

• Phenology:  conduct field observations as close as possible to the date of photo 
acquisition. 

• Field equipment:  verify equipment (software and hardware) availability to conduct 
signature development and accuracy assessment. 

Data Validation Methods 
It is necessary to test the quality and correctness of the data prior to use and distribution. This 
accuracy assessment, falls into two categories: spatial and thematic. Spatial accuracy is the 
evaluation of the positional correctness of the data, while thematic accuracy is a measure of 
whether a habitat is correctly labeled. Both are of critical importance since errors in baseline data 
can be propagated through the change detection process, resulting in false estimates of habitat 
gain or loss. 
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Spatial Accuracy - Spatial or positional accuracy is the measure of the accuracy of the geometric 
placement of points, lines and polygon boundaries. Positional accuracy of photographic 
delineations of submersed habitat is of great concern; however, it has not often been a subject of 
independent verification. This is compounded by the fact that positional errors may be difficult 
to detect even when verifying a specific polygon in the field. For a single time period, positional 
errors may not greatly affect the aggregate area of each cover type. However, for change 
detection, positional accuracy is a crucial concern. Change data, especially data produced by 
post-classification comparison, will conspicuously record positional errors (e.g., greater than 10 
meters in NOAA coastal benthic studies) as actual change when, in fact, they are artifacts of 
misalignment between data sets. This compounds the problem of recognizing real changes in the 
extent of habitat, which also tends to occur at polygon edges and class boundaries. 

Registration of benthic habitat polygon edges is a function of a combination of factors: 

• Metric quality of photographs 

• Methods used to transfer the information to a planimetric map base 

• Spatial accuracy of the base map 

• Photo-rectification process (quality of source control points) 

• Quality of the digitization performed 

NOAA’s Coastal Services Center recommends two tests of spatial accuracy, based on project 
work in Florida’s Indian River Lagoon and in coastal Massachusetts. 

The first test of spatial accuracy requires the following checks: 

• Benthic habitat polygons are spatially buffered to produce a zone following the 
delineated lines. 

• The width of the zone should be determined by the expected accuracy of the weakest 
source control. 

• Differential GPS is used as the primary source control, with a buffer of 5 meters on either 
side. 

• A maximum buffer width of 13 meters exists on either side of the polygon (which is also 
consistent with National Map Accuracy Standards). 

• In multi-density habitat classes, an examination of the boundaries with high-density 
(continuous cover) polygons is conducted. 

• At each sample point, a video or diver transect can be run across the buffer zone.  If the 
actual polygon boundary falls within the buffer zone then the polygon boundary can be 
considered to have met the spatial accuracy requirements. 

This test is highly recommended in large, open water areas and in more enclosed environmental 
settings to verify the accuracy of the benthic polygon data. Effects due to seasonal differences 
between the date of imagery, date of field verification and changes in phenology should also be 
considered. 
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The second test of spatial accuracy requires the following considerations: 

• A fixed terrestrial linear feature, i.e. road, reinforced shoreline, is delineated during the 
mapping process. The closer this feature is to the center of the image and the water, the 
better. 

• A differential GPS field measurement is made on this linear feature (on land) to be more 
certain of the measurement. 

• The Aids to Navigation (AtoNs), if present and visible in the imagery, can also be used to 
assess spatial accuracy. 

• If no existing coordinate data are available for AtoNs in the particular area, they can be 
measured using GPS. 

Both tests should be done at several locations throughout the data set to determine overall spatial 
accuracy. If possible, measure fixed spatial accuracy points for every flight line. The results of 
any spatial accuracy assessment should detail whether each test location met or did not meet the 
standards established in the vendor contract. For tests that failed to meet the required standards, 
the distance, and azimuth of the error should be reported so that the line work or the entire spatial 
domain of the map can be edited/adjusted in an appropriate fashion. A statistical report should be 
generated for each spatial accuracy assessment to determine whether the overall accuracy of the 
map product meets the standards.  

Thematic Accuracy - Thematic or attribute accuracy is a measure of the probability that the 
cover type for any given polygon is properly identified according to the classification scheme.  

Assessment sites should be selected through stratified random sampling based on class size and 
distribution. Vector water body and bathymetry contours are useful and can be merged with the 
habitat data. Congalton and Green (1999) recommend as a rule of thumb a sample size of 50 
samples (polygons) per class. In every thematic accuracy assessment effort, balance must be 
reached between the need to collect a statistically valid sample size and the challenges of visiting 
a large number of sites in small boats over project areas on the scale of major estuaries. During 
field verification, the following minimum number of items should be recorded: 

• Latitude or northing of center of polygon 

• Longitude or easting of center of polygon 

• Depth 

• Date 

• Map classification 

• Observed field classification 

• Time 

• Observation method (either snorkeling, boat, or video).  In the case of video it is helpful 
to record the video tape number in which the recording resides. 

At the conclusion of the field visit, the accuracy assessment database containing the field 
observations should be used to construct an error matrix. The error matrix should be used to 
calculate overall and category-specific accuracies as well as kappa coefficient and conditional 
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kappa for each class. The kappa coefficient is a statistical measure of the actual agreement minus 
chance agreement. The upper limit of kappa is 1.0, which occurs only when there is perfect 
agreement (Rosenfeld and Fitspatrick-Lins, 1986). A kappa value of 0.0 is the same as the 
agreement that would occur from chance alone. Kappa values below 0.5 may suggest that the 
results of the accuracy assessment do not actually reflect the validity of the data. The result of the 
error analysis should meet an overall accuracy of 85 percent. 

9.8.3 Ground-truth Data 
In remote sensing, ground-truth is the process of gathering data at a particular location to aid in 
calibrating and interpreting remotely sensed data by comparing it to ground observations. 
Ground-truth data may include field survey data, in situ spectral measurements, photographic 
documentation, descriptive reports, inventory tallies and maps.  

One of the considerations in remote sensing projects is to determine when it is appropriate to 
acquire ground-truth data. As stated in EO 12906, Section 4 (d) Agency Adherence to Standards: 

Federal agencies collecting or producing geospatial data, either directly or 
indirectly (e.g. through grants, partnerships, or contracts with other entities), 
shall ensure, prior to obligating funds for such activities, that data will be 
collected in a manner that meets all relevant standards adopted through the 
FGDC process. 

One such standard is the FGDC Geospatial Positioning Accuracy Standards Part 3 – National 
Standard for Spatial Data Accuracy (NSSDA), FGDC-STD-007.3-1998. 
(http://www.fgdc.gov/standards/standards_publications/). The NSSDA describes a method for 
calculating and reporting positional accuracy applicable to all digital spatial data. This method 
uses the differences between coordinates in the data set being evaluated and a set of checkpoints 
of higher accuracy collected independently. The set of checkpoints must meet appropriate 
quantity and spatial distribution requirements. 

The NSSDA, together with EO 12906, seem to establish a requirement for “ground-truthing” all 
spatial datasets collected using federal funds. The time and resources for collecting the 
checkpoints should be considered and built in during the formulation of project management 
plan. 

Some of the considerations for ground-truth planning, data collection, and usage in support of 
airborne and space-borne RS data processing and analysis are summarized below as a general 
guidance for user’s reference: 

9.8.3.1  Ground-Truthing Preparation: 

• Select project areas for aircraft, satellite or other single/multiple sensor collection efforts 
(e.g., simultaneous aerial and satellite over-flights). 

• Provide input and control during the first stages of planning for analysis, interpreting and 
applying remote sensing data (e.g. identifying landmarks, logistics of access, etc.). 

• Determine the number and distribution of ground-truthing and sampling points and the 
representativeness of targets of interest. 

• Reduce data and sampling requirements (e.g. areas of needed coverage) for exploring, 
monitoring, and inventory activities. 
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• Select and arrange needed and appropriate ground-based instruments, check instrument 
performance and provide training as needed to instrument operators. 

• Determine a field sampling method (e.g. transects or matrices etc.). 

• Study local weather conditions and plan ground-truthing activities in coordination with 
remote sensing data acquisition schedule. 

• Determine a ground-truthing/field sampling window (e.g. 10 am – 2 pm) 

9.8.3.2 Field Data Collection: 

• Measure spectral and other physical properties needed to stipulate characteristics and 
parameters pertinent to designing new sensor systems or analyzing and interpreting 
remote sensing data. 

• Collect physical samples for laboratory analysis of phenomena detected from remote 
sensing data (e.g. water quality, and insect-induced disease). 

• Collect GPS readings of field target and sampling locations. 

• Document field activities including taking photographs and videos. 

9.8.3.3 Use of Ground-Truthed Data: 

• Develop standard sets of spectral signatures and other data collected in the field or 
laboratory using ground-based instruments. Feed the standard ground-truth data into 
system for remote sensing data processing and interpretation. 

• Determine what data are used for calibration or verification 

• Correlate surface features and localities from ground perspectives with their expression in 
remote sensing imagery. 

• Identify classes for unsupervised classifications. 

• Select and categorize training sites for supervised classification. 

• Verify accuracy of classification (error types and rates) using quantitative statistical 
techniques. 

• Obtain quantitative estimates relevant to class distributions (e.g. field size; forest 
acreage). 

• Acquire supplementary (ancillary) non-RS data for interpretive model analysis or for 
integration into GIS. 

9.9 Considerations for Remote Sensing Data Acquisition  
A list of some basic information concerning acquisition requirements should be compiled prior 
to image acquisition, such as: 

• Geographic coordinates: upper left and lower right corner latitudelongitude coordinates 
or the path/row of Landsat scene, the K/J of a SPOT scene; the orbit and frame number 
for SAR image from ERS, Radarsat, JERS, or Envisat 

• Acceptable coverage dates 
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• Acceptable percentage of cloud cover, image quality, and off nadir viewing angle 

• Satellite sensor(s) 

• Image format  

• Media type 

• Datum and map projection 

9.10 Reporting 

9.10.1 Data Formats 
Digital data may be delivered in a variety of open or proprietary formats. The specifications 
should be clearly delineated in a contract or request for proposal. All spatial data collections for 
CERP projects must be referenced to the defined CERP control network (CGM 036). 
Referencing all CERP spatial data collections to the defined control network will facilitate data 
exchange, system-wide spatial data evaluation, and datum conversion. The locations, 
descriptions, coordinate values (x, y, z, Latitude, Longitude, and Elevation, respectively) of 
CERP network and other referenced control networks can be located at: 
http://www.ngs.noaa.gov/. 

For information on spatial data collections and formats specific to CERP refer to QASR  
Chapter 10 and the references below: 

• CERP CGM Tech Specs for CERP GIS, CGM 28 
 http://www.cerpzone.org/documents/cgm/cgm_028.00.pdf 

• CERP Technical Guidance for the Use of the CERP Geodetic Vertical Control Surveys 
Monuments and Referenced Control, CGM 36 
 http://www.cerpzone.org/documents/cgm/cgm_036.00.pdf 

• CERP Technical Guidance for the Project Level Water Quality and Hydrometeorologic 
Monitoring and Assessment, CGM 40 
 http://www.cerpzone.org/documents/cgm/cgm_040.00.pdf  

• SFWMD Data Steward Program User’s Manual 
 http://www.sfwmd.gov/portal/page?_pageid=2754,19862620&_dad=portal&_schema=PORTAL 

9.10.2 Metadata 
Metadata is documentation about data, often referred to as “data about the data.” Metadata files 
document the source, acquisition date and time, projection, precision, accuracy, and resolution. 
Metadata should be created for all images, as well as imagery derived products. Executive Order 
12906 provides for the establishment, through the FGDC, of metadata standards for geospatial 
data used by federal agencies. All GIS data in the SFWMD corporate database must be FGDC 
compliant, (see SFWMD’s GIS Data Steward Program User’s Manual). FGDC is in the process 
of integrating their standards with the ISO standard (ISO 11915:2003). This International 
Standard, entitled “Geographic Information – Metadata,” provides a structure for describing 
digital geographic data. It provides information about the identification, the extent, the quality, 
the spatial and temporal schema, spatial reference and distribution of geographic data. Never 
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accept imagery, maps, or any other spatial data product from a vendor or other source without 
adequate metadata.   
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COMMON REMOTE SENSING  
TERMINOLOGIES AND DEFINITIONS 

 
Also see: 
http://www.lib.berkeley.edu/EART/abbrev.html 
http://www.itc.nl/~bakker/dictionary.html 
http://www.geo.ed.ac.uk/agidict/ 
http://www.ldeo.columbia.edu/res/fac/rsvlab/glossary.html 
http://www.ccrs.nrcan.gc.ca/glossary/index_e.php 
 
ABSOLUTE TEMPERATURE 
 Temperature measured on the Kelvin scale, whose base is absolute zero, i.e. -273  °C; 0 

°C is expressed as 273 °K.  
 
ABSORPTANCE 
 A measure of the ability of a material to absorb EM energy at a specific wavelength. 
 
ABSORPTION BAND 
 Wavelength interval within which electromagnetic radiation is absorbed by the 
 atmosphere or by other substances. 
 
ABSORPTIVITY  
 Capacity of a material to absorb incident radiant energy.  
 
ACHROMATIC VISION 
 The perception by the human eye of changes in brightness often used to describe the 

perception of monochrome or black and white scenes.  
 
ACTIVE REMOTE SENSING  
 Remote sensing methods that provide their own source of electromagnetic radiation to 

illuminate the terrain. Most active systems operate in the microwave portion of the 
electromagnetic spectrum. Examples of active systems include RADAR, scatterometer, 
LiDAR, and Laser altimeter. 

 
ACUITY  
 A measure of human ability to perceive spatial variations in a scene. It varies with the 

spatial frequency, shape, and contrast of the variations, and depends on whether the scene 
is colored or monochrome.   

 
ADDITIVE PRIMARY COLORS  
 Blue, green, and red. Filters of these colors transmit the primary color of the filter and 

absorb the other two colors.  
 
ADIABATIC COOLING 
 Refers to decrease in temperature with increasing altitude.  
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AERIAL MAGNETIC SURVEY 
 Survey that records variations in the Earth's magnetic field.  
 
AEROMAGNETIC  
 Aeromagnetic is descriptive of data pertaining to the Earth's magnetic field which has 

been collected from an airborne sensor.  
 
AEROTRIANGULATION  
 An interpolation tool, capable of extending control points to areas between ground survey 

control points using several contiguous uncontrolled stereo models.  
 
AIR BASE  
 Ground distance between optical centers of successive overlapping aerial photographs.  
 
ALBEDO 
 The percentage of incoming radiation that is reflected by a natural surface such as the 

ground, ice, snow, water, clouds, or particulates in the atmosphere.  
 
ALBERS EQUAL AREA PROJECTION 
 The Albers Equal Area projection is a method of projection on which the areas of all 

regions are shown in the same proportion of their true areas. The meridians are equally 
spaced straight lines converging at a common point, which is normally beyond the pole. 
The angles between them are less than the true angles. The parallels are unequally spaced 
concentric circular arcs centered on the point of convergence of the meridians. The 
meridians are radii of the circular arcs. The poles are normally circular arcs enclosing the 
same angle as that enclosed by the other parallels of latitude for a given range of 
longitude.  

Albers Equal Area is frequently used in the ellipsoidal form for maps of the United States 
in the National Atlas of the United States, for thematic maps, and for world atlases. It is 
also used and recommended for equal-area maps of regions that are predominantly east-
west in extent.  

ALONG-TRACK SCANNER 
 Scanner with a linear array of detectors oriented normal to flight path. The IFOV of each 

detector sweeps a path parallel with the flight direction.  
  
AM/FM 
 Automated mapping/facilities management. Automated cartography or geographic 

information systems used by utilities and public works organizations for storing, 
manipulating, and mapping facility information such as pipe and road networks.  

 
AMPLITUDE  
 For waves, the vertical distance from crest to trough.   
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ANALOG DISPLAY 
 A form of data display in which values are shown in graphic form, such as curves. Differs 

from digital displays in which values are shown as arrays of numbers.  
 
ANALOG IMAGE 
 An image where the continuous variation in the property being sensed is represented by a 

continuous variation in image tone. In a photograph this is achieved directly by the grains 
of photosensitive chemicals in the film; in an electronic scanner, the response in, say, 
millivolts are transformed to a display on a cathode-ray tube where it may be 
photographed.  

 
ANGULAR BEAM WIDTH 
 In radar, the angle subtended in the horizontal plane by the radar beam.  
 
ANGULAR FIELD OF VIEW 
 Angle subtended by lines from a remote sensing system to the outer margins of the strip 

of terrain that is viewed by the system. 
 
ANGULAR RESOLVING POWER  
 Minimum separation between two resolvable targets, expressed as angular  separation.  
 
ANOMALY 
 An area on an image that differs from the surrounding, normal area. For example, a 

concentration of vegetation within a desert scene constitutes an anomaly.  
 
ANTENNA 
 Device that transmits and receives microwave and radio energy in radar systems.  
 
APERTURE 
 Opening in a remote sensing system that admits electromagnetic radiation to the film in 

radar systems.  
 
APPARENT THERMAL INERTIA (ATI)  
 An approximation of thermal inertia calculated as one minus albedo divided by the 

difference between daytime and nighttime radiant temperatures.  
 
ARC SECOND 
 1/3600th of a degree (1 second) of latitude or longitude.  
 
ARTIFACT 
 A feature on an image which is produced by the optics of the system or by digital image 

processing, and sometimes masquerades as a real feature.  
 
ASCENDING NODE  
 Direction satellite is traveling relative to the Equator. An ascending node would imply a 

northbound Equatorial crossing.  
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ATI  
 Apparent thermal inertia.  
 
ATMOSPHERE 
 Layer of gases that surround some planets.  
 
ATMOSPHERIC ABSORPTION  
 The process whereby some or all of the energy of sound waves or electromagnetic waves 

is transferred to the constituents of the atmosphere. 
 
ATMOSPHERIC BLINDS 
 The areas of the spectrum where specific wavelengths are totally or partially blocked by 

atmosphere. 
 
ATMOSPHERIC CORRECTION 
 Image-processing procedure that compensates for effects of selectivity scattered light in 

multispectral images. 
 
ATMOSPHERIC SCATTERING 
 The random dispersion of electromagnetic radiation by particles in the atmosphere.   See 

Rayleigh Scattering and Mie Scattering. 
 
ATMOSPHERIC SHIMMER 
 An effect produced by the movement of masses of air with different refractive indices, 

which is most easily seen in the twinkling of stars. Shimmer results in blurring on 
remotely sensed images, and is the ultimate control over the resolution of any system. 

 
ATMOSPHERIC WINDOW  
 Wavelength interval within which the atmosphere readily transmits electromagnetic 

radiation.  
 
ATTITUDE  
 Angular orientation of remote sensing system with respect to a geographic reference 

system.  
 
ATTRIBUTES  
 Attributes, also called feature codes or classification attributes are used to describe map 

information represented by a node, line, or area. For example, an attribute code for an 
area might identify it to be a lake or swamp; an attribute code for a line might identify a 
road, railroad, stream, or shoreline.  

 
AZIMUTH 
 Azimuth is the angle of horizontal deviation, measured clockwise, of a bearing from a 

standard direction. 
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AZIMUTH DIRECTION  
 In radar images, the direction in which the aircraft is heading. Also called flight direction. 
 
AZIMUTH RESOLUTION 
 In radar images, the spatial resolution in the azimuth direction.  
 
BACKGROUND 
 Area on an image or the terrain that surrounds an area of interest, or target.  
 
BACKSCATTER  
 In radar, the portion of the microwave energy scattered by the terrain surface directly 

back toward the antenna.  
 
BACKSCATTER COEFFICIENT  
 A quantitative measure of the intensity of energy returned to a radar antenna from the 

terrain.  
 
BAND 
 A wavelength interval in the electromagnetic spectrum. For example, in Landsat images 

the bands designate specific wavelength intervals at which images are acquired. 
 
BASE-HEIGHT RATIO 
 Air base divided by aircraft height. This ratio determines vertical exaggeration on stereo 

models.  
 
BATCH PROCESSING  
 Method of data processing in which data and programs are entered into a computer that 

carries out the entire processing operation with no further instructions.  
 
BATHYMETRY 
 The measurement of depths of water in oceans, seas, and lakes. Also, the information 

derived from such measurements.  
 
BEAM  
 A focused pulse of energy.  
 
BIL--Band-Interleaved-by-Line  
 BIL is a CCT tape format that stores all bands of satellite data in one image file. 

Scanlines are sequenced by interleaving all image bands. The CCT header appears once 
in a set.  

 
BILINEAR 
 The term bilinear is referring to a bilinear interpolation. This is simply an interpolation 

with two variables instead of one.  
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BIN  
 One of a series of equal intervals in a range of data, most commonly employed to 

describe the divisions in a histogram.  
 
BINARY 
 Based upon the integer two. Binary Code is composed of a combination of entities that 

can assume one of two possible conditions (0 or 1). An example in binary notation of the 
digits 111 would represent (1 × 2) + (1 × 2) + (1 × 2) = 4 + 2 + 1 = 7.  

 
BIP--Band-Interleaved-by-Pixel  
 When using the BIP image format, each line of an image is stored sequentially, line 1 all 

bands, line 2 all bands, etc.  

For example, the first line of a three-band image would be stored as p1b1, p1b2, p1b3, 
p2b1, p2b2, p2b3, where p1b1 indicates pixel one, band one, p1b2 indicates pixel one, 
band two, etc.  

BIP-2--Band-Interleaved-by Pixel-Pair (CCT-X)  
 BIP-2 is a CCT tape format available only for MSS data acquired before 1979. Data in 

each of four vertical swaths are stored in a separate image file. Scanlines are sequenced 
and interleaved-by-pixel- pairs. The CCT header information is recorded on each image 
file. BIP-2 is sometimes referred to as CCT-X format.  

 
BIT--BInary digiT  
 A bit is most commonly a unit of information equaling one binary decision, or one of two 

possible and equally likely values or states. It is usually represented as a 1 or 0.  
 
BLACKBODY  
 An ideal substance that absorbs all the radiant energy incident on it and emits radiant 

energy at the maximum possible rate per unit area at each wavelength for any given 
temperature. No actual substance is a true blackbody, although some substances, such as 
lampblack, approach its properties.  

 
BLIND SPOT 
 The point of the optic nerve to the retina where no radiation is detected by the eye. 
 
BOTTOM REFLECTION   
 The return of transmitted sound from the bottom of a water body; the characteristics of 

reflected sound depend on the nature of the bottom and on the wavelength of the sound. 
 
BPI--Bits per Inch  
 The tape density to which the digital data were formatted.  
 
BRIGHTNESS  
 Magnitude of the response produced in the eye by light.  
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SQ--Band-Sequential 
 BSQ is a CCT tape format that stores each band of satellite data in one image file for all 

scanlines in the imagery array. The CCT headers are recorded on each band.  
 
BYTE 
 Several (usually eight) binary bits of data grouped together to represent a character, digit, 

or other value.  
 
BYTE WAPPED  
 The order in which the bits are kept in computer memory is typically with the eight most 

significant bits first, followed by the eight least significant bits (e.g., 511 appears as 
0000000111111111). Some computer systems store data in the reverse form (e.g., 511 
appears as 1111111100000001). When data are stored in this fashion, they are commonly 
referred to as being byte swapped. This effect is of concern to users for data values 
greater than 8-bit bytes (255).  

  
CALIBRATION 
 The process and/or rule whereby the digital values of a received remotely sensed image 

can be related to physical quantities of the scene, such as brightness (reflectivity), phase 
and location. 

 
CALORIE 
 Amount of heat required to raise the temperature of 1 g of water by 1 °C.  
 
CARDINAL POINT EFFECT 
 In radar, very bright signatures caused by optimally oriented corner reflectors, such as 

buildings.  
 
CARTOGRAPHIC 
 Pertaining to cartography, the art or practice of making charts or maps.  
 
CATHODE RAY TUBE (CRT) 
 A vacuum tube with a phosphorescent screen on which images are displayed by an 

electron beam. 
 
C BAND 
 Radar wavelength region from 3.8 to 7.5 cm.  
 
CD-ROM (Compact Disc-Read Only Memory) 
 CD-ROM is a computer peripheral that employs compact disc technology to store large 

amounts of data for later retrieval. The capacity of a CD-ROM disk is over 600 
megabytes, the equivalent of over 250,000 typewritten pages.  

 
CENTERPOINT 
  The optical center of a photograph.  
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CHANGE-DETECTION IMAGES  
 A difference image prepared by digitally comparing images acquired at different times. 

The gray tones or colors of each pixel record the amount of difference between the 
corresponding pixels of the original images. 

 
CHANNELS 
 A range of wavelength intervals selected from the electromagnetic spectrum.  
 
CHARGE-COUPLED DETECTOR (CCD) 
 A device in which electrons are stored at the surface of a semiconductor.  
 
CHROMATIC VISION 
 The perception by the human eye of changes in hue.  
 
CIRCULAR SCANNER 
 Scanner in which a faceted mirror rotates about a vertical axis to sweep the detector 

IFOV in a series of circular scan lines on the terrain.  
 
CLASSIFICATION 
 Process of assigning individual pixels of an image to categories, generally on the basis of 

spectral reflectance characteristics.  
 
CLUSTER 
 A homogeneous group of units which vary "like" one another. "Likeness" is usually 

determined by the association, similarity, or distance among the measurement patterns 
associated with the units.  

 
COHERENT RADIATION 
  Electromagnetic radiation whose waves are equal in length and are in phase, so that 

waves at different points in space act in unison, as in laser and synthetic aperture radar.  
 
COLOR COMPOSITE IMAGE 
 Color image prepared by projecting individual black-and-white multispectral images, 

each through a different color filter.  When the projected images are superposed, a color 
composite image results.  

 
COLOR RATIO COMPOSITE IMAGE 
 Color composite image prepared by combining individual ratio images for a scene using 

a different color for each ratio image.  
 
COMPLEMENTARY COLORS 
 Two primary colors of light (one additive and the other subtractive) that produce white 

light when added together. Red and cyan are complimentary colors. 
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COMPUTER COMPATIBLE TAPE (CCT)  
 CCTs are 1/2-inch-wide magnetic tapes. The term is used in reference to both single 

tapes and tape sets consisting of a single logical volume of data.  
 
CONCATENATE 
 Overlaying of an input image with one image or a series of images using the lines and 

samples to calculate the projection coordinates in the creation of a mosaicked image.  
 
CONDUCTION 
 Transfer of electromagnetic energy through a solid material by molecular interaction.  
 
CONTACT PRINT 
 A reproduction from a photographic negative in direct contact with photosensitive paper.  
 
CONTOUR  
 Imaginary line on the ground, all points of which are at the same elevation above or 

below a specified datum.  
 
CONTRAST 
 The ratio between the energy emitted or reflected by an object and its immediate 

surroundings.  
 
CONTRAST ENHANCEMENT 
 Image-processing procedure that improves the contrast ratio of images. The original 

narrow range of digital values is expanded to utilize the full range of available digital 
values.  

 
CONTRAST RATIO  
 On an image, the ratio of reflectances between the brightest and darkest parts of an 

image.  
 
CONTRAST STRETCHING 
 Expanding a measured range of digital numbers in an image to a larger range, to improve 

the contrast of the image and its component parts.  
 
CONTROL POINT (CPT)  
 Control points are features of known ground location that can be accurately located on 

imagery.  
 
CONVECTION 
  Transfer of heat through the physical movement of heated matter.  
 
COORDINATE SYSTEM 
 A reference system used to locate geographic features on a two- or three-dimensional 

surface. A coordinate system is comprised of a spheroid, datum, projection, and units. 
Common coordinate systems are geographic (three-dimensional), in which locations are 
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measured in degrees of latitude and longitude, and planar (also called Cartesian), in 
which the Earth’s surface is projected onto a two-dimensional plane and locations are 
measured in meters or feet.  

 
CORNER REFLECTOR 
 Cavity formed by two or three smooth planar surfaces intersecting at right angles. 

Electromagnetic waves entering a corner reflector are reflected directly back toward the 
source.  

 
COVARIANCE MATRIX 
 A matrix containing the expected values derived from the products of the deviations of 

pairs of random variables from their means. Covariance measures the extent to which two 
random numbers vary together (i.e., varying at the same rate in the same direction).  

 
CROSS-POLARIZED 
 Describes a radar pulse in which the polarization direction of the return is normal to the 

polarization direction of the transmission. Cross-polarized images may be HV (horizontal 
transmit, vertical return) or VH (vertical transmit, horizontal return). 

 
CROSS-TRACK SCANNER 
 Scanner in which a faceted mirror rotates about a horizontal axis to sweep the detector 

IFOV in a series of parallel scan lines oriented normal to the flight  direction. 
 
CUBIC CONVOLUTION 
 A high order resampling technique in which the brightness value of a pixel in a corrected 

image is interpolated from the brightness values of the 16 nearest pixels around the 
location of the corrected pixel.  

 
CUT OFF 
 The digital number in the histogram of a digital image which is set to zero during contrast 

stretching. Usually this is a value below which atmospheric scattering makes a major 
contribution.  

 
CYCLE  
 One complete oscillation of a wave.  
 
DATA BASE MANAGEMENT SYSTEM (DBMS) 
 A DBMS is software that supports processes germane to organizing, cataloging, locating, 

storing, retrieving, and maintaining data (i.e., information) in a data base.  
 
DATA CORRECTION  
 Geometric and radiometric correction of remote sensing data.  
 
DATA INTEGRATION 
 The combination of different types of data for enhanced information (e.g. satellite  images 

combined with maps and Digital Elevation Models)  
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DATA MATCHING 
 Identifying features on and image and matching them with their equivalent on a 

topographic database.  
 
DATA MERGING  
 Combining remotely sensed data from multiple sources, resulting in images and/or data 

which provide more information than possible from any one of the  sources.  
 
DATA RATE 
  The speed at which data can be transmitted, measured in Mb/s.  
 
DATUM 
 In surveying, a reference system for computing or correlating the results of surveys. 

There are two principal types of datum: vertical and horizontal.  A vertical datum is a 
level surface to which heights are referred. The vertical datum for CERP is the North 
American Vertical Datum 1988 (NAVD88) as required by Federal Register (Vol. 58 No 
120 p 34245) 24 June 1993.  If a geoid model is used to convert ground surface 
elevations from GPS measured ellipsoid heights to NAVD88 orthometric heights, then 
the geoid used should be specified in the Data_Lineage section of the metadata. The 
horizontal datum, used as a reference for position, is defined by the latitude and longitude 
of an initial point, the direction of a line between this point and a specified second point, 
and two dimensions which define the spheroid. The horizontal datum for CERP is the 
North American Datum 1983 (NAD83), as required by Federal Register (Vol.54 No 113 
p 25318) 14 June 1989.  Since there are several adjustments of NAD83, the adjustment 
used should be specified in the metadata. 

 
 The Geodetic Glossary ( NGS, NOAA 1986) pp.54, defines Geodetic datum as: 

1) “A set of constants specifying the coordinate system used for geodetic control, i.e., 
for calculating the coordinates of points on Earth.” 

2) “The datum, as defined in (1), together with the coordinate system and the set of all 
points and lines whose coordinates, lengths, and directions have been determined by 
measurement or calculation.” 

 
DDR--Data Descriptor Record  
 A DDR is a file containing image information which may include: (1) number of lines, 

number of samples, number of bands, data type, and the system on which  the data were 
created; (2) corner coordinates of the image and related projection  information; (3) the 
minimum and maximum values for each band of an image; (4) information describing 
how and when each band of the image was acquired; and (5) miscellaneous information 
(e.g., the last date and time modifications were made to an image).  

 
DEMODULATION 
 The process of recovering a signal from a modulated (varied frequency) carrier wave.  
 
DENSITOMETER 
 Optical device for measuring the density of photographic transparencies. 
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DENSITY 
 In images, the measure of the opacity, or darkness, of a negative or positive transparency.  
 
DEPOLARIZED 
 Refers to a change in polarization of a transmitted radar pulse as a result of various 

interactions with the terrain surface.  
 
DEPRESSION ANGLE 
 In radar, the angle between the imaginary horizontal plane passing through the antenna 

and the line connecting the antenna and the target.  
 
DESCENDING NODE 
 Direction satellite is traveling relative to the Equator. A descending node would imply a 

southbound Equatorial crossing.  
 
DETECTABILITY 
 Measure of the smallest object that can be discerned on an image.  
 
DETECTOR 
 Component of a remote sensing system that converts electromagnetic radiation into a 

recorded signal. 
 
DEVELOPING 
 Chemical processing of an exposed photographic emulsion to produce an image.  
 
DIELECTRIC CONSTANT 
 Electrical property of matter that influences radar returns. Also referred to as complex 

dielectric constant.  
 
DIFFERENCE IMAGE 
 Image prepared by subtracting the digital values of pixels in one image from those in a 

second image to produce a third set of pixels. This third set is used to form the difference 
image.  

 
DIFFUSE REFLECTOR 
 Surface that reflects incident radiation nearly equally in all directions.  
 
DIGITAL COUNT 
 Digital count is the total number of pixels occurring in an image for each possible data 

value.  
 
DIGITAL DISPLAY 
 A form of data display in which values are shown as arrays of numbers.  
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DIGITAL ELEVATION MODEL (DEM) 
 The U.S. Geological Survey produces five primary types of digital elevation model data. 

