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FOREWORD

In order to help ensure that environmental monitoring data are of known quality, U.S.
Environmental Protection Agency (USEPA) has established specific requirements for
development of Quality Assurance Project Plans (QAPPs). These QAPPs are
required for environmental monitoring tasks accomplished within USEPA by its
contractors and its grantees.

Since 1980, the standard guidance for developing QAPPs has been the Quality
Assurance Management Division's (QAMD) 005/80 "Interim Guidelines and
Specifications for Prepanng Quality Assurance Project Plans". This guidance has now
been replaced by EPA QA/R-5 "EPA Requirements for Quality Assurance Project
Plans for Environmental Data Operations,” Draft Interim Final August 1994,

The new QAPP guidance provides considerable versatility in preparation of QAPPs for
particular data needs. Among the new materials and approaches introduced by EPA
QA/R-5: are inclusion of the Data Quality Objectives process in the QAPP; an
expansion of additional elements to be addressed in QAPP; and an approach that
permits "tailoring” the comprehensiveness of the QAPP to the nature of work being
performed and the particular use of the data.

For many years the major water monitoring efforts of USEPA have focused on
chemical/physical measurements. Accordingly, guidance documents, such as those
for developing QAPPs, have tended to utilize terminology and examples relevant to
these monitoring measurements.

The recent expansion of biological monitoring has brought new terminology and
approaches which do not fit "comfortably” in the past chemical/physical descriptions.
Within the USEFA, Office of Water it has become apparent that some means must be
found to ensure effective control of data quality for these measurements. Accordingly,
it was decided that a generic QAPP for biological measurements, following the
structure of the QAPP which had evolved from chemical/physical measurements,
would be of considerable value; hence, this document.

This guidance is based upon EFA QA/R-5. However, wherever appropriate, biological
terminology and examples are given to facilitate use in the discipline of biological
monitoring. In addition, "element" descriptions have been expanded to facilitate use
by biclogists and others who may not be familiar with the terminology and approaches
typical of chemical/physical monitoring and laboratory analysis.

Development of this guidance has involved extensive inputs, reviews, and
recommendations of a wide community of biologists expert in various areas of
biological monitoring and analysis. USEPA Quality Assurance Officers well-versed in
the use of QAPPs in more typical chemical/physical measurement and analysis have



also reviewed this document. The Quality Assurance Management Division of
USEPA, responsible for the USEPA QA program and its guidance documents, has
provided assistance in this adaptation of EPA/QA/R-5 to biological monitoring.

As in the case of all new guidance, however, considerable insight for improvement will
be gained from its use. Hence, the users of this document are urged to send
comments on utility and suggestions for improvement/expansion to USEFPA 4503F,
Assessment and Watershed Protection Division, Monitoring Branch, Washington, D.C.
20460, Attention: Biological Monitoring Coordinator. As experience is gained and use
expands, revised editions of the document will be considered.
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INTRODUCTION

Quality Assurance (QA) - an integrated system of activities involving
quality planning, quality control, qualty assessment, quality reporfing and
quality improvement to ensure that a product or service meets defined
standards of quality with a stated level of confidence.

Quality Control (QC) - the overall system of technical activiies whereby
the purpose is to measure and control the quality of a procedure or
service so that it meets the needs of users. The aim is to provide quality
data that is satisfactory, adequate, dependable, and economical. One
example of a quality control element for biological sampling is taking
replicate samplas to ensure consistency among and within sampling
Crews.

Quality Assurance Project Plan (QAPF) - a formal document describing
the management policies, objectives, principles, arganizational authority,
responsibilities, accountability, and implementation plan of an agency,
organization, or laboratory for ensuring qualty in its products and uliity
to its users.

A QAPP is a technical planning document that defines the objectives of a project or
continuing operation, as well as the methods, organization, analyses, and QA and QC
activities necessary to meet the goals of that project or operation. The EFPA requires
that all monitoring and measurement projects carried out by or supperted by USEPA
have written and approved Quality Assurance Project Plans (QAPPs). This document
represents generic guidance for development of QAPPs for specific bioassessment
projects or programs. This generic QAPP is based upon "EPA Requirements for
Quality Assurance Project Plans for Environmental Data Operations," EPA QA/R-5
(USEPA 1994, Draft Interim Final)'. The expanded descriptions and application
guidance have benefited from utilization of the Office of Water Quality Management
Plan and previous Office of Water QAPP guidance OWRS QA-1 "Combined Work/QA
Project Plans for Environmental Monitoring” (USEPA 1984). A vanety of sources have
provided materials assisting in development of "biological" examples in the QAPP.
These include the work of the Environmental Monitoring Systems Laboratory
(Cincinnati, Ohio) to develop QA guidance for establishment of biological assessment
programs; technical QA literature (Smith et al. 1988); and selected bioassessment
documents (Karr et al. 1986; Ohio EPA 1987, Plafkin et al. 1989).

"However, a slight modification in format has been made. The "elements’ of this QAPP
guidance are numberaed sequeantially instead ol being broken down by sections A, B, C, and D. Tha
items covered have the same titles as in QA/R-5.



This guidance does not promote one
bicassessment procedure over another;
it does provide a QA framework to which
different bicassessment programs may
be adapted. It is designed to allow
flexibility with regards to all components
in developing a bioassessment program.
It has been specifically designed for use
by states using bioassessment protocols
that focus on community-level responses
as indicated by a multimetric approach
and taxonomy to the genus/species
level.

Sampling gears should be appropriate
for the habitat and region being sampled

Community - a group of interacting
assemblages in a given geographic
location. Consists of all living
components: fish, amphibians, benthic
macroinvertebrates, algae, macrophytes,
microbes, elc.

Assemblage - a group of interacting
populations of organisms in a given
geographic location (for example: a fish
assemblage or a benthic
macroinvertebrate assemblage).

and may include active or passive collection devices such as square meter kicknets,
dipnets, square foot surber samplers, ponars, Hester-Dendy artificial sampler, basket
samplers for macroinvertebrates; electrofishers, seines, and Fyke nets for fish: and
knives for scraping, eyedroppers, and containers for dislodging epiphytic algae from
macroalgae for algae collections. As is customary for biological programs, pilot
studies (or intial year of data) are recommended to investigate sources or error,
variability, and representativeness of the monitoring program.

Who is responsible for having QAPPs? USEPA QA policy (Order 5360.1) stipulates
that specific monitoring projects or continuing operations undertaken with all or partial
USEPA funding be covered by a QAPP. A continuing operation is one in which the
procedures are not modified significantly from year to year. For this type of
environmental program, a single QAPP that describes these routine activities would be
prepared. The QAPP serves as the blueprint for implementing the data collecting
activity and ensures that the technical and quality goals of the operation are met. It
also provides the necessary link between the required data quality constraints and the
sampling and analysis activities to be conducted.

Programs that have ongeing, repetitive, or small scale sampling events that follow
specific Standard Operating Procedures (SOPs) should develop a QAPP for the
overall program; this alleviates the need for specific QA plans for each sampling
event. The QAPP is then cited in the workplan. State programs developing QAPPs
should guery other state agencies (e.g., Department of Fish and Wildiife, Department
of Health, Department of the Environment, Department of Natural Resources) to
determine if a base QAPP currently exists for their type of project. Agencies can draw
from this base plan by outlining the rationale for any changes made in adapting it to
their project; or if it is suitable for a program, the base QAPP can be cited as the
program QAPP. If no base plan exists in the state for community-level, organism-



based, biological assessments, the program should use this guidance as the template
for developing their QAPP. In the case of single biological assessment events (ie., a
non-routine assessment or special study), abbreviated QAPPs can be developed
(Appendix B). Such a plan will not need to include extensive language, rationale, or
justification for all elements and can take the format of an outline. If individual
elements of the QAPP guidance are not related to any aspect of the project, it should
be noted in those sections as "not applicable”. This short form also provides an
overview of the QAFP.

What is the process for implementing the QAPP? For internal USEPA projects, the
QAPP is reviewed and approved by the Quality Assurance Officer (QAQ). QAPPs are
distributed to the personnel performing the assigned work, and implemented as written
unless modified as described above. The process of preparng and implementing
QAPPs is shown in Figure 1.

Review and control mechanisms are established for each project in the QAPP and will
vary in complexity and scope depending on the particular project. Large-scale,
national projects will form QA-task groups to provide the lead in preparing Data
Quality Objectives (DQOs) (Section &) and QAPPs. These same groups will review
the QA data on an ongoing basis, conduct audits, and recommend remedial action.
It changes to work in progress are needed, the QAPP should be revised, reviewed,
and approved by the Project Officer and the QAQ and then distributed to personnel
performing the work. For continuing operations, the QAPP is reviewed annually and
revised whenever significant changes are made in procedures or organizational
responsibilities. A QAPP must be approved by the QAO prior to the initiation of data
collection activities.

How is this guidance document organized?

Sections 1 and 2 of this document give examples of an appropriate QAFPFP title
page and table of contents. In addition, all QAPPs must be prepared using a
document control header placed in the upper corner opposite the binding of
each document page. At a minimum, the header should include the information
indicated in Section 1.3.

Possible techniques for presentation of project organization and lines of
responsibility are outlined in Section 4,

Section 5 provides suggestions for producing a project description that
illustrates the background and rationale of the project.



EPA Office of Water Quality Managsment Plan {QMP)
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FIGURE 1 Generalized flow diagram for the preparation, approval, and
implementation process of QAPPs.



Production of DQOs for the project are discussed in Section 6. Calculation and
information presentation procedures for data guality requirements (precision,
completeness, representativenass, comparability) are provided in Sections 6,
19, and 23.

Procedural and QA guidance for biomonitoring field and laboratory activities are
presented in Sections 10 through 12.

Section 13 outlines specific QC activities.

Section 19 relates to required activities for rectifying project or procedural
problems in reducing error sources.

Section 20 presents guidance for presenting endpoints in individual QA
procedures or sets thereof within formal QA reports.



SECTION 1
TITLE AND APPROVAL SHEET

1.1 Each QAPP should include a title page noting the title of the plan, name of the
organization(s) implementing the project, as well as names and titles for:

Organization’s Project Manager

Organization’s Quality Assurance Manager

USEPA Project Manager [Required)

USEPA Quality Assurance Manager (Reguired)
Others, as needed (e.g., State, other Federal agency)

1.2 If the project is to be conducted by personnel frorm more than one institution,
appropriate individuals from each institution should sign the title page. Figure 1-1
presents an example of the title page.

_¥.3 All QAPPs must be prepared using a document control header placed in the
upper corner opposite the binding of each document page (Figure 1-2). The
following information must be included in the header:

al Section Number which identifies the section or chapter.

b) Revision Number which identifies the most recent revision.
c) Date is the date of the most recent revision.
d) Page _ of __ which identifies the specific page and the total number

of pages in the section.

FIGURE 1-2 Example of a document control header.



Section 1
Revision Mo. §
February 16, 1995

Page _1_of _1_

Quality Assurance Project Plan
for
(Project Hame)

Prepared by:

( Hame )
({hddress)
{Phone Number)

Prepared for:

[ Hame )
({Rddress)
(Phone Number)

(Date)

Approvalsa:

Project Manager, Title/Date
Rgency

Primary QAR Manager, Title/Date
Agency

USEPA Project Manager, Title/Date
hgency

USEPA QA Officer, Title/Date
hgency

FIGURE 1-1 Example of title page format for QAPPs.



SECTION 2
CONTENTS

2.1 List the sections, figures, tables, references, and appendices included in the
document. Corresponding page numbers should be provided for sections/chapters

and the literature cited section.

2.2 In some cases, particularly where abbreviated form QAPPs are produced, the
content section is optional.



SECTION 3
DISTRIBUTION LIST

3.1 A list of the individuals and their organizations who will receive copies of the
approved QAPP should be included; subsequent revisions should be compiled and
included in the QAPP. All managers who are responsible for implementing any
portion of the plan, as well as the QA managers and representatives of all groups
invalved, should be included.



