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MAJOR CONCLUSIONS AND RECOMMENDATIONS

Major Conclusions

* Water-quality monitoring information is used to pro-
tect human health, to preserve and restore healthy
ecological conditions, and to sustain a viable
economy.

* Tens of thousands of public and private organizations
monitor water quality for a wide variety of objec-
tives.

* Total annual expenditures in the public and private
sectors to control water pollution are tens of bil-
lions of dollars and climbing. Monitoring is nec-
essary to judge the effectiveness of these
investments.

* Inthe last decade, it has become clear that monitoring
activities need to be improved and integrated bet-
ter to meet the full range of needs more effec-
tively and economically.

* A new monitoring approach is required to target
water-pollution-control resources to priority con-
cerns and to evaluate the effectiveness of actions
taken to prevent or remediate problems. A better
balance of ambient and compliance monitoring is
needed.

Major Recommendations
Work Together

* Incorporate monitoring as a critical element of pro-
gram planning, implementation, and evaluation.

* Use collaborative teams comprised of monitoring
organizations from all levels of government and
the private sector to plan and implement monitor-
ing improvements in geographic areas. Include
volunteer monitoring efforts in these teams.

* Establish a National Water Quality Monitoring Coun-
cil with representation from all monitoring sec-
tors to develop guidelines for voluntary use by
monitoring teams nationwide, to foster technol-
ogy transfer and training, and to coordinate plan-
ning and resource sharing (Technical Appendix
O).

* Link national ambient water-quality-assessment pro-
grams.

Share Data

* Agree on sets of widely useful key physical, chemical,
and biological indicators to support

interjurisdictional aggregations of comparable
information for decisionmaking across many
scales (Technical Appendixes D and E).

* Use metadata standards to document and describe
information holdings and to help secondary users
judge whether data are useful for their applica-
tions.

* Link information systems to provide easier access by
a variety of users to available holdings.

Use Comparable Methods

* Jointly develop and adopt for common use indicator
and data-element names, definitions, and formats
(Technical Appendix M).

* Implement a performance-based monitoring methods
system to achieve comparable data, more flexible
use of monitoring methods, and more cost effec-
tive monitoring (Technical Appendixes I, N, O).

* Jointly establish reference conditions or sites for
shared use in biological and ecological assess-
ments and comparisons. Reference conditions are
critically needed to establish baseline conditions
against which other water bodies or habitats can
be evaluated (Technical Appendixes F and G).

Monitoring Program Goals and Designs

* Design water-quality-monitoring programs and select
indicators to measure progress in meeting clearly
stated goals for aquatic resources, including State
standards for designated uses (Technical Appen-
dix B).

* Use flexible monitoring program designs tailored to
the conditions, uses, and goals for water
resources in specific area [table 2 (Final Report)].

» Use watersheds, ground-water basins, ecosystems, or
other natural boundaries as planning and evalua-
tion units for monitoring.

* Periodically evaluate monitoring efforts to ensure that
they continue to meet management goals cost
effectively. Use the framework presented in
Technical Appendix B.

Report Findings

* Regularly interpret, assess, and report measure-
ments and raw data for use by the public and -
decisionmakers.
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The Strategy for Improving Water-Quality Monitoring in the United States—

Summary

INTRODUCTION

The Intergovernmental Task Force on
Monitoring Water Quality (ITFM) prepared this report
in collaboration with representatives of all levels of
government and the private sector. The report
recommends a strategy for nationwide water-quality
monitoring and technical monitoring improve-ments to
support sound water-quality decision-making at all
levels of government and in the private sector. Within
the nationwide strategy, individual monitoring
programs would pursue their own goals and activities,
and they would be better able to use information from
other sources to support their specific needs. Also, users
with responsibilities that cross jurisdictions would be
better able to aggregate information from other sources
to improve coverage for larger areas.

Water-quality information is used to protect
human health, to preserve and restore healthy ecologi-
cal conditions, and to sustain a viable economy. The
strategy is intended to achieve a better return on public
and private investments in monitoring, environmental
protection, and natural-resources manage-ment. The
strategy also is designed to expand the base of informa-
tion useful to a variety of users at multiple geographic
scales. The collaborative process used by the ITFM
already has saved millions of dollars. As the strategy is
implemented, taxpayers and resource managers will get
better answers to the following questions:

» What is the condition of the Nation's surface,
ground, estuarine, and coastal waters?

* Where, how, and why are water-quality conditions
changing over time?

* Where are the problems related to water quality?

What is causing the problems?

* Are programs to prevent or remediate problems work-
ing effectively?
* Are water-quality goals and standards being met?

Answering such questions is a key issue because
total expenditures in the public and private sectors on
water-pollution control are tens of billions of dollars
every year and climbing (U.S. Environmental Protec-
tion Agency, 1990).