They are:  

7.5-minute DEM (30- x 30-m data spacing, cast on Universal Transverse Mercator 
(UTM) projection or 1- x 1-arc-second data spacing). Provides coverage in 7.5- x 7.5-
minute blocks. Each product provides the same coverage as a standard USGS 7.5-minute 
map series quadrangle. Coverage: Contiguous United States, Hawaii, and Puerto Rico. 

1-degree DEM (3- x 3-arc-second data spacing). Provides coverage in 1- x 1-degree 
blocks. Two products (three in some regions of Alaska) provide the same coverage as a 
standard USGS 1- x 2-degree map series quadrangle. The basic elevation model is 
produced by or for the Defense Mapping Agency (DMA), but is distributed by USGS in 
the DEM data record format. Coverage: United States.  

30-minute DEM (2- x 2-arc-second data spacing). Consists of four 15- x 15-minute DEM 
blocks. Two 30-minute DEMs provide the same coverage as a standard USGS 30- x 60-
minute map series quadrangle. Saleable units will be 30- x 30-minute blocks, that is, four 
15- x 15-minute DEMs representing one half of a 1:100,000-scale map. Coverage: 
Contiguous United States, Hawaii.  

15-minute Alaska DEM (2- x 3-arc-second data spacing, latitude by longitude). Provides 
coverage similar to a 15-minute DEM, except that the longitudinal cell limits vary from 
20 minutes at the southernmost latitude of Alaska to 36 minutes at the northern most 
latitude limits of Alaska. Coverage of one DEM will generally correspond to a 1:63,360-
scale quadrangle.  

7.5-minute Alaska DEM (1- x 2-arc-second data spacing, latitude by longitude). Provides 
coverage similar to a 7.5-minute DEM, except that the longitudinal cell limits vary from 
10 minutes at the southernmost latitude of Alaska to 18 minutes at the northernmost 
latitude limits of Alaska.  

DIGITAL IMAGE 
 An image where the property being measured has been converted from a continuous 

range of analogue values to a range expressed by a finite number of integers, usually 
recorded as binary codes from 0 to 255, or as one byte.  

 
DIGITAL LINE GRAPH (DLG) 
 A DLG is line map information in digital form. The DLG data files include information 

about planimetric base categories, such as transportation, hydrography, and boundaries.  
 
DIGITAL NUMBER (DN) 
 Value assigned to a pixel in a digital image.  
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DIGITAL TERRAIN MODEL (DTM) 
 A DTM is a land surface represented in digital form by an elevation grid or lists of three-

dimensional coordinates.  
 
DIGITIZATION 
 Process of converting an analog display into a digital display.   
 
DIGITIZER 
 Device for scanning an image and converting it into numerical format.  
 
DIRECTIONAL FILTER 
 Mathematical filter designed to enhance on an image those linear features oriented in a 

particular direction. 
 
DISTORTION 
 On an image, changes in shape and position of objects with respect to their true shape and 

position.  
 
DIURNAL 
 Daily or during the daytime.  
 
DODGING 
 Dodging is a process used to lighten areas of a photographic print during the main 

exposure so that the areas which need lightening receive less than the regular exposure. 
This process, which generally provides more image detail and reduces scene contrast, is 
performed by a skilled technician using their hands or a paddle over the area in need of 
less exposure.  

 
DOPPLER PRINCIPLE 
 Describes the change in observed frequency that electromagnetic or other waves undergo 

as a result of the movement of the source of waves relative to the observer.  
 
DOPPLER SHIFT 
 A change in the observed frequency of EM or other waves caused by the relative motion 

between source and detector. Used principally in the generation of  synthetic-aperture 
radar images.  

 
DWELL TIME 
 Time required for a detector IFOV to sweep across a ground resolution cell.  
 
ELECTROMAGNETIC RADIATION 
 Energy propagated in the form of and advancing interaction between electric and 

magnetic fields. All electromagnetic radiation moves at the speed of light.  
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ELECTROMAGNETIC SPECTRUM 
 Electromagnetic radiation is energy propagated through space between electric and 

magnetic fields. The electromagnetic spectrum is the extent of that energy  ranging from 
cosmic rays, gamma rays, X-rays to ultraviolet, visible and infrared radiation including 
microwave energy.   

See:  http://rst.gsfc.nasa.gov/Intro/Part2_4.html 

EMISSION 
 Process by which a body radiates electromagnetic energy. Emission is determined by 

kinetic temperature and emissivity.  
 
EMISSION SPECTROGRAPHY 
 This destructive analytical technique is used to determine concentrations of specific 

chemical elements based on their emission or absorption of specific wavelengths of 
electromagnetic radiation.  

 
EMISSIVITY 
 Ratio of radiant flux from a body to that from a blackbody at the same kinetic 

temperature and emissivity.  
 
EMITTANCE 
 A term for the radiant flux of energy per unit area emitted by a body (now obsolete). 
 
EMULSION 
 Suspension of photosensitive silver halide grains in gelatin that constitutes the image-

forming layer on photographic film.  
 
ENERGY FLUX 
 Radiant flux.  
 
ENHANCEMENT 
 Process of altering the appearance of an image so that the interpreter can extract more 

information.  
 
EPHEMERIS 
 A table of predicted satellite orbital locations for specific time intervals. The ephemeris 

data help to characterize the conditions under which remotely sensed data are collected 
and are commonly used to correct the sensor data prior to analysis.  

 
EVAPOTRANSPIRATION 
 The loss of water from the soil by evaporation and by transpiration from the plants 

growing in the soil, which rises with air temperature.  
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EXTRAPOLATE 
 To infer (values of a variable in an unobserved interval) from values within an already 

observed interval.  
 
FALSE COLOR IMAGE 
 A color image where parts of the non-visible EM spectrum are expressed as one or more 

of the red, green, and blue components, so that the colors produced by the Earth's surface 
do not correspond to normal visual experience. Also called a false-color composite 
(FCC). The most commonly seen false-color images display the very-near infrared as red, 
red as green, and green as blue. 

 
FALSE COLOR PHOTOGRAPH  
 Another term for IR color photograph.  
 
FAR RANGE 
 The portion of a radar image farthest from the aircraft or spacecraft flight path.  
 
FIDUCIAL MARKS 
 A set of four marks located in the corners or edge-centered, or both, of a photographic 

image. These marks are exposed within the camera onto the original film and are used to 
define the frame of reference for spatial measurements on aerial photographs. Opposite 
fiducial marks connected, intersect at approximately the image center of the aerial 
photograph.  

 
FIELD OF VIEW (FOV) 
 The area or solid angle which can be viewed through an optical instrument.  
 
FILM TYPES 
 Photographic products for use in image interpretation are commonly generated from the 

following film types:  

Black-and-White Panchromatic (B&W): This film primarily consists of a black-and-
white negative material with a sensitivity range comparable to that of the human eye. It 
has good contrast and resolution with low graininess and a wide exposure range.  

Black-and-White Infrared (BIR): With some exceptions, this film is sensitive to the 
spectral region encompassing 0.4 μm to 0.9 μm. It is sometimes referred to as near-
infrared film because it utilizes only a narrow portion of the total infrared spectrum (0.7 
μm to 0.9 μm).  

Conventional Color: This film contains three emulsion layers that are sensitive to blue, 
green, and red (the three primary colors of the visible spectrum). This film replicates 
colors as seen by the human eye and is commonly referred to as normal or natural color. 
Color film is a valuable image interpretation tool because the human eye can discern a 
greater variety of color tones than gray tones.  
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Color Infrared (CIR): This film, originally referred to as camouflage-detection film 
because of its warfare applications, differs from conventional color film because its 
emulsion layers are sensitive to green, red, and near-infrared radiation (0.5 μm to 0.9 
μm). Used with a yellow filter to absorb the blue light, this film provides sharp images 
and penetrates haze at high altitudes. Color-infrared film also is referred to as false-color 
film.  

FILM SPEED 
 Measure of the sensitivity of photographic film to light. Larger numbers indicate higher 

sensitivity.  
 
FILTER (digital) 
 Mathematical procedure for modifying values of numerical data. 
 
FILTER (optical) 
 A material that, by absorption or reflection, selectivity modifies the radiation transmitted 

through an optical system.  
 
FIPS--Federal Information Processing Standard 
 The U.S. National Institute of Standards and Technology (NIST) is responsible for 

developing standards, guidelines, and associated methods and techniques for computer 
systems, including those needed to assure the cost-effective security and privacy of 
sensitive information in U.S. Federal computer systems. NIST adopts and publicizes U.S. 
FIPS standards under the provisions of Section 111(d) of the U.S. Federal Property and 
Administrative Services Act of 1949 as amended by the Computer Security Act of 1987.  

 
FLIGHT PATH 
 Line on the ground directly beneath a remote sensing aircraft or space craft. Also called 

flight line. 
 
FLUORESCENCE 
 Emission of light from a substance following exposure to radiation from an external 

source.  
 
F  NUMBER 
 Representation of the speed of a lens determined by the focal length divided by diameter 

of the lens. Smaller numbers indicate faster lenses.  
 
FOCAL LENGTH 
 In cameras, the distance from the optical center of the lens to the plane at which the 

image of a very distant object is brought into focus.  
 
FORESHORTENING 
 A distortion in radar images causing the lengths of slopes facing the antenna to appear 

shorter on the image than on the ground. It is produced when radar  wavefronts are steeper 
than the topographic slope.  
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FORWARD OVERLAP 
 The percent of duplication by successive photographs along a flight line.  
 
FREQUENCY (v) 
 The number of wave oscillations per unit time or the number of wavelengths that pass a 

point per unit time.  
 
F  STOP 
 Focal length of a lens divided by the diameter of the len's adjustable diaphragm. Smaller 

numbers indicate larger openings, which admit more light to the film. 
 
GAC--Global Area Coverage 
 GAC data are derived from a sample averaging of the full resolution AVHRR data. Four 

out of every five samples along the scan line are used to compute one average value and 
the data from only every third scan line are processed, yielding 1.1 km by 4 km resolution 
at the subpoint.  

 
GAIN COEFFICIENT 
 Gain coefficient is a measurement to denote an increase in signal power in transmission 

from one point to another.  
 
GAMMA 
 This is a unit of magnetic intensity.  
 
GAMMA-RAY DATA 
 Gamma-ray data are high frequency, penetrating radiation emitted from the nucleus of a 

radioactive atom.  
 
GAUSS-SEIDEL 
 The Gauss-Seidel method is a technique for interpolating irregularly spaced data points, 

such as spot elevations, onto a regular grid (e.g., Digital Elevation Models). Unlike 
simple interpolation methods which assume only correlation, the Gauss-Seidel method is 
used when some characteristics of the system are known, such as the local value of a 
derivative. This method, which must be solved iteratively, takes the form of an implicit 
equation.  

The Successive Over Relaxation (SOR) method, a refinement to the Gauss-Seidel 
method, causes the system to converge more rapidly so fewer iterations are required to 
achieve the same result.  

GEODETIC 
 Of or determined by geodesy; that part of applied mathematics which deals with the 

determination of the magnitude and figure either of the whole Earth or of a large portion 
of its surface. Also refers to the exact location points on the Earth's surface.  
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GEODETIC ACCURACY 
 The accuracy with which geographic position and elevation of features on the Earth's 

surface are mapped. This accuracy incorporates information in which the size and shape 
of the Earth has been taken into account.  

 
GEOMETRIC CALIBRATION 
 Relating the pixels of a digital image to actual ground coordinates through the use of a 

geometric model.  
 
GEOMETRIC CORRECTION 
 The correction of errors in remotely sensed data caused by satellites not staying at a 

constant altitude or by sensors deviating from the primary focus plane. The images are 
compared to ground control points on accurate base maps and resampled, so that exact 
locations and appropriate values for pixel brightness can be calculated.   

 
GEORECTIFICATION 
 The transformation process by which the geometry of an image area is made planimetric.  
 
GEOREFERENCE 
 Assigning coordinates from a known reference system, such as latitude/longitude, UTM, 

or State Plane, to the page coordinates of a raster (image) or a planar map. 
Georeferencing raster data allows it to be viewed, queried, and analyzed with other 
geographic data.  

 
GEOREGISTERED 
 An image that has been geographically referenced or rectified to an Earth model, usually 

to a map projection. Sometimes referred to as geocoded or geometric registration.  
 
GEOSTATIONARY 
 Refers to satellites traveling at the angular velocity at which the Earth rotates; as a result, 

they remain above the same point on Earth at all times. 
  
GEOSTATIONARY ORBIT 
 An orbit at 41,000 km in the direction of the Earth's rotation, which matches speed so that 

a satellite remains over a fixed point on the Earth's surface.  
 
GEOTHERMAL 
 Refers to heat from sources within the Earth.  
 
GIS--Geographic Information System 
 A system, usually computer based, for the input, storage, retrieval, analysis and display of 

interpreted geographic data. The data base is typically composed of map-like spatial 
representations, often called coverages or layers. These layers may involve a three-
dimensional matrix of time, location, and attribute or activity. A GIS may include digital 
line graph (DLG) data, digital elevation models (DEM), geographic names, land-use 
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characterizations, land ownership, land cover, registered satellite and/or aerial 
photography along with any other associated or derived geographic data.  

 
GMT--Greenwich Mean Time 
 GMT is the mean solar time of the meridian of Greenwich used as the prime basis of 

standard time throughout the world.  
 
GPS--Global Positioning System 
 The GPS is a worldwide satellite navigation system that is funded and supervised by the 

U.S. Department of Defense. GPS satellites transmit specially coded signals. These 
signals are processed by a GPS receiver that computes extremely accurate measurements, 
including 3-dimensional position, velocity, and time on a continuous basis. . 

 
GRANULARITY 
 Graininess of developed photographic film that is determined by the texture of the silver 

grains.  
 
GRAVIMETRIC 
 Relating to weight measurement. A gravimeter is an instrument used for determining the 

specific gravity of bodies, solid or liquid.  
 
GRAY SCALE 
 A sequence of gray tones ranging from black to white.  
 
GREENESS INDEX 
 The difference between normalized near infrared (0.7-1.1 μm) and visible (0.5-0.7 μm) 

radiances of vegetation representing the state of growth of a crop. 
 
GRID FORMAT 
 The result of interpolation from values of a variable measured at irregularly distributed 

points, or along survey lines, to values referring to square cells in a rectangular array. It 
forms a step in the process of contouring data, but can also be used as the basis for a 
raster format to be displayed and analyzed digitally after the values have been rescaled to 
the 0-255 range. 

 
GROUND CONTROL POINT (GCP) 
 GCPs are physical points on the ground whose positions are known with respect to some 

horizontal coordinate system and/or vertical datum. When mutually identifiable on the 
ground and on a map or photographic image, ground control points can be used to 
establish the exact spatial position and orientation of the image to the ground. Ground 
control points may be either horizontal control points, vertical control points, or both.  

 
GROUND RANGE 
 On radar images, the distance from the ground track to an object.  
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GROUND RECEIVING STATION 
 Facility that records data transmitted by a satellite.  
 
GROUND RESOLUTION CELL 
 Area on the terrain that is covered by the IFOV of a detector.  
 
GROUND SWATH  
 Width of the strip of terrain that is imaged by a scanner system.  
 
HARN 
 High Accuracy Reference Network.  Also called the High Precision Geodetic Network 

(HPGN.)  Refers to the readjustment of the control points used for the NAD83 datum.  
The upgrade for Florida was done in 1990, so the upgraded datum is sometimes referred 
to as NAD83/90.    

 
HDT--High Density Tapes 
 HDTs are high density (high capacity) magnetic tapes.  
 
HEAT CAPACITY (c) 
 Ratio of heat absorbed or released by a material to the corresponding temperature rise or 

fall. Expressed in calories per gram per degree centigrade. Also called thermal capacity. 
 
HIGHLIGHTS 
 Areas of bright tone on an image.  
 
HIGH-PASS FILTER 
 A spatial filter which selectively enhances contrast variations with high spatial 

frequencies in an image. It improves the sharpness of images and is a method of edge 
enhancement.  

 
HISTOGRAM 
 A means of expressing the frequency of occurrence of values in a data set within a series 

of equal ranges or bins, the height of each bin representing the frequency at which values 
in the data set fall within the chosen range. 

 
HORIZONTAL INTEGRATION 
 The process of mosaicking adjacent parts of a map or image together into a single  map or 

image. This process might require geometric adjustments to the image itself or the 
features within it so that matching occurs across mosaic seams.  

 
HORIZONTAL POLARIZATION 
 Transmission of microwaves so that the electric lines of force are horizontal, while the 

magnetic lines of force are vertical.  
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HORIZONTAL POSITIONAL ACCURACY 
 Horizontal positional accuracy is based upon the use of USGS source quadrangles which 

are compiled to meet National Map Accuracy Standards (NMAS). NMAS horizontal 
accuracy requires that at least 90 percent of points tested are within 0.02 inches (0.51mm) 
of the true position. The digital data are estimated to contain a horizontal positional error 
of less than or equal to 0.003 inches standard error in the two component directions 
relative to the source quadrangle.  

 
HPGN See HARN.  
 
HRPT--High Resolution Picture Transmission  
 HRPT data are full resolution image data transmitted to a ground station as they are 

collected. The average instantaneous field-of-view of 1.4 milliradians yields a HRPT 
ground resolution of approximately 1.1 km at the satellite Nadir from the nominal orbit 
altitude of 833 km (517 mi).  

 
HUE 
 In the IHS system (Intensity, Hue, and Saturation) it represents the dominant wavelength 

of a color.  
 
HYDROLOGY 
 Scientific study of the waters of the Earth, especially with relation to the effects of 

precipitation and evaporation upon the occurrence and character of ground water.  
 
HYPERSPECTRAL REMOTE SENSING 

The simultaneous acquisition of images of the same area in many (usually 100 or more), 
narrow, contiguous, spectral bands.  Hyperspectral data offers a more detailed view of the 
spectral properties of a scene, than the more conventional broad (spectral) band data, 
which is collected in wide, and sometimes non-contiguous bands. The detailed spectrum 
resulting from hyperspectral imaging allows the comparison of the remotely-acquired 
spectrum to the spectra of known materials. Also, the detailed spectra of targets permits a 
better discrimination among near-similar targets, while subtle spectral differences would 
be hidden in spectra acquired with broad spectral band sensors. 

 
HYPSOGRAPHY 
 The scientific study of the Earth's topologic configuration above sea level, especially the 

measurement and mapping of land elevation.  
 
HIS 
 Intensity, hue, and saturation system of colors. 
 
IMAGE 

Pictorial representation of a scene recorded by a remote sensing system.  Although image 
is a general term, it is commonly restricted to representations acquired by non-
photographic methods.  
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IMAGE CLASSIFICATION 
 Grouping image pixels into categories or classes to produce a thematic representation.  
 
IMAGE STRIPING 

A defect produced in line scanner and pushbroom imaging devices produced by the non-
uniform response of a single detector, or amongst a bank of detectors. In a line-scan 
image the stripes are perpendicular to flight direction, but parallel to it in a pushbroom 
image.  

 
IMAGE SWATH 
  See ground swath.  
 
INCIDENCE ANGLE 
 In radar, the angle formed between an imaginary line normal to the surface and another 

connecting the antenna and the target.  
 
INCIDENT ENERGY 
 Electromagnetic radiation impinging on a surface.  
 
INDEX OF REFRACTION (n) 
 Ratio of the wavelength or velocity of electromagnetic radiation in a vacuum to that in a 

substance.  
 
INFRARED (IR) 
 Infrared region of the electromagnetic spectrum that includes wavelengths from 0.7 µm 

to 1 mm.  
 
INFRARED COLOR PHOTOGRAPHY  

Color photograph in which the red-imaging layer is sensitive to photographic IR 
wavelengths, the green-imaging layer is sensitive to red light, and the blue-imaging layer 
is sensitive to green light. Also known as camouflage detection photographs and false-
color photographs.  
 

INSTANTANEOUS FIELD OF VIEW (IFOV) 
 IFOV is the solid angle through which a detector is sensitive to radiation. In a scanning 

system this refers to the solid angle subtended by the detector when the scanning motion 
is stopped. The IFOV is commonly expressed in milliradians.  

 
INTENSITY  
 In the IHS system (Intensity, Hue, and Saturation) the brightness ranging from black to 

white.  
 
INTERCEPT 
 Intercept is the distance from the origin to the point at which a curve or line crosses an 

axis.  
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INTERPOLATE 
 To insert a value between known values by using a procedure or algorithm specifically 

related to the known values.  
 
INTERPRETATIOIN 
 The process in which a person extracts information from an image.  
 
IR 

See: Infrared. 
 
ISOMETRIC PROJECTION 
 A method of drawing figures and maps so that three dimensions are shown not in 

perspective but in their actual measurements.  
 
ISOPLETH 
 A line on a map connecting points at which a given variable has a specified constant 

value.  
 
K BAND 
 Radar wavelength region from 1.1 to 1.7 cm.  
 
Ka BAND 
 Radar wavelength region from 0.8 to 1.1 cm.  
 
KELVIN UNITS 
 A Kelvin Unit refers to a thermometric scale in which the degree intervals are equal to 

those of the Celsius scale and in which zero(0) degrees equals -273.15 degrees Celsius 
(absolute zero). 

  
LAC--Local Area Coverage 
 LAC are full resolution data that are recorded on an onboard tape recorder for subsequent 

transmission during a station overpass. The average instantaneous field-of-view of 1.4 
milliradians yields a LAC ground resolution of approximately 1.1 km at the satellite 
Nadir from the nominal orbit altitude of 833 km (517 mi).  

 
LAMBERT AZIMUTHAL EQUAL AREA PROJECTION 
 Azimuthal projections are formed onto a plane which is usually tangent to the globe at 

either pole, the Equator, or any intermediate point. The Lambert Azimuthal Equal Area 
projection is a method of projecting maps on which the azimuth or direction from a given 
central point to any other point is shown correctly and also on which the areas of all 
regions are shown in the same proportion of their true areas. When a pole is the central 
point, all meridians are spaced at their true angles and are straight radii of concentric 
circles that represent the parallels.  

This projection is frequently used in one of three aspects: The polar aspect is used in 
atlases for maps of polar regions and of the Northern and Southern Hemispheres; the 
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equatorial aspect is commonly used for atlas maps of the Eastern and Western 
Hemispheres; and the oblique aspect is used for atlas maps of continents and oceans.  

LAMBERT CONFORMAL CONIC PROJECTION 
The Lambert Conformal Conic Projection is derived by the projection of lines from the 
center of the globe onto a simple cone. This cone intersects the Earth along two standard 
parallels of latitude, both of which are on the same side of the equator. All meridians are 
converging straight lines that meet at a common point beyond the limits of the map. 
Parallels are concentric circles whose center is at the intersection point of the meridians. 
Parallels and meridians cross at right angles, an essential of conformality.  
 
To minimize and distribute scale errors, the two standard parallels are chosen to enclose 
two-thirds of the north to south map area. Between these parallels, the scale will be too 
small, and beyond them, too large. If the north to south extent of the mapping is limited, 
maximum scale errors will rarely exceed one percent. Area exaggeration between and 
near the standard parallels, is very slight; thus, the projection provides good directional 
and shape relationships for areas having their long axes running in an east to west belt. 
  

LAMBERTIAN SURFACE 
 A surface that reflects and emits radiation in a perfectly diffuse pattern (reflection  of light 

evenly in all directions). 
 
LAPLACIAN FILTER 
 A form of non-directional digital filter.   
 
LASER ALTIMETER 
 An active remote sensing system using Lidar to measure distance to the Earth’s surface, 

in order to map topography.   
 
L BAND 
 Radar wavelength region from 15 to 30 cm.   
 
LEAF AREA INDEX 
 Ratio of green leaf area per unit soil area. 
 
LIDAR 
 Light Intensity Detection and Ranging, which uses lasers to stimulate fluorescence in 

various compounds and to measure distances to reflecting surfaces.  
 
LIGHT 
 Electromagnetic radiation ranging from 0.4 to 0.7µm in a wavelength that is detectable 

by the human eye.  
 
LIGHT METER 
 Device for measuring the intensity of visible radiation and determining the appropriate 

exposure of photographic film in a camera.  
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LINEAR 
 Adjective that describes the straight line-like nature of features on the terrain or on 

images and photographs.  
 
LINE DROP OUT 
 The loss of data from a scan line caused by malfunction of one of the detectors in a line 

scanner.  
 
LINE SCANNER 
 An imaging device which uses a mirror to sweep the ground surface normal to the flight 

path of the platform. An image is built up as a strip comprising lines of data.  
 
LOOK ANGLE 
 The angle between the vertical plane containing a radar antenna and the direction of radar 

propagation, that is complementary to the depression angle.  
 
LOOK DIRECTION 
 Direction in which pulses of microwave energy are transmitted by a radar system. The 

look direction is normal to the azimuth direction. Also called range direction.  
 
LOOK UP TABLE (LUT) 
 A mathematical formula used to convert one distribution of data to another, most 

conveniently remembered as a conversion graph.  
 
LOW SUN ANGLE PHOTOGRAPH 
 Aerial photograph acquired in the morning, evening, or winter when the sun is at a low 

elevation above the horizon.  
 
LU/LC 
 Land Use and Land Cover.  Land Use is the classification of land according to what 

activities take place on it or how humans occupy it; for example, agricultural, industrial, 
residential, urban, rural, or commercial. Natural features such as forest, pastureland, 
brushland, and bodies of water are also often classified in this manner.  Land Cover is the 
classification of land according to the characteristic that best describes its physical 
surface; for example, pine forest, grassland, urban development, ice, water, or sand.    

 
LUMINANCE 
 Quantitative measure of the intensity of light from a source.  
 
MEDIAN FILTER 
 A spatial filter, which substitutes the median value of DN from surrounding pixels for 

that recorded at an individual pixel. It is useful for removing random noise.  
 
MERCATOR PROJECTION 
 Mercator is a conformal map projection, that is, it preserves angular relationships. 

Mercator was designed and is recommended for navigational use and is the standard for 
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marine charts. Mercator is often and inappropriately used as a world map projection in 
atlases and for wall charts where it presents a misleading view of the world because of 
the excessive distortion of area in the higher latitude areas.  

MICROMETER (μm) 
 A unit of length equal to one-millionth of a meter. It also is referred to as a micron.  
 
MICROWAVE 
 The subset of the Electromagnetic Spectrum encompassing wavelengths between 0.03 

and 30 cm, corresponding to frequencies of 1-100 gigahertz.  
 
MICROWAVE REMOTE SENSING 
 Electromagnetic radiation at long wavelengths (0.1 to 30 cm) falls into the microwave 

region of the spectrum. Remote sensing which detects microwaves emanating from 
thermally activated bodies is called passive microwave remote sensing. In active 
microwave remote sensing, a microwave signal, sent by a radar system, is reflected from 
the observed target to a receiver.   

 
MID-INFRARED (MIR) 
 The range of EM wavelengths from 8 to 14 µm dominated by emission of thermally 

generated radiation from materials; also known as thermal infrared.  
 
MIE SCATTERING 
 The scattering of EM energy by particles in the atmosphere with comparable dimensions 

to the wavelength involved.  
 
MILLIRADIANS 
 Unit of angular measure equal to one-thousandth the angle subtended at the center of a 

circle by an area of length equal to the radius of the circle.  
 
MINIMUM GROUND SEPARATION 
 Minimum distance on the ground between two targets at which they can be resolved on 

an image.  
 
MIXED PIXEL 
 A pixel whose Digital Number represents the average energy reflected or emitted by 

several types of surface present within the area that it represents on the ground; 
sometimes called a mixel.  

 
MODE 
 That value that occurs most frequently within the data sample being taken.  
 
MODULATION 
 The process by which some characteristics of one carrier wave are varied in relation to 

another wave or signal.  
 



 Appendix 9-B 
 

   
Quality Assurance Systems Requirements Appendix 9-B-28 March 09 

MOSAIC 
 Composite image or photograph made by piecing together individual images or 

photographs covering adjacent areas.  
 
MULTISPECTRAL REMOTE SENSING 
 The use of one or more sensors to obtain imagery from different portions of the 

electromagnetic spectrum.   
 
NAD27--North American Datum of 1927 
 NAD27 is defined with an initial point at Meads Ranch, Kansas, and by the parameters of 

the Clarke 1866 ellipsoid. The location of features on USGS topographic maps, including 
the definition of 7.5-minute quadrangle corners, are referenced to the NAD27.  

 
NAD83--North American Datum of 1983 
 NAD83 is an Earth-centered datum and uses the Geodetic Reference System 1980 (GRS 

80) ellipsoid, unlike NAD27, which is based on an initial point (Meades Ranch, Kansas). 
Using recent measurements with modern geodetic, gravimetric, astrodynamic, and 
astronomic instruments, the GRS 80 ellipsoid has been defined as a best fit to the 
worldwide geoid. Because the NAD83 surface deviates from the NAD27 surface, the 
position of a point based on the two reference datums will be different.  (See also: 
HARN.) 

 
NADIR 
 Point on the ground vertically beneath the center of a remote sensing platform.  
 
NATIONAL GEODETIC VERTICAL DATUM OF 1929 
 Reference surface established by the U.S. Coast and Geodetic Survey in 1929 as the 

datum to which relief features and elevation data are referenced in the conterminous 
United States; formerly called "mean sea level 1929."  

 
NDVI--Normalized Difference Vegetation Index 
 An index calculated from reflectances measured in the visible and near infrared channels. 

It is related to the fraction of photosynthetically active radiation.  The chlorophyll (green 
pigment) absorbs incoming radiation in the visible band, while the leaf structure and 
water content is responsible for a very high reflectance in the near-infrared region of the 
spectrum. NDVI has been correlated to a variety of vegetation parameters, including 
quantity, productivity, biomass, etc.  

 
NEAR INFRARED (NIR) 
 The shorter wavelength range of the infrared region of the EM spectrum, from 0.7 to 2.5 

µm. It is often divided into very-near infrared (VNIR) covering the range accessible to 
photographic emulsions (0.7 to 1.0 m), and the short-wavelength infrared (SWIR) 
covering the remainder of the NOR atmospheric window from 1.0 to 2.5 m.  

 
NEAR RANGE 
 Refers to the portion of a radar image closest to the aircraft or satellite flight path.  
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NEAREST NEIGHBOR RESAMPLING 
 When correcting image data points, the nearest neighbor technique assigns for each new 

pixel that pixel value which is closest in relative location to the newly computed pixel 
location.  

 
NEATLINES 
 Neatlines separate the body of a map from the map margin. On quadrangle maps, the 

neatlines are often the meridians and parallels that delimit the quadrangle.  
 
NEGATIVE PHOTOGRAPH 
 Photograph on film or paper in which the relationship between bright and dark tones is 

the reverse of that of the features on the terrain.  
 
NOISE 
 Random or repetitive events that obscure or interfere with the desired information. 
 
NON-DIRECTIONAL FILTER 

Mathematical filter that treats all orientations of linear features equally.  
 
NON-SELECTIVE SCATTERING 
 The scattering of EM energy by particles in the atmosphere which are much larger than 

the wavelengths of the energy, and which causes all wavelengths to be scattered equally.  
 
NON-SYSTEMATIC DISTORTION 
 Geometric irregularities on images that are not constant and cannot be predicted from the 

characteristics of the imaging system.  
 
NORMAL COLOR FILM 
 Film in which the colors are essentially true representations of the colors of the terrain.  
 
NORTH AMERICAN VERTICAL DATUM OF 1988 
 Vertical control datum established in 1991 by the minimum-constraint adjustment of the 

Canadian-Mexican-U.S. leveling observations. It held fixed the height of the primary 
tidal bench mark, referenced to the new International Great Lakes Datum of 1985 local 
mean sea level height value, at Father Point/Rimouski, Quebec, Canada. 

 
OBLIQUE 
 An image taken with a camera or sensor with the axis intentionally directed between the 

vertical and horizontal planes. A high oblique image includes the horizon in the field of 
view, while a low oblique shows only the Earth's surface.  

 
ORBIT 
 Path of a satellite around a body such as the Earth, under the influence of gravity.  
 
ORTHO-CORRECTION 
 Correction applied to satellite imagery to account for terrain-induced distortion.  
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ORTHOPHOTOGRAPH 
 A vertical aerial photograph from which the distortions due to varying elevation, tilt, and 

surface topography have been removed, so that it represents every object as if viewed 
directly from above.  

 
ORTHORECTIFICATION 
 The process of reducing geometric errors inherent within photography and imagery. The 

variables contributing to geometric errors include, but are not limited to camera and 
sensor orientation, systematic error associated with the camera or sensor, topographic 
relief displacement, and Earth curvature.  

 
OVERLAP 
 Extent to which adjacent images or photographs cover the same terrain, expressed as a 

percentage. 
 
PANCHROMATIC FILM 
 Black and white film that is sensitive to all visible wavelengths. 
 
PANCHROMATIC IMAGE 
 Imagery taken of all wavelengths within the visible spectrum. 
 
PARALLAX 
 Displacement of the position of a target in an image caused by a shift in the observation 

system.  
 
PARALLAX DIFFERENCE 
 The difference in the distance on overlapping vertical photographs between two points, 

which represent two locations on the ground with different elevations.  
 