SECTION 4
PROJECT/TASK ORGANIZATION

4.1 The organizational aspects of a project provide a framework for conducting
tasks within the project. The organizational structure and function can also
facilitate project performance and adherence to QC procedures and QA
requirements. Key individuals, including the QAOQ, responsible for ensuring the
collection of valid data and the routine assessment of the data analysis for
precision and accuracy must be included in the project organization description.
Also identify the data users and the personis) responsible for approving and
accepting final products and deliverables. An example of a project organizational
diagram is presented in Figure 4-1. The relationships and lines of communication
among all project participants and data users need to be included in the
organizational chart. Where direct contact between managers and data users does
not occur, such as between a project consultant for a Potentially Responsible Party
and the USEPA risk assessment staff, the chart should illustrate the route by which
information is exchanged. The chart should be realistic and practical, and should
reflect only actual lines of authority and communication for the project.

4,2 Effective QA/QC procedures and a clear delineation of QA/QC responsibilities
are essential to ensure the utility of environmental monitoring results. All aspects
of the project (field operations, laboratory activities, and data handling and
analysis) must be addressed for the organization process to be complete. In order
for a monitoring or assessment study to proceed smoothly and yield valid and
usable data, it is essential that all individuals are clearly informed of and
understand their responsibilities. Key positions and general duties often included in
the project organization and responsibility section of the QAPP are listed in Table
4-1. It is recognized that some agencies have small staffs, therefore, WITH THE
EXCEPTION OF THE PRIMARY QA OFFICER ROLE, TWO OR MORE OF THE
DUTIES LISTED IN TABLE 4-1 MAY BE THE RESPONSIBILITY OF THE SAME
INDIVIDUAL. These individuals must be identified by title, level of expertise, and a
brief description outlining their responsibilities.

10
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TABLE 4-1 Kay positions or araas of responsibility often included in 3 project organization framework (a
sole stalf member is NOT required for each of these positions; an individual may be called upon to
perform one, two, or several of thase sets of responsibilities].

TITLE

DESCRIFTION OF DUTIES/RESPONSIBILITIES

Advisory Panal
[if necessary)

The Advisory Panel holds intermittent meetings for review process
of the overall program in order to confirm or refute whether the
objectives are being met. The group may make suggestions for
changing specific procedures or overall organizatien in the event
that the program design fails to meet the stated goals.

Froject Manager/
Principal Investigator

The Project Manager supervises the assigned project personnel
[scientists, technicians, and support staff] in providing for their
efficient utilization by directing their efforts either directly or
indirectly on projects, Other specific responsibilities include:
coordingte project assignments in establishing priorities and
scheduling, ensure the completion of high-guality projects within
established budgets and time schedules, provide guidance and
technical advice to those assigned to projects by evaluating
performance, implement corrective actions and provide professional
development to staff, and prepare and/or review preparation of
project deliverables, interact with clients, technical reviewers, and
agencies to assure technical guality reguiremeants are met in
accordance with contract or grant specifications.

Project Q& Officer

The QA Qfficer reports to the Project Manager and is independent of
the field, laboratory, data, and reporting staff. Major responsibilities
include monitoring QOC activities to determine conformance,
distributing guality related information, training personnel on QC
requirements and procedures, reviewing OA/QC plans for
completeness and noting inconsistencies, and signing-off on the QA
plan and reports.

Sampling Design
Coordinator

The Sampling Design Coordinator is responsible for completion of
the sampling design by coordinating resources from the statistician,
senior contributing personnel and the needs of the user or contacts
that are relative to the sample design.

Sampling Design
QC Officer

The Sampling Design QC Officer is responsible for performing QC
evaluations to ensure that guality control is maintained throughout
the sampling design process.

Figld/Sampling Leaderis)

The Field or Sampling Leaderis] is responsible for on-schedule
completion of assigned field work with strict adherence to S0Ps and
complete documentation. The Field Leader|s) will supervise all field
activities, including implementation of the QA/MIC program.

Sampling QC Officer

The Sampling or Field Dperations QC Officer is responsible for
performing QC evaluations to ensure that guality control is
maintained throughout the entire field sampling procedure,

Laboratory Manager)
Leader

The Laboratory Manager is responsible for on-schedule completion
of assigned laboratory analyses with strict adherence to laboratory
S0Ps. The Lab Manager will supervise all lab activities, including

implementation of the QAMC program.

12



TABLE 4-1 Continuad,

TITLE DESCRIPTION OF DUTIES/RESPONSIBILITIES

Laboratory QC Officer The Laboratary QC Officer is responsible for parforming QC
evaluations to ensure that quality control is maintained throughout |
the entire sample processing procedures that ocour within the
labaratory.

Data Processing Leader The Data Processing Leader is responsible for on-schedula
completion of assigned data processing work and complete
documentation., The data processing leader/manager will supervise
all data processing activities, including implementation of the
QA/QT program,

Data QC Officer The Data Processing QC Officer is responsible for performing QC
evaluations to ensure that quality control is maintained throughout
the data analysis process,

Document Production Docurment Production Coordinator is responsible for on-schedule
Coordinator completion of asgigned writing, editing and data interpretation work,
The Document Production Coordinator will direct all reporting
activities, including in-house and outside review, editing, printing,
copying, and distributing or journal submission.

| Reporting QC Officer The Reporting QC Officer is responsible for performing QC [
evaluations to ensure that quality control is maintained throughout
the entire reporting and document production process,

13



SECTION 5
PROBLEM DEFINITION/BACKGROUND; PROJECT DESCRIPTION

5.1 The specific problem to be solved or decision to be made is stated in the
problem definition. Sufficient background information should be included to
provide a historical perspective articulating the regulatory or alleged toxic exposure
situation that led to the need for the project. The past history and problem
situation should include any previous work or data as well as any regulatory or
legal elements that will allow a technically-trained reader to understand the project
objectives.

5.2 The purpose of the project description is to define the specific objectives of
the bioassessment project and describe how the project will be designed to obtain
the information needed to accomplish the project goals and uses. As this section
supplies information needed by the intended users of the data, the project
description should include a general overview, study/monitoring design features
and rationale (methods for selecting sampling station locations, sampling period,
etc.), and project timetable.

5.2.1 The general gverview contained in the project description should include, at
a minimum, the following information:

. statement of problem, decision, or specific questions to be resolved;

. description of the study site, facility, process, or operating activities
to be evaluated;

. applicable technical, regulatory, or program-specific quality standards,

criteria, or objectives;

requirements for any special personnel or equipment;

the assessment tools needed for the project (i.e., program technical
reviews, peer reviews, and technical audits as needed and/or specified
by the Quality Assurance Plan (QAP);

. anticipated uses of data to answer questions and make decisions;
the consequences of Type | or Type Il errors based on these results;
. historical conditions, existing datasets.

5.2.2 Evaluation of Historical Datasets

Previous projects that provide information on habitat, biota, or methods should be
evaluated. Such evaluation can give invaluable guidance in study design, including
sampling gear and study site selection. Use of comparable design, gear, site
location, and index period can considerably strengthen the temporal component of
an ecological study. Aspects of historical datasets evaluated include (but are not
limited to):

14



. sample types (assemblage, physical habitat assessment,
accompanying water/sediment chemistry)

dates of sample collection

location of sampling sites

type of sampling gear

intensity of laboratory processing (taxonomy, sorting).

5.3 The study/monitoring design features should be described and should include
the following:

. A list of all measurements or variables to be taken (e.g., assemblage
metrics, physical and biological habitat parameters, or water chemistry
variables), including a designation of which measurements are critical
versus non-critical to the accomplishment of project goals. It should
be noted that many biological metrics and parameters will undergo
revision and fine tuning after evaluations of pilot studies and/or
reevaluation of their effectiveness for the program; these revisions can
be appended to the overall program QAPP until the next annual review
and revision.

. A statement of how measurements will be evaluated; e.g., by
comparison to reference data, literature, models, internal statistical
properties, or other historical information. If statistics are used to
analyze data, the rationale used to select the statistic should be
stated.

. Explicit delineation of ecosystems to which decisions will be applied,
and a summary table listing the following for each sampling station:
- types of samples (benthos, fish, periphyton, plankton, physical
and biological habitat assessment, or water quality)
- numbers of samples of each type (designate primary and quality
control)
- sampling gear.

5.4 A project timetable is included with beginning and ending dates for the
general project and for specific activities within the project. Any constraints, such
as seasonal variations in biota or stream flow, sampling logistics or site access,
should be identified in the timetable. The timetable needs to be detailed yet
flexible to account for unanticipated problems such as bad weather; guidance
should be included for handling such problems.
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SECTION 6
QUALITY OBJECTIVES FOR MEASUREMENT DATA

6.1 The QAPP must include a statement of the project’s Data Quality Objectives
(DQOs). DQOs are gualitative and quantitative statements developed by data
users, at the programmatic, project and measurement levels, to specify the quality
of data needed to support specific decisions. Data users include representatives
from public or private sectors, stakeholders, and managers.

The logic process related to DQO development is made up of several of the
components of the project description outlined previously in Section 5. DQOs
encompass all aspects of data collection, analysis, validation, and evaluation. The
DQAO process provides a means of ensuring the required confidence level in the
data needed by decisionmakers.

Evaluation of candidate measurement parameters (indicators) relative to stated
selection criteria (Table B-1) ensures linkage of the decision process to DQOs. The
process involves establishing the allowable uncertainty of a data set which may
lead to Type | or Type |l errors: false positives (a problem is found to exist when in
fact it does not) and false negatives (a problem is not found when in fact it does
exist). The acceptance probabilities of those errors as established by
decisionmakers are the DQOs. The DQO process entails establishing action-
triggering values and selecting rates of false positive and false negatives that are
acceptable to the decisionmaker.

The quality of a particular data set is a measure of the types and amount of error
associated with the data. Data quality is described by qualitative and quantitative
parameters, including precision, accuracy, representativeness, completeness,
comparability, and sensitivity—all included in the QAPP. The seven steps of the
DQO process are in Figure 6-1.
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TABLE 6-1 Summary of some maasuremant (indicator) selection criteria.

CRITERIA/QUALITY

DEFINITION(S]

Scientific Validity (Technical Considerations)

Measurable/ Quantitative

Feature of environment measurable over time; has defined numerical
scale and can be quantified simply.

Sensitivity

Responds to broad range of conditions or perturbations within an
appropriate timeframe and gecgraphic scale; sensitive to potential
impacts being evaluated.

Resolution/
Discriminatory Power

Ability to discriminate meaningful differences in environmental condition
with a high degree of rasolution (high signal : noise ratiol.

Integrates Effects/
Exposure

Integrates effects or exposure over time and space.

Validity /Accuracy

Parameter is true measure of some environmental condition within
canstraints of existing science.

Related or linked unambiguously to an endpoint in an assessment
process.

Reproduciblea

Reproducible within defined and acceptable limits for data collection owver
time and space.

Sampling produces minimal environmantal impact.

Representative

Changes in parameter/species indicates trends in other parameters they
are selected to represent.

Scope/Applicability

Responds to environmental changes on a geographic and temporal scale
appropriate to the goal or issue,

Reference Valua

Has referernce condition or benchmark against which to measure
Rrogress.

Data Comparability

Can be compared to existing datasets/past conditions,

Anticipatory

Provides an early warning of changes.

Practical Considerations

Cost/Cost Effective

Information is avalable or can be obtained with reasonable cost/etfort.

High information return per cost.

Lewvel aof Difficulty

Ability to obtain expertise 1o monitor.

Ability to find, identify, and interpret chemical parameters, bislogical
species, or habitat parameter.

Easily detected.

Generally-accepted method available

Programmatic Considerations

Relevance

Relevant to desired goal, issue, or agency mission {e.g., fish fillets for
consumption advisories; species of recreational or commercial valuel.

Program Coverage

Program uses suite of indicators that encompass major components of
the ecosystem over the range of environmental conditions that can be
expected.

Understandabla

Indicator is or can be transformed into a format that target audience can
understand (e.g., nontechnical for public.
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6.2 The scope of the project should be described (e.g., the geographic locale,
environmental medium, time period, etc.), and any constraints such as time (index
period) or resources.

6.3 Sources of error or uncertainty associated with variables and indicators should
be evaluated in pilot studies and include:

. measurement error: the difference between sample values and in situ
true values;
analytical error: error associated with the measurement process;
sampling error: a function of natural spatial and temporal variability
and sampling design (non-measurement error);

. sources such as collection, handling, storage, and preservation.

QA activities and QA documentation procedures described in this guide are
intended to assist in reducing the magnitude of these sources and their frequency
of occurrence.

6.4 The uncertainty component of a multimetric index can be represented by the
range of values from aggregated reference sites. The values are either individual
metric values or total bioassessment scores calculated from X number of reference
sites within a stream class. Reference sites are selected based on the concept of
minimal anthropogenic disturbance, their being typical for the ecoregion,
subecoregion, and waterbody type, or their potential for consideration as a natural
landscape (Hughes 1995; Hughes et al. 1994). Repeat sampling within the same
index period from year to year will address natural interannual variability which can
be useful for evaluating uncertainty.

Expression of uncertainty is difficult when there is insufficient statistically-valid
measurements. Costanza et al. (1992) have developed a data-quality grading
systemn intended to allow statements of uncertainty on data ranging from
quantitative measurements to informed guesses. The approach is a notational
systemn that attaches a five-part description of data quality to datasets, including
numeric, unit, spread, assessment, and pedigree; it is introduced in this document
to help fill a gap in the ability to report confidence in environmental measurements,
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Measurement Quality Objectives

6.5 For each major measurement or value, the QA objectives for precision,
representativeness, comparability, accuracy, and completeness (measurement
quality objectives or MQOs) should be presented. These features are defined in
Smith et al. (1988) and USEPA ({1989).

6.6 Precision is a measure of mutual agreement among individual measurements
or enumerated values of the same property of a sample, usually under
demonstrated similar conditions.

Assuring consistency of sampling and sample processing, and striving for
repeatability of measurements (Platts et al. 1983) will increase the precision of
data. For example, take replicate samples at adjacent sites where different
assessment results are not expected (due to the apparent absence of additional
stressors) and measure the precision of the procedure. Precision,
representativeness, and comparability can also be compared using raw data, metric
index values, and, possibly, final bioassessment scores. Appropriate methodology
and adequate training and instruction of personnel in methods application is the
most certain way to ensure consistency, repeatability, and precision.

6.7 If precision is to be calculated from two replicate samples, use Relative

Percent Difference (RPD) calculated as

(Cy-C,)x100
. (C+Cy)+2

where C, = the larger of the two values and C, = the smaller of the two values.
And, if it is to be calculated from three or more replicate samples, use Relative

Standard Deviation (RSD) calculated as

RSD--= 100
X

where s = standard deviation and x = mean of replicate samples. The standard
deviation or the standard error of a sample mean (s) is calculated as
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n _2

i n-1

where x; = measured value of the replicate, X = mean of replicate sample
measurements, n = number of replicates. Precision can also be expressed in
terms of the range of measurement values.

6.8 Data representativeness is the degree to which data accurately and precisely
represent a characteristic of a population or community, natural variability at a
sampling point, or an environmental condition. Representativeness of a sample
depends largely on randomized sampling of the target assemblage {Green 1979;
Smith et al. 1988; Freedman et al. 1991) and therefore is highly dependent on the
sampling program design. Generally, the sampling program should be designed to
ensure representative sample collection of the habitat or population being sampled
and adequate sample replication. The original Rapid Bioassessment Protocols
(RBPs] (Plafkin et al. 1989) were developed primarily for higher gradient streams
with a predominance of riffles, which are considered to be the most biologically-
productive habitat in such streams. However, in streams that are in a lower-
gradient topography (as in many coastal plains and deltaic zones), there is often a
lack of riffles. The Mid-Atlantic Coastal Plains Streams Workgroup has developed
a multihabitat sampling procedure for that area (MACS 1993, draft]. For example,
for collection of benthic macroinvertebrates in low gradient (primarily non-riffle)
streams using the 20-jab dipnet collection method, the sampling would focus on
representative sampling reach characteristics. That is, if the suitable sampling
habitat within the sampling reach consisted of 70 percent snags, 20 percent
banks/ shorezone vegetation, and 10 percent submerged macrophytes, the
collection effort would comprise 14 snags, four banks, and two submerged
macrophytes. Representativeness is, in part, addressed by the description of the
sampling techniques and the rationale used to select the sampling locations.
Sampling techniques should be verified and validated in separate studies (Section
10).

6.9 Comparability is a measure of the confidence with which one data set can be
compared to another. It is often described in non-quantitative terms, but must he
considered in designing the sampling plans, index period, critical habitat
characteristics, topographic, geological, and hydrogeologic information, analytical
methodology, quality control, and data reporting. The use of standardized
sampling techniques and USEPA-approved analytical methods enhances the
comparability of parameters being measured with data similarly generated from
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other sources. Reporting of data in units used by other organizations improves
comparability. For biological assessments, comparability of data would need to be
determined by classifications such as ecoregion (or smaller geographic unit), index
period, and sampling gear. For example, samples collected within the same
ecoregion using the same gear but collected during different seasons (index
periods) may not be comparable.,

6.10 Completeness is defined as the percentage of measurements made that are
judged to be valid according to specific validation criteria and entered into the data
management system. To achieve this objective, every effort is made to avoid
sample and/or data loss through accidents or inadvertence. Accidents during
sample transport or lab activities that cause the loss of the original sample will
result in irreparable loss of data. Collection of sufficient samples allows reanalysis
in the event of an accident involving a sample. The assignment of a set of
continuous (serial} laboratory numbers to a batch of samples which have
undergone chain-of-custody inspection makes it more difficult for the technician or
taxonomist to overlook samples when preparing them for processing and
identifications. The laboratory serial numbers also make it easy during the data
compilation stage to recognize if some samples have not been analyzed.

6.11 Percent completeness (% C) for all measurements can be defined as follows
(USEPA 1989):

%C="2x100
T

Where v = the number of measurements judged valid and T = the total number of
measurements.

6.12 Table 6-2 provides hypothetical examples of MQOs for precision and
completeness. For example, when comparing two samples to determine precision,
a relative percent difference of 50% of the number of individuals (benthos) may be
an acceptable difference depending on the objectives and MQOs stated for the
project. Data quality requirements should be based on prior knowledge of the
sampling procedure or measurement system by use of replicate analyses, reference
conditions (site-specific or ecoregional), or requirements of the specific project
(USEPA 1989).
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TABLE 6-2 Example summary table of some hypothetical data quality requirements.

MEASUREMENT PARAMETER

REFERENCE
METHODS

PRECISION
{e.g., RPD}

COMPLETENESS
%)

Benthos

Mo.
Mo,

Fish

Ma,
Ma.

individuals
Laxa

individuals
species

Platkin et al. 1989

Karr et al. 1986

95
25

95
95

DQOs that cannot be expressed in terms of precision, accuracy, or comparability
should be reported by describing the specified method that will satisfy all
regulatory requirements specified; all other QAPP requirements would still need to

be fulfilled.
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SECTION 7
PROJECT NARRATIVE

7.1 Discuss in narrative form the following issues as they pertain to the project:

anticipated usels) of the data

how the success and/or faillure of the project will be determined
survey design requirements and description

sample type and sampling location requirements

sample handling and custody requirements

selection of analytical methods

calibration and replicate samples

S0OPs for field sampling activities

plans for peer reviews prior to data collection, and

any ongoing assessments during actual operations (oversight).

" & & & & & & & @

The narrative should allow technical or QA readers to relate the project to the
DQOs and to the problem definition. Since this element addresses many other
QAPP elements in narrative form, it is not necessary to repeat information for
those categories that are covered in more detail elsewhere. For example, SOPs for
field sampling are discussed in detail in section 10 of a QAPP and therefore would
not have to be repeated in great detail in this section.
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SECTION 8
SPECIAL TRAINING REQUIREMENTS/CERTIFICATION

8.1 Specialized training or certification requirements needed for personnel to
successfully complete the project should be identified and described. Describe
how the training will be provided and how the required skills will be assured and
documented.

8.2 STAFF TRAINING

8.2.1 All personnel conducting assessments must be trained in a consistent
manner, preferably by the same person(s), to maximize the likelihood of
standardization and properly conducted assessments. If possible, sampling crews
should be trained by the most experienced individual; this individual would be
considered "certified” to train and may verify others to train upon sufficient
demonstration of knowledge and consistency of techniques. The certified trainer is
considered part of the QA program and should conduct revisits of sampling sites to
determine bias. Crews could revisit some of their own assessment sites to
determine among-crew precision. Precision of multiple sampling teams can be
determined after adeguate evaluation of among-crew precision.

B.2.2 The designated QAO is responsible for confirming consistency among
investigators. At regularly scheduled intervals, a different field group should visit
selected overlap sites and perform assessment techniques to use as a replicate of a
previous assessment. Results from two separate assessments conducted by two
different teams can determine if reproducible results are being attained. This is an
ongoing process that should, over time, allow for consistent investigations of all
sampling teams. Quality control of picking, sorting, and taxonomic identifications
can also be evaluated in this way.

8.2.3 Training is not only for the inexperienced, but also is used to maintain
consistency among all crews. Training should be conducted at regularly scheduled
intervals and should occur in all aspects of a program. This can be accomplished
through workshops, seminars, or field demonstrations. Management should
periodically assess the training needs of all personnel engaged in fieldwork and
recommend and support their participation in appropriate and relevant seminars,
training courses, and professional meetings. Biologists and technicians should be
expected to participate regularly in evaluation and/or certification programs where
appropriate. These programs should be included as current resumes which are on
file for each person responsible for the sampling, analysis, evaluation, and reporting
of biological data.
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surface of several rocks selected at random; lifting microalgae from mud or silt
substrates with an eyedropper; hand picking macroalgae in proportion to their
abundance; and removing epiphitic algae from macroalgae by shaking in a separate
container {(Bahls 19392). The goal of this SOP is to obtain a single composite
sample that is a miniature replica of the algae present at the site. The algae is then
placed in a water tight, non-breakable sample container (125ml capacity) and
preserved with enough ambient water to cover the sample and iodine potassium
iodide (Lugol’s solution) to a reddish-brown tint. Any onsite modifications should
be made by the crew leader or the approval (phone) of the Principle Investigator
with documentation of the rationale used for the modification along with the
appropriate methods validation information. The sample should be kept dark and
cold until processing (refrigeration is not needed for transport). Samples stored at
room temperature in daylight should have the Lugol’s solution replenished every
few weeks. Any further specific requirements for assemblage collections would
also be included in this section.

10.3 STANDARD OPERATING PROCEDURES (SOPs)

10.3.1 S0Ps are written procedures that detail the precise methods to be used
during each step of the sample collection, handling, transportation, and holding
time process. When existing written procedures are applicable and available, they
may be incorporated into the QAPP by reference. The SOPs should provide an
outline of the steps to be taken to assure the quality of the samples and sample
data. A complete set of SOPs should be approved by the Project Manager and
bound together in a looseleaf notebook that is easily accessible to personnel for
referral (ASTM 1991). Any deviations from the SOPs should be documented with
the reason for the deviation and any possible effect the deviation might have on
the resulting data. Modifications made to S0Ps due to addition of new information
or correction of errors need approval by the Project Manager. SOPs should contain
document headers (as described in section 1) in order to track the latest revisions;
old versions should be discarded.

10.3.2 QAPFs should provide for the review of all activities which could directly
or indirectly influence sample quality and the determination of those operations
which must be covered by SOPs. The SOPs should describe the following:

method summary/rationale

selection of target assemblage(s)

sampling methodology, including decontamination procedures
physical and biological habitat assessment methodology
equipment/materials

reagents

details of preservation, holding times, and transport

use and calibration of instruments

" ® & & & @# & @
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replication and QC requirements

safety

sampling site selection (including reference sites)
sample labeling

sample subsampling

data reduction formulas.