PARALLEL-POLARIZED 
 Describes a radar pulse in which the polarization of the return is the same as that of the 

transmission. Parallel-polarized images may be HH (horizontal transmit, horizontal 
return) or VV (vertical transmit, vertical return).  

 
PASS 
 In digital filters, refers to the spatial frequency of data transmitted by the filter. High-pass 

filters transmit high-frequency data; low-pass filters transmit low-frequency data.  
 
PASSIVE MICROWAVES 
 Radiation in the 1 mm to 1 m range emitted naturally by all materials above absolute 

zero.  
 
PASSIVE REMOTE SENSING 
 Remote sensing of energy naturally reflected or radiated from the terrain.  
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PATTERN 
 Regular repetition of tonal variations on an image or photograph.  
 
PATTERN RECOGNITION 
 A process of decision making in which a new input is recognized as a member of  a given 

class by a comparison of its attributes with the already known pattern of common 
attributes or members of that class.  

 
P BAND 
 Radar wavelength region from 30 to 100 cm.  
 
PERIODIC LINE DROPOUT 
 Defect on Landsat MSS or TM images in which no data are recorded for every sixth or 

sixteenth scan line, causing a black line on the image.  
 
PERIODIC LINE STRIPING 
 Defect on Landsat MSS or TM images in which every sixth or sixteenth scan line is 

brighter or darker than the others. Caused by the sensitivity of one detector being higher 
or lower than the others.  

 
PHENOLOGY or PHENOLOGICAL 
 Refers to the rate and timing of natural events, such as the growth cycle of vegetation 

over a growing season. Land cover and vegetation types may often be distinguished from 
each other by their characteristic spectral/temporal signature, as illustrated by a graph 
plotting NDVI values against time through a growing season for several agricultural 
categories.  The shape and position of each curve defines that category's phenological 
characteristics.  

 
PHOTODETECTOR 
 Device for measuring energy in the visible-light band.   
 
PHOTOGRAMMETRY 
 The science of deriving measurements from photographs.   
 
PHOTOGRAPH 
 Representation of targets on film that results from the action of light on silver halide 

grains in the film's emulsion.  
 
PHOTO INTERPRETATION 
 Identification of features on aerial photographs, based on feature characteristics including 

pattern, shape, tone, texture, shadow, associated features, and size. 
 
PHOTOMOSAIC 
 Mosaic composed of photographs.  
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PHOTON 
 Minimum discrete quantity of radiant energy.   
 
PITCH 
 Rotation of an aircraft about the horizontal axis normal to its longitudinal axis that causes 

a nose-up or nose-down attitude.  
 
PIXEL 
 An abbreviation of Picture Element. The minimum size area on the ground detectable by 

a remote sensing device. The size varies depending on the type of sensor.  
 
PLANCK'S LAW 
 An expression for the variation of emittance of a blackbody at a particular temperature as 

a function of wavelength. 
 
PLANIMETRIC 
 Two-dimensional. The measurement of plane surfaces. A map representing only 

horizontal features. Parts of a map that represent everything except relief.  
 
POLARIZATION 
 The direction of orientation in which the electrical field vector of electromagnetic 

radiation vibrates.  
 
POLAR ORBIT 
 An orbit that passes close to the poles, thereby enabling a satellite to pass over most of 

the surface, except the immediate vicinity of the poles themselves.  
 
POLARIZED RADIATION 
 Electromagnetic radiation in which the electrical field vector is contained in a single 

plane, instead of having random orientation relative to the propagation vector. Most 
commonly refers to radar images.  

 
POSITIVE PHOTOGRAPH 
 Photographic image in which the tones are directly proportional to the terrain brightness   
 
PRIMARY COLORS 
 A set of three colors that in various combinations will produce the full range of colors in 

the visible spectrum. There are two sets of primary colors, additive and subtractive.  
 
PRINCIPAL COMPONENT ANALYSIS 
 The analysis of covariance in a multiple data set so that the data can be projected as 

additive combinations onto new axes, which express different kinds of correlation among 
the data.  

 
PRINCIPAL POINT 
 Optical center of an aerial photograph.  
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PROFILE 
 One method of making Digital Elevation Models (DEMs) is commonly referred to as 

profiling. In this technique, a stereo pair of photographs is set up in a photogrammetric 
instrument and referenced to the ground using ground control points. After this process is 
completed, the instrument automatically moves a computer cursor across the stereo 
model. As the cursor is being driven across the model, the operator controls the motion of 
the cursor while a recording device captures the elevation figures. Each swath across the 
stereo model is called a profile.  

 
PROJECTION 
 Orderly system of lines on a plane representing a corresponding system of imaginary 

lines on an adopted terrestrial or celestial datum surface. Also, the mathematical concept 
of such a system. For maps of the Earth, a projection consists of (1) a graticule of lines 
representing parallels of latitude and meridians of longitude or (2) a grid.  

 
PUBLIC LAND SURVEY SYSTEM (PLSS) 
 A rectangular system of surveys established and regulated by the Bureau of Land 

Management.  The PLSS is a rectangular survey system that typically divides the land 
into 6-mile square townships, which are further subdivided into 1-mile square sections. 
Sometimes referred to as the Township and Range Survey System. 

 
PULSE 
 Short burst of electromagnetic radiation transmitted by a radar antenna.  
 
PUSHBROOM SCANNER 
 An imaging device consisting of a fixed linear array of many sensors which is swept 

across an area by the motion of the platform, thereby building up an image.  It relies on 
sensors whose response and reading is nearly instantaneous, so that the image swathe can 
be segmented into pixels representing small dimensions on the ground.  

 
QUANTITATIVE REMOTE SENSING 
 Processing and anaylsis of remotely sensed data using quantitative algorithms.  
 
QUANTUM 
 The elementary quantity of EM energy that is transmitted by a particular wavelength. 

According to Quantum Theory, EM radiation is emitted,  transmitted, and absorbed as 
numbers of quanta, the energy of each quantum being a simple function of the frequency 
of the radiation.  

 
RADAR 
 Acronym for radio detection and ranging. Radar is an active form of remote sensing that 

operates in the microwave and radio wavelength regions.  
 
RADAR ALTIMETER 
 Instrument for measuring altitudes or elevations with respect to a reference level, usually 

mean sea level. A radar altimeter determines the height of an aircraft above the terrain by 
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measuring the time required for an electromagnetic pulse to travel from aircraft to the 
ground and back again.  

 
RADAR SCATTERING COEFFICIENT 
 A measure of the back-scattered energy from a target with a large area. Expressed as the 

average radar cross section per unit area in decibels (dB). It is the fundamental measure 
of the radar properties of a surface.   

 
RADAR SCATTEROMETER 
 A non-imaging device that records radar energy backscattered from terrain as a function 

of depression angle.   
 
RADAR SHADOW 
 Dark signature on a radar image representing no signal return. A shadow extends in the 

far-range direction from an object that intercepts the radar beam.  
 
RADIAL RELIEF DISPLACEMENT 
 The tendency of vertical objects to appear to lean radially away from the center of a 

vertical aerial photograph. Caused by the conical field of view of the camera lens.  
 
RADIAN  
 A radian is a unit of angular measure equal to the angle subtended at the center of  a circle 

by an arc of length equal to the radius of the circle equal to approximately  57 degrees, 17 
minutes, 44.6 seconds.  

 
RADIANCE 
 Measure of the energy radiated by an object. In general, radiance is a function of viewing 

angle and spectral wavelength and is expressed as energy per solid angle.  
 
RADIANT ENERGY PEAK  
 Wavelength at which the maximum electromagnetic energy is radiated at a particular 

temperature.  
 
RADIANT FLUX 
 Rate of flow of electromagnetic radiation measured in watts per square cm.  
 
RADIANT TEMPERATURE  
 Concentration of the radiant flux from a material. Radiant temperature is the kinetic 

temperature multiplied by the emissivity to the one-fourth power.  
 
RADIATION 
 Propagation of energy in the form of electromagnetic waves.  
 
RADIOMETER 
 A passive remote sensing device for quantitatively measuring radiant energy, especially 

thermal radiation.  
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RADIOMETRIC CALIBRATION 
 Calibration of recorded radiance values reflected from (or emitted by) the ground  scene. 
 
RADIOMETRIC RESOLUTION 
 Denotes how many levels of brightness an imaging system can record. 
 
RADIOSONDE 
 An instrument attached to a weather balloon used to measure pressure, temperature, 

humidity, and winds aloft. Observations are made when the radiosonde is aloft and emits 
radio signals as it ascends. May be referred to as a RAOB, an acronym for RAdiosonde 
OBservation. 

 
RANDOM LINE DROPOUT  
 In scanner images, the loss of data from individual scan lines in a nonsystematic fashion.  
 
RANGE 
 In radar usage this is the distance in the direction of radar propagation, usually to the side 

of the platform in an imaging radar system.  The slant range is the direct distance from 
the antenna to the object, whereas the distance from the ground track of the platform to 
the object is termed the ground range.  

 
RANGE RESOLUTION  
 In radar images, the spatial resolution in the range direction, which is determined by the 

pulse length of the transmitted microwave energy.  
 
RASTER 
 A raster image is a matrix of row and column data points whose values represent energy 

being reflected or emitted from the object being viewed. These values, or pixels, can be 
viewed on a display monitor as a black and white or color image.  

 
RASTERIZE 
 The process of converting vector points, lines, and areas into raster image format.  
 
RAYLEIGH CRITERION 
 In radar, the relationship between surface roughness, depression angle, and wavelength 

that determines whether a surface will respond in a rough or smooth fashion to the radar 
pulse. 

  
RAYLEIGH SCATTERING 
 Selective scattering of light in the atmosphere by particles that are small compared with 

the wavelength of light.  
 
REAL APERTURE RADAR 
 Radar system in which azimuth resolution is determined by the transmitted beam width, 

which is in turn determined by the physical length of the antenna and by the wavelength.  
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REAL TIME 
 Refers to images or data made available for inspection simultaneously with their 

acquisition.  
 
RECTILINEAR 
 Refers to images with no geometric distortion in which the scales in the horizontal and 

vertical directions are identical.   
 
REFLECTANCE 
 Ratio of the radiant energy reflected by a body to the energy incident on it. Spectral 

reflectance is the reflectance measured within a specific wavelength interval. 
  
REFLECTED ENERGY PEAK 
 Wavelength (0.5 µm) at which maximum amount of energy is reflected from the Earth's 

surface.  
 
REFLECTED INFRARED 
 Electromagnetic energy of wavelengths from 0.7 µm to about 3 µm that consists 

primarily of reflected solar radiation.  
 
REFLECTIVITY 
 Ability of a surface to reflect incident energy.  
 
REFRACTION 
 Bending of electromagnetic rays as they pass from one medium into another when each 

medium has a different index of refraction.  
 
REGISTRATION 
 Process of superposing two or more images or photographs so that equivalent geographic 

points coincide.  
 
RELIEF 
 Vertical irregularities of a surface.  
 
RELIEF DISPLACEMENT 
 Geometric distortion on vertical aerial photographs. The tops of objects appear in the 

photograph to be radially displaced from their bases outward from the photograph's 
centerpoint.  

 
REMOTE SENSING 
 Collection and interpretation of information about an object without being in physical 

contact with the object.  
 
RESAMPLING 
 The calculation of new Digital Numbers for pixels created during geometric correction of 

a digital scene, based on the values in the local area around the uncorrected pixels.  
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RESEAU GRID 
 An array of tick marks precisely placed in an image.  
 
RESIDUAL ANOMALY 
 Residual anomalies are geophysically defined features that represent the difference 

between total (actual) and regional (modeled) geophysical fields; i.e. residual field or 
anomaly.  

 
RESOLVING POWER 
 A measure of the ability of individual components. and of remote sensing systems, to 

separate closely spaced targets.  
 
RETURN 
 In radar, a pulse of microwave energy reflected by the terrain and received at the radar 

antenna. The strength of a return is referred to as return intensity.  
 
RETURN-BEAM VIDICON (RBV) 

A system in which images are formed on the photosensitive surface of a vacuum tube; the 
image is scanned with an electron beam and transmitted or recorded.  

 
RINGING 

Fringe-like artifacts produced at edges by some forms of spatial-frequency filtering.  
 
ROLL 

Rotation of an aircraft that causes a wing-up or wing-down attitude.  
 
ROLL COMPENSATION SYSTEM 

Component of an airborne scanner system that measures and records the roll of the 
aircraft. This information is used to correct the imagery for distortion due to roll.  

 
ROOT MEAN SQUARE ERROR (RMSE) 

The RMSE statistic is used to describe accuracy encompassing both random and 
systematic errors.  

The square of the difference between a true test point and an interpolated test point 
divided by the total number of test points in the arithmetic mean. The square root of this 
value is the root mean square error.  

ROUGH CRITERION 
In radar, the relationship between surface roughness, depression angle, and wavelength 
that determines whether a surface will scatter the incident radar pulse in a rough or 
intermediate fashion.  
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ROUGHNESS 
In radar, the average vertical relief of a small-scale irregularities of the terrain surface. 
Also called surface roughness.  

 
SATELLITE 

An object in orbit around a celestial body.  
 
SATURATION 

In the IHS system (Intensity, Hue, and Saturation), represents the purity of color. 
Saturation is also the condition where energy flux exceeds the sensitivity range of a 
detector. 

 
SCALE 

Ratio of distance on an image to the equivalent distance on the ground.  
 
SCAN LINE 

Narrow strip on the ground that is swept by the Instantaneous Field of View of a detector 
in a scanning system.  

 
SCANNER 

An imaging system in which the Instantaneous Field of View of one or more detectors is 
swept across the terrain.  

 
SCANNER DISTORTION 

Geometric distortion that is characteristic of cross-track scanner images.  
 
SCAN SKEW 

Distortion of scanner images caused by forward motion of the aircraft or satellite during 
the time required to complete a scan.  

 
SCATTERING 

Multiple reflections of electromagnetic waves by particles or surfaces.  
 
SCATTEROMETER 

Nonimaging radar device that quantitatively records backscatter of terrain as a function of 
incidence angle.  Useful in determining surface wind speed and direction. 

 
SCENE 

Area on the ground that is covered by an image or photograph.  
 
SENSITIVITY 

Degree to which a detector responds to electromagnetic energy incident on it.  
 
SENSOR 

Device that receives electromagnetic radiation and converts it into a signal that can be 
recorded and displayed as either numerical data or an image.  
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SHADED RELIEF 
Shading added to an image that makes the image appear to have three dimensional 
aspects. This type of enhancement is commonly done to satellite images and thematic 
maps utilizing digital topographic data to provide the appearance of terrain relief within 
the image.  

 
SIDELAP 

Extent of lateral overlap between images acquired on adjacent flight lines.  
 
SIDE-LOOKING AIRBORNE RADAR (SLAR) 

An airborne side scanning system for acquiring radar images.  
 
IDE-SCANNING SONAR 

Active system for acquiring images of the seafloor using pulsed sound waves.  
 
SIDE-SCANNING SYSTEM 

A system that acquires images of a strip of terrain parallel with the flight or orbit path but 
offset to one side. 

 
SIGNAL 

Information recorded by a remote sensing system.  
 
SIGNAL TO NOISE RATION (S/N) 

The ratio of the level of the signal carrying real information to that carrying spurious 
information as a result of defects in the system.  

 
SLANT RANGE 

In radar, an imaginary line running between the antenna and the target.  
 
SLANT RANGE IMAGE 

In radar, an image in which objects are located at positions corresponding to their slant-
range distances from the aircraft path. On slant-range images, the scale in the range 
direction is compressed in the near-range region.  

 
SMOOTH CRITERION 

In radar, the relationship between surface roughness, depression angle, and wavelength 
that determines whether a surface will scatter the incident radar pulse in a smooth or 
intermediate fashion.  

 
SONAR 

Acronym for Sound Navigation Ranging. Sonar is an active form of remote sensing that 
employs sonic energy to image the seafloor.  

 
SOUNDER 

A sensor used to measure vertical atmospheric features such as precipitation, temperature 
and pressure.  
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SPATIAL RESOLUTION 
Ability to separate closely spaced objects on an image or photograph.  Commonly 
expressed as the most closely spaced line-pairs per unit distance that can be 
distinguished.  

 
SPECTRAL BANDS 

Subdividing the collection of spectral radiation into intervals of continuous wavelengths. 
 
SPECTRAL IRRADIANCE 

The density of the radiant flux that is incident on a surface per unit of wavelength. 
 
SPECTRAL REFLECTANCE 

Reflectance of electromagnetic energy at specified wavelength intervals.  
 
SPECTRAL RESOLUTION 

It is a measure of the narrowest spectral feature that can be resolved by a spectral sensor. 
It is also defined as the full width at half maximum (FWHM) response in each band of 
data.  

 
SPECTRAL SAMPLING INTERVAL 

Denotes the interval, in wavelength units, between data points in the measured spectrum 
or the spectral distance between the centers of two adjacent spectral bands.  

 
SPECTRAL SENSITIVITY 

Response, or sensitivity, of a film or detector to radiation in different spectral regions.  
 
SPECTRAL SIGNATURE 

For any given material, the amount of solar radiation that reflects, absorbs, or transmits 
varies with wavelength. The spectral curve for the target is the plot of wavelength vs. 
frequency.  Different substances or classes can be separated and identified by the 
signature of their spectral curves. 

 
SPECTRAL UNMIXING 

A procedure to determine the relative abundances of materials that are depicted in multi- 
or hyper-spectral imagery based on the materials' spectral characteristics. The reflectance 
at each pixel of the image is assumed to be a linear combination of the reflectance of each 
material (or endmember) present within the pixel. 

 
SPECTRAL VEGETATION INDEX 

An index of relative amount and vigor of vegetation.  The index is calculated from two 
spectral bands of AVHRR imagery.  

 
SPECTROMETER 

Device for measuring intensity of radiation absorbed or reflected by a material as a 
function of wavelength.  
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SPECTROMETRY 
The process of collection, production and measurement of electromagnetic spectra arising 
from either emission or absorption of radiant energy by various substances. 

 
SPECTRORADIOMETER 

A device which measures the energy reflected or radiated by materials in narrow EM 
wavebands.  

 
SPECTROSCOPY 

The science and techniques associated with the use of spectral data collected by 
spectrometers. 

 
SPECTROSCOPE 

An optical instrument for spectrographic analysis.  A spectroscope consists of a slit, 
prism, collimator lens, object lens, and a grating. 

 
SPECTRUM 

Continuous sequence of electromagnetic energy arranged according to wavelength or 
frequency.  

 
SPECULAR REFLECTION 

A sharply defined beam resulting from reflection off a smooth surface, such as a mirror, 
which maintains the integrity of the incident wavefront. 

 
SPECULAR SURFACE 
 A very smooth surface that reflects the received light along a narrow lobe of directions. 
 
SPHEROID 
 Mathematical figure closely approaching the geoid in form and size and used as a  surface 

of reference for geodetic surveys. A reference spheroid or ellipsoid is a spheroid 
determined by revolving an ellipse about its shorter (polar) axis and used as a base for 
geodetic surveys of a large section of the Earth (such as the Clarke spheroid of 1866 
which is used for geodetic surveys in the United States).  

 
STABLE BASE 
 In cartography, a stable base includes those source materials with a better  likelihood for 

dimensional stability and longevity than paper (e.g., Mylar or film).  
 
STEFAN-BOLTZMANN LAW 
 States that radiant flux of a blackbody is equal to the temperature to the fourth power 

times the Stefan-Boltzmann constant.  
 
STEREO 
 Involves binocular vision techniques which enable the observer to view imagery 

simultaneously from two different perspectives to achieve the mental impression of a 
three-dimensional image.  
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STEREO BASE 
 Distance between a pair of correlative points on a stereo pair that are oriented for stereo 

viewing.  
 
STEREO PAIR 
 Two overlapping images or photographs that may be viewed stereoscopically.  
 
STEREOPHOTOGRAMMETRY 
 3D visualization from aerial photographs.  Can be achieved optically, by use of a 

stereoscope, or digitally, by use of an analytical stereoplotter.  
 
STEREOSCOPE 
 Binocular optical device for viewing overlapping images or diagrams. The left eye sees 

only the left image, and the right eye sees only the right image.  
 
SUBSCENE 
 A portion of an image that is used for detailed analysis.  
 
SUBTRACTIVE PRIMARY COLORS 
 Yellow, magenta, and cyan. When used as filters for white light, these colors remove 

blue, green and red light, respectively.   
 
SUNGLINT 
 Bright reflectance of sunlight caused by ripples on water.     
 
SUN-SYNCHRONOUS ORBIT 
 A polar orbit where the satellite always crosses the Equator at the same local solar time.  
 
SUPERVISED CLASSIFICATION 
 Digital-information extraction technique in which the operator provides training-site 

information that the computer uses to assign pixels to categories.  
 
SWATH  
 A swath of data is all data received from a spacecraft on a single pass from acquisition of 

signal (AOS) to loss of signal (LOS).  
 
SYNTHETIC-APERTURE RADAR (SAR) 
 Radar system in which high azimuth resolution is achieved by storing and processing 

data on the Doppler shift of multiple return pulses in such a way as to give the effect of a 
much longer antenna. 

  
SYNTHETIC STEREO IMAGES 
 Stereo images constructed through digital processing of a single image. Topographic data 

are used to calculate parallax. 
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SYSTEMATIC DISTORTION 
 Geometric irregularities on images that are caused by known and predictable 

characteristics.  
 
TAPE BLOCK 
 An aggregate or group of characters, words, records, or information considered as a 

single unit and recorded on magnetic tape to adjacent physical locations. Blocking is 
done for convenience of data handling and particularly for ease in error recovery.  

 
TARGET 
 Object on the terrain of specific interest in a remote sensing investigation.  
 
TCP--Tie Control Point 
 TCPs are points that have been registered and/or rectified on an image or a planimetric 

surface with respect to some horizontal coordinate system and/or vertical datum.  
 
TELEMETER 
 To transmit data by radio or microwave links.  
 
TEMPERATURE RESOLUTION 
 It is defined as the minimal temperature difference can be detected by a sensor. 
 
TEMPORAL RESOLUTION  
 Denotes the frequency of repeated data collection.  
 
TERRAIN 
 Surface of the Earth.  
 
TEXTURE 
 Frequency of change and arrangement of tones on an image.  
 
THEMATIC DATA 
 Thematic data layers in a data set are layers of information that deal with a particular 

theme. These layers are typically related information that logically go together. Examples 
of thematic data would include a data layer whose contents are roads, railways, and river 
navigation routes.  

 
THERMAL CONTRAST 
 The degree of detectable temperature difference between adjacent areas and/or objects 

having unequal temperatures at a particular moment. 
 
THERMAL INFRARED 
 Phrase used to describe the middle wavelength ranges in the infrared portion of the 

electromagnetic spectrum. Ranging between 3 μm and 20 μm, most remote sensing 
applications utilize the 8- to 13-μm range. This is emitted energy whereas other infrared 
(near infrared) is reflected energy.  
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THERMAL INFRARED REMOTE SENSING 
 Image acquisition by a scanner that records radiation within the thermal IR band.  
 
TONE 
 Each distinguishable shade of gray from white to black on an image.  
 
TOPOGRAPHIC MAP 
 Map that presents the horizontal and vertical positions of the features represented; 

distinguished from a planimetric map by the addition of relief in measurable form.  
 
TOPOGRAPHY 
 Configuration (relief) of the land surface; the graphic delineation or portrayal of that 

configuration in map form, as by contour lines; in oceanography the term is applied to a 
surface such as the sea bottom or a surface of given characteristics  within the water mass.  

 
TOPOLOGICALLY STRUCTURED 
 Refers to the point, line, or area features of a data set and the relationships  between these 

features. These relationships are expressed as connections between spatially touching 
lines, small areas contained within larger areas, lines that make up the sides of an area or 
polygon, etc. Topology does not provide information as to the features' meanings, only 
their identity and structural relationships as they refine spatial objects.  

 
TOWNSHIP AND RANGE SURVEY SYSTEM 
 See: Public Land Survey System (PLSS). 
 
TRAINING AREA 
 A sample of the Earth's surface with known properties; the statistics of the imaged data 

within the area are used to determine decision boundaries in classification.  
 
TRANSMISSIVITY 
 Property of a material that determines the amount of energy that can pass through  the 

material.  
 
TRANSPARENCY 
 Image on a transparent photographic material, normally a positive image.  
 
TRAVEL TIME  
 In radar, the time interval between the generation of a pulse of microwave energy and its 

return from the terrain.  
 
ULTRASPECTRAL REMOTE SENSING 
 Similar to Hyperspectral Remote Sensing, but with over 250 bands.  
 
ULTRAVIOLET (UL) 
 Region of the electromagnetic spectrum ranging in wavelengths from 0.01 to 0.4 m.  
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UNSUPERVISED CLASSIFICATION   
 Digital information extraction technique in which the computer assigns pixels to 

categories with no instructions from the operator.  
 
UTM--Universal Transverse Mercator Projection  

UTM is a widely used map projection that employs a series of identical projections 
around the world in the mid-latitude areas, each spanning six degrees of longitude and 
oriented to a meridian. This projection is characterized by its conformality; that is, it 
preserves angular relationships and scale plus it easily allows a rectangular grid to be 
superimposed on it. Many worldwide topographic and planimetric maps at scales ranging 
between 1:24,000 and 1:250,000 use this projection.  
 

UV  
See: Ultraviolet. 

 
VECTOR 
 Any quantity which has both magnitude and direction, as opposed to scaler, which has 

only magnitude.  
 
VECTOR DATA  
 Vector data, when used in the context of spatial or map information, refers to a format 

where all map data are stored as points, lines, and areas rather than as an image or 
continuous tone picture. These vector data have location and attribute information 
associated with them.  

 
VERTICAL EXAGGERATION 
 In a stereo model, the extent to which the vertical scale appears larger than the horizontal 

scale.  
 
VERTICAL POSITIONAL ACCURACY  
 Vertical positional accuracy is based upon the use of USGS source quadrangles which are 

compiled to meet National Map Accuracy Standards (NMAS). NMAS vertical accuracy 
requires that at least 90 percent of well defined points tested be within one half contour 
interval of the correct value. Comparison to the graphic source is used as control to assess 
digital positional accuracy.  

 
VIGNETTING  
 A gradual change in overall tone of an image from the centre outwards, caused by the 

imaging device gathering less radiation from the periphery of its field of view than from 
the centre. Most usually associated with the radially increasing angle between a lens and 
the Earth's surface, and the corresponding decrease in the light-gathering capacity of the 
lens.   

 
VISIBLE/NEAR INFRARED REMOTE SENSING 
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 Remote sensing which utilizes visible and near infrared (NIR) wavelengths.  Visible light 
is in the band of the electromagnetic spectrum which can be perceived by the naked eye. 
This band ranges from 7500 Å to 4000 Å.  Near infrared is the band of electromagnetic 
wavelengths lying between the extreme of the visible (approximately 0.70 μm) and the 
shortest microwaves (approximately 100 μm ). 

 
VISIBLE RADIATION 
 Energy at wavelengths from 0.4 to 0.7 mm that is detectable by the human eye.  
 
WAVELENGTH 
 Distance between successive wave crests or other equivalent points in a harmonic  wave.  
 
WGS 72--World Geodetic System 1972 
 The definition of DMA DEMs, as presently stored in the USGS data base,  references the 

WGS 72 datum. WGS 72 is an Earth-centered datum. The WGS 72 datum was the result 
of an extensive effort extending over approximately three years to collect selected 
satellite, surface gravity, and astrogeodetic data available throughout 1972. These data 
were combined using a unified WGS solution (a large-scale least squares adjustment).  

 
WGS 84--World Geodetic System 1984 
 The WGS 84 datum was developed as a replacement for WGS 72 by the military 

mapping community as a result of new and more accurate instrumentation and a more 
comprehensive control network of ground stations. The newly developed satellite radar 
altimeter was used to deduce geoid heights from oceanic regions between 70 degrees 
north and south latitude. Geoid heights were also deduced from ground-based Doppler 
and ground-based laser satellite-tracking data, as well as surface gravity data. This system 
is described in "World Geodetic System 1984," DOD DMA TR 8350.2 September 1987. 
New and more extensive data sets and improved software were used in the development.  

 
WHISKBROOM SENSOR 

Whiskbroom imagers/sensors are working as electromechnical scanners. On-axis optics 
or telescopes with scan mirrors sweep from one edge of the swath to the other. The FOV 
of the scanner can be detected by a single detector or a single-line-detector. 
Simultaneously the movement of the sensor platform guarantees the sweeping scan over 
the Earth. This means that the dwell time for each ground cell must be very short at given 
IFOV because each scan line consists of multiple ground cells which will be detected. 
Well known example of whiskbroom images are AVHRR, Landsat and SeaWiFS.  

 
WRS--Worldwide Reference System 
 The WRS is a global indexing scheme designed for the Landsat program based on 

nominal scene centers defined by path and row coordinates.  
 
X BAND 
 Radar wavelength region from 2.4 to 3.8 cm.  
 
X-RAY FLUORESCENCE SPECTROSCOPY  
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 This non-destructive analytical technique is used to determine concentrations of specific 
chemical elements. The procedure is based on the artificially induced absorption, atomic 
excitation, and emission of electromagnetic radiation at characteristic wavelengths.  

 
YAW 
 Rotation of an aircraft about its vertical axis so that the longitudinal axis deviates left or 

right from the flight line.  
 
ZENITH  
 Zenith is the point on the celestial sphere vertically above a given position or observer.  
 
Sources used in developing this glossary: 
 
NASA Remote Sensing Glossary 
http://rst.gsfc.nasa.gov/AppD/glossary.html 
 
CCRS Remote Sensing Glossary 
http://www.ccrs.nrcan.gc.ca/glossary/index_e.php 
USGS Remote Sensing Glossary 
http://landsat.usgs.gov/resources/glossary.php?gid=a 
ESRI GIS Dictionary 
http://support.esri.com/index.cfm?fa=knowledgebase.gisDictionary.gateway 
 
EPA Terminology Reference System 
http://www.epa.gov/trs/ 
 
Space and Electronic Warfare Glossary 
http://www.sew-lexicon.com/glossary.htm 
 
Weather Channel Glossary 
http://www.weather.com/glossary/ 
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ADDITIONAL SATELLITES AND SENSORS 
 
A list of additional satellites and sensors, along with links to appropriate websites, is presented 
below.   
 