. 8 8 & B ¥

10.4 GUIDELINES USED TO SELECT SAMPLING SITES

10.4.1 Proper selection of sampling sites should be directed toward maximizing
accuracy, minimizing uncertainty or, at least, providing a means by which
variability may be reduced. This is related to the concept of only comparing
community-level data (between reference and test sites) if similar habitat exists.,
Ideally, site selection criteria would be concise so that if two researchers were to
follow them, each would choose similar locations. The criteria should minimize the
amount of subjectivity that enters into the site selection process. For example, the
two primary criteria used in selecting reference sites for stream bioassessment are
minimal impairment and representativeness (Gibson 1994). The conditions at
reference sites should represent the best range of minimally-impaired conditions
that can be achieved by similar streams within a particular ecological region
(Hughes et al. 1995) (Section 6.4),

10.4.2 A probabilistic site selection process is one whereby sampling sites are
selected at random to ensure representativeness. Random selection provides a
statistically-valid estimate of the condition of a waterbody class or other habitat
class (e.g., lakes, large rivers, streams). These gross-level classes can be further
stratified into finer divisions based on geographic or other ecological, physical, and
chemical factors, and are used to group sites that share them. Probabilistic site
selection is the foundation of the regional monitoring approach of
USEPA/Environmental Monitoring and Assessment Program (EMAP).

For point source assessments, the sampling site selection should include stations
upstream and downstream of the source, as well as at least three regional
reference stations. For instance, the selection of sampling sites should be
conducted in such a way as to reduce variability and uncertainty by ensuring that
the physical characteristics between sampling sites are similar. If surveys are
conducted to determine use designations, sampling locations should be
representative of the stream reach. Reference conditions should include minimally
impaired sites in the same ecoregion, size class, and stream type (width, depth,
gradient). The objectives of the study will determine the selection of specific
sampling habitat and the gear best suited for the physical habitat sampled within a
sampling reach.
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10.5 HABITAT CHARACTERIZATION

10.5.1 An evaluation of physical and biological habitat quality is critical to any
assessment of ecological integrity (Karr et al. 1986; Barbour and Stribling 1991;
Plafkin et al. 1989; Kaufmann 1993). Habitat assessment supports understanding
of the relationship between physical habitat quality and biclogical conditions and
should consist of parameters appropriate for the assemblage being sampled since
habitat features important for one assemblage may be different than those for
another. Such assessment identifies obvious constraints on the attainable
potential of the site, assists in the selection of appropriate sampling stations, and
provides basic information for interpreting biosurvey results. Different habitats or
habitat types often become strata in the design.

10.5.2 QA methods for physical and biological habitat assessment should be
documented. Standardized field data sheets should be employed as should
multiple observers at some percentage of the study sites which range from
physically impaired to unimpaired.

10.5.3 Each investigator involved in the physical and biclogical habitat
characterization must be appropriately trained to minimize variability in the final
conclusions.

10.6 SAMPLING PERIOD

10.6.1 Sample timing should be consistent to reduce variability within or among
datasets. A critical value to assess when considering data variability is the most
appropriate period for sample collection, which can vary with the target
assemblage; both season and time of day should be considered. Pilot studies
should be conducted to determine an index period with the least sampling
variability. The sampling period, like the sampling area, defines the domain of
study and should be documented. By considering the following issues, some QA
concerns can be addressed:

. Seasonal Influence - Time of year should be considered to determine
its influence on the objectives of the project. For example, food
availability, flow, and temperature are important seasonal factors that
influence condition of the biota. This determination can be
accomplished through literature searches on similar ecosystem
monitoring studies as well as through reconnaissance and pilot
studies.

. Community Succession and Life Stages - A familiarity of life cycles
may be critical in monitoring some community assemblages.
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. Habitat/substrate disturbance (e.g., elapsed time since last storm
event, etc.).

As general guidance, sampling periods should be selected in order to:

maximize the efficiency of the chosen sampling gear;

maximize the accessibility of the targeted assemblage or species:
minimize natural variability;

maximize the availability of technical personnel.

T 8 " @

Sampling periods should also be selected so that extremes in climatic conditions
are avoided (e.g., water temperature and flow [drought, rainy season, snowmelt])
unless the object of the study is to investigate the limiting affects of seasonal
variations on the biota, or system complexity and recovery following storm events
{which could be hazardous to the sampling crew). Sampling conducted during
periods of stress should be well documented since natural stressors (i.e., high and
low flow, temperature, etc.) can mask or accentuate impacts.

10.7 DOCUMENTATION

10.7.1 The field data sheets should be filled out completely and accurately to
provide a record in support of the survey and analysis conclusions. Abbreviations
commonly used in documentation (e.g., scientific names) should be standardized
and defined to decrease data manipulation errors. Portable data recorders (PDR)
may be used to increase the completeness and accuracy of field data and
computer entry time.

10.7.2 Each sample collected should also be documented by assigning a unigue
identification number, log number, and internal and external labels. An example of
the sample labelling information can be found in Figure 10-1; sample numbering
examples are presented in Figure 10-2. Data should be documented to allow
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Agency/Client

| Project No. Sample No.

Location/Waterbody Station

Assemblage Habitat

| Method (Gear) Preservative

| Collected by QC Sample
Date Log #

FIGURE 10-1 Example of sample label information.
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1 A13/91 /006

corresponds to:

Alex Branch, Station 13 / Year / Serial log number of
project

2) 6874-01 /A13 /006

corresponds to:

Project number / Alex Branch, Station 13 / Serial log
number of project

FIGURE 10-2 Alternative examples of sample identification numbering.

Example 1 relates the sample to the year; example 2 relates the sample to a
contract or project number.
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complete reconstruction from initial field record through data storage system
retrieval.

10.7.3 The Field/Sampling Leader and Laboratory Leader personnel should keep
complete and permanent records of all conditions and activities that apply to each
individually-numbered sample. All field and laboratory data sheets should be dated
and signed by the individual doing the sampling and the analyst, respectively;
taxonomic reference documents should be approved and noted. Notebooks, data
sheets, and all other records that may be needed to document the integrity of the
data should be archived at study completion and kept permanently filed in a safe
and fireproof location. Records and voucher samples should be maintained at least
3 years or other specified time as stated in the workplan and/or contract. Archived
records are the responsibility of the study sponsor, unless the responsibility is
delegated.

10.8 REPLICATION
10.8.1 Field sampling validation involves two procedures:

1) collection of replicate samples at a randomly selected 10 percent of
sampling stations to document the precision of the collection effort:
and

2) for visual-based qualitative habitat structure assessments, two or
more observers should independently complete field sheets for at least
10 percent of stations. The precision of this procedure can then be
evaluated by relative percent difference (RPD) (Section 6.6).

The 10 percent figure should be viewed as rule-of-thumb guidance for replication.
For large projects, 10 percent replication would probably be too many; similarly, for
small projects, 10 percent would likely not be enough. General recommendations
for different levels of replication are presented in Table 10-1.

10.9 METHOD AND GEAR SELECTION

10.9.1 Selection of sampling gear should be appropriate for the target
assemblage, habitat, and analytical methods employed and depends on the DQQs
of the decisionmakers, the expertise of the biologist, and the unresolvable
components of variation (USEPA 1990a). Where appropriate, methods should
include decontamination SOPs. For example when using a net for collection of
small organisms, the nets must be thoroughly cleaned between samples so that
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TABLE 10-1 Ruls-of-thumb for number of rm ﬂt: n based on numbars of sites.
n = 150
| 30 = n = 150
= 30
n =2 3

=1 _ 3

organisms captured at one station do not get carried over and included in the next
station. In cases where it is suspected that an organism has been carried over
from one station to the next, the field notes should be consulted to determine if
the (outlier) organism could indeed be left over from a previous sample. If it
becomes obvious that an organism was left on the gear from a previous sample, a
statement should be included on the data sheet that the carry-over organism will
not be included in the metric calculations. This situation is rare but when it
occurs, it will most often occur with gear used in sampling small organisms.

10.9.2 The type of gear used in the sampling process depends on the assemblage
and the specific habitat sampled within a site. For instance, macroinvertebrate
sampling gear may include kicknets, Hess sampler, surber samplers, or other
stream-net samplers (USEPA 1990a) used in riffles; dipnets are used in low
gradient streams in shorezones, banks, snags, and submerged vegetation.
Electrofishers, seines, and Fyke nets may be used for fish. Knives used for
scraping algae from rock, spoons or large-bore eyedroppers for lifting microalgae
from silt substrates, hand picking macroalgae, and dislodging epiphytic algae from
macroalgae by shaking in a container are some gear types or methods used in algal
collections.

10.10 LEVEL OF EFFORT (LOE)

10.10.1 The level of effort required for the completion of a specific task should be
outlined before the task is undertaken. For example, for field sampling, the
appropriate number of people for unbiased and consistent operation of field gear
should be available (e.g., two people for collections with a net or hand collections,
three to four people for electrofishers), and the appropriate amount of time per site
needs to be allowed for consistent and proper application of methodologies. The
amount of time necessary for effective gear operation will vary per site with the
target plant or animal assemblages and the gear used. For planning purposes,
Plafkin et al. (1989) provided approximate estimates for the amount of time
neaded for sampling protocols for use of the square meter kicknet in sampling
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benthic macroinvertebrates in riffles. Approximately 1.5 person-hours are required
per site (two people, approximately 40 minutes each). The 40 minutes of actual
time includes writing labels, preparing sample containers, taking a double
composite square meter sample, field preservation, and collection of supplemental
Course Particulate Organic Material (CPOM) samples. An additional 15 to 20
minutes is required to complete the habitat assessment forms. More time is added
to total station LOE for additional observers completing duplicate habitat
assessments. Additionally, time must be allocated for traveling to the site.
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SECTION 11
SAMPLE HANDLING AND CUSTODY REQUIREMENTS

11.1 SAMPLE HANDLING

11.1.1 Sample handling requirements vary with the assemblage being studied in
the survey. For most biological assessments, the minimum sample size needed to
fulfill the data quality objective for representativeness should be incorporated into
the sampling design so that sampling produces minimal environmental impact. For
those samples that will be analyzed in the laboratory, the organisms are sacrificed
and field preservation, labelling and transport protocols must be followed. For
many fish surveys, experienced fish biologists are proficient in field identifications
and thus most specimens are returned to the water following identification and
enumeration. Exceptions are juveniles, hybrids, and difficult-to-identify species.
Also, if temporary crews are used, samples of all collections should be verified.
Voucher specimens are appropriate for all species and should be stored in fish
museums or universities whenever possible. For a review of fish methods, readers
should refer to USEPA (1993a), Meador et al. {1993), or Ohio EPA {1989). Most
of the following information is appropriate for those types of samples that are
returned to laboratories for processing and identification (benthic invertebrates, -
phytoplankton, and periphyton).

11.1.2 All activities categorized under sample handling should be documented (as
SOPs) and followed closely to prevent or minimize the introduction of error.
Consistency should be the rule in all of the following activities:

. field preservation
labelling
. storing or transportation.

11.1.3 The following information associated with each sample should be
identified:
. exact location and ambient conditions associated with sample
collection should be maintained in field notebooks, field collection

sheets, or PDRs; possession and analysis logs should be maintained in
the laboratory;

. chain-of-custody forms, sample preservation, if any, and dates and
times of sample transfer and analysis:

. procedures for transferring and maintaining custody of samples.
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11.1.4 Certain sampling protocols (e.g., the Tier 2 protocols of Plafkin et al.
[1989] and most fish sampling) involve sorting, identification, and enumeration of
specimens in the field. When benthic macroinvertebrate and fish samples are field-
identified, the field data sheets become the item of custody as do any preserved
specimens used for taxonomic verification. All header information should be
completely filled out and copies of all sheets distributed. As specimens are
laboratory-identified, they can be preserved, archived as vouchers, and placed in a
repository. Location of the repository and a record of the specimen preservation is
entered into a log book.

11.2 SAMPLE CUSTODY

11.2.1 The primary objective of the chain-of-custody procedure is to create a
written record that can be used to trace the possession of the sample from the
moment of collection through the entire data analysis. Field crews as well as
laboratory personnel should follow written chain-of-custody procedures for
collecting, transferring, storing, analyzing, and disposing samples. Sample custody
procedures are important to ensure the integrity of the samples whether for legal or
other purposes. Explicit procedures must be followed to maintain the
documentation. An example chain-of-custody form is presented in Figure 11-1;
separate forms should be filled out for each sample if the samples are likely to
become separated. MNotations should be entered in the logbook regarding the
condition of the samples.

All sample labels, as well as the chain-of-custody form, should contain the
following information at a minimum:

. ID or log number (can be same as sample no.)