ACRIMSAT (Active Cavity Radiometer Irradiance Monitor Satellite) 

http://acrim.jpl.nasa.gov/ 
http://www.acrim.com/ 

 
ADEOS (Advanced Earth Observation Satellite)  

http://www.tec.army.mil/tio/ADEOS.htm 
http://winds.jpl.nasa.gov/missions/seawinds/index.cfm 

 
AIRS  (Atmospheric Infrared Sounder) 

http://airs.jpl.nasa.gov/ 
http://www-airs.jpl.nasa.gov/ 

 
ALI  (Advanced Land Imager) 

http://eo1.gsfc.nasa.gov/Technology/ALIhome1.htm 
 
ALOS  (Advanced Land Observation Satellite) 

http://www.tec.army.mil/tio/ALOS.htm 
 
AMSU  (Advanced Microwave Sounding Unit) 

http://amsu.ssec.wisc.edu/ 
 
AMSR-E (Advanced Microwave Scanning Radiometer for EOS) 

http://wwwghcc.msfc.nasa.gov/AMSR/ 
http://nsidc.org/daac/amsre/ 

 
AQUA 

http://asd-www.larc.nasa.gov/ceres/aqua/ 
 
AQUARIUS (Underwater laboratory) 

http://aquarius.gsfc.nasa.gov/ 
 
ARIES (Australian Resource Information Environmental Satellite)   

http://www.tec.army.mil/tio/ARIES.htm 
 
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radio 

http://asterweb.jpl.nasa.gov/ 
http://edc.usgs.gov/products/satellite/aster.html 
http://visibleearth.nasa.gov/view_set.php?sensorName=ASTER 

 
ATM  (Asynchronous Transfer Mode) 

http://www.iec.org/online/tutorials/atm_fund/ 
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ATSR  (Along Track Scanning Radiometer) 

http://www.atsr.rl.ac.uk/ 
 
AURA  (Association of Universities for Research in Astronomy) 

http://www.aura-astronomy.org/ 
 
CBERS (China-Brazil Earth Resources Satellite) 

http://www.tec.army.mil/tio/CBERS.htm 
 
CERES (Clouds and Earth’s Radiant Energy System) 

http://asd-www.larc.nasa.gov/ceres/ASDceres.html 
http://eosweb.larc.nasa.gov/PRODOCS/ceres/table_ceres.html 
http://earthobservatory.nasa.gov/Observatory/Datasets/netflux.erbe.html 
http://earthobservatory.nasa.gov/Observatory/Datasets/swflux.erbe.html 

 
CLOUDSAT  

http://cloudsat.atmos.colostate.edu/ 
 
DAIS-1 (Digital Airborne Imaging Spectrometer) 

http://www.geoeye.com/CorpSite/default.aspx 
 
EOS  (Earth Observing System) 

http://eospso.gsfc.nasa.gov/ 
 
ENVISAT (ENVIronmental SATellite) 

http://www.rsi.ca/products/sensor/envisat/envisat_price.asp 
http://www.tec.army.mil/tio/ENVISAT.htm 
http://www.envisat.esa.int/ 
http://www.crisp.nus.edu.sg/~research/tutorial/meris.htm 

 
EO-1  (Earth Observing-1) 

http://eo1.gsfc.nasa.gov/ 
http://eo1.gsfc.nasa.gov/miscPages/home.html 
http://www.tec.army.mil/tio/EO-1newtables.htm 
http://edc.usgs.gov/products/satellite/eo1.html 
http://eo1.usgs.gov/ 
http://www.crisp.nus.edu.sg/~research/tutorial/eo1.htm 

 
EROS  (Earth Observation System) 

http://www.tec.army.mil/tio/EROS.htm 
http://www.crisp.nus.edu.sg/~research/tutorial/eros.htm 
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ERS  (European Remote Sensing Satellite) 
http://earth.esa.int/ers/ 
http://www.rsi.ca/products/sensor/ers/ers_price.asp 
http://www.tec.army.mil/tio/ERS.htm 
http://www.crisp.nus.edu.sg/~research/tutorial/ers.htm 

 
ETM+  (Enhanced Thematic Mapper Plus) 

http://visibleearth.nasa.gov/view_set.php?sensorID=11 
 
GEROS (Earth Resources Observation System) 

http://www.tec.army.mil/tio/GEROS.htm 
 
GLAS  (Geoscience Laser Altimeter System) 

http://glas.gsfc.nasa.gov/ 
http://visibleearth.nasa.gov/view_set.php?sensorName=GLAS 

 
GRACE (Gravity Recovery and Climate Experiment) 

http://earthobservatory.nasa.gov/Library/GRACE_Revised/ 
 
HIRDLS (High Resolution Dynamics Limb Sounder)  

http://aura.gsfc.nasa.gov/instruments/hirdls/index.html 
 
HYDROS (Hydrosphere State)  

http://science.hq.nasa.gov/missions/satellite_62.htm 
 
ICESAT (Ice, Cloud, and land Elevation Satellite) 

http://icesat.gsfc.nasa.gov/ 
 
INSAT (Indian National Satellite System) 

http://www.isro.org/programmes.htm 
 
JASON-1 

http://topex-www.jpl.nasa.gov/mission/jason-1.html 
 
JERS  (Japanese Earth Resources Satellite 

http://www.tec.army.mil/tio/JERS.htm 
 
KOMPSAT  (Korean Multipurpose Satellite) 

http://www.tec.army.mil/tio/KOMPSAT.htm 
 
LIGHTSAR   (Light Synthetic Aperture Radar) 

http://www.tec.army.mil/tio/LIGHTSAR.htm 
 
LIS  (Lightning Imaging Sensor) 

http://thunder.nsstc.nasa.gov/lis/ 
http://visibleearth.nasa.gov/view_set.php?sensorName=LIS 
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MERIS (Medium Resolution Imaging Spectrometer)  

http://envisat.esa.int/instruments/meris/index.html 
 
MISR  (Multi-angle Imaging SpectroRadiometer) 

http://www-misr.jpl.nasa.gov/ 
http://eosweb.larc.nasa.gov/PRODOCS/misr/table_misr.html 
http://visibleearth.nasa.gov/view_set.php?sensorName=MISR 

 
MOPITT (Measurements of Pollution in the Troposphere) 

http://www.atmosp.physics.utoronto.ca/MOPITT/home.html 
http://visibleearth.nasa.gov/view_set.php?sensorName=MOPITT 

 
MTI  (Multispectral Thermal Imager)  

http://www.fas.org/spp/military/program/masint/mti.htm 
http://www.nnsa.doe.gov/na-20/mtis.shtml 

 
NEMO (Naval Earth Map Observer)  

http://www.tec.army.mil/tio/nemo.htm 
 

OCO  (Orbiting Carbon Observatory) 
http://oco.jpl.nasa.gov/ 
http://www.orbital.com/SatellitesSpace/ScienceTechnology/OCO/PrinterFriendly.shtml 

 
ORBVIEW (OrbImage View) 

http://www.tec.army.mil/tio/ORBVIEW.htm 
 
POES  (Polar Operational Environmental Satellites) 

http://goespoes.gsfc.nasa.gov/ 
 

QUICKBIRD 
http://www.rsi.ca/products/sensor/quickbird/qb_price.asp 
http://www.tec.army.mil/tio/QUICKBIRD.htm 
http://www.crisp.nus.edu.sg/~research/tutorial/quickbird.htm 

 
RESOURCE21 

http://www.tec.army.mil/tio/RESOURCE21.htm 
 
SAGE III (Stratosphere Aerosol and Gas Experiment) 

http://www-sage3.larc.nasa.gov/instrument/ 
 
SEASAT (Sea Satellite) 

http://southport.jpl.nasa.gov/scienceapps/seasat.html 
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SEAWINDS 
http://winds.jpl.nasa.gov/missions/seawinds/index.cfm 
http://visibleearth.nasa.gov/view_set.php?sensorName=SeaWinds 

 
SIR-C  (Spaceborne Imaging Radar C-band) 

http://southport.jpl.nasa.gov/ 
 
SPIN-2 

http://www.tec.army.mil/tio/SPIN2.htm 
 
SRTM  (Shuttle Radar Topography Mission) 

http://www2.jpl.nasa.gov/srtm/ 
http://srtm.usgs.gov/ 

 
TERRA 

http://terra.nasa.gov/ 
http://asd-www.larc.nasa.gov/ceres/terra/ 
http://visibleearth.nasa.gov/view_set.php?sensorName=Terra 

 
TOMS  (Total Ozone Mapping Spectrometer) 

http://toms.gsfc.nasa.gov/ 
http://earthobservatory.nasa.gov/Observatory/Datasets/aerosol.toms.html 
http://earthobservatory.nasa.gov/Observatory/Datasets/ozone.toms.html 

 
TOPEX 

http://topex-www.jpl.nasa.gov/newsroom/features/200712-3.pdf 
http://topex-www.jpl.nasa.gov/gallery/presentations/pdfs/tp-fact-sheet.pdf 
http://earthobservatory.nasa.gov/Observatory/Datasets/ssh.topex.html 

 
UARS  (Upper Atmosphere Research Satellite) 

http://www.gsfc.nasa.gov/gsfc/service/gallery/fact_sheets/earthsci/uars.htm 
http://visibleearth.nasa.gov/view_set.php?satelliteID=20 
http://svs.gsfc.nasa.gov/stories/UARS/UARS.html 
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APPLICABILITY OF REMOTE SENSING TECHNOLOGIES  
 
 RS Technology Ranking Codes:  0 = Not applicable; 1= Possibly Applicable; and   2 = Applicable  

REMOTE SENSING (RS) TECHNOLOGIES 

PASSIVE RS     ACTIVE RS 

Aerial 
Photography 

 
 

REMOTE SENSING 
   APPLICATIONS 
 
                                

Pan- 
chromatic 

Multispectral/ 
Hyperspectral 

Thermal Micro- 
wave 

Film Digital 

RADAR* LIDAR 

 
 
ADDITIONAL 
COMMENTS 

 REFERENCE (RS) SECTION   9.3.2a 9.3.2a; 9.3.2b; 
9.5.5a; 9.5.5d 

9.3.2c 
 

9.3.2d 9.3.2e 9.3.2e 9.3.3a; 
9.5.5e 

9.3.3b; 
9.5.5f  

RELATIVE COST PER  
TECHNOLOGY 
 (high, moderate, or low) 

low low / high moderate low low 
 

low/moder
 

Moderate/ 
high high  

Typical Spatial Resolution 
 (Ground Sample Distance)  
 per RS Technology 

~0.5m-1km 1 m - 0.5 km 20m-1km >0.5 km ~0.1-3m 0.25 – 3 m ~3m-1km 0.1-1m  

1) WATER QUALITY  APPLICATIONS 
• Temperature/Sea surface 
  Temperature 0 1 2 2 0 0 0 0  

•  Salinity mapping 0 1 1 2 0 0 0 0  
•  Color 0 2 0 0 1 1 0 0  
•  Suspended Materials/Turbidity 1 2 0 0 1 1 0 0  
•  Chlorophyll  0 2 0 0 0 1 0 0  
•  Thermal discharges 0 1 2 1 0 0 0 0  
•  Sewage plumes 1 2 1 0 1 1 0 0  
•  Runoff (Nutrients, fertilizers) 1 2 0 0 1 1 0 0 

  

2)  HYDROLOGICAL APPLICATIONS   
• Topography 1 1 0 0 1 1 0 2  
• Land cover 1 2 0 0 1 2 0 1  
• Latent/Sensible heat 
  determination 0 0 2 1 0 0 0 0 

 
 

• Soil moisture 0 1 1 2 0 0 2 0  
• Surface albedo 2 2 1 0 1 1 0 0  

• Evapotranspiration (ET) 0 2 2 2 1 1 0 0  
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REMOTE SENSING (RS) TECHNOLOGIES 

PASSIVE RS     ACTIVE RS 

Aerial 
Photography 

 
 

REMOTE SENSING 
   APPLICATIONS 
 
                                

Pan- 
chromatic 

Multispectral/ 
Hyperspectral 

Thermal Micro- 
wave 

Film Digital 

RADAR* LIDAR 

 
 
ADDITIONAL 
COMMENTS 

• Seepage  0 1 2 0 1 1  0 0 Research  
3) ECOSYSTEM  and VEGETATION ASSESSMENT  
• Native/ Exotic Vegetation Type 
  and Distribution       0 2 0 0 1 2 0 1  

•  Seasonal Dynamics/ 
   Change Analysis 0 2 0 0 1 2 0 1  

• Vegetation Vigor and 
  Growth Status 0 2 0 0 1 2 0 1  

• Indicator Species/  
  Habitat Mapping 0 2 0 0 1 2 0 1 Research 

• Riparian Ecology 0 2 0 0 1 2 0 1 Research 
4) AGRICULTURAL APPLICATIONS 
• Crop Type and Density 0 2 0 0 1 2 0 1  
• Crop Growth and Health 0 2 0 0 1 2 0 1  
• Soil Type  1 2 0 0 1 1 1 0  
• Agricultural Runoff 1 2 0 0 1 1 0 0  
• Vegetation Stress 1 2 0 0 1 1 0 0  
5) LIMNOLOGY, MARINE/LAKE, COASTAL  MANAGEMENT  
• Coastal Erosion / Shoreline  
  and Beach delineation 1 2 0 0 1 1 1 2  

• Phytoplankton Pigments 0 2 0 0 1 1 0 0  
• Corals 0 2 0 0 1 1 0 0  
• Submerged Aquatic Vegetation 
  (SAV) 0 2 0 0 1 1 0 0  

• Oysters Beds/reefs 0 2 0 0 1 2 0 0  
6) ATMOSPHERIC APPLICATIONS  
• Water Vapor      0 2 1 2 0 0 1 0  
• Cloud Type / Cloud penetration 0 2 0 1 1 1 0 0  
• Aerosol /chemical pollutants 0 2 1 0 1 1 1 0  
• Weather monitoring / 1 1 1 2 0 0 2 0  
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REMOTE SENSING (RS) TECHNOLOGIES 

PASSIVE RS     ACTIVE RS 

Aerial 
Photography 

 
 

REMOTE SENSING 
   APPLICATIONS 
 
                                

Pan- 
chromatic 

Multispectral/ 
Hyperspectral 

Thermal Micro- 
wave 

Film Digital 

RADAR* LIDAR 

 
 
ADDITIONAL 
COMMENTS 

  Rainfall intensity 
7) EMERGENCY MANAGEMENT 
•  Biomass Fires Monitoring &    
Assessment 1 2 2 0 0 0 1 1  

• Base Map & Normal Conditions 1 1 0 0 2 2 0 0  
• Hurricane Wind Flood Damage 1 1 0 0 2 2 0 0  
• Flood Damage 1 2 0 0 2 2 2 1  
• Post-Disaster Damage  
  Assessment 1 1 0 0 1 2 0 1  

• Oil Spill 0 2 0 0 2 2 2 0  
8) LAND AND WATER RESOURCES MANAGEMENT 
• Land Use 1 2 0 0 1 2 0 0  
• Watershed & Basin Monitoring 
    (canal seepage detection)  0 2 0 0 1  1 0 0  

• Regulatory Compliance 1 2 0 0 1 2 0 0  
• Water permitting 1 2 0 0 1 2 0 0  

NOTES: RS has broad applications and is project-specific; RS technology (sensors) may become quickly outdated and any specific project undertaken in the future 
should re-examine the status per technology. * Include SAR, InSAR and single or multiple polarizations. 
 

References: (Some references used in creating this table are mentioned below: Refer also to Appendix D for other URLs) 
a) SFWMD White Paper on Remote Sensing Assessment Team (RSAT) 
b) Panchromatic vs. Multispectral Image: http://www.science.edu.sg/ssc/detailed.jsp?artid=3834&type=4&root=140&parent=140&cat=239 
c) Hyperspectral Imaging: http://www.microimages.com/getstart/pdf/hyprspec.pdf 
d) Hyperspectral imagery applications:  http://www.tec.army.mil/tio/HypUltApps.htm 
e) Thermal Imaging:  http://rst.gsfc.nasa.gov/Front/tofc.html and  http://rst.gsfc.nasa.gov/Intro/Part2_25.html 
f) Aerial Photography:  http://rst.gsfc.nasa.gov/Sect10/Sect10_1.html 
g) LIDAR:  http://www.usace.army.mil/usace-docs/eng-manuals/em1110-1-1000/c-5.pdf 
h) Active sensors: http://science.hq.nasa.gov/earth-sun/technology/active.html 
I) Passive sensors: http://science.hq.nasa.gov/earth-sun/technology/passive.html 
j) Radar:   http://rst.gsfc.nasa.gov/Front/tofc.html 
         http://rst.gsfc.nasa.gov/Intro/Part2_25.html 
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EXAMPLE 1 
REMOTE SENSING STATEMENT OF WORK 

 
TECHNICAL QUALITY CONTROL REQUIREMENTS, AIRBORNE LIGHT 

DETECTION AND RANGING SYSTEMS, AIRBORNE LASER TERRAIN MAPPING, 
SOUTHERN GOLDEN GATES ESTATES FEASIBILITY STUDY 

AND SOUTH WEST FLORIDA FEASIBILITY STUDY LiDAR SURVEYS 
NAPLES, FLORIDA (SURVEY 02-174) 

 

1.0 Location of Work  

The work is located in Collier County, Naples, Florida. 
 

2.0 Scope of Work 

2.1 The services to be rendered by the Contractor include Airborne Laser Terrain Mapping, 
xyz files, and CADD data. 

2.2 The services to be rendered by the Contractor include all the work described below. 
Details not specifically described in these instructions are nevertheless a firm 
requirement if they can be identified as an item, or items, commonly a part of 
professional grade work of a comparative nature. 

2.3 The Contractor shall furnish all necessary materials, labor, supervision, equipment, and 
transportation necessary to execute and complete all work required by these 
specifications. 

2.4 The Corps of Engineers, Survey Section shall be contacted the same day that the 
Contractor plans to commence the work. 

2.5 Rights-of-Entry  

Must be obtained verbally and recorded in the field book before entering private 
property.  Enter in the field book the name and address of the property owner contacted 
for rights-of-entry. 

2.6 Compliance 

Surveying and Mapping shall be in strict compliance with EM-1110-1-1000 Photogrammetric 
Mapping, EM-1110-1-1002 Survey Markers and Monumentation, EM-1110-1-1003 NAVSTAR 
Global Positioning System Surveying, EM-1110-1-1004 Deformation Monitoring and Control 
Surveying, EM-1110-1-1005 Topographic Surveying, EM-1110-2-1003 Hydrographic 
Surveying, EM-1110-1-2909 Geospatial Data and System, Tri-Services A/E/C CADD Standards, 
Tri-Services Spatial Data Standards, Related Spatial Data Products and Chapter 177, Chapter 
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472, and Chapter 61G17 of the Minimum Technical Standards set by the Florida Board of 
Professional Surveyors and Mappers. 

2.6.1 Digital Geospatial Metadata:  

Metadata are “data about data”.  They describes the content, identification, data quality, spatial 
data organization, spatial reference, entity and attribute information, distribution, metadata 
reference, and other characteristics of data.  Each survey project shall have metadata submitted 
with the final data submittal. All metadata submitted must be compliant with the Federal 
Geographic Data Committee Standard “Content Standard for Digital Geospatial Metadata”, 
FGDC-STD-001-1998.  This standard is available for download from www.fgdc.gov.  A 
graphical, annotated workbook explaining the standard is available in PDF format at 
www.fgdc.gov. 
 
Furnish a digital file using Corpsmet95 Metadata Software.  Corpsmet95 is available for 
download from www.corpsgeo1.usace.army.mil.  All sections applicable to this collection effort 
must be completed.  The point of contact in Survey Section for questions about metadata is Mr. 
Bill Mihalik at 904-232-1462. 
 
The digital data shall be submitted on Recordable (CD-R) Compact Disk, media.  Compact Disk, 
Rewritable (CD-RW) will not be accepted. 

3.0 Field Survey Effort 

LiDAR Survey data shall be collected for Southern Golden Gates Estate Feasibility Study 
(SGGE) and South West Florida Feasibility Study (SWFF) area.  The work areas are shown on 
Enclosure 1 (USGS quads).  Enclosure 2 is a dgn file with the LiDAR limits shown.   

3.1 Control 

The working horizontal datum shall be NAD 83/90 and the vertical datum shall be NAVD 88.  
Also edited X, Y, and Z files shall be furnished in NAD 83/90 and NGVD 29.  All control 
surveys shall be Third Order, Class II accuracy.  The Corps of Engineers CERP control network 
shall be utilized to control the surveys. 

3.1.1 GPS Base Stations  

The Contractor shall select the GPS base station(s) carefully to ensure reliable differential 
processing of airborne GPS data. The National Geodetic Survey (NGS) recommends the 
simultaneous use of two GPS base stations during the mission. (Note: Either public or private 
domain GPS base stations are suitable for use for this purpose.)  Where possible, GPS base 
stations shall have ellipsoid height to an accuracy of 2 cm relative to the Continuously Operating 
Reference Stations (CORS) or the High Accuracy Reference Network (HARN), both operated by 
the NGS if available.  The contractor must use a high-quality, dual-frequency GPS receiver and 
associated antenna at the GPS base stations. 
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3.1.2 GPS Control   

Part 1, “Reporting Methodology (FGDC-STD-007.1),” and Part 2, “Standards for Geodetic 
Networks (FGDC-STD-007.2)," of the Geospatial Positioning Accuracy Standards, published by 
the FGDC in 1998, provide a common methodology for determining and reporting the accuracy 
of horizontal and vertical coordinates for geodetic control points (survey monuments).  
Additional guidance is included in NOAA Technical Memorandum NOS NGS-58, “Guidelines 
for Establishing GPS-Derived Ellipsoid Heights (Standards: 2 cm and 5 cm),” dated November 
1997.  The GPS control guidance in FGDC-STD-007.1 and FGDC-STD-007.2 and in Appendix 
4 of these Guidelines shall apply to LiDAR-derived data submitted to Corps of Engineers. 

3.2 Airborne Light Detection And Ranging Systems. 

Airborne laser terrain mapping shall be collected for all representable and specified topographic 
features which are visible or identifiable on, or are interpretable from the airborne laser terrain 
mapping data. 

3.2.1 LiDAR system  

The LiDAR system, flown aboard rotary or fixed-wing aircraft, shall acquire x, y, and z 
coordinates of terrain and terrain features that are both manmade and naturally occurring.  
LiDAR systems consist of an airborne Global Positioning System (GPS) with attendant GPS 
base station(s), Inertial Measuring Unit (IMU), and light-emitting scanning laser. The system 
measures ranges from the scanning laser to terrain surfaces within a scan width beneath the 
aircraft.   
 
Scan widths will vary, depending on mission purpose, weather conditions, desired point density 
and spacing, geometry of the system’s oscillating or rotating mirrors, and other factors. The time 
it takes for the emitted light (LiDAR return) to reach the earth’s surface and reflect back to the 
onboard LiDAR detector is measured to determine the range to ground.  The LiDAR system with 
airborne GPS, which ascertains the in-flight three-dimensional position of the sensor, and the 
IMU, which delivers precise information about the attitude of the sensor. 

3.3 Flight Planning   

Planning a flight path that considers all aspects of data collection is critical to the success of the 
mission.  An analysis of the project area, project requirements, topography, proximity to 
restricted air space, and other factors will determine the flight path configuration.  The mission 
should include parallel flight lines and at least one cross flight line. The spacing between the 
flight lines will depend on the desired amount of sidelap between swaths. 
 
The density and accuracy of data generated by different equipment vary widely.  The Contractor 
shall have the flexibility of providing a flight path to create the necessary point density to 
minimize the occurrence of data voids. 
 
The Contractor must check the Position Dilution of Precision (PDOP) in the study area. The 
PDOP is an indicator of the positional accuracy that can be derived from the current GPS 
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satellite geometry, which varies continuously; the smaller the PDOP number, the higher the data 
quality. 
 
The contractor must document mission date, time, flight altitude, airspeed, scan angle, scan rate, 
laser pulse rates, and other information deemed pertinent. Refer to Table A4B-1 at the end of this 
Appendix for a sample mission data recordation checklist.    

3.3.1 Data Collection   

The acquisition of the LiDAR data shall be scheduled and coordinated with the Corps Of 
Engineers Survey Section.  At certain times of the year the area is partially covered with water.  
The acquisition of the LiDAR data shall be during the dry time of the year.  The Corps of 
Engineers shall furnish the Contractor the dates for the acquisition once the Contractor has 
furnished the maps of the area showing the flight lines (refer to 7.a) along with the estimated 
number of hours or days it will take to acquire the data.     

3.4 System Calibration 

LiDAR system components are most effectively tested and calibrated by the equipment 
manufacturer.  The Contractor shall provide the Corps of Engineers with evidence of 
manufacturer calibration.  The Contractor shall submit evidence that the total LiDAR system was 
calibrated prior to project initiation for the purposes of identifying and correcting systematic 
errors.  Proper system calibration requires repetitive over flight of terrain features of known and 
documented size and elevation using flight paths similar to those that will be used in the study 
area. 

3.5 Quality Control/Quality Assurance.   

Quality Control/Quality Assurance (QC/QA) of the LiDAR-derived data is primarily the 
responsibility of the Contractor.  This QC/QA process shall include reviews of flight alignments 
and completeness of supporting data (e.g., cross sections, profiles). Corps of Engineers may 
perform additional QC/QA testing. 

3.5.1 RMSE  

The root mean square error (RMSE) is used to estimate both horizontal and vertical accuracy.  
RMSE is the square root of the average of the set of squared differences between dataset 
coordinate values and coordinate values from an independent source of higher accuracy for 
identical points. If those differences are normally distributed and average zero, 95 percent of any 
sufficiently large sample should be less than 1.96 times the RMSE.  Therefore 15-centimeter 
RMSE is often referred to as “30-centimeter accuracy at the 95-percent confidence level.” 
 
Because the definition and criterion for measuring accuracy are derived from the assumption that 
the test point samples come from a uniformly distributed population with zero mean, the 
Contractor shall calculate other statistics.  In particular, the mean and the coefficient of skew 
must be calculated for each sample.  Values of the mean of the test points outside of the interval 
±2 cm and/or values of the coefficient of skew outside of the interval ± 0.5 cm may indicate 
systematic error; the Contractor should discuss such values with the Corps of Engineers. 
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The data shall have a maximum RMSE of 15 cm, which is roughly equivalent to 1-foot accuracy.  
The Contractor must field-verify the vertical accuracy of the data to ensure that the 
15-centimeter RMSE requirement is satisfied for all major vegetation categories that 
predominate within the floodplain being studied. 

3.6 Sample Points/Test Points  

The Contractor shall evenly distribute sample points throughout each category area being 
evaluated and not group the sample points in a small sub area.  The RMSE shall be calculated 
from a sample of test points.  Confidence in the calculated value increases with the number of 
test points. 
 
The Contractor shall test a sample of points for each major vegetation category, and show that 
the test points have an RMSE of less than 15-centimeter.  If more than two test points are outside 
the range of two times the RMSE, the Contractor must make the appropriate adjustment.  Test 
points on sloping or irregular terrain would be unreasonably affected by the linear interpolation 
of test points from surrounding points and, therefore, shall not be selected. 
 
The Contractor shall select the test points carefully in areas of the highest PDOP along the flight 
lines.  To evaluate the data accuracy under trees and in vegetation representative of the study 
area, the Contractor shall select test points for each major vegetation category identified.  The 
test points shall be evenly distributed where possible to maintain a cost effective balance 
between even distribution and accessibility.  The Contractor should consider establishing test 
points when planning field surveys.  Positional Accuracy Handbook produced by Minnesota 
Planning Land Management can be utilized as a guide, www.mnplan.state.mn.us. 

4.0 Post-Processing of Data 

The Contractor shall provide high-resolution, high-accuracy, “bare-earth” ground elevation data.  
To restrict data to ground elevations only, the Contractor shall remove elevation points on 
bridges, buildings, and other structures and on vegetation from the LiDAR-derived data.  In 
addition to randomly spaced LiDAR points, before and after removal of data associated with 
structures and vegetation, the Contractor shall produce bare-earth orthometric values for each 
point, in standard, comma-delimited ASCII X, Y, Z file, with all data points collected.  The 
Contractor shall use Digital Terrain Model (DTM) linear interpolation procedures when 
validating the vertical accuracy.  Ninety percent (90%) of all bare-earth spot elevations shall 
have an accuracy of at least (0.50 foot) one-fourth (1/4) the contour interval, and the remaining 
ten (10%) percent shall not be in error by more than one-half (1/2) the contour interval. 
 

• The Contractor shall remove all data associated with streams, canals, open bodies of 
water, and structures, in the filtered X, Y, Z file.    

• The Contractor shall prepare a GRIDDED DTM (using Inroads Digital Terrain Model 
linear interpolation procedures or Terra Model).  The Grid cell spacing shall depend on 
the features (roads, levees, etc.) being depicted or delineated.  The grid cell spacing shall 
be tested by the Contractor to maintain the characteristic of the features being depicted or 
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delineated.  The Grid cell spacing shall be approved by the Corps of Engineers for each 
project. 

5.0 CADD 

The survey data shall be translated or digitally captured into 3D design files according to the 
specifications furnished.  The data shall be provided in Microstation Version J.     

5.1 Global Origin   

The 3-D design files shall be prepared with a global origin of 0.00, 0.00, 2147483.65, Design file 
master units: FT., Sub units: 1,000, and positional units: 1. The file name shall be the survey 
number prefixed with an "d", i.e. d174.DGN.  All reference files name shall commence with the 
d174 also. 

5.2 Digital Terrain Model (DTM) Data   

The Contractor shall develop and deliver surface models of each area using Intergraph-
compatible Digital Terrain Modeling software and the model file shall have the .dtm extension.  
The digital terrain model shall be developed from the grid x, y, z files.  The surface model shall 
be of adequate density and quality to produce a 2 foot contour interval derived from the original 
DTM (Digital Terrain Model) file and 1 foot contour shall be produce from the same DTM file 
and included in the final data set.  A note shall be added stating that the accuracy is based on the 
two foot contours.  All data used to develop the DTM shall be included in the DTM's and shall 
be delivered in Bentley 3-D design files. 

5.2.1 Contours  

The contours shall be developed in the digital terrain model (DTM).  The contours shall be 
provided in DGN files.  Each contour shall be drawn sharp and clear as a continuous solid line, 
dashed contours are not acceptable.  Every index contour shall be accentuated as a heavier line 
than the intermediate and shall be annotated according to its actual elevation above NAVD 88.  
Whenever index contours are closer than one-quarter (1/4) inch, and the ground slope is uniform, 
the intermediate shall be omitted.  Labeling or numbering of contours shall be placed on top of 
the contour line, so that the elevation is readily discernible; do not break contours.  Labeling of 
intermediate contours may be required in areas of low relief. 

5.3 Model DGN Files (1:1). 

 
• The LiDAR data points (spot elevation) shall be provided in DGN files. 

• The LiDAR contours shall be provided in DGN files. 

• The LiDAR Sample Points/Test Points shall be provided in DGN files. 

5.4 Files   

All files, raw and edited x,y,z’s, dgn’s, and dtm’s shall be produced by the USGS Quads and 
have the County 2 letter abbreviation (COLLIER=CO).  Each quad shall be broken into 16 
sections.  The file name shall be COD17427or83.XYZ or COD174.DGN/DTM. 
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6.0 Survey/Quality Control Report 

The Contractor shall furnish a digital (*.doc) file on the final CD.  The report shall include 
Right-of-Entry information, Control monuments designation recovered, destroyed, fixed, 
included in control network, dates of LiDAR collections, dates of test point collections and 
descriptions of points, types of equipment used such airplane, sensor, processing software, 
quality control checks, and digital files.  The survey report shall identify  the base stations  
utilized.  Unique circumstances and/or issues related to this survey, general 
approach/methodology to this survey.  Along with any other data required in accordance with the 
law or precedent and for the Corps of Engineers to publish the results of the survey. 

6.1 Deliveries 

All data and products associated with contract deliverables must meet or exceed relevant Tri-
Services Spatial Data Standards, Related Spatial Data Products and fully comply with the FGDC 
metadata format standard with the provisions in the contract.  All data required shall be delivered 
or mailed to the Design Branch at the address shown in the contract, and shall be accompanied 
by a properly numbered, dated and signed letter or shipping form, in duplicate, listing the 
materials being transmitted.  All costs of deliveries shall be borne by the Contractor.  Items to be 
delivered include, but are not limited to the following: 

• Pre-Project map showing study area boundaries and flight lines at a medium scale 
(1:50,000) or small scale (1:100,000) with the raster quads. 

• Post-Project LiDAR system data report, flight report, ground report, data processing 
produces, system calibration report, and other equipment information deemed 
appropriate. 

• A map showing study area boundaries and digital file layout at a medium scale 
(1:20,000) with the raster Quads. 

• All raw datasets with orthometric values for each data point (unfiltered x, y, z NAD 
83/90 & NAVD 88). 

• Filter, bare-earth, with orthometric values for each data point X, Y, Z dataset in NAD 
83/90 & NGVD 29 and NAD 83/90 and NAVD 88.  

• Digital Terrain Models (DTM) files. 

• DGN files.  

• Digital metadata files using CORPSMET95 (Metadata Software) in both *.met and *.gen 
format. 

 
NOTE:  The LiDAR system data report must include discussions of: data processing methods 
used; final LiDAR pulse and scan rates; scan angle; capability for multiple returns from single 
pulses; accuracy and precision of the LiDAR data acquired; accuracy of the topographic surface 
products; any other data deemed appropriate; and companion imagery, if any. 
 
The flight report must document mission date, time, flight altitude, airspeed, and other 
information deemed pertinent.  The report must include information about GPS-derived flight 
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tracks, provide a detailed description of final flight line parameters and GPS controls (i.e., 
benchmarks and datum used), and include ground truth and complementary reference data. 
 
The ground control report must include, at minimum, all pertinent base station information and 
mission notes, including information on GPS station monument names and stability. 
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EXAMPLE 2 
REMOTE SENSING STATEMENT OF WORK 

 
GREATER EVERGLADES WETLANDS MODULE AND VEGETATION MAPPING 

 

1.0 Introduction 
The Water Resources Development Act (WRDA) of 2000 authorized the Comprehensive 
Everglades Restoration Plan (CERP) as a framework for modifications and operational changes 
to the Central and Southern Florida Project needed to restore the south Florida ecosystem.  
Provisions within WRDA 2000 provide for specific authorization for an adaptive assessment and 
monitoring program. A Monitoring and Assessment Plan (MAP) has been developed as the 
primary tool to assess the system-wide performance of the CERP by the REstoration, 
COordination and VERification (RECOVER) program.  The MAP presents the monitoring and 
supporting research needed to measure the responses of the South Florida ecosystem.   
 
The MAP also presents the system-wide performance measures representative of the natural and 
human systems found in South Florida that will be evaluated to help determine the success of 
CERP. These system-wide performance measures addresses the responses of the South Florida 
ecosystem that the CERP is explicitly designed to improve, correct, or otherwise directly affect. 
A separate performance measure documentation report being prepared by RECOVER provides 
the scientific, technical, and legal basis for the performance measures. 
 
Generally, the statement of work described below is intended to support four broad objectives of 
this monitoring program: 

1. Establish pre-CERP reference state including variability for each of the performance 
measures 

2. Determine the status and trends in the performance measures 
3. Detect unexpected responses of the ecosystem to changes in stressors resulting from 

CERP activities 
4. Support scientific investigations designed to increase ecosystem understanding, cause-

and-effect, and interpret unanticipated results  
 
The statement of work described below is intended to support the Greater Everglades Wetlands 
module of the MAP and is directly linked to the monitoring or research component identified in 
that module as number 3.1.3.4.  This statement of work includes the objectives of the work effort 
to be performed, a general description of the scope, a detailed listing of tasks to be undertaken 
and associated deliverables, and timeframes citing the methodologies to be used by the 
Consultant to perform assigned work efforts.   
 
The remnant landscapes located within the CERP boundary zone are approximately 4,216 square 
miles in area and include the State Water Conservation Areas (WCAs), Loxahatchee National 
Wildlife Refuge, Holeyland, Rotenberger, Lake Okeechobee Littoral Zones, Corbett & Pal Mar 
Natural Areas, Everglades National Park, South-eastern coastal wetlands, and Big Cypress National 
Preserve.  As a major participant in CERP, the South Florida Water Management District 
(SFWMD) has the responsibility to implement and monitor restoration of these areas.  The 
monitoring process requires the SFWMD to develop current and future vegetation maps of these 
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areas.  Such maps will be utilized to assess the restoration of the Everglades, documenting changes 
in species composition and distribution. 

2.0 Objectives 
The objective of this work order is to produce a spatially and thematically accurate vegetation 
map of the Corbett & Pal Mar Natural Areas, Everglades National Park, South-eastern coastal 
wetlands, and Big Cypress National Preserve (Figure 1).  Vegetation communities will be mapped 
with a ¼ hectare minimum mapping grid unit (MMU) from 1:24,000 scale color infrared aerial 
photography.  Each distinct vegetation community will be designated according to the 
Vegetation Classification System for South Florida National Parks. 

3.0 Scope of Work 
All project work will be accomplished under the supervision of a licensed photogrammetrist 
licensed by the State of Florida as a Professional Surveyor and Mapper pursuant to Chapter 472, 
Florida Statutes and certified by the American Society for Photogrammetry and Remote Sensing.  
The photogrammetrist shall make maximum utilization of his professional experience to produce 
superior results. 
 
Figure 2 depicts the order of priority for areas that are to be mapped as part of this Statement of 
Work.  These areas encompass approximately 2,729 square miles, which are covered through the 
aerial photography acquisition by 890 photo exposures, 854 stereo models, and approximately 
2,827,701 ¼ ha grid cells. 
   
Color infrared (CIR) aerial photography was flown during December 2003 and January 2004 for 
the purpose of CERP RECOVER vegetation monitoring.  The flights were flown at an altitude of 
12,000 feet above the mean terrain height, producing a photo scale of 1:24,000 or 1 inch = 2000 
ft.  The forward overlap within flight lines is approximately 60%, and the side overlap between 
adjacent flight lines is approximately 20%.  It was required that all CIR film be from the same 
emulsion batch in an attempt to maintain relative color uniformity across all flight lines.  The 
resulting aerial photography, however, varies in CIR sensitivity across different rolls of film, 
which isn’t unusual for a project of this size with different collection dates.   
 
The CERP vegetation mapping classifications are described in the Vegetation Classification 
System for South Florida National Parks. This hierarchal classification scheme shall be used 
throughout the mapping project.  The SFWMD will train the Consultant in the use of the of the 
classification system, including all decision making rules and processes.  The Consultant will be 
expected to follow appropriate protocols and decision rules laid out in the guidebook that are 
relative to the work order. The Consultant is expected to provide explanation to decision rules if 
clarification is sought on specific classifications during the work order.  Any changes in the 
classification scheme (e.g. for new species or communities) must be approved by the SFWMD 
Project Manager.     
 
Spatial heterogeneity analysis of the Everglades landscape suggest that a minimum mapping unit 
on the order of  ¼ hectare (50m x 50m) would appropriately capture the spatial heterogeneity of 
vegetated communities (Rutchey et al, in prep.).  Consequently, the SFWMD has developed its 
CERP RECOVER Everglades vegetation mapping program based on a ¼ hectare grid.  A ¼ 
hectare grid covering all areas to be mapped will be provided to the Consultant. 
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Personnel must be experienced photointerpreters with proficiency in the use of an analytical 
stereoplotter and interpreting CIR photography.  The photointerpreters must have prior 
experience in mapping and field reconnaissance of south Florida vegetation communities.  
Personnel conducting the field investigations shall be the same individuals performing 
photointerpretation to classify and delineate vegetation types.  All draft and final vegetation 
mapping products shall be accomplished via stereoscopic analysis of the CERP 2003/04 CIR 
aerial photography.  All photointerpretation shall be done utilizing 1st order analytical 
stereoplotters with sufficient magnification capability to accurately identify and classify 
vegetation communities.  Additionally, each stereoplotter shall have either mono or stereo 
superimposition capability in order to project the ¼ hectare mapping grid onto the aerial 
photography for grid classification.  The use of softcopy technology for photointerpretation is not 
permitted for this project. 

 
Each ¼ hectare grid cell shall be labeled with at least one dominant vegetation classification, 
utilizing the most detailed level of classification possible to accurately portray the existing plant 
community.  Color, tone, texture, shape, height, pattern, size, and location will be used to 
interpret the photographs.  It is the intent of the CERP vegetation mapping effort to identify 
vegetation down to the species level wherever possible when that species is the dominant 
component of the grid cell being classified.  Those grid cells containing exotic species of concern 
and cattail (Typha spp.) shall be classified accordingly as monotypic (> 90%), dominant (50% – 
89%), or sparse (10% - 49%).  It is possible for a grid cell to have more than one label, e.g. when 
cattail or an exotic is less than 50% and the remaining vegetation can be classified as some other 
dominant species or community.  Labeling will be based on determining the areal extent of the 
dominant classification through the best professional judgment of the photointerpreter.  All 
decision making rules and vegetation classifications are described in detail in the Vegetation 
Classification System for South Florida National Parks. 
 
This project will require extensive ground-truthing in areas that are only accessible by airboat 
and/or helicopter.  The SFWMD will budget for approximately 40 hours of helicopter per year 
for this mapping effort.   However, it is anticipated that additional helicopter time may be 
necessary in which case the Consultant should calculate that into the cost of completing this 
project.  The Consultant is also responsible for making any arrangements necessary for airboat 
time. 

4.0 Work Breakdown Structure 
The results of the work performed under this scope of work will be used to develop the 
cumulative findings of the AAT System Status Annual Report. These annual reports will be used 
by the AAT to develop a RECOVER Technical Report at five year intervals, As pursuant to the 
regulations [Section 385.31(b)(4)]. This Technical Report presents an assessment of whether the 
goals and purposes of the Plan are being achieved. The report will also include an assessment of 
whether the Interim Goals and Interim Targets are being achieved or likely to be achieved and 
evaluating whether corrective actions should be considered based on scientific findings of 
system-wide or regional ecological needs. The Principal Investigator(s) will be required to work 
with the AAT Modules Chair to assist in the development of the AAT  System Status Annual 
Report are asked to include their participation as a task in this work breakdown structure.  
Additionally the following reporting guidance is offered by AAT to the principal investigators: 
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4.1 Minimum Reporting Guidance for Principal Investigators, Module Groups, and 
Adaptive Assessment Team 

4.1.1 Evaluate Ability To Detect Change - Pi Level 

• Describe the results of the power analysis for the sampling design. Determine the 
minimum detectable difference of the power analysis, and its associated confidence and 
uncertainty. 

• Describe changes in the MAP sampling design and its implications for the power analysis 
and the minimum detectable difference. 

4.1.2 Establish Reference Condition - Pi Level 

• Describe the non-MAP data sources, if any, used in the assessment. If non-MAP data 
were used, did the data meet the guidance criteria? If the non-MAP data were used and 
did not meet the guidance criteria, provide a rationale to justify the inclusion of the data. 

• Describe how representative the data are in space and time. 
• Describe the approaches used to address measuring variability. 
• Enter the data into the CERP-Zone and update Module Group. 

4.1.3 Measure Change from Reference Condition – Pi Level 
• Describe the methods used to estimate the direction and magnitude of change in 

performance measures from the reference state both annually and back-cast for multiple 
years. 

• Compare current status of the PM with its desired trend or target. 
• Evaluate consistency of monitoring results with MAP hypotheses. 
• Determine if there are indications of unanticipated events and describe how they are 

affecting the desired outcome. 

4.1.4 Integrate PMS to Evaluate Module Hypotheses – Module Group Level 
• Annually integrate multiple PMs to provide an assessment of module level hypotheses. 
• Describe the direction and magnitude of change in the integrated performance measures 

and determine if the changes are consistent with expected responses described in the 
CERP hypotheses. 

• If the trends do not correspond to expected responses provide scientific explanation. 
• Evaluate progress toward achieving module-level Interim Goals and Interim Targets. 

4.1.5 System-Wide Performance Evaluation - AAT Level 

Synthesize findings across-modules and across years to provide a holistic description of the 
status of the system. 

• Evaluate the results in relationship to supporting system-level hypotheses and achieving 
system-wide Interim Goals and Interim Targets. 

• Summarize those changes that are consistent with goals and hypotheses and those that are 
not. 

• Provide a scientific discussion of why the goals and hypotheses are not being achieved. 
 



Appendix 9-F 

Quality Systems Assurance Requirements Appendix 9-F-5 March 09 

4.1.6 Task 1 - Kickoff Meeting  
The Consultant shall set up a meeting to present and discuss with SFWMD staff the proposed 
techniques and methods to be utilized in conducting this mapping project as outlined in the scope 
of work section.  This meeting will result in mutually agreeable techniques and methods for 
conducting the vegetation mapping project. The agreed upon techniques and methods for 
conducting the vegetation mapping will be documented in a meeting summary. 
 
Deliverable 1 -Vegetation Mapping Techniques and Methods Summary due within 2 weeks after 

work order execution. 

4.1.7 Task 2 - Vegetation Mapping Work Plan  
The Consultant shall develop and submit a written Work Plan in accordance with the mutually 
agreed upon conditions that resulted from the completion of Task 1.  
 
Deliverable 2 -Vegetation Mapping Work Plan due within 4 weeks after work order execution. 

4.1.8 Task 3 - Aero Triangulation (AT) Solution 
At the time of flight, no ground control was targeted for the purpose of geo-referencing the aerial 
photography. The Consultant shall develop an aero triangulation solution to reference the 
mapped area to the most accurate available base data set.  The base data can include USGS 
digital quad maps and DOQQs, local county digital orthophotography, planimetric, hydrologic 
and topographic data, LiDAR, etc. It may be necessary to include additional ground surveying of 
photo identifiable points where coordinates are unattainable from existing base data sets.  The 
solution may include industry standards or new approaches to geo-registration but must result in 
a positional accuracy of ± 2 meters of the base data set. 
 
All coordinates shall be referenced to the State Plane Coordinate System, Florida East Zone 
0901, High Precision Geodetic Network (HPGN), vertical datum North American 1929 
(NGVD29), units U.S. survey feet. 

 
The Consultant may use analytical or softcopy techniques to accomplish the geo-referencing of 
the aerial photography.  The Consultant shall deliver to the SFWMD a complete analytical aero 
triangulation report, including all ground and image point final residuals, a ground control file, 
and an image coordinate file in ORIMA R.3.00 or PATB format.  The deliverables must allow 
the SFWMD to utilize the aero triangulation solution to accomplish one-step orientations on the 
SFWMD’s Leica SD2000 stereoplotter.  The SFWMD also requires a diagram showing all photo 
center locations, ground control, and all additional pass and tie points. 
 
Deliverable 3 - Aero Triangulation Solution due within 16 weeks afterwork order execution. 

4.1.9 Task 4 - Quarterly and Final Technical Reports and Map Updates 
Based on the Work Plan developed in Task 2 and the mutually agreed upon conditions, several 
photo-interpreted stereo-model vegetation mapping examples will be conducted in conjunction 
with SFWMD staff for each of the CERP RECOVER priority areas.  This is so that the 
Consultant becomes familiar with the terrain and understands exactly what is expected from the 
vegetation mapping project. Field investigations to ground truth the aerial photography will be 
conducted by the Consultant in conjunction with SFWMD staff.  Represented areas of each 
vegetation class will be visited and recorded by photographs to establish vegetation class 
signatures, photointerpretation keys, and a training data set.  The SFWMD’s project manager 
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will review and approve the final training dataset and draft vegetation map examples before 
further mapping is conducted.  

 
Each CERP RECOVER vegetation mapping priority area will be divided into four sections of 
equal areal extent.  Aerial photographs, field survey data and training datasets will be used to 
create a vegetation map for each of these section areas on a quarterly basis.  The contactor will, 
within the first ten weeks of each quarter, complete and deliver vegetation maps for all models 
within that section.   

 
The Consultant will be expected to apply all appropriate quality assurance methods to ensure that 
all deliverables meet accuracy specifications.  The SFWMD will insure that delivered quarterly 
section maps meet the SFWMD accuracy requirements for vegetation classification.  It will be 
the SFWMD’s responsibility to conduct an accuracy assessment during the last three weeks of 
each quarter.  Overall classification accuracy of each section must be greater than or equal 
to 90% in order to be accepted as a final quarterly product.  Deliverables that don’t meet 
these specifications will be returned to the Consultant with an accuracy assessment matrix so that 
the Consultant can correct the problems.  The Consultant will then resubmit the corrected 
products to the SFWMD for a second review.  If after several attempts to resolve recurring 
problems does not result in acceptance of the products by the SFWMD Project Manager, the 
work order may be terminated.  Once the fourth quarterly section map for the year has been 
accepted the Consultant will then combine all sections into one final vegetation map for that 
years’ priority area.  

 
All digital products associated with these tasks shall be delivered in formats compatible with the 
SFWMD’s computer resources.  All mapping data shall be delivered to the SFWMD in 
Microstation V8 design file format (.dgn), with level and attribute settings as designed by the 
SFWMD.  Individual stereo models shall be delivered per Microstation design file, with no 
overlapping grid cells from adjacent stereo models.  Section and final yearly vegetation maps 
will also be delivered as an ArcView shapefile and Arc/Info coverages compatible to ESRI’s 
ArcGIS.  A metadata document for the final yearly map that complies with Federal Geographic 
Data Committee (FGDC) standards is also required. 
 
Three quarterly interim reports and one final technical annual report will be produced by the 
Consultant for each year.  Interim reports will include vegetation map examples, methods 
utilized, quality assurance/quality control procedures and a discussion of any modifications or 
changes that were mutually agreed upon in the procedures.  At the end of the year a technical 
annual report which includes an assessment of whether the interim goals and targets as outlined 
in the developed Work Plan are being achieved or likely to be achieved and evaluating whether 
corrective actions should be considered.  The final technical report shall also include methods 
utilized, quality assurance/quality control procedures and a discussion of any modifications or 
changes that were mutually agreed upon in the procedures.   
 
Deliverable 4 – Technical Reports and Map Updates due quarterly after work order execution 

(ie. Quarterly within each 52 week work project priority area.  Iterative for each 
five priority areas (Figure 2). First fifty-two week work effort for CERP 
RECOVER priority area 1 will begin after Task 3 is complete).    

 
Deliverable 5 – Annual Technical and Final Project Reports 
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5.0 Consultant Responsibilities 
Submission of all data is required for work order closeout.  Data formatting, analysis, and 
delivery will be required to meet all CERP data management standards that can be obtained from 
the CERP Data Management Program Managers.  Any data derived from the project will be 
provided to the AAT at predetermined intervals.  All data and results derived from this project 
must be made publicly available or available to the AAT at the end of the project. 
 
The project Work Plan will include a quality assurance project plan in order to determine which 
quality control and quality assurance procedures are appropriate for each project (e.g., QASR, 
FDEP standards).  Methods used for each project should be selected based upon the following 
criteria (if appropriate): cost-benefit analysis, flowchart diagram of the system process, and 
determination of the best statistical experimental design.   The burden of proof of compliance 
with standardized quality control and assurance procedures is the responsibility of the 
Consultant.  In the case where there are not standardized methods for quality control and 
assurance, the Consultant must prove that the suggested methodologies are rigorous.  Citation of 
peer-reviewed and published methods may be used to support this documentation.  
 
Regular progress reports will be made to the project manager as deemed by the task list.  Reports 
will be written (verbal reports are not acceptable).  Informal reports regarding status of permits 
needed for the project or timely progress of field work or those that describe the completion of 
specific tasks may be transmitted via email or fax.  Reports that include any type of data 
analysis, datasets, and formal quarterly or interim reports will also be sent via electronic mail; 
however, signed hard copies with data attached in appropriate format must be mailed to the 
project manager.  
 
The causes of variances in the statement of work, project scheduling and budgeting, the 
reasoning behind any corrective action, as well as any other lessons learned will be documented 
in the final project report.  These lessons learned will become part of the historical database for 
this project and other RECOVER projects. 

 

6.0 Performance 

The Consultant’s performance for the term of this work order will be evaluated at the following 
frequencies: 

1. 90 Day 
2. 180 Day thereafter 
3. Final 
4. As requested by Project Manager 

 
A Running Average Score ≥ 3.0 is required to maintain active contract status. 
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7.0 Deliverable and Payment Schedule 
 

Fiscal 
Year 

Deliverable Description Due Date * Payment 
 

FY05 Deliverable 1 Vegetation Mapping Techniques and Methods 2 weeks $XXXXX 
FY05 Deliverable 2 Vegetation Mapping Work Plan 4 weeks $XXXXX 
FY05 Deliverable 3  Aero Triangulation  Solution 16 weeks $XXXXX 
FY05 Deliverable 4.1 1st Quarter Section  

2nd Quarter Tech Report and Map Update 
29 weeks $XXXXX 

FY05 Deliverable 4.2 2nd Quarter Section  
3rd Quarter Tech Report and Map Update 

42 weeks $XXXXX 

FY05 Deliverable 4.3 3rd and 4th Quarter Section  
4th Quarter Tech Report and Map Update 

48 weeks $XXXXX 

FY05 Deliverable 5.1 1st Annual Technical Report 48 weeks $XXXXX 
FY06** Deliverable 4.4 1st Quarter Section  

1st  Quarter Tech Report and Map Update 
61 weeks $XXXXX 

FY06** Deliverable 4.5  2nd Quarter Section  
2nd Quarter Tech Report and Map Update 

74 weeks $XXXXX 

FY06** Deliverable 4.6 3rd Quarter Section  
3rd Quarter Tech Report and Map Update 

87 weeks $XXXXX 

FY06** Deliverable 4.7 4th Quarter Section  
4th Quarter Tech Report and Map Update 

100 weeks $XXXXX 

FY06** Deliverable 5.2 2nd Annual Technical Report 100 weeks $XXXXX 
FY07** Deliverable 4.8 1st Quarter Section  

1st  Quarter Tech Report and Map Update 
113 weeks $XXXXX 

FY07** Deliverable 4.9  2nd Quarter Section  
2nd Quarter Tech Report and Map Update 

126 weeks $XXXXX 

FY07** Deliverable 4.10 3rd Quarter Section  
3rd Quarter Tech Report and Map Update 

139 weeks $XXXXX 

FY07** Deliverable 5.3 Final Project Report 139 weeks $XXXXX 
Total**    $XXXXX 

*due date in weeks from work order execution  
**subject to Governing Board approval 
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8.0 Sample Language for Cover Letter 
 
Entity Name 
Entity Address 
 
Dear Entity Contact Person, 
 
The Monitoring and Assessment Plan (MAP) is the primary tool by which REstoration 
COordination and VERification (RECOVER) will assess the system-wide performance of the 
Comprehensive Everglades Restoration Plan (CERP). Please find enclosed a statement of work 
for the MAP activity to be funded in FY04 by the [USACE / SFWMD].  
 
To submit a proposal to conduct this activity, provide the following information by (insert date 
here)_________ using the attached template: 

1. Name of entity, name(s) of principal investigators (PIs) and associations, and 
qualifications of PIs. 

2. Explanation why entity and/or identified PIs are uniquely or best qualified to conduct 
activity. 

3. Identify responsibilities by entity, if multiple entities are required, and describe 
contractual mechanisms. 

4. If necessary, provide modifications or expansion of task descriptions, including an 
expanded task completion schedule. 

5. Provide a quantitative analysis of the sampling scheme or design to ensure known 
parameter variability is sufficiently powerful enough to detect changes.  In some cases, 
data variability may not be sufficiently known, and describe a suitable pilot study. 

6. Describe, in detail, data transfer issues including formatting, schedule, and coordination. 

7. Describe, in detail, the final analyses of data and information, and reporting process and 
format of final and/or interim reports. 

8. Provide a budget that details all expenditures and specifically justify any capital 
expenditures including rationale for its cost effectiveness. If applicable, include 
depreciation or life of equipment. 

9. Ensure that all abbreviations and acronyms are described and referenced. 

10. Use regional location descriptions using the attached map from the MAP (such as, 
sampling will occur in Taylor Slough in the Greater Everglades). 

 
A copy of the MAP can be obtained by _____________and how.  Contact __________________ 
for questions regarding this statement of work. 
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Figure 1. Site Location 
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Figure 2: Order of Priority for CERP RECOVER Vegetation Mapping Project 
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EXAMPLE 3 
REMOTE SENSING STATEMENT OF WORK 

 
INDIAN RIVER LAGOON WATER QUALITY MAPPING USING REMOTELY 

SENSED HYPERSPECTRAL DATA 
 

1.0 Overview 
The Indian River Lagoon (IRL) is an Estuary of National Significance, a State of Florida Surface 
Water Improvement and Management (SWIM) priority water body, contains three State Aquatic 
Water Preserves, and has been nominated as a National Estuarine Research Reserve. This 
estuarine system of coastal lagoons extends 156 miles from Ponce Inlet to Jupiter Inlet on 
Florida’s east coast. The lagoon’s southern section is located within the South Florida Water 
Management District (SFWMD) in St. Lucie, Martin and northern Palm Beach counties. 
 
The estuary is characterized by the greatest species diversity of any estuary in North America. 
Approximately 2,200 species have been identified in the lagoon system, with 35 of these species 
listed as threatened or endangered. Sheltered by sandy beaches and massive beds of seagrasses, 
the lagoon has evolved into a nursery for young sea creatures -- oysters, clams, shrimp, crabs and 
hundreds of species of fish that thrive in the warm shallow waters. Species diversity is generally 
high in the south end of the lagoon system and near inlets. Species diversity is lower near cities, 
where nutrient input, sedimentation and turbidity are high and where large areas of mangroves 
and seagrasses have been lost. 
 
The combined effects of waste and stormwater runoff, drainage, navigation, loss of essential 
marshland and agricultural and urban development have severely impacted the lagoon’s water, 
sediment and habitat quality. The lagoon system has lost over 75 percent of its emergent 
wetlands through destruction and impoundment, isolating marsh and mangrove communities 
from the lagoon. The construction of extensive agricultural and urban drainage projects has 
substantially expanded the watershed of the lagoon. The effects of these man-made changes have 
caused significant alterations in the timing (excess wet season flows, insufficient dry season 
flows), distribution, quality and volume of freshwater entering the lagoon. The estuarine 
environment is sensitive to freshwater releases, and these alterations have placed severe stress on 
the entire ecosystem. Extreme salinity fluctuations and ever-increasing inflows have contributed 
to major changes in the structure of the communities within the estuary, as seen by seagrass and 
oyster losses. Monitoring of IRL water quality is an important task required by SWIM to restore 
and protect the ecosystem in the IRL. 
 
Efficient and accurate methods are required to complement and extend in situ water quality data 
reporting over large areas. Image derived products from both airborne and satellite remote 
sensing systems have the potential to meet this objective. Water “color” extracted from 
multispectral and hyperspectral imaging systems has been successfully correlated to multiple 
Water Quality (WQ) parameters (Dekker et al., 1992; Lahet et al., 1998; Lee et al., 1999). 
Remotely sensed data have been shown to estimate chlorophyll concentrations (Joyce and Phinn; 
2003, Karaska et al., 2004), suspended sediments (Bilge et al., 2003), and colored dissolved 
organic material (Chen et al., 2003).  These directly measured parameters have been successfully 
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correlated to other WQ variables including salinity (Carder et al., 1993).  In addition, optical 
sensors have been used to map the benthic environment (Dierssen et al., 2003) and wetland 
vegetation (Hirano et al., 2003). 
 
The goal of this proposed project is to evaluate the feasibility of, and develop a practical 
approach for, mapping surface water quality of a pre-selected study site located in southern IRL 
using hyperspectral remote sensing data. Although the main goal is mapping water quality, 
hyperspectral remote sensing data will also provide many other side benefits including mapping 
seagrass which supports high biological diversity and reflects good water quality and is 
considered a “barometer” of ecosystem health in the IRL.  This work will be carried out through 
joint collaboration between the U.S. Army Corps of Engineers (USACE), Jacksonville District, 
the USACE Engineer Research and Development Center (ERDC), the Naval Research 
Laboratory (NRL), Battelle through the Army Research Office (ARO) and the South Florida 
Water Management District (SFWMD). 
 

2.0 Remote Sensing Sensors 

2.1 PHILLS System 
Based on a review of scientific literature, specifically airborne and satellite sensor parameters, 
and instrument availability, the Portable Hyperspectral Imager for Low-Light Spectroscopy 
(PHILLS) appears to be the optimal instrument on which to base a summer, 2004 pilot project. 
PHILLS was designed and developed to image the coastal ocean. The PHILLS sensor, owned 
and operated by the Naval Research Laboratory (NRL), is a 128-band visible-near infrared 
hyperspectral scanner with a 1000 pixel swath width capable of collecting imagery at 2 – 9 m 
spatial resolution.  Spectral resolution is approximately 4.6 nm, with the band centers spread 
evenly over the 400 nm – 1000 nm spectral range.  Signal-to-Noise (S/N) in the 400 nm – 600 
nm range is about 100/1 and can be increased to 200/1 with spectral binning.  Image geometric 
registration is provided through post-processing onboard Global Positioning System/Inertial 
Navigation System (GPS/INS) information.  Water quality algorithms developed for previous 
data sets are available for modification and use. A full description of the PHILLS system and 
capability can be found in Davis et al. (2002).  A picture of the PHILLS Sensor is shown in 
Figure 1. 
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Figure 1  PHILLS Sensor. 

2.2 EOS Satellite Systems 
In addition to the primary data provided by the proposed airborne hyperspectral system, the IRL 
pilot project will also assess the utility of several satellite instruments to quantify WQ 
parameters. Of particular interest are NASA’s Earth Observing System (EOS) sensors.  These 
sensors include, but are not limited to: the Sea-viewing Wide Field-of-view Sensor (SeaWIFS), 
the Moderate resolution Imaging Spectroradiometer (MODIS), and the Advanced Spaceborne 
Thermal Emission and reflectance Radiometer (ASTER).  These sensors have the advantage of 
providing almost daily coverage (at little to no cost). However, with coarser spatial resolutions 
(30 – 1000 m / pixel) these data may have limited application over smaller study sites.  Full 
parameters for each of these systems can be found through the appropriate web sites and 
publications.  An example of ASTER collected over the IRL area is shown in Figure 2. 
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Figure 2.  ASTER false color composite shown over the IRL study site. 
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Figure 4.  Proposed study site for 
this pilot project is located in 
southern Indian River Lagoon Area 

2.3 Aircraft 
The aircraft to be used for this mission is an Antonov AN-2 (Annie), operated by Bosch 
Aerospace, Inc., of Tampa, FL.  The Antonov AN-2 provides an extremely stable platform that is 
ideal for the collection of hyperspectral scanner data.  This aircraft has previously been used for 
PHILLS imagery collection; therefore no additional aircraft integration engineering will be 
needed.  An image of an Antonov AN-2 is shown in Figure 3. 
 

 
Figure 3.   Antonov AN-2 bi-plane. 

 

3.0 Study Area 
The project area is located in the southern part of the IRL 
spanning from Jupiter Inlet to St. Lucie estuary. The study 
site is shown in Figure 4.  

4.0 Statement of Work 

4.1 Criteria  

4.1.1 Data Types   
NRL will provide hyperspectral PHILLS data as calibrated, 
geo-located first order data of the study site. Cloud coverage 
shall not exceed 5%.  USACE ERDC will obtain the 
appropriate satellite data from EOS sensors from multiple 
dates,as close to and/or on the date as possible, of the 
PHILLS collection. 
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4.1.2 Area Extent and Capture Window   
Both spaceborne and airborne hyperspectral data will be acquired to cover the test area in 
southern IRL, as shown in Figure 4.  The imagery will be collected between 1June2004 and 
1August2004, at an appropriate date and time determined by USACE, NRL, ARO and SFWMD.  
Ground-truth data will be collected simultaneously with the image collection.  Note: This project 
will be terminated and no payment will be made if the airborne hyperspectral and ground-truth 
data collection is not completed within the specified capture window (between 1June2004 and 
1August2004).  

4.1.3 Geo-reference  
All final digital image products received shall be in a sufficient coordinate system (and accuracy) 
to allow for the transformation of the products into any other accepted coordinate system (and 
datum) to include the Florida State Plane Coordinate System, East Zone (3601) with data datum 
of NAD83 - HARN (feet).  Because of the flat terrain of South Florida, DEM is not required to 
be used in the geo-referenced procedures. The data providers may elect to use orthorectification 
if necessary, but orthorectification is not required for this project. 

4.1.4 Data Calibration  
Hyperspectral PHILLS data will be calibrated to reflectance that shall show reasonable signal to 
noise and spectral signatures in the spectral range of 400 to 600 nm. Artificial smoothing of 
reflectance values using mathematical models is not recommended.  Satellite data will be 
calibrated using published data and algorithms. 

4.1.5 Ground-truthing  
Sampling collection and analysis will be in accordance with the requirements of the FDEP and 
NELAC standards, respectively.  All analytical work for those parameters listed will be 
performed by a certified laboratory. 

4.2 Tasks 

4.2.1 Task 1A: Water Quality Groundtruthing 
Real-time water sampling of 45 points will be conducted within ±1 hour (2-hoursor less) of 
actual flight time.  Ground-truth data will be collected simultaneously with the image collection.  
The location of the 45 sampling points will be coordinated with Mr. Rawlik, ground sampling 
co-PI.  ARO through Contractor (Battelle) will perform the following: 

1. The Contractor shall develop a field-sampling plan and provide three (3) copies to 
USACE. 

2. Sample collection must occur and be timed with both satellite and aircraft data 
acquisition.  This is a one time sampling event.  The Contractor shall notify USACE and 
NRL two weeks in advance on the scheduled sampling event that will occur between 
June 1, 2004 and August 1, 2004 (See note on Section 3.1B). 
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3. Water sampling of 45 points, spread out from monitoring stations IRL36 down to 
IRL12B, will be conducted within the time-frame indicated above. The deployment to the 
45 sampling locations and sample collection will be coordinated closely with the USACE 
and the NRL.  The NRL will provide a 24-hour notification to the ground-truthing team 
prior to the scheduled date.  In the event of postponement due to unavoidable 
circumstances and/or adverse weather conditions, the contractor, in coordination with the 
USACE, will re-scheduled the date and time as appropriate.  

4. Using the existing monitoring networks as a base, it is suggested that multiple teams of 3 
stations will collect 15 samples each, during the two hour window.  Some stations should 
overlap to supply some quality assurance data on temporal drift.  

5. The contractor shall identify the coordinates for all stations that would be provided to the 
teams, and would also be required to record GPS coordinates at each station at the time of 
sampling. 

6. Fifteen (15) surface water samples and two (2) additional samples for QA/QC will be 
collected from each station.  Samples would include in situ measurements of temperature, 
salinity, and turbidity.  Discrete water samples for Chlorophyll A, total suspended solids 
(TSS), total phosphorus (TP) and total nitrogen (TN) will also be collected.  In the 
interest of time, it is recommended that these samples be collected and then stored in 
carboys or buckets for processing after all the collections are complete. 

7. The contractor shall be responsible for the proper shipping and handling of the above 
samples (immediately) to a certified laboratory that is licensed to perform analytical work 
for the required parameters. 

8. All analytical results shall be reported in a standard format to include the list of 
parameters, results in mg/L, analytical methods, detection limits, etc.  Hard and electronic 
copies of the report shall be submitted to the USACE within 15 days from the date of 
sample collection. 

4.2.2 Task 1B:  Biological Groundtruthing (Presence/Absence Sea Grass and Oyster 
Beds)  

 
The SFWMD staff, in coordination with the USACE, will conduct this task. 
 

4.2.3 Task 2: Remote Sensing Data Acquisition 
NRL (Dr. Curt Davis) - The PHILLS sensor will be flown over the IRL site between 1 June and 
1 Aug, 2004.  The specific times for data acquisition will be coordinated through USACE 
ERDC, NRL, USACE Jacksonville, and SFWMD.  At least a 24-hour advance notice is required 
in order to arrange groundtruthing.  Sensor settings will be maximized for the collection of the 
IRL site for specific water quality applications. 
 