Location - state, county, approximate distance from nearest town,
name of waterbody being sampled

Date - date of sample collection

Time - time of sample collection

Sampled By - initials of personnel collecting the sample

Type of Sample - e.q., benthos, periphyton

Preservative - e.g., formalin, 95 percent ethanol, Lugol’s solution
Station - numbers or letters to designate station location

Sampling Gear - e.g., kicknet, seine, eyedropper.

& & % & 85 & &

11.2.2 Samples from which courtbound data are to be derived are kept in sample
storage areas of the laboratory where access is limited to laboratory personnel and
controlled by locked doors; treating all samples as if they were courtbound
decreases the likelihood of mishandling actual courtbound samples. The samples
are routinely retained at the laboratory as required by the project after the data
have been forwarded to the appropriate person(s) so that any analytical problems

38



6E

"pi0das Apojsna-jo-uleyd CL-LL INN9I4

(eurmpeuts) (ameutis) (eumeutis)
B | fay A pewaney | Bun 1/#1eq Aq panadey -aun | rejen ‘A pamaoey
. (eumeubis) (aumjeubis) (aimeubis)
el | e Aq paneoey | ew|)meg AQ paysinbullay | ewieleg g peduwreg
sequny Boy uH_M.__ uonels ejdues auny | ejeg
o
uoMEs sdwes
g
s Buwen pakolg Jaquiny weloug
I
R=E Tl g|d
4| w
Bl e
e Aously s SUstdrEeRRY
AQOLSNI-30-NIvH adf] sjdweg # | # JeRpon Jo Jebeuey elold




can be addressed. The samples are discarded at the end of a specified time period
(see Table 12-1); 1 to 5 years may be appropriate, depending on project
requirements. Long term preservation methods of biclogical samples can be found
in Klemm et al. (1990). A sample evidence file should be maintained which
includes copies or original laboratory bench sheets, field notes, chain-of-custody
forms, logbooks, sample location and project information, and final report. The
location and responsible agency of the evidence file should be named in the project
plan.

11.2.3 Specific tasks/conditions for sample storage may include the following:
. Samples will be stored in a secure area.

. The secure area will be designed to comply with the storage
method(s) defined in the contract (i.e., fireproof, ventilated, etc.).

. The samples will be removed from the shipping container and stored
in their original containers unless damaged.

. "Damaged and unusable samples” (for example, a sample container
that broke and part or all of the sample was not recoverable) will be
disposed of in an appropriate manner and disposal will be
documented.

. "Damaged and usable samples” (for example, a sample container that
broke in such a way as to salvage alf organisms) will be documented
and transferred to a new container, if possible and necessary. The
field leader and the Project Manager will be notified immediately of
any damaged or disposed samples.

. The storage area will be kept secure at all times. The sample
custodian will control access to the storage area. Duplicate keys for
locked storage areas should be maintained only by the appropriate
personnel.

. Whenever samples are removed from storage, this removal will be
documented; all transfers of samples can be documented on internal
chain-of-custody records.

* Samples, reference, and voucher specimens (section 12.7) will be

stored after completion of analysis in accordance with the contract or
until instructed otherwise by the Project Manager.
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The location of stored reference or voucher specimens will be
recorded.

Reference or voucher specimens will not be stored with samples.

The sample storage area will be described.
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SECTION 12

ANALYTICAL METHODS REQUIREMENTS

12.1 Methods of sample and data analyses should be well-documented. These
methods must be appropriate for all parameters and should be USEPA-approved or
otherwise validated/published standard methods.

12.2 For USEPA-approved or standard methods, pertinent literature should be
referenced. Pertinent literature would include appropriate validation data for the

methods to be used.

12.3 For non-standard, state developed, or modified methods (Caton 1991),
detailed SOPs should be provided which include methods for all sample
preparation, picking and sorting, and identification procedures.

12.4 BIOLOGICAL SAMPLE LABORATORY PROCESSING

12.4.1 Biological sample laboratory processing generally falls into two broad
divisions. The initial or primary sample processing may include sorting,
subsampling, and re-sorting checks. Secondary or final phase processing may
include taxonomic identification and verification procedures, tabulation,
enumeration, and measurements. The secondary phase might also include
calculation of metrics or indices. An example of a macroinvertebrate data sheet is

presented in Figure 12-1.
12.5 PRIMARY PHASE SAMPLE PROCESSING

12.5.1 Subsampling - In biomonitoring programs where resource limitations
restrict expendable sampling and analytical effort, subsampling is recommended as
a cost-effective and valid procedure for (a) selecting a representative estimate of
the total sample collected and (b) standardizing the level of effort expended on
each sample. Subsampling methods vary according to the assemblage. For
example, methods may include procedures for cleaning diatom strewn mounts, and
establishing counting transects on coverslip (Bahls 1992). Caton (1991) has
developed a gridded screen technigue for increased objectivity in field or laboratory
subsampling of benthic macroinvertebrates. As subsampling methods are
developed, every attempt should be made to reduce bias. SOPs should, therefore,
be developed to standardize the unit of effort and to eliminate subsampler
subjectivity and errors in sorting and picking. Subsampling error should be
guantified depending on the type and volume of the subsample.

12.5.2 Sorting macroinvertebrates includes rough segregation of individuals
within a sample or subsample by some predetermined taxonomic grouping into pre-
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labelled containers. Sorters should be trained so that they can identify the
organisms from the surrounding debris; QC checks on new sorters should be
frequent until it is clear that the sorter knows what he or she is looking for.
Subsequent sorting results in containers of finer taxonomic groupings. For algae
samples, this step may include estimates of relative abundance of non-diatom
(soft-bodied) algal taxa determined by cells per field of view of a composite wet
mount (Bahls 1992).

12.5.3 Sorting Checks (post-"primary sorting"”) - A portion of sample residues
must be re-checked by intralaboratory QC personnel for missed specimens (under-
recovery}. Re-sorting checks can be used to measure repeatability. A portion of
sample residues may also be re-checked by separate laboratories for interlaboratory
Qc.

12.6 SECONDARY PHASE SAMPLE PROCESSING

12.6.1 Taxonomic ldentifications, Verification Procedures - Training, experience,
and possession of proper laboratory equipment and taxonomic literature are crucial
factors affecting the guality of identification activities. Abbreviations commonly
used in documentation (e.g., for scientific names) should be standardized and
defined in the data pack to decrease data manipulation errors. A general guide is
that specimens should be identified to the lowest possible taxonomic level using
the most current literature available. Some parameters or other analytical
techniques, however, may only require identification to the ordinal, familial, or
generic level (Plafkin et al. 1989; Ohio EFA 1987). An argument against such an
approach is that sensitivity and tolerance information is more accurate at the
species level of identification.

All questionable taxonomic identifications should have a post-determined level of
uncertainty identified. For instance, define a scale of uncertainty (e.g., 1-5 where
1 is most certain and 5 is least certain) for each identification and specify reasons
for any uncertain identification (e.g., missing gills, headless specimen, etc.).
Define the criteria for assigning tolerance values to uncertain identifications. For
example, if the generic level of identification is questionable, determine an average
tolerance value for the family level. For those taxa that are in good condition and
easily identified by the taxonomist, the rating can either be noted as 1 (certain) or
left blank.

12.6.2 Verification should be done in one of two ways: Comparison with a pre-
established reference or research specimen collection can yield rapid and
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accurate results. A reference collection is defined as a set of biological specimens,
each representing some taxonomic level and not necessarily limited to specific
projects or activities. Reference collections should have expert confirmation of
each taxon.

Reference collections are used for verifying identifications of subsequent samples.
One potential problem with this approach may be the previous misidentification of
the reference specimens. An approach most likely entailing the least uncertainty is
to send samples to taxonomic experts familiar with the group in question for
confirmation (Borror et al. 1989). Detailed documentation of independent
taxonomic verification by recognized experts should be provided along with
address and telephone number. Potential problems might result by establishing a
set of contacts among recognized experts in various groups of organisms. The
taxonomist should a/ways be contacted by telephone or correspondence prior to
sending specimens. Just as important is the receipt of advice on proper methods
for preserving, packing, and shipping samples to them. Damaged specimens are
often useless and impossible to identify; thus, careful preservation and packing is
essential.

12.7 VOUCHER COLLECTION

12.7.1 The true data of a project are the actual specimens collected in a survey
for that project. Following identification and enumeration, these specimens should
be maintained in a voucher collection. Voucher collections can be maintained any
specified length of time for the project. For instance, if space is a critical issue,
the voucher collection can be disposed of after the data have been reviewed and
the report finalized.

12.7.2 Voucher collections may sometimes serve as reference collections but
usually not vice-versa. This is primarily because reference collections are
arranged/curated based on taxonomic and/or phylogenetic order and are not usually
associated with particular projects or specific waterbodies (although that
information will be included with label data). If there are ever questions regarding
the accuracy of taxonomic identification that have been used in parameter
calculation and reporting, referral to the voucher collection will be an initial step
taken in resolution. Also, a complete list of taxonomic references used should be
compiled for each project such as is found in USEPA (1990a). A comparison of
various attributes of reference and voucher collections is presented in Table 12-1,
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TABLE 12-1 Comparison of reference and voucher collections.

CONSIDERATIONS

REFERENCE

VOUCHER

Usual Curatorial Taxonomic and/or phylogenetic By project or sample lot

Arrangement

Taxonomic By expert By expert, or comparison to reference
Verification collection

Mumber of individual
organisms by
designated taxon

At least one, but several may be
included (or added over time) to
illustrate sexual dimorphisms or
other morphological variability
lincluding deformities) as well as
to document geographic

If full number of individuals enumerated
from sample and used in data
calculation is archived, it serves as the
sample voucher; if a selacted number of
individuals from a sample (e. g., 10-20
out of 100 total) that represant an

distribution identifier’s concept of a particular
taxon, the specimens serve as the
raxanomic voucher
Slide-Mounted Permanent Fermanent or temporary
Specimens

Required Storage
Space

Large, but would tend ta
increase only as fast as
additional taxa are incorporated;
will be somewhat dependent on
geocgraphic area of responsibility

Could be very large, and could continue
to grow 8t rapid pace if there are
vouchers retained from all samples from
all projects; particularly a problem with
archiving of fish samples, progressively
less so with benthos and periphyton.
Fish vouchers should be deposited in a
gtate or regional fish museum or
university, where they are also useful
for systematic and biogeographical
research by others,

Can serve gs
referance collection?

[T IS

Sometimes, if curated in taxonomic
arrangement withinm each project or
sample lot; if project-oriented samples
are segregated by taxon and distributed
in collection among appropriate
taxonomic groupings

Can serve as
voucher collection?

Usually not, reference collections
don’t contain the totality of a
sample; if they do, it cowld (but,
not necessarily] take
considerable effort to reassemble
the sample; also, will not
normally contain representative
specimens from all project
samples thus limiting its utility
as a voucher collection

l
f
n
l
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TABLE 12-1 Continued.

|I CONSIDERATIONS REFERENCE

VOUCHER

Duration of Permanent, ongoing

Maintenance

As required by contract or project
specifications (e, g., project terms may
spacify maintenance of vouchers for a
period of 5 years following final report
approval after which they may be
digcarded); may be permanent; after
this, and if not already done, voucher
specimens may be incorporated into the
reference collection

Major function and
USE identifications

Taxonomic verification of futura
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SECTION 13

QUALITY CONTROL REQUIREMENTS

13.1 The QC checks that are needed are determined by the project QA objectives
and the anticipated uses of the results. QC checks apply to field activities,
laboratory activities, and the data analysis.

13.2 Field activity QC checks should include:

collection of replicate samples at various stations (usually 10 percent
of total number of samples collected Section 10.9.2 and Table 10-1)
to assess the consistency of the collection effort;

repeat (and/or parallel) field collections and analyses performed by
separate field crews to provide support for the bioassessment (Table
10-1);

occasional alternating and mixing of field personnel to maintain
objectivity {minimize individual bias) in the bioassessment; and

in visual-based physical habitat assessment, final conclusions are
potentially subject to variability among investigators. This limitation
can be minimized, however, by ensuring that each investigator is
appropriately trained in the evaluation technique and periodic cross-
checks are conducted among investigators to promote consistency.
Consistency among parallel and independent physical habitat
assessments can be evaluated by rank order comparisons of the
evaluated sites. Thus, comparing the score for each parameter is not
as important as comparing the total score for each habitat assessment
which gives the rank order of sites (their placement in the assessment
from good to bad).