USACE ERDC (Mike Campbell/Rob Fischer)- Satellite data from existing commercial and 
government systems will be acquired throughout the 1 June through 1 August timeframe by 
USACE ERDC.  Special emphasis will be placed on obtaining data coinciding with the PHILLS 
overflight. 
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4.2.4 Task 3: Data processing  
Raw data from the PHILLS sensor will be geometrically corrected to meet the geometric 
standards stated in 3.1. The data will also be radiometrically calibrated by removing instrument 
effects and artifacts. Final products shall be in remote sensing reflectance making use of the 
appropriate calibration model. SFWMD will be responsible for collecting and providing the 
water quality grounding-truth data.  USACE-ERDC will process satellite imagery making use of 
existing algorithms published for each system and ground-truth data collected through SFWMD. 

a) Perform atmospheric calibration to convert hyperspectral data from raw or radiance to 
reflectance, using either empirical line method, atmospheric numerical radiative transfer 
models (e.g. MODTRAN, 6S) or any other proven calibration methodology. 

b) Perform geometric calibration to georectify raw images and project (or re-project) images 
to meet the requirements of USACE and SFWMD. USACE ERDC will provide USGS 
1m DOQQs of the study area for identification of ground control points and 
georeferencing. 

c) Develop customized computer codes in IDL or other open platform popular languages 
such as Matlab, C++ or VB to implement existing and/or newly developed algorithms for 
information extraction. 

d) Examine spectral signatures of identified key water quality parameters and perform 
correlation analysis between the water quality parameters and associated spectral 
features. 

e) Identify spectral end-members and develop spectral library using field spectral 
measurement data or spectra extracted from remotely sensed hyperspectral cubes. 
Perform spectral mixture analysis and classification. Develop water quality (e.g. 
chlorophyll, turbidity, and pigment) GIS maps. 

f) Validate water quality maps using field data and perform accuracy analysis. 

4.2.5 Task 4:  Quality Assurance/Quality Control, Final Report Preparation 
USACE ERDC (Campbell/Fischer) will perform QA/QC on all data and derived products 
produced as part of this effort.  This data includes hyperspectral imagery, satellite imagery, 
ground-truth data, statistical relationships, and derived GIS layers.  USACE ERDC will be 
responsible for maintaining and archiving this data, and producing the final report, due 30 
September, 2004.  Additionally, USACE ERDC (Campbell/Fischer) will conduct a workshop 
presentation, which will be held in Jacksonville or West Palm Beach, Florida on or before 30 
September 2004.  

4.3 Products Delivery and Payment 

4.3.1 Deliverables 

A. Hyperspectral  data products: 
• Raw data cubes. 
• Geometrically corrected radiance data cubes delivered 30 days after data 

acquisition.  
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• Geometrically corrected reflectance data cubes delivered 30 days after data 
acquisition. 

B. All delivered data products will be in BIL format. 
C. Water quality GIS layers delivered 60 days after data acquisition. 
D. All field data including water quality and spectral measurements. 
E. All algorithms and computer codes for remote sensing data calibration, 

georectification, classification, correlation and mapping accuracy analyses developed 
specifically for this effort. 

F. Status reports and a final report that includes all algorithms and data processing and 
analysis procedures delivered by 30 Sep 04. 

4.3.2 Payment 
USACE ERDC, with input from USACE Jacksonville District, and SFWMD will have 30 days 
to evaluate delivered data products after the receipt of each product. Payment will be made 30 
days after all products have passed QA/QC. 
 

5.0 Project Management 

• PI or PM:  USACE Jacksonville, Sal Resurreccion 

• Co-PI:  USACE ERDC (Campbell, Fischer), NRL(Davis), Image acquisition data 
analysis 

• Co-PI:  SFWMD/Miami University (Chen/Kuchinke) QA/QC Spectral Performance 
Evaluation 

• Co-PI:  SFWMD (Rawlik, Carnal) Ground truth collection. 

6.0 References: 

Bilge, F., Yazici, B., Dogeroglu, T. and Ayday, C., 2003. Statistical Evaluation of Remotely 
Sensed Data for Water Quality Monitoring. International Journal of Remote Sensing, 
24(24): 5317-5326. 

Carder, K.L., Steward, R.G., Chen, R.F., Hawes, S. and Lee, Z., 1993. AVIRIS Calibration and 
Application in Coastal Oceanic Environments:  Tracers of Soluble and Particulate 
Constituents of the Tampa Bay Coastal Plume. Photogrammetric Engineering and 
Remote Sensing, 59(3): 339-344. 

Chen, C., Shi, P. and Zhan, H. 2003. A Local Algorithm for Estimation of Yellow Substance 
(Gelbstoff) in Coastal Waters from SeaWIFS Data:  Pearl River Estuary, China. 
International Journal of Remote Sensing, 24(5): 1171-1176. 

Davis, C.O. et al., 2002. Ocean PHILLS Hyperspectral Imager:  Design, Characterization, and 
Calibration. Optics Express, 10(4): 210-221. 



 Appendix 9-G 
 

Quality Assurance Systems Requirements Appendix 9-G-10 March 09 

Dekker, A.G., T.J. Wijnen, M.M., and E. Seyham. 1992.  The effect of spectral bandwidth and 
positioning on the spectral signature analysis of inland waters: Remote Sensing of 
Environment, vol. 41, p. 211-225. 

Dierssen, H.M., Zimmerman, R.C., Leathers, R.A., Downes, T.V. and Davis, C.O., 2003. Ocean 
Color Remote Sensing of Seagrass and Bathymetry in the Bahamas Banks by High-
Resolution Airborne Imagery. Limnology and Oceanography, 48(1): 444-455. 

Hirano, A., Madden, M. and Welch, R., 2003. Hyperspectral Image Data for Mapping Wetland 
Vegetation. Wetlands, 23(2): 436-448. 

Joyce, K.E. and Phinn, S.R., 2003. Hyperspectral Analysis of Chlorophyll Content and 
Photosynthetic Capacity of Coral Reef Substrates. Limnology and Oceanography, 48(1): 
489-496. 

Karaska, M.A., Huguenin, R.L., Beacham, J.L., Wang, M-H, Jensen, J.R., Kaufmann, R.S., 
2004. AVIRIS Measurements of Chlorophyll, suspended minerals, dissolved organic 
carbon, and turbidity in the Neuse River, North Carolina: Photogram. Eng. and Remote 
Sens., Vol.70(1), p.125-133. 

Lahet, F., Ouillon, S., and P. Forget, 1998.  Water quality and optical properties of coastal waters 
from hyperspectral data, in IEEE Oceanic Engineering Society. OCEANS’98, vol. 2, 
p.909-913.  IEEE Press, Piscataway, N.J. 

Lee, Z., Carder, K.L., Mobley, C.D., Steward, G., and J.S. Patch, 1999.  Hyperspectral remote 
sensing for shallow waters. 2. Deriving bottom depths and water properties by 
optimization, Applied Optics, vol. 38(18), p. 3831-3843. 



Appendix 9-H 
 
 

Quality Assurance Systems Requirements Appendix 9-H-1 March 09 

EXAMPLE 4 
REMOTE SENSING STATEMENT OF WORK 

 
TECHNICAL REQUIREMENTS FOR KISSIMMEE RIVER RESTORATION 

REMOTE SENSING PILOT STUDY SURVEY SEBRING, FLORIDA (SURVEY 01-207) 
  Revised 3-July-2001 (edited by Lowe & USACE on 7-16-01) 
 

1.0 Location of Work 

The project is located in Highlands and Okeechobee Counties at Sebring, Florida.  The study 
area will be as described on the attached coordinate map, roughly running 8-10 miles along Pool 
C of the Kissimmee River and up to 2.0 miles of coverage on either side of the river.  See 
Enclosure 1 for Kissimmee River Restoration Phase 1 Area Map and X, Y coordinates of the 
area. 

2.0 Scope of Work 

A remote sensing (RS) pilot study, utilizing hyperspectral imagery as a means to evaluate the 
potential of hyperspectral to detect, measure, and map vegetation composition, structure and 
species classes (including invasive/exotic species) in an automated fashion. The Pilot study shall 
establish the post Phase I construction conditions for the Kissimmee River Restoration project.   
 
Consistent with Kissimmee River Restoration Evaluation Program (KRREP) objectives to 
determine progress towards restoration of ecological integrity by measuring key component 
indicators, the design and completion of this study must meet all requirements of the Protocol for 
Review and Submission of Information (Protocol) to the KRREP Database.  The Protocol 
specifies requirements for area-based sampling, data formats and products.  All data, products 
and deliverables submitted must be consistent with the objectives and specifications of the 
Protocol, as well as the USACE and SFWMD spatial systems.  In addition, the above-mentioned 
products must meet the Spatial Data Standards for Federal and State Governments. 
 
The services required for the preparation and execution of the pilot study, including specific 
tasks associated with the accomplishment of the work and other requirements for supporting, 
collecting and storing documentation obtained during the completion of the pilot study.  There 
are three (3) main Tasks.  Task 1 – Work plan Development, Task 2 – Establish Post Phase I 
Construction Conditions Utilizing Remote Sensing Technologies and Task 3 – Remote Sensing 
Pilot study Report Preparation, including Meetings, Conferences and Discussions.  Specific 
attention to the delivery order schedule is critical to the success of the project, as the fieldwork, 
data collection and ground truthing must be accomplished in the August to October 2001 
timeframe, which may accelerate the Contractor’s work efforts. 
 
The overall goal of the pilot study will be to move from a manual process of photo interpretation 
and manual processing of data into automated processes (i.e. hyperspectral imagery, LiDAR, 
etc.) to enhance and expedite the processing and delivery of ecosystem restoration mapping and 
recovery of data.  



Appendix 9-H 
 
 

Quality Assurance Systems Requirements Appendix 9-H-2 March 09 

2.1 Compliance   

The Contractor shall provide to the USACE all services, labor, materials, and equipment 
required to accomplish the work described in the technical requirements, not to exceed the 
ceiling identified in the task order.  All pertinent Federal, State, and local rules and regulations 
must be followed, including, as a minimum, those administered by the USACE, the State of 
Florida, the SFWMD, the U.S. Fish & Wildlife Service and the US EPA.  Details not specifically 
described in these instructions are nevertheless a firm requirement if they can be identified as an 
item, or items, commonly a part of professional grade work of a comparative nature. 
 
All remote sensing pilot study deliverables must be compatible with the SFWMD existing digital 
ortho base (1994) and their existing GIS data base (1996) along with the Spatial Data Standards 
for Federal & State Governments, EM-1110-1-2909 Geospatial Data and System, Tri-Services 
A/E/C CADD Standards (www.tsc.wes.army.mil), and Chapter 177, Chapter 472, and Chapter 
61G17 of the Minimum Technical Standards set by the Florida Board of Professional Surveyors 
and Mappers. 

2.1.1 Digital Geospatial Metadata   

Metadata are “data about data”.  They describe the content, identification, data quality, spatial 
data organization, spatial reference, entity and attribute information, distribution, metadata 
reference, and other characteristics of data.  Each survey project shall have metadata submitted 
with the final data submittal. All metadata submitted must be compliant with the Federal 
Geographic Data Committee Standard “Content Standard for Digital Geospatial Metadata”, 
FGDC-STD-001-1998.  This standard is available for download from www.fgdc.gov.  A 
graphical, annotated workbook explaining the standard is available in PDF format at 
www.fgdc.gov 
 
Furnish a digital file using Corpsmet95 Metadata Software.  Corpsmet95 is available for 
download from http://corpsgeo1.usace.army.mil/. all sections applicable to this collection effort 
must be completed.  The point of contact in Survey Section for questions about metadata is Mr. 
Bill Mihalik at 904-232-1462. 
 

3.0 Task 1 – Work Plan Development   

Prior to beginning collection of any RS data, the Contractor shall prepare and submit a written 
work plan detailing each and every task associated with the Pilot study.  No hyperspectral 
imagery work will be permitted until the Contracting Officer Representative (COR) has 
approved the Contractor’s work plan.  At a minimum, the work plan must contain an outline for: 
 

• Technology Applications Plan (covering each of the restoration components; providing a 
written description of the specific instrumentation, the methods or applications to be used 
and the analytical/interpretive procedures to be used). 

• Field Sampling & Ground-truthing Plan (including protocols, procedures, training, 
calibrations, interim reviews, ground control data, etc.). 

• Pilot study Report (outline with associated appendices & documentation). 
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• To ensure collection of August to October 2001 field data, the initial work plan Submittal 
will include the Field Sampling & Ground-truthing Plan only.  Supplemental submittals 
will address the other focus areas required for a complete and thorough work plan. 

4.0 Task 2 – Establish Post Phase I Construction Conditions Utilizing Remote Sensing 
Technologies 

If the hyperspectral sensor - source data cannot be collected by the cutoff date, then the delivery 
order will be placed on a "temporary halt status" until next agreed upon stable sampling season, 
therefore no hyperspectral/remote sensing data shall be collected and a modification to the task 
order will be performed.  

4.1 Control   

The horizontal datum shall be State Plane Florida East NAD 1983/86 and vertical datum shall be 
NGVD 29. 

4.2 Sensor   

At a minimum, the airborne hyperspectral sensor shall be of sufficient quality to support the 
mapping of vegetation and other materials as outlined in the scope of work.  The sensor will be 
of the AVIRIS/HyMap class extending through the reflective spectral range (400 - 2,500 nm). 

4.3 Field Samples/Ground-Truth   

The Contractor shall prepare and submit a Field Sampling & Ground-truthing Plan (FSGP) prior 
to beginning any fieldwork.  This is a critical measure, since the FSGP must be prepared in 
accordance with the requirements given below and no fieldwork will be permitted until the 
Contractor’s FSGP has been approved.  Guidelines for developing an acceptable FSGP can be 
obtained from the SFWMD. 

4.3.1 Field Vegetation Sampling   

Field vegetation sampling will be conducted by the Contractor at approximately 700 
predetermined polygons selected by SFWMD within the study area. Additionally, approximately 
162 samples will be added to the overall results from data collected by SFWMD using a 
helicopter. Sample stratification was based on 1996 data on the distribution and abundance of 62 
community types on the floodplain.  The Contractor is to use established vegetation categories in 
the SFWMD classification document.  Types that may be encountered by Contractor that have 
not been previously described are to be defined by SFWMD personnel in consultation with the 
Contractor for representation in the vegetation map.   
 
Sampling points will be allocated by SFWMD for two uses: a) map accuracy assessment, and b) 
sensor calibration (training data set).  Approximately 560 of the points will be reserved for the 
accuracy assessment sample; approximately 300 of the points will be allocated to the training 
sample Vegetation sampling methodology will be determined by SFWMD in consultation with 
the contractor. Sampling points will be provided to the Contractor as State Plane coordinates in 
MS Excel spreadsheet format. 
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• Project organization; plus responsibility, qualifications and experience of 
(primary/support) personnel involved in the RS pilot study. 

• Specific field sampling and data collection procedures to be used. 

• Sampling location, using sub-meter/resource grade GPS (e.g. Trimble Pro-XR type) at 
each site. 

• Digital photo(s) documenting conditions at each field sampling location with coordinates 
of the location of the photos along with the time, and date.  This information shall be labeled 
on the digital image (photo) in the form of a digital GPS watermark. 

• A description of equipment, field instruments, airborne/satellite instruments, samples 
data elements, data media & interface procedures and storage. 

• Field documentation details and procedures. 

• Documentation procedures (forms, field logbook entries, notes, etc.) to be used to record 
sample history, sampling conditions and analyses to be performed. 

• Schedule for sample collection events throughout completion of the scope of work. 

4.4 Data Interpretation or Classification   

The Contractor shall make the necessary computations to verify the correctness of all 
measurements and apply the proper theory of location in accordance with the law or precedent 
and publish the results of the survey.  The Contractor shall document whether reflectance or at-
sensor radiance is used to derive the hyperspectral imagery vegetation classification.  If 
reflectance is used, the Contractor shall document the atmospheric correction model used to 
account for water vapor (and other) effects. 

4.4.1 Vegetation Map Accuracy Assessment   

The Contractor will use error matrix procedures described in Congalton 1999 for description and 
assessment of vegetation map accuracy [Congalton, R.G. 1999. Assessing the accuracy of 
remotely sensed data: principles and practices. Lewis Publishers, New York].  Accuracy analysis 
results to be provided will include results for vegetation maps produced at a) Vegetation 
Community Type (bcode) and b) Habitat (Bcode Group) classification levels.  Deliverables to be 
provided by the Contractor will include full documentation of accuracy assessment methods and 
results; error matrices; estimates of user’s, producer’s, and raw overall accuracy; estimates of 
overall accuracy using the Kappa statistic (Congalton 1999); and a report presenting methods 
and results in detail for both vegetation maps. 
 
The SFWM database consists of approximately 68 vegetation communities and 12 habitats. 

5.0 Task 3 – Remote Sensing Pilot study Report Preparation   

The pilot study report shall be drafted and developed in multiple stages to ensure adequate 
opportunity for dialogue with and input from the USACE and the SFWMD.  By taking a steady, 
iterative approach to the development of this study document, the study team will be able to 
better focus on the goals and objectives of the pilot study and will be in a better position to 
incorporate improvements and corrective actions into the finished product, the final pilot study 
report.  Thus, the following meetings, data submissions and report submittals will be required: 
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• Post Ground-truthing Review Conference. 

• Classified Image, Field Data & Accuracy Analysis Review Conference 

• Final Pilot study Report Submittal. 

• Final Remote Sensing Pilot study Workshop 

6.0 GIS   

The remote sensing data shall be translated or digital captured into ESRI shape files.  
 
The vegetation image classifications will be delivered in an annotated thematic format 
compatible with the spatial systems of the USACE and SFWMD. For the USACE and SFWMD 
this format will be ESRI shape files, as specified in the Protocol.  All sample data will be 
delivered in ASCII comma quote format. 
 
All field sample data, imagery and thematic layers will be double-precision and georeferenced to 
the State Plane coordinate system, Florida East Zone, NAD83, NGVD29, feet.  Coordinate 
conversion RMS values will be submitted for all spatial data.  All data layers must have relative 
accuracy and logical consistency with the SFWMD database and KRREP data layers, as 
specified in the Protocol. 

6.1 ESRI Shape Files 

The vegetation community data shall be furnished in one shape file with codes for approximately 
68 vegetation communities and shall be geo-referenced to the existing SFWMD digital ortho 
base (1994) and their existing GIS base (1996).   
 
The habitat data shall be furnished in 1 shape file with codes for approximately 12 habitat and 
shall be geo-referenced to the existing SFWMD digital ortho base (1994) and their existing GIS 
base (1996).. 
 
Each image shall have a separate tiff image data (.tiff suffix) and coordinate "world" ASCII 
reference file (.tifw suffix).      
 

7.0 Deliveries   

All digital data shall be submitted on Recordable (CD-R) Compact Disk, media.  Compact Disk, 
Rewritable (CD-RW) will not be accepted.  Four sets of final CD’s (2 to USACE and 2 to 
SFWMD).   
 

• ESRI shape files. 

• Tiff and Tifw files. 

• Ten copies of each different report (or deliverable), in bound report format (5 to USACE 
and 5 to SFWMD).  All text documents shall be MS word (*.doc) files. 

• Furnish a digital file using CORPSMET 95 (Metadata Software) with the appropriate 
data included. 
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8.0 Schedule   

(All days and dates are shown as calendar days/dates) 
 

ACTIVITY OR DELIVERABLE DELIVERY DATE 

DATE OF AWARD/Notice to Proceed (NTP)  To Be Determined 
TASK(S) 1, 2, & 3  Initiated 20 July 01 
TASK 1  Initial (Ground-truthing)   
Work plan Submittal 26 July 01 
TASK 1 Initial (Ground-truthing)   
Work plan Approval 31 July 01 
TASK 2  Field Sampling & Ground-truthing 1 August 01 
Mob. w/ RS Activities Commencing              
TASK 1  Overall RS Work plan Submittal 29 August 01 
TASK 1  Overall RS Work plan Approval 12 September 01 
TASK 3  Post Ground-truthing Review 
Meeting 

27 September 01 

TASK 2  Cutoff for Collecting Remote 
Sensing & Ground-truthing Data 

31 October 01 

TASK 3  Classified Image, Field Data and 
Accuracy Analysis Review Conference 

9 November 01 

TASK 3  Final Remote Sensing Pilot study 
Report Submittal 

17 December 01 

TASK 3  Government Comments 7 January 02 
TASK 3  Corrected Final Remote Sensing Pilot 
Study Report (w/responses to comments) 

28 January 02 

TASK 3  Remote Sensing Pilot study 
Workshop 

28 February 02 

 

9.0 Site Visits, Meetings/Conferences and Discussions   

During the course of the execution of the pilot study, the Contractor will be required to schedule 
and meet several times with the USACE and the SFWMD staff elements.  The purpose of the 
interactive site visits and meetings will be to discuss key project issues in light of overall project 
objectives and to make adjustments that will maximize the results of the Pilot study.  Brief trip 
reports shall be prepared and documented in the final pilot study report, thus summarizing the site 
visits, meetings and discussions that attest to the particular project issues discussed, the personnel 
contacted, the time & location of the meetings, the data gathered and decisions rendered, etc.  

10.0 Post Ground-Truthing Review Meeting 

A one-day working meeting will be held with appropriate USACE & SFWMD staff at the 
SFWMD Office in West Palm Beach, FL.  The purpose of the meeting will be to discuss the 
results of the Contractor’s ground-truthing program, including the field data, classification 
methods, and sampling procedures, along with an organized compilation of GPS coordinate data, 
digital photos, and other pertinent field information and documentation.  The Contractor shall 
deliver a comprehensive MS Office – PowerPoint presentation summarizing their sampling 
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acquisition protocols, their field sampling and ground-truthing plan, their data interpretation and 
analysis techniques and their overall data check procedures utilized for the Pilot study.  The 
Contractor representatives expected to attend and discuss these findings shall be:  

• Project Manager(s) 
• Senior Environmental Engineer/Scientist 
• Senior Remote Sensing Scientist 
• Biologist/Botanist 

 

11.0 Classified Image, Field Data and Accuracy Analysis Review Conference  

A one-day working meeting will be held with appropriate USACE & SFWMD staff at the 
Jacksonville District Office in Jacksonville, FL.  The Contractor representatives expected to 
attend and give progress update presentations shall be: 

• Project Manager(s) 
• Senior Environmental Engineer/Scientist 
• Senior Remote Sensing Scientist 
• Geospatial Data/GIS Expert 

 

12.0 Final Remote Sensing Pilot Study Report   

The final remote sensing Pilot study report will include (at a minimum): a complete and concise 
summary of all of the work activities and phases of the pilot project; a brief discussion on 
objectives, procedures, protocols, sampling guidelines, and analysis techniques utilized for 
producing the finished product; a standard operating procedure (SOP) for the operation and use 
of data fields and maps produced under the pilot study; a detailed discussion on the accuracy 
assessment, defensibility and reproducibility; recommendations for use and applications of 
remote sensing for future projects with similar objectives; a brief summary and cost analysis for 
future remote sensing applications and overall conclusions of the remote sensing pilot. No 
meeting will be required prior to the submittal of the final remote sensing pilot study report.  The 
Government will respond with comments within 21 days after receipt of this document.         
 

13.0 Final Remote Sensing Pilot Study Workshop   

A one-day Final workshop meeting will be held with appropriate USACE & SFWMD staff at the 
SFWMD Office in West Palm Beach, FL.  The purpose of the meeting will be to present the 
results of the Remote Sensing Pilot study, including a brief demonstration of the finished 
product.  The Contractor representatives expected to attend and give progress update 
presentations shall be: 

• Project Manager(s) 
• Senior Environmental Engineer/Scientist 
• Senior Remote Sensing Scientist 
• Geospatial Data/GIS Expert 



Appendix 9-H 
 
 

Quality Assurance Systems Requirements Appendix 9-H-8 March 09 

14.0 Government Reviews   

The time required by the USACE and the SFWMD to review submissions by the Contractor 
shall vary depending on their particular organizational workload and type of submittal.  However, 
the USACE and SFWMD will endeavor to limit the review periods for document submittals to a 
maximum of 21 calendar days. 

15.0 Agency Contacts   

15.1   Communications   

Contacts via telephone calls or e-mail messages to the USACE and SFWMD are required at least 
seven days before routine fieldwork is scheduled to occur.  
 
The established points of contact (POCs) for the Remote Sensing Pilot study are: 
 
USACE - Jacksonville District    SFWMD – West Palm Beach Office 
a.  Primary POCs: 
John C. Hess       Chris Carlson 
Tel#: 904-899-5013      561-682-6143 
E-mail: john.c.hess@usace.army.mil      ccarlson@sfwmd.gov 
 
b.  Alternate POCs: 
Son Q. Vu       Laura Carnal 
Tel#: 904-232-1606     561-682-6982 
E-mail: son.q.vu@usace.army.mil       lcarnal@sfwmd.gov 
 

15.2 Written Communications   

Written correspondences, formal letters and other types of notification or letters of transmittal for 
documents will be sent to the following addressees: 
 

Ms. Chris Carlson,       
South Florida Water Management District  
Kissimmee Dept (4470) & Watershed   
3301 Gun Club Road      
West Palm Beach, FL  33406      

 
Mr. John C. Hess  
U.S. Army Corps of Engineers 
P.O. Box 4970, Attn: CESAJ-DP-R 
Jacksonville, FL  32232-0019 
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16.0 Discrepancies  

The Contractor shall advise the COR of any discrepancies, ambiguities, or lack of clarity noted 
in the information furnished by the USACE or the SFWMD, for use in connection with the 
Contractor’s responsibilities under this Scope of Work. 
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10.0 INFORMATION AND DATA MANAGEMENT 
 

10.1 Purpose 
Environmental monitoring for CERP programs generates surface water, groundwater, 
hydrological, meteorological, geological, biological, and ecological data. Due to the large scope 
of the program, federal, state, tribal, local agencies, and other participants are involved in the 
collection and analysis of data. Information and data management protocols accessible among 
the participants are essential to ensure standardized data formats and ensure data usability. The 
CERP Program Management Plan (PMP) on Information and Data Management, June 2011, 
provides for coordinated management and integration of all CERP information with a program-
level strategy.  (http://www.evergladesplan.org/pm/progr_data_mgmt.aspx) This chapter 
provides the minimum data standards to be used in CERP projects in an effort to standardize and 
maintain complete data, and to increase the usability of the data among projects 

 

10.2 Scope 
The scope of this chapter is as follows: 

• To describe the expected data types, associated elements, and the standards necessary to 
produce quality data that are consistent and comparable among CERP projects. 

• To set forth minimum standards for records storage, retention, and access. 

This chapter mentions that all data are to be in electronic format.  For direct reference to manuals 
on how non-electronic data (e.g., handwritten field notes) should be digitized and where/how the 
newly digitized data should be stored (e.g., Documentum or other server), please reference 
FDEP-SOP-001/01/FD 1000 (Documentation Procedures). For water quality field sampling, 
please refer to Section 3.9.1 (Documentation Requirement) of Chapter 3.0 (Water Quality 
Sampling Procedures) in this QASR.  

 

10.3 Requirements and Regulations 
Since data are collected for a variety of uses within the CERP, including permits and other legal 
mandates, the data management system should conform with regulations and policies, as 
applicable, such as NELAC standards, FDEP standards as specified in Chapter 62-160, FAC, 
CERP information and data management PMP requirements, and any other regulations specific 
to the monitoring of different projects. References for CERP information and data management 
and standards are listed in the following subsections. 

10.3.1 CERP Requirements and Guidance (documents available in evergladesplan.org) 
• CERP PMP on Information and Data Management, June 2011 

• CGM 002.05 - provides guidance for project name conventions,14 December 2011 
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• CGM 028.01 - provides guidelines and recommendations for GIS data sets, 08 October 
2009 

• CGM 052.00 - provides Documentum use, policy and guidance for CERP, 28 June 2007  

• CGM 054.00 - provides guidance on the storage of data for CERP, 15 October 2008  

10.3.2 State QA Rules and Procedures 
• FDEP standards as specified in Chapter 62-160, FAC 

http://www.dep.state.fl.us/legal/Rules/general/62-160/62-160.pdf 

• FDEP SOP FD 1000, Documentation Procedures 
http://www.dep.state.fl.us/water/sas/qa/docs/62-160/fd-1000-documentation.pdf 

 
 

10.4 Responsibilities 
The CERP Information and Data Management Team will interact with CERP Project and 
Program Managers, the QAOT, and other CERPZone users to: 

• Prepare data-related technical specifications to ensure that they are comprehensive, 
complete, and consistent. 

• Review contract SOWs and project monitoring plans for environmental monitoring 
before they are issued to ensure that the CERP data management requirements are 
addressed. 

 

10.5 Data Consistency  
A monitoring program involving multiple sampling entities, laboratories, and data types is likely 
to produce a wide array of data management strategies, particularly with an undertaking as 
massive as CERP. Use and assessment of data to support CERP goals is facilitated by the 
conformance to uniform conventions for describing environmental measurements and the 
standardization of collected and stored data elements. To detect and correct problems associated 
with data that does not meet the project’s quality objectives, the data stream must be managed 
and assessed as it is acquired. Data standardization allows electronic merging of different types 
of data and facilitates the use of data quality assessment tools. Data standards include an 
Electronic Data Deliverable (EDD) protocol and storage in DBHYDRO for water chemistry 
(Appendix 5-A), the DBHYDRO database for hydrological data, USGS National Water 
Information System (NWIS), Monitoring Data Templates and the CERP Integrated Database 
(CID) for biological/ecological data, and Morpho for metadata and data deliverables. 

The following subsections describe key elements associated with environmental measurements 
and related common data elements in a monitoring project.  

10.5.1 Metadata Elements 
To ensure data reporting consistency, standardized templates are to be used for both site 
information and for the various types of field data that might be collected.  If the data cannot be 
entered into DBHYDRO, then the data is to be entered into the CID using Morpho.  Each project 
should have its own metadata record in Morpho.  
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Data packages are the logical units that Morpho creates to represent a collection of metadata and 
data files. At its most basic, a data package consists only of high-level documentation: metadata 
about a data collection’s title and abstract, keywords, people and organizations, usage rights, 
project information, coverage details, methods and sampling, and access information (Table 
10.1). Once a basic data package has been created, metadata is added for the individual data 
tables (row and column information) and the data tables themselves are included in the package. 
Data packages are saved to the CERP Metacat server and followed by upload of data records to 
CID.  For specific instructions on how to use Morpho in the CERPZone, please see the user 
guide on the Morpho CERPZone web page.   

Table 10.1 Morpho Data Elements - Metadata 

 FIELD NAME DESCRIPTION 
Title REQUIRED - Study Title 
Abstract/Purpose REQUIRED - The abstract is a paragraph or more that describes the 

particular data that are being documented. You may want to describe the 
objectives, key aspects, design or methods of the study.  

Keywords A data package may have multiple keywords associated with it to enable 
easy searching and categorization. One or more keywords may be 
associated with a "keyword thesaurus", which allows the association of a 
data package with an authoritative definition. 

Owners REQUIRED - Name, Organization, Address, Phone, Email, Fax, On-line 
URL 

Contact REQUIRED - Name, Organization, Address, Phone, Email, Fax, On-line 
URL 

Associated Parties Name, Organization, Address, Phone, Email, Fax, On-line URL 
Research Project Data may be collected as part of a large research program with many sub-

projects or they may be associated with a single, independent investigation. 
Usage Rights/Access 
Constraints 

Specifically, include any restrictions (scientific, technical, ethical) to 
sharing your data within the public scientific domain. 

Geographic Description REQUIRED - Provide a complete description or assign one of the existing 
descriptions. 

Temporal Coverage REQUIRED - Temporal coverage can be a single point in time, multiple 
points in time or a range of time. 

Start Date  
End Date  
Taxonomic Hierarchy By default, you may enter information on Genus and Species. You may 

enter information at another classification rank, or to change the default 
classification rank. Higher Level Taxa is dynamically generated from your 
entries and is not manually editable. 

Kingdom  
Phylum  
Class  
Order  
Family  
Genus  
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 FIELD NAME DESCRIPTION 
Species  
Common Name  
Methods and Sampling Method steps describe a single step in the implementation of a methodology 

for an experiment. Provide QASR SOP # for method if applicable. 
Method Title  
Description  
Method Instrument Instrument used to collect the data. 
Study Extent Describe the temporal, spatial and taxonomic extent of the study. This 

information supplements the coverage information you may have provided 
in this step. 

 
Templates for various types of field data and for Morpho metadata can be found on the 
CERPZone.  If the available templates will not work for a specific effort, a project team can 
contact the Information and Data Management team at cerpitsupport@evergladesplan.org to 
specify the creation of a new data template or modification of an existing template. 

10.5.2 Project Identifiers 
Project identifiers should be uniquely named; all parties, including sampling entities and 
laboratories participating, where applicable, in a project should identify data using the unique 
project identifier. CGM 02 presents CERP project names and abbreviations that were agreed 
upon and should be implemented in all current and/or future documentation.  

10.5.3 CERP Location Data Elements 
Each monitoring location or area (site) must have a unique identifier that provides the necessary 
information to locate it spatially and determine the reliability of the location data element tags. 
Spatial data is defined as “information about the location and shape of, and relationships among, 
geographical features, usually stored as coordinates and topology” (CGM 28).  

The datum references are discussed in detail in CGM 28 and in Chapter 9 Section 9.7.3.3. Also 
use the Horizontal Datum: North American Datum of 1983 (NAD83 HARN) and Vertical 
Datum: National Geodetic Vertical Datum of 1988 (NGVD 88). Map projections should be in 
accordance with the "State Plane Florida East/Transverse Coordinates".  All coordinates should 
be collected with USACE or SFWMD Standard Sub-meter Professional Grade GPS units. 

Sampling locations collected for biological/ecological studies are reported using the Monitoring 
Data Template for “Site” locations.  The information required is defined in Table 10.2 Location 
Data Elements.  Monitoring Data Templates can all be found by accessing the CERPZone home 
page. 
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Table 10.2 Location Data Elements for CID 

Data Element Description 
SITE (REQ) Abbreviated Site Name – Must be unique within the study 
SITE_NAME (Optional) Long Name of Collection Site 
LOC_COMMENTS (Optional) Location Description 

EXTERNALDB_ID (Optional) External Database ID (ex. USGS NWIS ID) 
EXTERNALDB (Optional) External Database Name 
LATITUDE (REQ) Site Latitude (decimal degrees) 
LONGITUDE (REQ) Site Longitude (decimal degrees) 
X_COORD (Optional) Projected X Coordinate 
Y_COORD (Optional) Projected Y Coordinate 
PROJECTION (Optional) Projection for X and Y Coordinates 

 

 
10.5.4 Field Data 

10.5.4.1 Client (Field) Sample Identifiers 
Each collected sample (field or QC) must be identified with a unique identifier that is associated 
with specific geolocational and project identifiers. Each individual sample must be defined by a 
unique field identification number, the date and time of collection and the tests for which the 
sample is collected. The field sample identification protocol should be approved by the Project 
Manager. A strategy that links the location identifier, the project ID, and the field sample ID 
must be adopted.   

10.5.4.2 Field Data Elements 
Table 10.3 lists the data elements associated with field activities that must be included in every 
data submittal or established by reference or database link. To ensure data reporting consistency, 
standardized database codes must be used where applicable. 

Table 10.3 Field (or Activity) Data Elements 

Data Element Description Applicability 

Collection Date Date of sample or data collection in 
MM/DD/YYYY format 

All 

Collection Time Time of sample or data collection in 24-hr 
(military) HH:MM format 

All 

Collection Duration Duration of time if sample represents a period of 
time and not an instant in time 

As applicable 

Field Sampler or 
Collector  

Name of person(s) and organization conducting 
the sampling 

As applicable 

Flow Discharge Flow discharge measurement Including discharge 
units 

As applicable 

Stage Height Stage Height of gauging station As applicable 
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Data Element Description Applicability 

Datum Reference point for gauge height As applicable 

Tidal Stage Tidal Stage at time of sample collection  As applicable 

Meteorological 
Information 

Weather conditions at the site As applicable 

Site conditions Information specific to the site which may be 
relevant to the quality of the data 

As applicable 

Comments Other information pertinent to the quality or 
interpretation of resulting data 

Required if qualifiers 
are present. 

Client Sample Identifier Unique identifier within a project or program, 
specific to the sample collection event at the 
particular site, date and time 

All 

Ancillary Records 
(photographs, maps, etc.) 

Linked to specific sample event As applicable 

Sampling Method Description or reference to SOP 
Duration of sampling (e.g. length of time trawl 
was pulled if sampling for Taxonomy) 

All 

Sampling Equipment Equipment Type, construction and identifier All 

Matrix Sampled Soil, sediment, groundwater, porewater, etc. All 

Purging Method (if 
applicable) 

Description or reference to SOP. Must include 
specifics on duration of purge, rate at which 
purged and calculations of purge volume 

Groundwater 
Chemistry 

Purging Equipment Type, construction and identity Groundwater 
Chemistry 

Sample Preservation 
Protocols 

Description or reference to SOP. To include 
preservation verifications conducted in the field 

Chemistry 

Depth of Sample In meters As applicable 

Salinity/ Conductivity Result of in situ measurements As applicable 

Chain of Custody Sample handling and storage Chemistry, 
Biological/Ecological 
as applicable 

Data qualifiers with 
metadata 

e.g. “contamination suspected,” “preservation 
error suspected,” “sample dried out” 

Chemistry, 
Biological/Ecological 
as applicable 

Links to other data taken 
at same time 

 As applicable 

Equipment Blanks Analytical result. Evaluate equipment 
decontamination process  

Chemistry 

Field Parameter Name e.g. “pH,” “conductivity,” “DO,” etc. All 
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Data Element Description Applicability 

STORET Number STORET number for field parameters Chemistry 

CAS Number Chemical Abstracts Registry Number of the 
parameter measured 

Chemistry 

Result Result of field measurement/ test All 

Units Units of field measurement/ test All 

Measurement Date Date of field measurement in MM/DD/YYYY 
format 

Chemistry 

Measurement Time Time of field measurement in 24-hour (military) 
HH:MM format 

Chemistry 

Technician Person conducting the measurement Chemistry 

Calibration Activities Calibration times and results of initial and 
continuing checks 

Chemistry 

Equipment Failure Description of failure  As applicable 

Troubleshooting Corrective actions taken to correct problem As applicable 

Equipment Maintenance Routine maintenance performed, such as changed 
membrane for DO meter. 

As applicable 

 

10.5.5 Laboratory Data 

10.5.5.1 Laboratory Sample Identifiers 
Each collected sample/ QC sample may also have a unique identifier assigned by the laboratory. 
Each laboratory identifier must be linked to only one field identification number if the sample is 
generated in the field. Laboratory generated QC samples will not have an associated field sample 
identifier. 

10.5.5.2 Laboratory Data Elements 
Laboratory data elements listed in Table 10.4 must be included in every data submittal or 
established by a database link, unless not applicable to the particular data type or analyte. 
Appendix 5-A includes the specific EDD requirements for CERP projects including data 
element name, data type, description, and other specification. To ensure data reporting 
consistency standardized database codes must be used where applicable. The codes must be 
maintained in the centralized database.  Any contract with a laboratory requires submission of 
the elements in Table 10.4 which are not in ADaPT.  QASR Chapter 5 specifies the ADaPT 
deliverable from the laboratory. 

Table 10.4 Laboratory Data Elements 

Data Element Description Applicability 

Laboratory Identification Each result must be linked to the identity of the 
laboratory performing the analysis. 

All 
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Data Element Description Applicability 

Client Sample Identifier Each sample must have a unique identifier 
assigned in the field unless the sample is a lab 
generated QC sample. 

As applicable 

Laboratory Sample 
Identifier 

Each sample must have a unique identifier 
assigned by the laboratory, including matrix 
spikes and duplicates. 

All 

Station ID Geolocational ID of the sample collection location 
for the field sample (a.k.a. site) 

As applicable 

Project ID Each project must have a unique identifier, which 
defines the project for which samples are 
collected.  The unique identifier should be 
reported with the laboratory data.  

All 

Parameter/ Analyte 
Name 

Name of the parameter or analyte measured All 

Total or Dissolved If required, then it must be either “T” for total 
(metal) concentration, “D” for dissolved or 
filtered (metal) concentration, or “N” for organic 
(or other) constituents for which neither “total” 
nor “dissolved” is applicable. 

As applicable 

Column number If required, then it must be either “1C” for first 
column analyses, “2C” for second column 
analyses, or “NA” for analyses for which neither 
“1C” nor “2C” is applicable. 

As applicable 

Sample Comment Any comment pertaining to the sample collection 
or to the sample itself 

As applicable 

STORET Number EPA/ FDEP site Biology, Chemistry 

CAS Number Chemical Abstracts Registry Number of the 
parameter measured 

Chemistry 

Result Numeric result of the analysis. Non-numeric 
characters (e.g., “>” or “U”) are not allowed. 

All 

Result Units Units in which the measurement is reported All 

Result Uncertainty Reported in the same units as the result As applicable 

Qualifiers Valid qualifiers as listed in Chapter 62-160, FAC All 

Result Comments Any comments pertaining to the sample 
preparation or analysis 

As applicable 

Collection Date Date of sample collection in MM/DD/YYYY 
format. Must be blank for laboratory QC samples. 

All 

Collection Time Time of sample collection in 24-hour (military) 
HH:MM format. Must be blank for laboratory QC 
samples. 

All 
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Data Element Description Applicability 

Preparation Date Date sample was extracted or digested All 

Preparation Time Time sample was extracted or digested. All 

Analysis Date Date sample was analyzed by the laboratory. All 

Analysis Time Time sample was analyzed by the laboratory. All 

Analytical Method Method number or name if no number exists. 
Test Type such as Acute or Chronic should be 
included where applicable 

All 

Preparation Method Prep method number or name if no number exists. 
Sample volume, area scraped (for slides) 
Dilutions, subsampling 
Counting chamber used, grid length, cell depth, 
number of grids counted 
Qualitative or quantitative data 
Individual specimen information (life stage, sex, 
measurements of specimen) 
Replicate specific information by taxon – number 
counted, biomass 
Counting rules for preparing data to calculate 
community measures (Shannon-Weaver Diversity, 
etc.) 

As applicable 
 

Sample Matrix Sample Matrix Code that identifies the sample 
medium: groundwater, surface water, soil, animal 
or plant tissue, wastewater, porewater, elutriate, 
etc. 

All 

Preservatives Added Description and volume of the preservatives 
added to the sample after collection 

All 

Preservation Intact? Y/N – Was the required preservation intact (i.e., 
was the sample pH really < 2?) when the sample 
was received at the laboratory 

As applicable 

MDL Method detection limit for the result Chemistry 

PQL Practical quantitation limit for the result Chemistry 

Sample Type Code identifying sample nature (i.e., SA = 
Environmental Sample, TB = Trip Blank, EB = 
Equipment Blank, FD = Field Duplicate, MS = 
Matrix Spike, etc.) 

All 

Sample Filtered? Y/N – Was the sample filtered  As applicable 

Test summary Statistics References for calculation method Toxicity Testing 

Common taxonomic 
name list 

 Biological, 
Ecological 
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Data Element Description Applicability 
(Taxonomy) 

Test Conditions Toxicity Study Test Condition (i.e., survival, 
growth, Water Quality, reference toxicant, 
temperature, photoperiod, luminance, water 
renewal, feeding, test duration) 

Toxicity Testing 

Quality Control 

Duplicate Reference Unambiguous reference to a Field Duplicate or 
laboratory replicate 

As applicable 

Batch ID Unique Batch Identifier assigned by the laboratory 
referencing a group of samples collected, prepared 
or analyzed together 

As applicable 

Batch Type Lab batch type. Valid values include “prep”, 
“analysis”, “leach”, etc. 

All 

Parent Sample ID The unique identifier of the sample that was the 
source of a laboratory sample. Required for all 
laboratory “clone” samples (e.g., spikes and 
duplicates). May not be required for Field 
Duplicates, as they may be submitted blind to the 
laboratory. 

As applicable 

Matrix Spike Level Amount of analyte added to an environmental 
sample. Units must be included. 

Chemistry 

Matrix Spike Recovery Percent recovery calculated Chemistry 

Matrix Spike Duplicate 
Recovery 

Duplicate percent recovery calculated Chemistry 

Matrix Spike Precision The Relative Percent Difference (RPD) between 
the two spikes 

Chemistry 

Spike Status Indication of whether the spike recovery was 
within control limits 

Chemistry 

Duplicate Spike Status Indication of whether the duplicate spike recovery 
was within control limits 

Chemistry 

RPD Status Indication of whether the RPD was within control 
limits 

Chemistry 

Laboratory Control 
Sample (LCS) Spike 
Level 

Amount of analyte added to the LCS. Units must 
be included. 

Chemistry 

LCS Spike Recovery Percent recovery calculated Chemistry 

LCS Duplicate Recovery Duplicate Percent recovery calculated Chemistry 

LCS Precision The RPD between the two spikes Chemistry 

Method Blank Analytical result. QC measure to assess potential Chemistry 
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Data Element Description Applicability 
sample contamination. 

Toxicity QC Reference toxicant and results 
Spiking sediment  

Toxicity Testing 

Links to other data taken 
at the same time 

 As applicable 

Data Owner Who paid for the collection and analysis All 

Analyzed by Whom Name of Data Analyst  As applicable 

 

10.5.6 Quality Assurance Considerations 
Data checks must ensure that the format for each data type is consistent with the database 
attributes and elements defined above. The data uploaded to the centralized database must be 
evaluated to ensure that the loading process was successful and that the loaded data are accurate, 
complete, and consistent with other data of the same type already in the database.  These checks 
are the responsibility of the organization loading the data. Routine check scripts should be run on 
loaded data.   

Procedures for data management include the following: 

• Planning: the data management requirements are defined in the project monitoring plan.  
This will be incorporated into the QAOT monitoring plan review. 

• Qualifications: each organization that will load data to the central database must appoint 
qualified staff to data management activities and ensure that they are properly trained in 
the QASR requirements. 

• Documented procedures:  data must be uploaded to DBHYDRO, using the SFWMD 
standard procedures, to NWIS using USGS standard procedures, or to CID using the 
procedures outlined in the Morpho and CID User Guides in CERPZone.org.  

• Quality assessments:  independent audits of data management procedures and related 
documentation may be conducted by the QAOT or delegates to assess compliance with 
the data management requirements defined in this document.   

Data validation involves examination of a specific sample or result prior to archival and helps 
ensure data integrity and usability.  Validated data, available in the centralized database and 
electronic filing system, must undergo biennial review in conjunction with the Quality 
Assessment Report, or on a needed basis, to assess quality and monitor performance.  This 
review enhances the process for storing, retrieving, and accessing the data by identifying quality 
control checks, feedback loops, and any other information that affect the data. Periodical quality 
assessment is oriented to detect trends in data sensibility for continual data management process 
improvement.   
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10.6 Data Management 
Records management systems will be maintained in compliance with any applicable regulations 
(NELAC, FDEP, and CERP PMP on Information and Data Management provisions), which 
discuss in detail document storage, archival and retrieval. The systems will produce unequivocal 
and accurate records that document all laboratory and field activities, as well as all project 
generated data and reports.  

In July of 2011, the Design Coordination Team approved a data management plan for all data 
paid for by CERP funds.  The plan includes the following: 
 

• The use of DBHYDRO for all appropriate data (e.g., hydrological and WQ) 

• The use of CID for all appropriate data (e.g., biological and ecological)  

• The use of the CID for hydrological and WQ data NOT eligible for storage in 
DBHYDRO or USGS National Water Information System (NWIS). 

• The requirement for all data to be provided electronically in proper formats (e.g., the use 
of ADaPT for chemistry laboratory data, proper formats for DBHYDRO, CID and GIS). 

• Data maintained in an established publicly available database (e.g., DBHYDRO and 
USGS NWIS) will not need to be duplicated in CID, but rather will be accessed using 
Everglades Restoration Data Extraction Tool (EGRET) by linking to that database (future 
enhancement planned for EGRET). 

10.6.1 Electronic Data Deliverable Formats 
10.6.1.1  Water Quality 
Data must be submitted in the EDD formats described in Appendix 5-A and must include the 
applicable geolocational, field, and laboratory data elements defined above, except when the 
metadata are already resident within the database (e.g., geolocational data pertaining to site 
locations). Each EDD should be reviewed for content, format, and completeness at the receiving 
(sponsoring) organization.   EDD version control will be maintained to minimize the 
proliferation of incomplete data deliverable formats, streamline data validation, data loading, and 
shorten the time to data archival. The EDD requirements, for analytical chemistry data for CERP 
Projects to be used with the ADaPT are provided in Appendix 5-A.  

The latest version of ADaPT (Automated Data Processing Tool) is freely available for download 
in the FDEP web site.  [http://www.dep.state.fl.us/waste/ADaPT/].  

10.6.1.2  Ecological/Biological Data 
EDD requirements for ecological/biological data are on: 
https://www.cerpzone.org/data_templates.aspx  

10.6.1.3 Hydrologic Data 
Hydrologic data are typically received via standard data formats specified by recording and 
communications equipment providers.  Other formats under consideration should be coordinated 
with those routinely responsible for hydrologic data acquisition within the respective 
organizations participating in CERP. 
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10.6.2 Data Custody  
Custody procedures are established to protect data and information integrity. Custody of data 
should be documented from creation to its final storage place. Once data is finalized, validated, 
and transferred to the database, further changes may only be made through proper procedures 
and with proper documentation at each agency.   

10.6.3 Data Access 
10.6.3.1  DBHYDRO 
Once data is in DBHYDRO, it is available through the SFWMD DBHYDRO Browser: 
http://www.sfwmd.gov/dbhydro  

10.6.3.2  Morpho/CID/EGRET 
Once data is entered into Morpho and uploaded to CID, access is available through EGRET after 
logging in to CERPZone.org. A CERPZone account and authenticated password is required for 
access to Morpho/CID/EGRET.  Obtain a CERPZone account at https://www.cerpzone.org/. 

10.6.3.3  Other Data 
Data not yet in a CERP-designated database may be acquired via the funding agency or 
contributing agency data request procedures.  Existence of such data should be identified in the 
Morpho metadata. 

 

10.7 Archiving 
All records in the CERP database, file system, or document management system, as well as CDs 
and tape back-ups, should be retained indefinitely. All raw data records, including laboratory and 
sample collection documentation, will be kept for a minimum of five years beyond the end of the 
project completion. All information necessary for the historical reconstruction of data including 
original observations, calculations, calibrations, and reports, must be maintained by the data 
collection organization for at least five years beyond the end of the project completion. Five 
years after the end of the project completion, records can be destroyed unless records are to be 
used for evidentiary or legal purposes. Records that are stored only on electronic media must be 
supported by the hardware for their retrieval. In the case of laboratory stored data, the record 
keeping system must ensure that all records are maintained or transferred per the client’s 
instructions in the event that a laboratory transfers ownership or goes out of business.   

Quality Assurance Systems Requirements   March 2013 10-13 

http://www.sfwmd.gov/dbhydro
https://www.cerpzone.org/


Data Quality Evaluation and Assessment 
 

Quality Assurance Systems Requirements 11-1 March 09 
 
 

11.0 DATA QUALITY EVALUATION AND ASSESSMENT 

11.1 Purpose 
The purpose of this chapter is to describe the data quality evaluation and assessment process that 
should be implemented by CERP data users to determine whether new data or secondary 
(existing) data are of the type, quantity, and quality required for their intended use. 

11.2 Scope 
The primary goal of data quality evaluation and assessment is to determine if the data set is 
usable for its intended purpose and can be used with the required degree of confidence. Timely 
and accurate data assessment is necessary to ensure that field and analytical activities produce 
data that meet the project DQOs. The evaluation and assessment of data quality include four 
separate activities: data verification, data validation, statistical data quality assessment (DQA), 
and peer review. Detailed verification and validation methods for different types of 
environmental data (water quality, hydrometeorologic and hydraulic, and biological) are 
discussed in previous chapters of this document (Chapters 5, 6, and 8, respectively). Also, the 
US EPA and the Science Policy Council (SPC) have produced documents that detail specific 
DQA procedures. This chapter provides an overview of the DQA process and links the reader to 
the relevant EPA and SPC documents.   
 
The data quality evaluation and assessment process for CERP data is being developed by a data 
evaluation subteam of RECOVER Water Quality Team. Once completed, the requirements of 
that guidance document will be incorporated into this chapter.  

11.3 Rules and Regulations 
There are no specific regulatory requirements for the evaluation and assessment of data quality. 

11.4 Responsibilities 
The quality of data generated during technical activities must be assessed both in real time and 
retrospectively.  Thus, 

• Data generators (participating field and laboratory groups) are responsible for data 
verification. This involves reviewing instrument calibration, raw data, and quality control 
results in real time for acceptability and reasonableness. 

• Data validators are responsible for validating data according to standard operating 
procedures and/or prescribed procedures.  They must maintain documentation of 
validation findings, add validation qualifiers to denote data quality failures, and prepare 
reports that summarize issues that could limit data usability. 

• The Project or Agency QA Officer is responsible for ensuring that data verification and 
validation are performed on each data set according to QASR requirements (see 
Chapters 5, 6, and 8). The CERP QAOT may be consulted as an arbiter in cases when 
data quality issues are unresolved. 
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• Designated project, agency, or consultant personnel are responsible for conducting DQAs 
of CERP data. This assessment is conducted according to the requirements of this chapter 
and the related agency documents, in order to determine suitability of the data. 

• Peer reviewers are responsible for assessing the final data product to ensure that the 
methods and procedures were appropriate, the discussion is clear and unambiguous, data 
quality and uncertainty are defined, and that the conclusions are supported by the data 
presented in the document. 

 
Throughout the data life cycle, there must be close communication among these stakeholders to 
ensure that every participant understands the DQOs and project requirements, that data 
anomalies are resolved, and that loss of data is minimized or prevented. 

11.5 Skills and Training Requirements 
Individuals involved in data verification, validation, DQA, and peer reviews must have the 
necessary education, skills, and training to perform their assigned responsibilities. Those 
involved in monitoring, analysis, and assessment must have a relevant science background, 
demonstrable knowledge, and experience in these areas. Those involved in statistical DQA 
analyses must have demonstrable knowledge of statistics, statistical design, and statistical 
software. The overall data quality evaluation and assessment process must be conducted by 
personnel who understand the project DQOs, sampling design, and data types. 

11.6 Project Planning 
The project MP or QAPP should define the DQA procedures that are appropriate for the project. 
Identifying appropriate DQA procedures during the planning phase and in association with the 
DQO process enables those who plan the project to identify the critical data attributes and the 
types of statistical assessments that might be appropriate. 

11.7 Process 
The DQA process is a critical part of the data life cycle that involves Planning, Implementation, 
and Assessment. 

• Planning involves formulation of the project DQOs, development of the MP (and/or 
QAPP), and the identification of appropriate DQAs. 

• Implementation incorporates the comprehensive set of field, laboratory, and QA/QC 
activities defined during the planning process that produces a data set. 

• Assessment includes scientific and statistical data evaluation through data verification 
and validation, data quality assessment, and peer review to determine if the data are of 
the right type, quantity, and quality to support their intended use. 

DQA is built on a fundamental premise:  data quality is meaningful only when it 
relates to the intended use of the data.  Data quality does not exist in a vacuum, a 
reviewer needs to know in what context a data set is to be used in order to 
establish a relevant yardstick for judging whether or not the data is acceptable 
(EPA, 2006a)1. 
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The data verification and validation procedures for each type of monitoring data are tailored to 
assess specific quality attributes of the data type. These are defined in Chapters 5, 6, and 8. Data 
verification and validation should be conducted using a checklist or other systematic approach 
(e.g. Chapter 5, Tables 5.1 and 5.2). The field and laboratory data elements required for 
validation are defined in Chapter 10, Information and Data Management. 
 
The DQA process is described in a series of documents developed by EPA that should be used as 
guidance: 

• EPA QA/G9R, Data Quality Assessment: A Reviewer’s Guide (EPA, 2006a) 
http://www.epa.gov/quality/qs-docs/g9r-final.pdf describes a five-step assessment 
process that is equivalent to FL DEP’s Tier 4 data review (DEP EAS 00/01)2  
http://www.dep.state.fl.us/water/storet/docs/EAS_01_01.pdf; 
ftp://ftp.dep.state.fl.us/pub/labs/assessment/guidance/eas0001.pdf. 

• EPA QA/G-9S, Data Quality Assessment: Statistical Tools for Practitioners (EPA, 
2006b)3 http://www.epa.gov/quality/qs-docs/g9s-final.pdf. 

• Checklist for Quality Concerns http://www.epa.gov/quality/qs-docs/cklist-secondary.pdf 
describes specific considerations for the use of secondary data. 

 

11.7.1 The Five Steps of the Data Quality Assessment Process 
 
The EPA QA/G-9R identifies five steps in the DQA process: 
 

1. Review the Project Objectives and Sampling Design 
The first step in the DQA process is to review the DQOs established during the planning 
stage to assure that they are still applicable. If DQOs were not developed during the 
planning stage the objectives should be defined prior to evaluating the data. For example, 
when evaluating data for use in making environmental decisions, the DQOs should define 
the statistical hypothesis and specify the tolerable limits on decision errors for estimation 
problems and the acceptable confidence or probability interval width. Review the 
sampling design and data collection documentation for consistency with the DQOs. 

 
2. Conduct a Preliminary Data Review 

The next step in the DQA process is to review the data to gain an overview of the 
sampling results and to identify trends or anomalies. This is accomplished by reviewing 
the data validation reports, calculating of basic descriptive statistics, and graphing or 
plotting the data. For CERP, these types of reviews are done either by the project 
manager (or designated technical representative), the task manager, or consultants. 
• Review Quality Assurance Reports.  Laboratory quality control reports, QA reports, 

or validation reports will identify the actual data collection procedures, potential 
problems, and quality control failures. All CERP data must be validated following the 
guidance provided in Chapters 5, 6, and 8 of this manual. If there is no evidence of 
data validation (e.g. no validation qualifiers were applied or no supporting 
documentation is available), then the DQA process must stop until the data are 
validated. If data qualifiers were applied to the data, then the underlying reasons for 
those qualifiers and any confirmation results should be assessed to determine the 
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usability of data based on the project DQOs. Communication with data validators 
may be required to verify or confirm anomalies in the data set. 

• Review Historical outlier review.  Investigate and take necessary action (rework or 
qualify) for samples that appear to be historical outliers. 

• Review Data anomalies check.  Note any data anomalies that may be site, season, or 
project specific.  For example, a surge in total phosphorus concentration may result 
due to hydrological factors.  In this case, the project manager (technical staff 
member) should make a decision on whether or not the data should be accepted as is 
or qualified. 

• Review Standards and compliance check.  Check data against applicable 
state/federal criteria (e.g. surface water, groundwater or drinking water standards) or 
action levels for compliance. Confirm any exceedances of criteria or action levels that 
may be suspect or challenged, providing appropriate comments in the final report. 

• Review MDL suitability.  Some programs have varying DQOs that may require 
reliable measurements be made at very low concentrations.  Others compare 
measurements to established criteria.  A comparison of program action levels or 
project criteria with method detection limits will provide information on whether field 
and laboratory methodologies are adequately sensitive to meet project requirements. 

• Calculate basic statistical quantities. Descriptive statistics are necessary to quantify 
characteristics of the data in scientific studies. For example, when comparing a 
population at a normal site to one at a contaminated site, calculating descriptive 
statistics will aid in the identification of population differences. Some useful 
statistical quantities are: a) number of observations; b) measures of central tendency 
such as mean, median, or mode; c) measures of dispersion, such as range, variance, 
standard deviation, coefficient of variation, or interquartile range; d) measures of 
relative standing, such as percentiles and quantiles; e) measures of distribution 
symmetry or shape; and f) measures of association between two or more variables, 
such as correlation. 

• Graph the data.  Graph the data to identify patterns and trends, relationships, or 
potential anomalies that might go unnoticed by just looking at tables of data. Graphs 
can quickly disprove or confirm hypotheses. 

 
3. Select the Statistical Method   

Once the characteristics of the data are known, the appropriate statistical method can be 
chosen to draw conclusions from the data. Statistical methods should provide appropriate 
procedures for summarizing and analyzing the data based on the DQOs, the sampling 
design, the preliminary data review, assumptions made in setting the DQOs, and 
assumptions necessary for analyzing the data. 
 
Tests should be robust, or not seriously affected by moderate deviations from the 
underlying assumptions. The reviewer should note any sensitive assumptions where 
relatively small deviations could jeopardize the validity of the test results. 
 
EPA QA/G-9R details common statistical tests that can be utilized to determine if the 
data can be used to achieve the DQO criteria. 
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4. Verify the Assumptions of the Statistical Method 
In this step, the reviewer should assess that validity of the statistical test chosen in Step 3 
by examining whether its underlying assumptions hold, or whether departures are 
acceptable, given the actual data and other information about the study. Minor deviations 
from assumptions are usually not critical, as the robustness of the statistical technique 
used is sufficient to compensate for such deviations. If it is determined that one or more 
of the assumptions are not met, then either a different statistical method is selected, or 
additional data may be collected to verify the assumptions. For example, if the 
assumption of normality in the distribution of data is not met, then a non-parametric test 
can be used, or the data can be transformed. Conversely, if the assumption that data are 
independent (which is critical when data are compared to a fixed or regulatory standard) 
does not hold, then basic statistical tests should not be applied, and a statistician should 
be consulted.  

 
5. Draw Conclusions from the Data 

During the final step of the DQA, the appropriate statistical tests are performed so that 
the data user can draw conclusions that address the project objectives. If Steps 1 – 4 have 
been performed, then the calculations and conclusions will be scientifically defensible. If 
the sampling design is to be used again, the performance of the design should be 
evaluated. 

 
11.7.2 Assessment Factors  
The Science Policy Council has defined general data quality assessment factors (EPA, 2003)4 
http://www.epa.gov/osa/spc/pdfs/assess2.pdf that should be considered during the DQA process. 

• Soundness - The extent to which the scientific and technical procedures, measures, 
methods, or models employed to generate the information are reasonable for, and 
consistent with, the intended application. 

• Applicability and Utility - The extent to which the information is relevant for the 
Agency’s intended use. 

• Clarity and Completeness - The degree of clarity and completeness with which the data, 
assumptions, methods, quality assurance, sponsoring organizations, and analyses 
employed to generate the information are documented. 

• Uncertainty and Variability - The extent to which the variability and uncertainty 
(quantitative and qualitative) in the information or in the procedures, measures, methods, 
or models are evaluated and characterized. 

• Evaluation and Review - The extent of independent verification, validation, and peer 
review of the information or of the procedures, measures, methods, or models. 

11.8 Peer Review  

The DQA process may include a peer review.  The need for, and type of, peer review should be 
defined in the monitoring plan or QAPP. The purpose of the peer review is to obtain an 
independent assessment of the appropriateness of the project methods and the strength of the 
reviewer’s conclusions. The Office of Management and Budget Quality Bulletin for Peer Review 
(OMB, 2004)5 http://www.whitehouse.gov/omb/memoranda/fy2005/m05-03.pdf discusses the 
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need for and scope of the peer review process as well as selection of peer reviewers. Peer 
reviewer qualifications should include: expertise, balance, independence, and lack of conflict of 
interest. The peer review itself consists of a review of a draft document and includes evaluation 
of the following issues:  

• Clarity of the hypotheses; 
• Validity of the research design; 
• Quality of data collection procedures; 
• Robustness of the methods; 
• Appropriateness of the statistical tests; 
• Supportability of the conclusions; and, 
• Strengths and limitations of the overall product. 

 
The results of the peer review are communicated to the author and should be used to edit and 
finalize the document.  
 

11.9 Documentation and Records 
Data assessment and evaluation activities must be documented. Any assumptions, 
troubleshooting, communications, and other relevant documents and records must be maintained 
with the project files. These records must be organized to allow reconstruction of the process and 
results. The identity of the individual(s) and organization that performed the assessment must be 
clearly noted on the documents. 
 
The procedure used for analyzing and assessing the data must be documented. Organizations that 
perform DQA for CERP must document the process using a standard operating procedure. 
Alternatively, the MP or QAPP must include a detailed discussion of the process.  
 
                                                 
1 US EPA, 2006a.  Data Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R).  EPA/240/B-06/002. February 
2006. 
2 Florida Department of Environmental Protection, 2001.  Data Quality Assessment Elements for Identification of 
Impaired Surface Waters.  DEP EAS 01-01.  April 3, 2001.  
3 US EPA, 2006b.  Data Quality Assessment: Statistical Methods for Practitioners (EPA QA/G-9S).  EPA/240/B-
06/003. February 2006. 
4 US EPA, 2003.  A Summary of General Assessment Factors for Evaluating the Quality of Scientific and Technical 
Information.  EPA 100/B-03/001.  Science Policy Council.  June 2003. 
5 Office of Management and Budget. 2004.  Final Information Quality Bulletin for Peer Review.  December 16, 
2004. 
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13.0 Glossary of Terms 
 

Acceptance criteria  The numerical limits, prescribed by an approved analytical method, internal 
data or other pre-established data quality objectives, by which an analytical 
system or analysis result is verified. Also known as control limits. 
Acceptance criteria are usually established for calibration, precision, 
sensitivity and accuracy. 

Acclimation Response by an animal that enables it to tolerate a change in a single factor 
(e.g. temperature) in its environment. 

Accuracy The degree of agreement of a measurement (or an average of measurements 
of the same thing), X, with an accepted reference or true value, T, usually 
expressed as the difference between the two values, X-T, or the difference 
as a percentage of the reference or true value, 100 (X-T)/T, and sometimes 
expressed as a ratio, X/T.  Accuracy is a measure of the bias in a system.   

A measure of the degree of conformity or closeness of agreement of the 
mean of a measured value with the true value or with an accepted standard 
value.  

Alternative method A field procedure or analytical laboratory method that involves the 
collection or testing of environmental samples for an analyte (chemical 
compound, component, microorganism, etc.) in a specified matrix where a 
Department-approved method already exists.  An alternative method is one 
intended to be used in place of an existing Department-approved laboratory 
method or field procedure. 

Ambient Monitoring Monitoring within natural systems (e.g., lakes, rivers, estuaries, and 
wetlands) to determine existing conditions. 

Analyte Any measured quantity reported in final units of concentration. 

Analyte-free water  Water free of all positive or negative analytical interferences in which all 
analytes of interest are below method detection limits. 

Aquatic Assemblage An organism group of interacting populations in a given waterbody, for 
example, fish assemblage or a benthic macroinvertebrate assemblage.  

Aquatic Biota Collective term describing the organisms living in or depending on the 
aquatic environment. 

Aquatic Community Association of interacting assemblages in a given waterbody, the biotic 
component of an ecosystem (see also aquatic assemblage).  

Aquatic Life Use A beneficial use designation in which the waterbody provides suitable 
habitat for survival and reproduction of desirable fish, shellfish, and other 
aquatic organisms.  