13.3 Laboratory activity QC checks should include:

L]

Periodic sorting checks of samples to uphold a minimum established,
at least 90 percent, percent recovery error to maintain sample
processing and sorting efficiency. When the established percent
recovery error is not met, then an appropriate number of samples
should be re-checked until the percent recovery error is within
accepted limits.

A record of all samples sorted along with a list of QC checks should
be maintained to document the QC process for the samples.
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Taxonomists, who are identifying organisms, should have adequate
taxonomic references to perform the level of identification required.
These references should be on file at the laboratory so that periodic
checks can be made to facilitate obtaining new references or updating
existing references needed for the identification of specimens to the
loweast taxonomic level possible.

Representative specimens of all taxa identified should be checked and
verified by a specialist in that particular taxonomic group. These
specimens should be properly labelled as reference or voucher
specimens (including the name of the verifying authority), permanently
preserved, and stored in the laboratory for future reference.

13.4 Data management QC checks should include:

hard copies of all computer-entered data should be reviewed by the
data entry personnel by direct (side-by-side) comparison with the field
or laboratory handwritten data sheets.

13.5 Data analysis QC checks should include the following:

Periodic checks by trained staff or peer review throughout the data
analysis process. Data validation and verification QC checks include
examination of outliers, total numbers, odd numbers, and unusual
species. Errors can occur if inappropriate statistics are used to
analyze the data.

Transcription error and a poor presentation can occur if care is not
taken to provide adequate training and appropriate review. QC
checking of data reports by peer review, the use of a technical editor,
and following a standard format will help to ensure complete and
relevant data analyses and reporting.
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SECTION 14

INSTRUMENT/EQUIPMENT TESTING, INSPECTION,
AND MAINTENANCE REQUIREMENTS

14.1 To help ensure collection of consistently high-quality data, a plan of routine
inspection and preventive maintenance should be developed for all field and
laboratory equipment and facilities. The following types of preventive maintenance
itemns should be considered and addressed in the QAPP:

L ]

a schedule of important preventive maintenance tasks that must be
carried out to minimize downtime in the field and laboratory should be
kept;

a list of any critical spare parts that must be on hand to minimize
downtime in the field and laboratory (Section 15.3) should be
included;

personnel whose duties include operation of specific pieces of
sampling gear or detection instruments should have primary
responsibility for inspection of such equipment;

personnel should be assigned responsibility for locating and gathering
of all necessary field equipment at least 24 hours in advance of
departure to sampling stations.

14.2 Example equipment and supply lists for benthic macroinvertebrates and fish
are presented (Tables 14-1, 14-2).
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TABLE 14-1 Example of equipment and supply list for benthic macroinvertebrate sampling (Plafkin et al.
19839).

Square meter kicknet, standard no. 30 mesh (595 wm openings) lincluding pole attachments)

Additional kicknet, as backup

Sample containers, two-three 1-liter, plastic, opague, straight-sided, w/screw tops (per station)

Maps of site location and access routes

Two internal labels (per station)

12 Pencils, no. 2 soft lead

Grease pencils, two-three |per trip)

SCiISS0rs, one pair

Forceps, thres or four pair

. Gridded screen subsampling eguipment (Caton 1991)

. Wash bottle, 1-liter capacity

Sleve bucket, standard no. 30 mesh {595 um openings) (Wildeo cat. no, 90}

. Two 1-gallon buckets (plastic)

. One clipboard

95 percent ethanol, or 10 percent formalin; 0.5 gallon per station [container should be appropriate
tor pouring into sample containers w/minimum spillage)

Funnel

Hip waders, one per crew member

. Log book |bound)/Field notebook

. Data sheets (may be rite-in-rain) or PDR

Box or cooler for sample transport

. Dice for random numbers determination

First aid kit

. Rubber gloves, heavy gloves

Rain gear for each person

]
@

Waterproof tape

Compass

Kim wipes in ziplock bags

Watch with timer or stop watch

Camera

S|® @

Pateh kit for waders
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TABLE 14-2 Exampla of aguipment list for fish sampling in wadable streams.
= ' —————— — e

1. Backpack electrofisher

2. Spare batteries [or gasoline) and spare electrofisher if distant from base

. Insulated rubber gloves, one pair per person

VWaders, hip or chest, one pair per person

Long-handled nets, two

Flastic buckets, three or four 1-5 gallon capacity

7. Block nets, two 20 meters in length

=, Measuring tape, 100 meter

9. Fish measuring board [length)

10. Weight scales

11. Clipboard

12. Data sheets [may be rite-in-rain) or PDR

13, 12 Pencils, no, 2 soft lead

14, Ear plugs [if gasoline generator)

18. Pateh kit for waders

16. Fish field guide

17. Anesthesia (MS-222)

18. Plastic collection jars with tight fitting lids imultiple sizes)

149. Electricians tapa

20, Labels

1. Preservative (formaldehyde or isopropyl alcohol)

Z. Probe

23, Calipers

24, Stopwatch with tirmer

25, Small dip net

26. White ename! pan

27, Conduclivity pen

Camera
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SECTION 15
INSTRUMENT CALIBRATION AND FREQUENCY

15.1 The purpose of this section is to document detailed description or reference
of the appropriate SOPs for assuring that field and laboratory equipment are
functioning optimally. Instruments used for measuring water quality, current
velocity, or any other measurable parameters should be calibrated with certified
equipment and/or standards (with known, valid relationships to nationally
recognized performance standards) prior to gathering data at each sample location.
In the absence of nationally recognized standards, documentation for the basis of
the calibration is needed. Permanent records with dates and details of these
calibrations and checks must be maintained. Documentation is necessary to
identify each specific measuring device, where and when it is used, what
maintenance was performed, and the dates and steps used in instrument
calibration. This information should be traceable to each instrument. Definition
should be given for the acceptance criteria for all calibration measurements. All
field measurements should be accompanied by documentation of the type of
instrument and the identification number of the instrument used.

15.2 For biclogical field equipment, there should be routine procedures to ensure
that equipment is appropriate for the needed sample and is in proper working
order. For example, for benthic macroinvertebrates and algal collections using
artificial or introduced substrata should have confirmation of surface area.
Multiplate samplers (e.g., Hester-Dendy), should have the number, area, and
thickness of plates and spacing dividers confirmed and documented prior to
departure from storage. Rock baskets (introduced substrate) should have the
surface area of the rocks confirmed and documented prior to departure from
storage. For benthic macroinvertebrate net collections, there should be
measurement of the device dimensions and knowledge of size of mesh net
openings. There should also be effort toward repairing holes or replacing nets.

Zooplankton and phytoplankton pumps, traps, and nets should be checked for
proper working order and size of mesh net openings; hand collection gear, bottles,
knives, and droppers should be clean and in good working order.

For fish (electrofishers) there should be consistent checks of voltage, amperage,
wattage, and field pattern in the context of conductivity. Calibration of electrical
instruments should occur at each sampling site. Confirmation and notation of
condition for proper biological sampling gear should be at least 24 hours prior to
scheduled departure for fieldwork.

15.3 For biological field gear, there are several components that need to be
checked initially and then prior to fieldwork. When gear is constructed or received
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from the manufacturer, initial documentation of equipment specifications should be
recorded. For example,

. & & & ® @

gear dimensions

gear specifications

gear condition

net dimensions

mesh size

appropriateness of gear for study objectives.

Prior to gach field effort, gear should be checked. For example,

gear condition
working order
spare parts
repair kits
extra units.

15.4 In essence, taxonomic identification performance is partly accomplished by
ensuring use of the most current technical taxonomic literature, by development
and use of an appropriate reference collection, and by use of an expert taxonomist
(Sections 12.6, 12.7).
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SECTION 16

INSPECTION/ACCEPTANCE REQUIREMENTS FOR
SUPFLIES AND CONSUMAEBLES

16.1 Discuss how and by whom supplies and consumables, such as sample
bottles, reagents, nets, etc., will be inspected and accepted for use in the project.
Identify the acceptance criteria for such supplies in order to satisfy the technical
and quality objectives of the project.
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SECTION 17
DATA ACQUISITION REQUIREMENTS (NON-DIRECT MEASUREMENTS)

17.1 Identify the types of data that will likely be acquired from non-measurement
sources such as computer databases, spreadsheets, and literature files; for
example, metric calculations performed on a personally designed spreadsheet
routing, identification of literature review for tolerance values, information from
topographical maps, historical reviews, and raw data received electronically in
addition to bench sheets from laboratories. Define acceptance criteria for the use
of the data in the project. Discuss any limitations on the use of the data based on
uncertainty in the quality of the data and explain the nature of that uncertainty.
For instance, if raw data are entered electronically from laboratory bench sheets,

each entry should then be confirmed.
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SECTION 18
DATA MANAGEMENT

18.1 OQutline the project data management scheme by tracing the path of the data
through receipt from the field or laboratory to the use or storage of the final
reported form. Describe the standard record keeping procedures, document control
system, and the approach used for data storage and retrieval on electronic media.
Explain the control mechanism for detecting and correcting paperwork errors and
for preventing loss of data during data reduction, data reporting, and data entry to
forms, reports and databases. Provide examples of any forms or checklists to be

used.

18.2 Identify and describe all data handling equipment and procedures that will be
used to process, compile, and analyze the data. This includes procedures for
addressing data generated as part of the project as well as data from other
sources, The specifications should include any required computer hardware and
software and should address any specific performance requirements for the
hardware/software configuration used. Describe the procedures that will be
followed to demonstrate acceptability of the hardware/software configuration.
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SECTION 19
ASSESSMENT AND RESPONSE ACTIONS

19.1 Identify the number, frequency, and type of activities needed to assess and
evaluate the project. Assessments include system audits and performance audits
which are part of every quality control program. Each QC plan must describe the
internal and external performance and system audits required to monitor the

capability and performance of the project.

19.2 A systems audit consists of a review of the total data production process
which includes onsite reviews of the field and laboratory operational systems and

facilities for sampling and processing of samples.

19.3 A performance audit is a type of audit in which the guantitative data
generated (e.g., species enumeration and identification) is independently
enumerated and identified. This type of audit can test accuracy.

19.4 To the extent possible, these audits should be conducted by individuals who
are not directly involved in the measurement process. Audits serve three

purposes:

1) to determine if a particular personnel or organizational group has the
capability to conduct the monitoring before the project is initiated;

2) to verify that the QAPP and associated SOPs are being implemented;
and

3) to detect and define problems so that immediate corrective action can
begin.

19.5 The QAPP should specify who will conduct the audit, their relationship
within the project organization or their independent affiliation, what the acceptance
criteria will be, if or what type of audit will be used, and to whom the audit reports
will go. A list should be prepared of the approximate schedule of activities and
outline the information expected from the audit. The QAPF should also explicitly
define under what conditions the assessor has the ability to order a work
suspension.

19.6 The QAPP should explain how and by whom response actions to non-
conforming conditions will be addressed, and identify the personis) responsible for
implementing the corrective action. The plan should also describe how corrective
actions will be verified, validated, and documented. A corrective action program
must have the capability to plan and implement measures to correct identified
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problems, maintain documentation of the results of the corrective process, and
continue the process until each problem is eliminated. The corrective action is the
process to remediate defects.

19.7 Corrective actions may be initiated as a result of the following QA activities:

1)
2)
3

performance audits
systems audits
internal quality control checks.

19.8 When sampling or data analyses are shown to be unsatisfactory as a result
of audits or QC sample analysis, a corrective action should be implemented. In
addition, corrective actions should be taken during the course of sample and data
analysis by field and laboratory crew when the routine QC check criteria are not
met. The Project Manager, Laboratory Manager, Quality Assurance Manager, and
support technicians may be involved in the corrective action. If data are affected
by the situation requiring correction or if the corrective action will impact the
project budget or schedule, the action should directly involve the Project Manager.

19.9 Corrective actions are of two basic kinds:

1)

2)

Immediate - the need for such an action will most frequently be

identified by the field or laboratory technician as a result of calibration
checks and QC sample analyses.

Long-Term - the need for such actions may be identified by audits.
Examples of this type of action include:

. staff training in technical skills or in implementing the QA/QC
program

. rescheduling of field, laboratory, data handling activities to
ensure analysis within allowed holding times

. reassessment of field and laboratory operation procedures and
personnel.

19.10 For either immediate or long-term corrective actions, the following steps
should be taken:

® & % 8

Specify what type of conditions require corrective action.

Define the specific problem.

Assign responsibility for investigating the problem.

Establish who initiates, approves, implements, evaluates, and reports
corrective action.

Investigate and determine the cause of the problem.

Determine a corrective action to eliminate the problem.
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. Assign and accept responsibility for implementing the corrective

action.

* Establish effectiveness of the corrective action and implement the
correction.

. Verify that the corrective action has eliminated the problem.

13.11 Internal auditing of field, laboratory, and data handling activities may result
in the discovery of non-conforming procedures that, left uncorrected, could
jeopardize the quality and integrity of project data and results. When such auditing
is part of a project and a non-conformance is found, corrective action is initiated by
documenting the finding and recommendations of the audit. The corrective action
undertaken by the designated responsible party is documented with an
implementation schedule and management approval. The implementation is

verified by the auditor, which is then made part of the project audit report record.



SECTION 20
REPORTS TO MANAGEMENT

20.1 A formal QA report should be issued to inform appropriate management on
the performance and progress of the project workplan. The purpose of the report
will be to identify the individuals responsible for reporting QC results, and to
present the QC data so that management can monitor the data quality effectively.
Assume that all readers of the report will potentially use the document for
establishing additional biomonitoring or biosurvey programs for validation of models
or for validation of a project. Availability of complete QA/QC program descriptions
and data quality requirement calculations is essential (Smith et al. 1988).

20.2 The following items should be described in the QA report:

. Individuals Preparing and Receiving Reports
. Type of Report
- Written or oral, frequency
- Interim or final
. Contents
- Status of the project
- Results of performance evaluation audits
- Significant QA/QC problems, recommended solutions, and
results of corrective actions
- Changes in the QAFP
- Summary of QA/QC program, training, and accomplishments
- Uncertainty estimates
- Data quality assessment in terms of precision, accuracy,
representativeness, completeness, and comparability
- Reporting of whether the QA objectives were met, and the
resulting impact on decision making.

20.3 The majority of points within the above list are either previously detailed in
this document or are largely self-explanatory. The following elaboration for
reporting uncertainty and data quality requirements is taken primarily from Smith et
al. (1988). See also Section 6 of this document, Green (1973), and Freedman et
al. (1991).

Uncertainty estimates may be either qualitative or quantitative. Estimates may
focus on the probabilities for false positives or false negatives in hypothesis-testing
designs or they may be in the form of confidence intervals around parameter
values.
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20.4 PRECISION

20.4.1 Precision-reporting can be presented as an index either as standard
deviation, relative standard deviation, or as relative percent difference (Smith et al.
1988; USEPA 1989). These numbers can be presented as a function of the
measured value within a range, on a graph illustrating actual measurement values,
or as data points with a best-fit curve, including confidence intervals.

20.4.2 Numbers should be presented in tabular form with the data quality
assessment values, standard deviations, and, if appropriate, regression equation
coefficients.

20.4.3 Additional appropriate information should be included that indicates
interlaboratory precision versus intralaboratory precision, procedures for arrival at
the estimates and assignment of outlier status, and description of the temporal
acceptability of the interlaboratory estimates.

20.5 REPRESENTATIVEMNESS

20.5.1 Representativeness cannot be quantified (Smith et al. 1988). In lieu of
quantification, a description of program/project design and implementation
activities, along with photographs and drainage area of sampling site distribution
(to reflect degree of ecological stratification), and an assessment of resulting
representativeness should be presented.

20.6 COMPLETENESS

20.6.1 Missing data should be identified and practical reasons presented that
caused their deletion from the dataset. This information will aid in identification of
specific procedural problems and in rectification prior to subsequent sampling
events.

20.7 COMPARABILITY

20.7.1 Rationale for the validity of comparing one dataset to another should be
given. Selected reasons might include:

time/date of sampling

comparison of site selection criteria

measured parameters, recorded observations

field and laboratory methods

comparison of QA/QC programs

comparison of data quality requirement estimates.

. & & & &5 &
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20.8 ACCURACY

20.8.1 Accuracy is the degree of agreement between an observed value and an
accepted reference value. Accuracy of data should be checked for transcription
errors through the entire sample processing and analyzing phases. Each data entry
should be checked to the original field sheet and random guality control checks
should be made on subsequent data that have been manipulated.
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SECTION 21

DATA REVIEW, VALIDATION, AND VERIFICATION REQUIREMENTS

21.1 The purpose of this section is to ensure good data by maintaining quality
throughout data reduction, transfer, storage, retrieval, and reporting. The project
management scheme should outline the path of the data from the field or
laboratory; topics to be addressed include details of data storage, data reduction,
data validation, and data reporting. All data handling equipment, required
hardware and software, and procedures to be used should be identified and
described in the plan.

21.2 For each step in the data handling, state the criteria used to review and
validate data (accept, reject, or qualify) in an objective and consistent manner. List
any calculations that are necessary to prove or disprove the project objectives.
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SECTION 22
VALIDATION AND VERIFICATION METHODS

22.1 Qutline the process used for validating and verifying data including the chain-
of-custody for data throughout the life cycle of the project. Describe how issues
shall be resolved and what authorities will handle such issues. Describe how
results are conveyed to data users. The review can include checks of field and
laboratory QC data, instrument calibration, technical system audits, and statistical
data treatments.

22.2 RAW DATA

22.2.1 Data such as species names and number of individuals should be legibly
recorded by hand whether on standardized field or laboratory bench sheets, or in
notebooks. These sheets should be checked by intralaboratory QC personnel.

Raw data (non-manipulated) should be stored in hard copy in one or more separate
location(s) and in an electronic database medium with ample backup (if possible).
For data validation, compare every computer entry to field sheets to ensure correct
data entry.

22.3 DATA REDUCTION

22.3.1 Data reduction is the process of transforming raw data by arithmetic or
statistical calculations and collation into a more useful form (such as the Index of
Biotic Integrity [IBI] or total taxa). Errors are commonly found in the calculations,
reductions, and transfer of data to various forms and reports and into data storage
systems. Therefore these data should be guality checked to ensure accuracy.

22.3.2 This subsection should highlight at least the following information:

names of individuals responsible (Table 4-1)

examples of data sheets

summary of statistical approach for reducing data
summary of data reduction procedures

control mechanisms for detecting and correcting errors.

L

22.4 DATA VALIDATION

22.4.1 Data validation is the process of substantiating specified performance
criteria. Each program must establish technically-sound and documented data
validation criteria which will serve to accept/reject data in & uniform and consistent
manner. Pilot studies may be used to determine metrics with the least variability
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and to evaluate metrics for their biological relevance; the rationale for their use
should be documented.

22.4.2 Information for substantiating data validation should include:

. names of individuals responsible (Table 4-1)
. procedures for determining outliers
. identification of critical control points.

22.5 DATA REFPORTING

22.5.1 Data are collected from the summary sheets, bound notebooks, or
computerized databases by the data management group and transferred to a draft
report table and/or graphical representation. The assembled data and the raw data
are then examined for nonsensical, computational, and transcriptional errors. For
example, field data sheets should be thoroughly and routinely compared to
computer printout data. After reviewing the data, the laboratory leader and
laboratory QC officer sign-off on the data report, and the report is forwarded to the
Project Manager.

22.5.2 Important information that should be included in this subsection are:

. key individuals who will handle the data reporting (Table 4-1);

. flowchart of the data handling process covering all data collection,
transfer, storage, recovery, and processing steps, and including QC
data for both field and laboratory; and

. identification of critical control points li.e., What are the criteria for

data points to be considered outliers and when are individual data
points rejected from a database?).
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SECTION 23
RECONCILIATION WITH DATA QUALITY OBJECTIVES

23.1 The purpose of this section is to describe how the results obtained from the
project will be reconciled with the DQOs and how any issues will be resolved. Any
limitations on the use of the data must be discussed and reported to
decisionmakers. Detailed plans for data assessment procedures for precision,
accuracy, and completeness must be identified. Routine assessment procedures
including statistics, equations, reporting units, and assessment frequency should
be summarized (USEPA 1989). Section 6 details formulae for calculating precision
(relative percent difference [RPD] and relative standard deviation [RSD]). Accuracy
is usually calculated as "percent recovery”. Percent recovery normally applies to
chemical analytical laboratory procedures; however, in the case of biological
laboratories, percent recovery can be applied in the form of sample sorting checks.
Usual procedures for calculating accuracy in this sense then are related to the
laboratory. Precision should be calculated based on replicated samples taken from
adjacent reaches.

23.2 RPDs or RSDs and completeness should be calculated as soon as possible
after each sampling event in order to implement corrective actions (Section 19)
prior to subsequent data-gathering efforts. Further statistical approaches which
could be calculated and reported (USEPA 1980) are:

' Central tendency and distribution

Arithmetic mean

Range

Standard deviation

Pooled standard deviation

Geometric mean

Data distribution by percentiles
. Measures of variability (USEPA 1989)

Accuracy

Bias

Precision

Coefficient of variability (C.V.)
. Confidence limits (Platts et al. 1983)
. Testing for outliers

23.3 Additional statistical guidance can be obtained from Sokal and Rohlf (1969);
the statistics associated with the multimetric approach are described by Fore et al.
(1994).
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Appendix A. TABLE A-1 Form for completion of an abbreviated format QAPP.

1. TITLE PAGE
{Project Mamea)
(Responsible Agency)
(Date)

Project Manager Signature

Mame/Date
Project QA Officer Signature

MName/Date
USEPA Project Manager Signature

Mame/Date
USEPA QA Officer Signature

Name/Date
2. TABLE OF CONTENTS - List sections with page numbers, figures, tables, references and

appendices (attach pages).



TABLE A-1 Continued.

3. DISTRIBUTION LIST - names and telephone numbers of those receiving copies of this
QAPP. Artach additional page, if necessary.

i,

wi.

vil.

v,

ix.

=,

i,

4, PROJECT/TASK ORGANIZATION - List key project personnel and their corresponding
responsibilities. Flease note that an organizstional diagram should be presented with this
section,

MName Proiect Titla

Advisory Panel {contact)

Froject Manager/Principal Investigator
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TABLE A-1 Continued.

QA Officer

Sample Design Coordinator
Sample Design QC Officer
Field/Sampling Leadar

Sampling QC Officer

Laboratory Manager/Leader
Laboratory QC Officer

Data Processing Leader

Data QC Officer

Document Production Coordinator

Reporting QC Officer

5. FROBLEM DEFINITION/BACKGROUND; PROBLEM/TASK DESCRIPTION -
AL Objective and Scope Statement
B. Intended Usage of Data




TABLE A-1 Continued.

C. General Overview of Project

D. Sampling Station Network Design/Rationale

E. Project Timetable

Anticipated Date of
Activity Initiation Completion




TABLE A-1 Continued.

6. MEASUREMENT QUALITY OBJECTIVES

Parametear Detection Estimated Accuracy Estimated Pracision
Limit Accuracy Protocol* Precision Protocol™*

* Accuracy Protocol Formula - Percent recovery

**Pracision Protocol Formulas -
If precision is to be calculated from two replicate samples, use Relative Percent Difference (RPD)
calculated as

_[G,-Czlﬂﬂﬂ

RPD
(Ci+C)+2

whera C, = the larger of the two values and C; = the smaller of the two values. And, if itis to be
calculated from three or more replicate samples, use Relative Standard Deviation (RSD) calculated
as

whera s = standard deviation and ® = mean of replicate samples. The standard deviation or the
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TABLE A-1 Continued.

RSD=2 x100
X

standard error of a sample mean (z] is calculated as

- |3 X

=1 n-1

where x, = measured value of the replicate, 8 = mean of replicate sample measurements, n =
number of replicates. PFrecision can also ba expressed in terms of the range of measurement
values.