Areal Composite Sample A sample composited from individual grab samples collected on an areal or 
cross-sectional basis. 

Assemblage An association of interacting populations of organisms in a given 
waterbody. Examples of assemblages used for biological assessments 
include: algae, amphibians, birds, fish, reptiles and amphibians, 
macroinvertebrates (insects, crayfish, clams, snails, etc.), and aquatic 
plants. 
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Assessment The evaluation process used to measure the performance or effectiveness of 
a system and its elements. 

Attribute A measurable component of a biological system. 

Audit A systematic and independent examination to determine whether quality 
activities and related results comply with planned arrangements and 
whether these arrangements are implemented effectively and are suitable to 
achieve objectives. check to determine the quality of the operation of a 
function, procedure or activity. 

Benthic macroinvertebrates See benthos. 

Benthos Animals without backbones, living in or on the sediments, a size large 
enough to be seen by the unaided eye, and which can be retained by a U.S. 
Standard No. 30 sieve (28 openings/inch, 0.595-mm openings). Also 
referred to as benthic macroinvertebrates, infauna, or macrobenthos.  

Bias The systematic or persistent distortion of a measurement process that 
causes errors in one direction (i.e., the expected sample measurement is 
different from the sample’s true value). 

Bias Error The fixed total component of the total measurement error. 

Biodiversity Refers to the variety and variability among living organisms and the 
ecological complexes in which they occur. Diversity can be defined as the 
number of different items and their relative frequencies. For biological 
diversity, these items are organized at many levels, ranging from complete 
ecosystems to the biochemical structures that are the molecular basis of 
heredity. Thus, the term encompasses different ecosystems, species, and 
genes.  

Biological Assessment 
(bioassessment) 

Using biomonitoring data biological surveys and other direct measurements 
of resident biota in surface waters to evaluate the biological condition or 
health of a place (e.g., a stream, wetland, or woodlot). 

Biological Criteria or Biocriteria Narrative or numeric expressions that describe the biological condition 
(structure and function) of aquatic communities inhabiting waters of a 
designated aquatic life use. Biocriteria are based on the numbers and kinds 
of organisms present and are regulatory-based biological measurements.  

Biological indicators plant or animal species or communities with a narrow range of ecological 
tolerance that may be selected for emphasis and monitored because their 
presence and relative abundance serve as a barometer of ecological 
conditions within a management unit. 

Biological Integrity The ability of an aquatic ecosystem to support and maintain a balanced, 
adaptive community of organisms having a species composition, diversity, 
and functional organization comparable to that of natural habitats within a 
region.  

Biological Monitoring or 
Biomonitoring 

Sampling the biota of a place (e.g., a stream, a woodlot, or a wetland); use 
of a biological entity as a detector and its response as a measure to 
determine environmental conditions. Toxicity tests and ambient biological 
surveys are common biological monitoring methods.  
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Biological Survey or Biosurvey Collecting, processing, and analyzing a representative portion of the 
resident aquatic community to determine its structural and/or functional 
characteristics. 

Bioregion Any geographical region characterized by a distinctive flora and fauna (see 
also ecoregion).  

Biota The plants and animals living in a habitat.   

Blank  An artificial quality control sample of an analytical matrix designed to 
monitor the introduction of artifacts and interferences into a sample 
collection or analytical system.A sample subjected to the usual analytical or 
measurement process to establish a zero baseline or background value.  
Sometimes used to adjust or correct routine analytical results.  A sample 
that is intended to contain none of the analytes of interest.  A blank is used 
to detect contamination during sample handling preparation and/or analysis. 

Blind sample A quality control sample of known composition whose analytical 
characteristics are unknown to an audited analyst or organization, but 
known by the submitter.  Also called a Performance Test Sample. 

Calibration The process by which the correlation between instrument response and 
actual value of a measured analyte or parameter is determined. 

The process of comparing the response of an instrument to a standard 
instrument over some measurement range. It is applied as means of 
reduction of bias error of an instrument.   

Calibration curve A curve that plots the concentration of known analyte standards against the 
instrument response to the analyte.  Also known as a standard curve. 

Calibration standard Solutions or purified quantities of a substance or material with a verifiable 
composition that are used to measure the amount or value of an analyte or 
parameter in an unknown sample. Calibration standards are used to 
establish a calibration curve or instrument response factor. 

Chain-of-Custody An unbroken trail of accountability that ensures the physical security of 
samples, data, and records. 

Chemical Abstracts Service (Cas) 
Registry Number 

A unique number assigned to a chemical by the Chemical Abstracts Service 
Registry.  The CAS is a division of the American Chemical Society and is 
internationally recognized as the producer of the largest and most 
comprehensive database of chemical information.  The CAS Registry 
Number provides an unambiguous way to identify a chemical substance or 
molecular structure. 

Chronological Calibration Bracket   
 

The interval of time between verifications within which environmental 
sample measurements must occur.  The instrument or meter is calibrated or 
verified before and verified after the time of environmental sample 
measurement(s). 

Clean Water Act (CWA) An act passed by the U.S. Congress to control water pollution (formerly 
referred to as the Federal Water Pollution Control Act of 1972). Public Law 
92-500, as amended. 33 U.S.C. 1251 et seq. 
Clean Water Act Section 303(d): Report to Congress from EPA that 
identifies those waters for which existing controls are not sufficiently 
stringent to achieve applicable water quality standards.  
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Clean Water Act Section 305(b) Biennial reporting requires description of the quality of the Nation's surface 
waters, evaluation of progress made in maintaining and restoring water 
quality, and description of the extent of remaining problems by using 
biological data to make aquatic life use support decisions.  

Coefficient of Variation An attribute of distribution. It is the standard deviation divided by the 
mean. 

Collocated Samples Two or more portions collected at the same point in time and space so as to 
be considered identical.  These samples are also known as field replicates 
and should be identified as such. 

Community All the groups of organisms living together in the same area, usually 
interacting or depending on each other for existence. 

Comparability Expresses the statistical confidence with which one data set can be 
compared to another. 

Completeness Expressed as the amount of usable data obtained compared to the amount 
that was expected to have been obtained.  (Takes into account samples or 
data that did not meet the specified data quality objectives. 

Composite Sample A sample collected over time, formed either by continuous sampling or by 
mixing discrete samples.  These samples reflect the average characteristics 
during the compositing periods. 

Composition (Structure) The composition of the taxonomic grouping such as fish, algae, or 
macroinvertebrates relating primarily to the kinds and number of organisms 
in the group. 

Comprehensive Everglades 
Restoration Plan (CERP) 

A joint-agreement with USACE and SFWMD to addressing the solutions to 
Everglades’s restoration. 

Concentration  

 
The amount of one substance dissolved or contained in a given amount of 
another substance or medium. For example, sea water has a higher 
concentration of salt than fresh water does.  

Confidence level The statistical probability associated with an interval of variance.  Usually 
expressed as percent probability. The result being tested is significant if the 
calculated probability is greater than 90 percent and is highly significant if 
the probability is greater than 99 percent. 

Conformance An affirmative indication or judgment that a product or service satisfies the 
relevant specification, contract, or regulation. 

Container Blanks Containers used for shipment of solids (e.g. resealable bags), disposable 
plastic vials, which are not typically pre-cleaned because ultra-trace 
mercury concentrations are not involved, are rinsed with Mill-Q or DI 
water and the rinsate analyzed. 

Continuing calibration standard A standard analyzed during a measurement process to verify the accuracy 
of a calibration curve or other instrument calibration. 

Continuing Calibration 
Verification (CCV) 
 

The instrument or meter calibration is checked or verified by measuring a 
calibration standard of known value as if it were a sample and comparing 
the measured result to the calibration acceptance criteria listed in the SOP. 
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Corrective action Any measure taken to rectify conditions adverse to quality and, where 
possible, to prevent recurrence. 

Criteria (singular = criterion) Statements of the conditions presumed to support or protect the designated 
use or uses of a waterbody. Criteria may be narrative or numeric. 

Data quality The features and characteristics of a set of data that determine its suitability 
for a given purpose.  Examples of data quality include accuracy, precision, 
sensitivity, representativeness and comparability.   

Data quality assessment The scientific and statistical evaluation of data to determine if data obtained 
from environmental operations are of the right type, quality, and quantity to 
support their intended use. 

Data quality indicators (DQI) A series of indicators that collectively define the quality of the submitted 
data.  These indicators include qualitative indicators such as precision, 
accuracy, completeness and detection limits, and the quantitative indicators 
of representativeness and comparability. 

Data quality objective process A systematic planning tool based on the scientific method that identifies 
and defines the type, quality, and quantity of data needed to satisfy a 
specified use.  DQOs are the qualitative and quantitative outputs from the 
DQO Process. 

Data quality objectives (DQO) A set of specifications established for an intended use of data including the 
type of decisions that will be made based on the results of the project.  

Data reduction The process of transforming the number of data items by arithmetic or 
statistical calculations, standard curves, and concentration factors, and 
collating them into a more useful form.  Data reduction is irreversible and 
generally results in a reduced data set and an associated loss of detail. 

Data validation An analyte and sample specific process that extends the evaluation of data 
beyond method, procedural, or contractual compliance (i.e., data 
verification) to determine the analytical quality of a specific data set. 

Data verification The process of evaluating the completeness, correctness and 
conformance/compliance of a specific data set against the method, 
procedural, or contractual requirements (EPA QA/G-8). 

Density-Dependence Regulation of the size of a population by mechanisms that are themselves 
controlled by the size of that population (e.g. the availability of resources) 
and whose effectiveness increases as population size increases.  

Design The specifications, drawings, design criteria, and performance 
specifications.  Also, the result of deliberate planning, analysis, 
mathematical manipulations, and design processes. 

Designated Use Classification designated in water quality standards for each waterbody or 
segment that defines the optimal purpose for that waterbody. Examples are 
drinking water use and aquatic life use.  

Detection limit (MDL) The smallest amount of an analyte that can be measured with a stated 
probability of significance.  Also known as a Method Detection Limit. 

Diatom Microscopic algae with cell walls made of silicon and have two separating 
halves.  
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Discrete sample A discrete (grab) sample is defined as a discrete aliquot representative of a 
specific location at a given point in time. 

Diversity A combination of the number of taxa (see taxa richness) and the relative 
abundance of those taxa. A variety of diversity indexes have been 
developed to calculate diversity. 

Document control The policies and procedures used by an organization to ensure that its 
documents and their revisions are proposed, reviewed, approved for release, 
inventoried, distributed, archived, stored, and retrieved in accordance with 
the organization’s specifications. 

DOH ELCP Department of Health Environmental Laboratory Certification Program.  
This program is recognized by the National Environmental Laboratory 
Accreditation Program (NELAP) as an authority with responsibility and 
accountability for granting accreditation for specified fields of laboratory 
testing.  The standards used by the DOH ELCP are those established by the 
National Environmental Laboratory Accreditation Conference (NELAC) as 
specified in Chapter 64E-1, F.A.C. 

Ecological Assessment A detailed and comprehensive evaluation of the status of a water resource 
system designed to detect degradation and if possible, to identify causes of 
that degradation. 

Ecological Integrity The condition of an unimpaired ecosystem as measured by combined 
chemical, physical (including physical habitat), and biological attributes.  

Ecoregions A relatively homogeneous ecological area defined by similarity of climate, 
landform, soil, potential natural vegetation, hydrology, or other ecologically 
relevant variables (see also bioregions). 

Ecosystem A community of interaction among animals, plants, and microorganisms, 
and the physical and chemical environment in which they live.  

Environmental conditions The description of a physical medium (for example, air, water, soil, 
sediment) or a biological system expressed in terms of its physical, 
chemical, radiological, or biological characteristics. 

Environmental data Any measurements or information that describe environmental processes, 
location, or conditions; ecological or health effects and consequences; or 
the performance of environmental technology.  For EPA, environmental 
data include information collected directly from measurements, produced 
from models.  Compiled from other sources such as data bases or the 
literature. 

Environmental data operation Work performed to obtain, use, or report information pertaining to 
environmental processes and conditions. 

Environmental monitoring The process of measuring or collecting environmental data. 

Environmental processes Any manufactured or natural processes that produce discharges to, or that 
impact, the ambient environment. 

Environmental sample Any sample from a natural or other source that may reasonably be expected 
to contribute pollution to or receive pollution from ground waters or surface 
waters of the state.  [Definition per Rule 10D-41.101(7), F.A.C.] 
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Environmental technology An all-inclusive term used to describe pollution control devices and 
systems, waste treatment processes and storage facilities, and site 
remediation technologies and their components that may be used to remove 
pollutants or contaminants from, or to prevent them from entering, the 
environment.  Examples include wet scrubbers (air), soil washing (soil), 
granulated activated carbon unit (water), and filtration (air, water).  
Usually, this term applies to hardware-based systems; however, it can also 
apply to methods or techniques used for pollution prevention, pollutant 
reduction, or containment or contamination to prevent further movement of 
the contaminants, such as capping, solidification or vitrification, and 
biological treatment. 

Equipment blank Quality control blanks prepared on-site during sampling by pouring 
analyte-free water through decontaminated field equipment into appropriate 
sample containers for each matrix and analyte group of interest. Equipment 
blanks are chemically preserved, stored, transported and analyzed with the 
collected field samples. 

External   Refers to operations, personnel, documents and protocols from a party that 
is separate from or outside the specified organization. 

Field blanks  Quality control blanks prepared on-site during sampling by pouring 
analyte-free water into appropriate sample containers for each analyte 
group of interest. Field blanks are chemically preserved, stored, transported 
and analyzed with the collected field samples. 

Field Duplicate (FD) Measures the variability in the sampling process. 

Field Quality Control An overall system of technical activities performed during the trip 
preparation, sample collection, field data collection, and data 
verification/assessment phase of the data collection process. 

Field spike  An environmental sample fortified to a known and validated concentration 
in the field during sampling. These quality control samples are sometimes 
submitted as blind samples to the analyzing laboratory. 

Functional Groups A means of dividing organisms into groups, often based on their method of 
feeding (e.g., shredder, scraper, filterer, predator), type of food (e.g., fruit, 
seeds, nectar, insects), or habits (e.g., burrower, climber, clinger). 

Functions The roles that wetlands serve, which are of value to society or environment. 

Graded approach The process of applying managerial controls to an item or work according 
to the intended use of the results and the degree of confidence needed in the 
quality of the results. 

Guidance A suggested practice that is not mandatory, intended as an aid or example 
in complying with a standard or specification. 

Habitat The sum of the physical, chemical, and biological environment occupied by 
individuals of a particular species, population, or community, including the 
food, cover, and space resources needed for plant and animal livelihood. 

Holding Times (HT) (Maximum 
Allowable Holding Times)  

The maximum times samples may be held prior to analysis and still be 
considered valid or not compromised.  



  Glossary of Terms 

Quality Assurance Systems Requirements 13-8  March 09 
 

Hydrogeomorphic (HGM) 
Approach 

A functional assessment method that compares a wetland’s functional 
capacity to similar wetland types (as defined by HGM classification) that 
are relatively unaltered. HGM functions normally fall into one of four 
major categories: (1) hydrologic (e.g., storage of surface water), (2) 
biogeochemical (e.g., removal of elements and compounds), (3) habitat 
(e.g., maintenance of plant and animal communities) and (4) human 
activities (e.g., aesthetics, recreation, education, and commercial 
production). Minnesota's hydrogeomorphic classes include riverine, 
depressional, slope, mineral soil flats, organic soil flats, estuarine fringe, 
and lacustrine fringe. 

Hydrology The science of dealing with the properties, distribution, and circulation of 
water both on the surface and under the earth. 

Impact A change in the chemical, physical (including habitat), or biological quality 
or condition of a waterbody caused by external forces. 

Independent assessment An assessment performed by a qualified individual, group, or organization 
that is not a part of the organization directly performing and accountable for 
the work being assessed. 

Index of Biological Integrity (IBI) 
294 

A method for describing water quality using characteristics of aquatic 
communities, such as the types of fish and invertebrates found in the water 
body. It is expressed as a numerical value between 0 (lowest quality) to 100 
(highest quality).  

Initial Calibration (IC)  
 
 
 

The instrument or meter electronics are adjusted (manually or 
automatically) to a theoretical value (e.g., dissolved oxygen saturation) or a 
known value of a calibration standard. 

Initial Calibration Verification 
(ICV) 

The instrument or meter calibration is checked or verified directly 
following initial calibration by measuring a calibration standard of known 
value as if it were a sample and comparing the measured result to the 
calibration acceptance criteria listed in the SOP. 

Inspection The examination or measurement of an item or activity to verify 
conformance to specifications. 

Instrument detection limit The smallest amount of an analyte of interest that generates an instrument 
response (signal) under prescribed conditions such that the magnitude of 
the signal is larger than the absolute uncertainty (error) associated with the 
signal. 

Interference Any substance in a sample that may fortify or diminish the amount of an 
analyte or otherwise affect the ability to detect and quantify an analyte in 
the sample. 

Internal  Refers to operations, personnel, documents and protocols within the 
specified organization. 
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Internal standard A compound having similar chemical characteristics to the compounds of 
interest but which is not normally found in the environment or does not 
interfere with the compounds of interest.  A known and specified 
concentration of the standard is added to each sample prior to analyses.  
The concentration in the sample is based on the response of the internal 
standard relative to that of the calibration standard and the compound in the 
standard. 

Legal or evidentiary chain of 
custody 

A sample custody protocol in which all personnel, time intervals and 
supporting activities associated with the collection, possession, handling, 
processing, analysis, transport, storage and disposal of a specific sample are 
documented.   

Limnetic Community 97 The area of open water in a lake providing the habitat for phytoplankton, 
zooplankton and fish.  

Littoral Community  The shallow areas around a lake's shoreline, dominated by aquatic plants. 
The plants produce oxygen and provide food and shelter for animal life.  

 

Macroinvertebrates Animals without backbones that can be seen with the naked eye. Includes 
insects, crayfish, snails, mussels, clams, fairy shrimp, etc. 

Matrix spike sample A sample prepared by adding a known amount of the target analyte to a 
specified amount of a matrix.  Spiked samples are used, for example, to 
determine the effect of the matrix on a method’s recovery efficiency. 

Measurement quality objectives The individual performance or acceptance goals for the individual Data 
Quality Indicators such as precision or bias. 

Metadata Information that describes the data and the quality criteria associated with 
their generation. 

Method A body of procedures and techniques for performing an activity (for 
example, sampling, chemical analysis, quantification), systematically 
presented in the order in which they are to be executed. 

Method blank A blank of an appropriate analyte-free matrix that is processed (digested, 
extracted, etc.) and analyzed with a specified sample set by the laboratory. 

Method detection limit (MDL) The smallest amount of an analyte that can be analyzed by a given 
measurement system under specified conditions of sample processing and 
analysis and reported with a 99% confidence that the concentration of the 
analyte in the sample is greater than zero. 

Microinvertebrates Animals without backbones that are not large enough to be seen by the 
unaided eye; they will not be retained by a U.S. Standard No. 30 sieve (28 
meshes per inch, 0.595 mm openings).  

Multimetric Analysis techniques using several measurable characteristics of a biological 
assemblage.  

Multivariate Community Analysis Statistical methods (e.g. ordination or discriminant analysis) for analyzing 
physical and biological community data using multiple variables.  

Narrative Biological Criteria General statements of attainable or attained conditions of biological 
integrity and water quality for a given designated aquatic life use.  
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National Environmental 
Laboratory Accreditation 
Conference (NELAC) 

A voluntary organization of state and federal environmental agencies, 
sponsored by the EPA, and formed to establish and promote mutually 
acceptable performance standards for the operation of environmental 
laboratories.  These standards cover both analytical testing of 
environmental samples and the laboratory accreditation process.  The goal 
of NELAC is to foster the generation of environmental laboratory data of 
known and documented quality through the development of national 
performance standards for environmental laboratories and other entities 
directly involved in the environmental field measurement and sampling 
process. 

National Environmental 
Laboratory Accreditation Program 
(NELAP) 

The program that implements the NELAC standards.  The EPA administers 
NELAP. 

Non-Point Source Pollution Pollution that occurs when rainfall, snowmelt, or irrigation runs over land 
or through the ground, picks up pollutants, and deposits them into rivers, 
lakes, and coastal waters or introduces them into ground water.  

NPDES National Pollutant Discharge Elimination System.  

Numeric Biocriteria Numerical indices that describe expected attainable community attributes 
for different designated aquatic life uses.  

Organic  

 
Generally considered as originating from plants or animals, and made 
primarily of carbon and hydrogen. Scientists use the term organic to mean 
those chemical compounds which are based on carbon.  

Outlier An extreme observation that is shown to have a low probability of 
belonging to a specified data population. 

Oxidation Reduction Potential A measurement of the potential for a reaction to occur.  These reactions 
mediate the behavior of many chemical constituents in drinking water. 

Parameter A quantity, usually unknown, such as a mean or a standard deviation 
characterizing a population.  Commonly misused for “variable”, 
“characteristic”, or “property”. 

Parent sample A sample from which aliquots or subsamples are taken for processing or 
testing purposes. 

Performance audit An audit where quantitative data are independently obtained for comparison 
with routinely obtained data in a measurement system.  Examples of these 
audits are EPA performance evaluation programs, commercial performance 
evaluation programs, split sampling programs involving at least two 
laboratories and/or sampling organizations and blind samples. 

Performance criteria Address the adequacy of information that is to be collected for the project.  
These criteria often apply to new data collected for a specific use 
(“primary” data). 

Performance test samples  A sample submitted for analysis whose composition and concentration are 
known to the submitter but unknown to the analyst.  Also known as a blind 
sample. 

Phytoplankton Algae – the base of the lake’s food chain, it also produces oxygen 
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Point Source Origin of a pollutant discharge from a discrete conveyance typically 
thought of as an effluent from the end of a pipe.  

Pollution The Clean Water Act (Section 502.19) defines pollution as "the human-
made or human-induced alteration of chemical, physical, biological, and 
radiological integrity of water."  

Population Aggregate of individuals of a biological species that are geographically 
isolated from other members of the species and are actually or potentially 
interbreeding. 

Practical quantitation limit (PQL) The smallest concentration of an analyte that can be reported with an 
associated precision.  FDEP defines a practical quantitation limit as: PQL= 
4 × MDL. 

Precision 

 

A measure of mutual agreement among individual measurements of a 
parameter or an analyte, usually under prescribed similar conditions.  
Precision is best expressed in terms of the standard deviation.  Various 
measures of precision are used depending upon the “prescribed similar 
conditions.” 

The degree of consistency of independent measurements of a homogeneous 
sample under the same conditions.  It is synonymous with repeatability. 

Pre-Cleaned Equipment Blank 
(PCEB) 

Monitors the on-site sampling environmental, sampling equipment 
decontamination, sample container cleaning, the suitability of sample 
preservatives and analyte-free water, and sample transport and storage 
conditions. 

Process A set of interrelated resources and activities that transforms inputs into 
outputs.  Examples of processes include analysis, design, data collection, 
operation, fabrication, and calculation. 

Processor blank All equipment used in post-collection of solids (e.g. sediments, tissues) is to 
be rinsed with Mill-Q or DI water and the rinsate analyzed. 

Proficiency Test (PT) Sample  A sample, the composition of which is unknown to the analyst, is provided 
to test whether the analyst/laboratory can produce analytical results within 
specified acceptance criteria. 

Project audit An independent review of all sampling and analytical documentation 
associated with a specific project or event in order to determine if the 
resulting data are valid and acceptable according to pre-established 
validation criteria and other data quality objectives.  Enough documentation 
must be available so that a reviewer is able to reconstruct the history of a 
sample from time of sample collection (or sample container acquisition) 
through final results and sample disposal. 

Protocol  

 
The detailed plan for conducting a scientific procedure. A protocol for 
measuring a chemical in soil, water or air describes the way in which 
samples should be collected and analyzed.  

Quality The totality of features and characteristics of a product or service that bears 
on its ability to meet the stated or implied needs and expectations of the 
user. 
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Quality Assurance (QA) The system of management activities and quality control procedures 
implemented to produce and evaluate data according to pre-established data 
quality objectives. 

The set of programs, procedures necessary to assure data reliability. 

Quality assurance and quality 
control (QA/QC) 

A system of procedures, checks and audits to judge and control the quality 
of measurements and reduce the uncertainty of data. Some quality control 
procedures include having more than one person review the findings and 
analyzing a sample at different times or laboratories to see if the findings 
are similar.  

Quality assurance plans / Quality 
Manual/Quality Assurance Manual 
(QAM) 

An orderly assembly of detailed and specific procedures that delineates 
how data of known and accepted quality are produced. 

Quality assurance project plans 
(QAPP) 

QA plan written for a specific project outlining data quality objectives, 
sampling and analytical protocols and QC measures needed to satisfy the 
intended uses of the data.   

Quality Assurance Systems 
Requirements Manual (QASR) 

Quality Assurance System Requirements: CERP guidance manual 
addressing the Quality Assurance procedures and protocols for all forms of 
data collection including but not limited to chemical, biological, 
hydrological, and ecological.  

Quality control (QC) The system of measurement activities used to document and control the 
quality of data so that it meets the needs of data users as specified by pre-
established data quality objectives. 

Quality control check sample  A sample obtained from an independent source for which the level of an 
analyte has been validated or certified. Also known as a reference material.  
The sample is prepared and analyzed with a sample set of similar matrix.  If 
the sample has been obtained from the National Institute of Standards and 
Technology, it is referred to as a Standard Reference Material.  

Quality control check standards  Certified and traceable standard solutions or purified materials from a 
source other than routine calibration standards used to check the accuracy 
of a calibration. 

Quality control checks  Standards or known samples from an independent source that are analyzed 
at a specified frequency. 

Quality management plan A document that describes the quality system in terms of the organization’s 
structure, the functional responsibilities of management and staff, the lines 
of authority, and the interfaces for those planning, implementing, and 
assessing all activities conducted. 

Quality system A structured and documented management system describing the policies, 
objectives, principles, organizational authority, responsibilities, 
accountability, and implementation plan of an organization for ensuring 
quality in its work processes, products (items), and services.  The quality 
system provides the framework for planning, implementing, and assessing 
work performed by the organization and for carrying out quality assurance 
procedures and quality control activities. 

Quantitative Calibration Bracket  

 

The instrument or meter is calibrated or verified at two known values that 
encompass the range of observed environmental sample measurement(s). 
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Random Error Sometimes called precision error; the true random error that characterizes 
an element of a set of measurements. It varies in a random, Gaussian-
Normal manner from measurement to measurement. 

Readiness review A systematic, documented review of the readiness for the start-up or 
continued use of a facility, process, or activity.  Readiness reviews are 
typically conducted before proceeding beyond project milestones and 
before initiation of a major phase of work. 

Reagent blank An aliquot of analyte-free water or solvent that is analyzed with a sample 
set. 

Reagent spike  Samples of an appropriate analyte-free matrix (deionized water, sand, soil, 
etc.) that are fortified to a known and validated concentration of analyte(s) 
before sample preparation and subsequent analysis. 

Reagent water A sample of water that conforms to ASTM grades II, III or IV. 

Record A completed document that provides objective evidence of an item or 
process.  Records may include photographs, drawings, magnetic tape, and 
other data recording media. 

Recovery The act of determining whether or not the methodology measures all of the 
analyte contained in a sample. 

Reference Condition Set of selected measurements or conditions of unimpaired or minimally 
impaired waterbodies characteristic of a waterbody type in a region.  

Reference Site Specific locality on a waterbody which is unimpaired or minimally 
impaired and is representative of the expected biological integrity of other 
localities on the same waterbody or nearby waterbodies.  

Regionalization or 
Ecoregionalization 

Procedure for subdividing a geographic area into regions of relative 
homogeneity in ecological systems or in relationship between organisms 
and their environment.  

Relative Percent Difference (RPD) A measure of precision, or the degree to which a set of observations or 
measurements of the same property, obtained under similar conditions, 
conform to themselves; a data quality indicator. 

Replicate sample Samples that have been collected at the same time from the same source 
(field replicates) or aliquots of the same sample that are prepared and 
analyzed at the same time (laboratory replicates).  Duplicate samples are 
one type of replicate sample.  The analytical results from replicates are used 
to determine the precision of a system.  If the concentration of analytes in 
the sample is below detectable limits, duplicate spike samples may be used 
to determine precision.  Blind replicates (or duplicates) are replicates that 
have been collected (field replicates) or prepared (laboratory replicates) and 
are analyzed as separate samples whose replicate nature remains unknown 
to the analyst or organization. 

Representativeness Expresses the degree to which data for a sampled source accurately and 
precisely represent a characteristic or variation of the sampled source in 
terms of a measured analyte or parameter.The measure of the degree to 
which data accurately and precisely represent a characteristic of a 
population, parameter variations at a sampling point, a process condition, or 
an environmental condition. 
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Research plan A Quality Assurance Project Plan written for research activities as defined 
by Chapter 62-160.600, FACF.A.C..  The plan must contain or refer 
documents that contain the elements discussed in Chapter 62-160.600 (3), 
FACF.A.C.. 

Resolution The degree of change of measured quantity detectable by the measuring 
device.  It is a function of the instruments sampling frequency. 

Sample custody All records and documentation that trace sample possession, handling and 
associated supporting activities from the point of sample collection through 
transport, storage, processing, analysis and disposal of the sample.  

Sample matrix The natural or artificial medium from which a sample is collected. For the 
purposes of the FDEP SOPs, a matrix is categorized in terms of the sample 
source and associated collection technique.  

Sample matrix spike An environmental sample fortified to a known and validated concentration 
of analyte(s) before sample preparation and subsequent analysis.   

Self-assessment The assessments of work conducted by individuals, groups, or 
organizations directly responsible for overseeing and/or performing the 
work. 

Sensitivity The capability of a method or instrument to discriminate between 
measurement responses representing different levels (e.g., concentrations) 
of a variable of interest. 

Spike A substance that is added to an environmental sample to increase the 
concentration of the target analyte by known amount; used to assess 
measurement accuracy (spike recovery).  Spike duplicates are used to 
assess measurement precision. 

Spiked samples Any samples fortified with a known and validated concentration of analyte.  

Split samples Replicates of the same sample that are given to two independent 
laboratories for analysis.Two or more representative portions taken from 
one sample in the field or in the laboratory and analyzed by different 
analysts or laboratories.  Split samples are quality control samples that are 
used to assess analytical variability and comparability. 

StandardOperatingStandard 
Operating Procedures (SOPs) 

A set of protocols designed to result in a specific outcome.A document that 
details the method for an operation, analysis, or action with thoroughly 
prescribed techniques and steps to be followed.  It is officially approved as 
the method for performing certain routine or repetitive tasks. 

Stressors Physical and biological factors that adversely affect aquatic organisms.  

Subsample Refers to any derivative obtained from a sample.  Examples of subsamples 
include:  aliquots, filtrates, digestates, eluates, fractions, extracts, reaction 
products, supernatants, etc. 

Superfund (federal and state)  The federal and state programs to investigate and clean up inactive 
hazardous waste sites.  

Surface water Includes fresh or saline waters from water bodies such as streams, canals, 
rivers, lakes, ponds, bays and estuaries (natural or manmade). 
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Surrogate spikes Samples fortified with a compound having similar chemical characteristics 
to the analytes of interest, but which is not normally found in environmental 
samples.  Known concentrations of these compounds are added to all 
samples in the set before sample preparation and subsequent analysis. 

Surveillance (quality) Continual or frequent monitoring and verification of the status of an entity 
and the analysis of records to ensure that specifications are being fulfilled. 

System audit A qualitative on-site review and evaluation of a laboratory or field 
operation quality assurance system and physical facilities utilized for 
sampling, sample processing, calibration and measurement or analysis. 

Taxa Richness The number of distinct species or taxa that are found in an assemblage, 
community, or sample. 

Technical systems audit A thorough, systematic, on-site qualitative audit of facilities, equipment, 
personnel, training, procedures, record keeping, data validation, data 
management, and reporting aspects of a system. 

Total Error The sum of the bias and the random errors. 

Trip blank Trip blanks are only used for volatile organic compounds (VOC) samples.  
The organization providing sample containers for VOC collection prepare 
blanks of VOC-free water.  These blanks are transported to the site with the 
empty VOC sample containers and shipped to the analyzing laboratory in 
the same transport containers as the VOC samples.  They remain unopened 
for the entire trip and are analyzed at the laboratory with the environmental 
VOC samples. 

Uncertainty  
(of measurement) 

Parameter, associated with the result of measurement,  that characterizes 
the dispersion of the values that could reasonably be attributed to the 
measurementand. 

Validation An analyte- and sample-specific process that extends the evaluation of data 
beyond method, procedural, or contractual compliance (i.e., data 
verification) to determine the analytical quality of a specific data set. 

Verification The process of evaluating the completeness, correctness, and conformance/ 
compliance of a specific data set against the method, procedural, or 
contractual specifications. 

Wastewater Includes any influent or effluent associated with domestic or industrial 
waste treatment facilities. 

Water Quality Standard A legally established state regulation consisting of three parts: (1) 
designated uses, (2) criteria, and (3) antidegradation policy. 

Wetland Those areas that are inundated or saturated by surface or groundwater at a 
frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for 
life in saturated soil conditions. Wetlands generally include swamps, 
marshes, bogs, and similar areas. 
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