B. Data Representativeness

C. Data Comparability
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TABLE A-1 Continued.

D. Data Completeness

Parameter Mo. Valid Samples MNo. Valid Samples Percent Complete
Anticipated Collected and
Analyzed
7. PROJECT MARRATIVE - Paragraph relating project to the Data Quality Objectives and

problam definition,

8. SPECIAL TRAINING REQUIREMENTS AND CERTIFICATION -

Position Title Requirements Date of Training/Certification
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TABLE A-1 Continued,

9. DOCUMENTATION AND RECORDS

10. SAMPLING PROCESS DESIGN/SAMPLING METHODS REQUIREMENTS

Type of
Sample/
Parameter

Sampling
Gear/
Mathod (SOP
Ma., if
available)

Mumbar of
Samples

Sampling
Frequency
{(Number per
year)

Method of
Analysis

Physical

Chemical

B.

Rationale for Selection of Sampling Sites




TABLE A-1 Continued.

11. SAMPLE HANDLING AND CUSTODY PROCEDURES

12. ANALYTICAL METHODS REQUIREMENTS

A. Sample processing procedures

B. Location of voucher collection

13.  QUALITY CONTROL REQUIREMENTS

A. Field QC checks

B. Laboratory QC checks
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TABLE A-1 Continued.

C. Data Analysis QC checks

14. INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE SCHEDULE

Item Serial No. Date of Last Examination

15. INSTRUMENT CALIBRATION AND FREQUENCY

16. INSPECTION/ACCEPTANCE REQUIREMENTS
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TABLE A-1 Continued.

17. ACOUISITION OF NON-DIRECT MEASUREMENT DATA
18. DATA MANAGEMENT PROGRAM/SYSTEM

19. ASSESSMENT AND RESPONSE ACTIONS

20. REPORTING PLANS

21. DATA REVIEW AND VALIDATION REQUIREMENTS
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TABLE A-1 Continued.

22. VALIDATION AND VERIFICATION

23, RECONCILIATION WITH DQOs
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QAPP Glossary of Terms

Acceptance criteria - criteria specifying the limit above which data quality is
considered satisfactory and below which it is not. [Modified from USEPA (1930b)
"Acceptable quality level”].

Accuracy - the degree of agreement between an observed value and an accepted
reference value. Accuracy includes a combination of random error (precision) and
systematic error (bias} components which are due to sampling and analytical
operations; a data quality indicator. EPA recommends that this term not be used
and that precision and bias be used to convey the information usually associated
with accuracy [USEPA (1993a)].

Assemblage - an association of interacting populations of organisms in a given
waterbody, for example, fish assemblage or a benthic macroinvertebrate

assemblage [Gibson (1994)].

Bias - the systematic or persistent distortion of a measurement process which
deprives the result of representativeness (i.e., the expected sample measurement is
different than the sample’s true value.) A data quality indicator [USEPA (1993a)].

Biological Assessment / Bioassessment - an evaluation of the condition of a
waterbody using biological surveys and other direct measurements of the resident
biota in surface waters [Gibson (1994), USEPA (1991)].

Biological criteria / Biocriteria - numerical values or narrative expressions that
describe the reference biological condition of aguatic communities inhabiting
waters of a given designated aquatic life use. Biocriteria are benchmarks for water
resources evaluation and management decision making [Gibson (1994]].

Biological integrity - the condition of an aquatic community inhabiting unimpaired
waterbodies of a specified habitat as measured by an evaluation of multiple
attributes of the aquatic biota. Three critical components of biological integrity are
that the biota is (1) the product of the evolutionary process for that locality, or
site, 12) inclusive of a broad range of biological and ecological characteristics such
as taxonomic richness and compositions, trophic structure, and (3) is found in the
biogeographic region of study [Gibson (1984]].

Biomonitoring - multiple, routine biological assessments over time using consistent
sampling and analysis methods for detection of changes in biological condition.

Calibration - to determine, by measurement or comparison with a standard, the
correct value of each scale reading on a meter or other device, or the correct value
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for each setting of a control knob. The levels of the calibration standards should
bracket the range of planned measurements [USEPA (1990b]].

Community - any group of organisms belonging to a number of different species
that co-occur in the same habitat or area; an association of interacting
assemblages in a given waterbody.

Comparability - the degree to which different methods, data sets and/or decisions
agree or can be represented as similar; a data quality indicator [USEPA (1390,
1993b)].

Completeness - the amount of valid data obtained compared to the planned
amount, and usually expressed as a percentage; a data quality indicator [USEPA
(1990b, 1993a)].

Confidence level - the probability, usually expressed as a percentage, that a
confidence interval will include a specific population parameter; confidence levels
usually range from 90 to 99 percent [USEPA (1990b}].

Confidence interval - an interval that has the stated probability (e.g., 95 percent)
of containing the true value of a fixed (but unknown) parameter [Gibson (1994)].

Corrective action - corrective actions are measures to correct identified problems,
maintain documentation of the results of the corrective process, and continue the
process until each problem is eliminated. The corrective action is the process to
remediate defects.

Damaged and unusable samples - are samples that have been damaged and part or
all of the sample was destroyed or not recoverable.

Damaged and usable samples - samples that have been damaged but the entire
sample was salvageable (i.e., a/l organisms were saved).

Data quality objectives (DQOs) - qualitative and quantitative statements developed
by data users to specify the quality of data needed to support specific decisions;
statements about the level of uncertainty that a decisionmaker is willing to accept
in data used to support a particular decision. Complete DQOs describe the
decision to be made, what data are required, why they are needed, the calculations
in which they will be used; and time and resource constraints. DQOs are used to
design data collection plans [Gibson {1994)].

Data reduction - the process of transforming raw data by arithmetic or statistical

calculations, standard curves, concentration factors, etc., and collation into a maore
useful form [USEPA {1990b)].
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Data validation - see validation.
Data verification - see verifiable.

Ecological integrity - the condition of an unimpaired ecosystem as measured by
combined chemical, physical {including habitat), and biological attributes [Gibson
{(1994)].

Ecoregion - geographic regions of ecological similarity defined by similarity of
climate, landform, soil, potential natural vegetation, hydrology, or other
ecologically relevant variables [Gibson (1984}].

Endpoints - a measurable ecological characteristic [USEPA (1993a)l.

Environmental monitoring - the periodic collection of data to be used to determine
the condition of ecological resources [USEPA (1993a))

In situ - used to describe measurements taken in the natural environment.

Index period - the sampling period with selection being based on temporal
behavior of the indicator and the practical considerations for sampling [ITFM
(1994]].

Indicator - characteristics of the environment, both abiotic and biotic, that can
provide quantitative information on ecological resources [USEPA (1993a)l.

Interlaboratory - activities that occur among different laboratories [USEPA
(1990b)].

Intralaboratory - activities that occur within a laboratory [USEPA (1990b}].

Level of effort - the amount of effort (e.g., person-hours, sampling effort per time,
or sampling vigor) needed to complete a task or project.

Measurement parameters - any quantity such as a mean or standard deviation

characterizing a population. Commonly misused for "variable”, "characteristic™ or
"property” [USEPA (1990b]].

Measurement quality objectives - the QA objectives for precision,
representativeness, comparability and completeness for each measurement [this
document].

Metric - a calculated term or enumeration which represents some aspect of
biological assemblage structure, function or other measurable aspect of a
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characteristic of the biota that changes in some predictable way with increased
human influence [Gibson {1994]],

Monitoring design features - includes listing all measurements or variables to be
taken; a statement of how measurements will be evaluated; the rationale used to
select the statistic that will be used to analyze data; explicit delineation of
ecosystems to which decisions will be applied, and a summary table listing the
types and numbers of samples and the sampling gear.

Multimetric approach - is an assessment approach that uses a combination of
multiple metrics to provide synthetic assessments of the status of water resources
[Gibson (1994)].

Percent recovery -  Accuracy is usually calculated as "percent recovery” and is
applied in the form of sample sorting checks [this document].

Performance audit - a type of audit in which the quantitative data generated in a
measurement system are obtained independently and compared with routinely
obtained data to evaluate the proficiency of an analyst or laboratory [USEPA
(1990b)].

Pilot studies - studies implemented based on questions that require field work to
evaluate indicators, sampling strategy, methods and logistics [USEPA (1993a)].

Potentially Responsible Party - individual or group of individuals that may be liable
for degradation of a natural resource.

Precision - the degree of variation among individual measurements of the same
property, usually obtained under similar conditions: a data quality indicator.
Precision is usually expressed as standard deviation, variance or range, in either
absolute or relative terms [USEPA (1990b)],

Preventive maintenance - an orderly program of activities designed to ensure
against equipment failure [USEPA (1990b)].

Primary sample processing - the first phase of sample processing for those samples
that require more than field processing, identification and counting, and, for
example, laboratory subsampling of macroinvertebrate samples.

Probabilistic site - sampling sites are selected at random to ensure
representativeness. Random site selection and sampling can provide a statistically-
valid estimate of the condition of a waterbody class or other habitat class (e.g.,
lakes, large rivers, streams).



Qualitative - non-quantitative or subjective.

Quality Assurance (QA) - an integrated system of activities involving quality
planning, quality control, quality assessment, quality reporting and quality
improvement to ensure that a product or service meets defined standards of quality
with a stated level of confidence [USEPA (1990b)].

Quality objectives - the upper and lower limiting values of the data quality
indicators as defined by the data user’'s acceptable error bounds [USEFA (1930b]].

Quality Control (QC) - the overall system of technical activities whose purpose Is
to measure and control the quality of a product or service so that it meets the
needs of users. The aim is to provide quality data or results that are satisfactory,
adequate, dependable, and economical [USEPA (1990b]].

Quality Assurance Project Plan (QAPP) - a formal document describing the detailed
guality control procedures by which the data quality requirements defined for the
data and decisions in a specific project are to be achieved [USEFA (1990b]].

Quantitative - non-subjective.

Rank order comparisons - comparing the position of a site in its assessment
relative to other sites.

Rapid bioassessment protocols - a framework for assessing biological condition of
streams and wadable rivers using scientifically-valid and cost-effective procedures
[Plafkin et al. (1989)].

Raw data - data that have not been manipulated; the actual measurements taken.

Reference site - a specific locality on a waterbody which is minimally impaired and
is representative of the expected ecological integrity of other localities on the same
waterbody or nearby waterbodies [Gibson (1994]].

Reference condition - the set of selected measurements or conditions of minimally
impaired waterbodies characteristic of a waterbody type in a region [Gibson
{1994)].

Reference collection - a set of biological specimens, each representing some
taxonomic level and not necessarily limited to specific projects or activities

Representativeness - the degree to which data accurately and precisely represent
the frequency distribution of a specific variable in the population; a data quality
indicator [USEPA {1930b}].



Risk assessment - Qualitative and quantitative evaluation of the risk posed to
human health and/or the environment by the actual or potential presence and/or
use of specific pollutants [USEPA (1993a)].

Sample evidence file - a file containing anything pertaining to the sample including
copies or original laboratory bench sheets, field notes, chain-of-custody forms,
logbooks, sample location and project information, and final report.

Secondary sample processing - the second phase of sample processing for those
samples that require more than field processing, identification and counting, for
example, taxonomic identification of macroinvertebrata samples,

Selection criteria - a set of statements describing suitable indicators; rationale for
selecting indicators (ITFM (1994}].

Sensitivity - capability of method or instrument to discriminate between
measurement responses of a variable of interest [USEPA (1990b)].

Subsampling - a subset of a sample; subsample may be taken from any laboratory
or field sample [USEPA (1990b)].

System audit - consists of a review of the total data production process which
includes onsite reviews of the field and laboratory operational systems and facilities
for sampling and processing of samples [this document].

Tolerance values - numeric values given for biota to reflect their relative tolerance
to chemical pollution or other environmental degradation. Values may be pollution
specific and may be given at the family, genus and/or species level,

Type Il error - (beta error) an incorrect decision resulting from acceptance of a
false hypothesis (a false negative decision) [USEPA (1990b}].

Type | error - (alpha error) an incorrect decision resulting from the rejection of a
true hypothesis (a false positive decision) [USEPA (1 990b}].

Uncertainty of data - a measure of the total variability associated with sampling
and measuring, taking into account two major error components: systematic error
(bias) and random error [USEPA (1 990b)].

Validation - the process of substantiating specified performance criteria [USEPA
(1993b)].

Verifiable - the ability to be proven or substantiated [USEPA (1993b)].
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Voucher collection - a curated collection consisting of the actual specimens
collected in a survey that is maintained following identification and enumeration.
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