Water-pollution control became a major
environmental priority during the last three decades,
and in response, water-quality monitoring expanded
rapidly in the public and private sectors. Today, tens of

thousands of public and private organizations moni-tor
water quality for a wide variety of objectives.

At the same time monitoring has expanded,
water-management programs have matured to encom-
pass not only point-source, but also nonpoint-source
pollution control for surface and ground waters. Point
source, or “end of pipe,” monitoring is different from
nonpoint-source monitoring. By definition, nonpoint
sources of pollution are diverse and more difficult to
isolate and quantify. Monitoring to support nonpoint-
source-pollution control requires a more comprehensive
understanding of natural systems and the impacts of
human activities, such as agriculture or urban land uses,
on natural systems. Therefore, the importance of com-
prehensively managing water and related systems
within natural geographic boundaries, such as water-
sheds, is now widely recognized. In the last decade, it
has become clear that monitoring activities need to be
improved and integrated better to meet the full range of
needs more effectively and economically.

Fortunately, technology has advanced during the
last 25 years. A monitoring strategy can now be sup-
ported that will answer complex questions and that tar-
gets scarce resources to priority problems within
watersheds, ecosystems, and other relevant geographic
settings.

Institutional and technical changes are needed to
improve water-quality monitoring and to meet the full
range of monitoring requirements. Monitoring needs to
be incorporated as a critical element of program plan-
ning, implementation, and evaluation. The ITFM, there-
fore, recommends a strategy for nationwide, integrated,
voluntary water-quality monitoring.

STRATEGY AND RECOMMENDATIONS

The key elements of this strategy and the
associated recommendations are described below.

Goal-Oriented Monitoring and Indicators

* Design water-quality-monitoring programs to mea-
sure progress in meeting clearly stated goals for
aquatic resources. These goals include public
health, ecosystem, and economic objectives.
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» Choose water-quality indicators jointly by participat- ¢ Evaluating the effectiveness of federally

ing organizations by using criteria identified by funded programs.
the ITFM to measure progress toward goals. * Link Federal ambient water-quality-assessment pro-
grams by:

¢ Meeting at least annually to share informa-
tion that results from federally funded
assessment efforts and to coordinate future
plans.

¢ Identifying opportunities to collaborate and
share resources.

* Considering an Executive order to implement
Federal aspects of the strategy.

Gather and Evaluate Existing Information

» Characterize current water-quality conditions by
using available information. If possible, map the
conditions by using geographical information
systems and include the actual locations of and
reasons for impaired waters. Impaired waters
are those that do not meet water quality stan-
dards. Also, map special-protection waters,
which include, for example, endangered species
habitats.

» Use River Reach File 3 to locate and georeference

¢ State and Tribal Program

Alter the 305(b) period for reporting from every 2
years to every 5 years, or, if no legislative

surface waters.

» After evaluating existing information, identify moni-

toring gaps and rank them by priority. Gaps that
are lower priority and that could not be moni-
tored within available resources need to be

change is made, design the reporting so that
States would cover their waters in a linked
series of three successive reports covering 6
years. Electronic annual updates will be pro-
duced as needed.

Through State and Tribal leadership in cooperation
with representatives of Federal, local, and pri-
vate monitoring organizations within their juris-
dictions, establish and maintain teams that
would design and implement water-quality-mon-
itoring improvements.

* To the extent possible, build on existing collabora-

tive mechanisms to implement the strategy.

* For planning and reporting, use river or ground-
water basins, watersheds, ecosystems and other
areas that have natural, rather than political,
boundaries.

Use an agreed upon initial set of key physical, chemi-
cal, and biological parameters to measure the
attainment of designated uses set in State water-
quality standards.

» Using guidance prepared at the national level,

include as a subset of the initial parameters a set

of core indicators that would support interstate
and national aggregations of comparable infor-
mation.

clearly acknowledged.

Flexible And Comprehensive Monitoring

 Use a flexible monitoring design, including public
and private groups, to assess ambient waters
nationwide comprehensively by using a water-
shed-based rotational schedule of 5 to 10 years.

* Tailor monitoring designs based on the conditions of
and uses and goals for the waters.

Institutional Collaboration

* Establish closer working relations among the full
range of public and private organizations that
monitor and use water-quality information. The
ITFM recommends the following:

* National/Federal Programs

* Working with representatives from all levels of gov-
ernment and the private sector, support the
implementation of the strategy nationwide by:

» Developing and distributing guidance.
» Sponsoring technology transfer.
* Jointly planning programs.

* Identifying opportunities to collaborate and
share resources.

Watersheds and Local Jurisdictions

* Work with and provide tools and information to
watershed and other geographic area managers
to facilitate assessment and management of
waters and to resolve water quality problems.

Include county and municipal representatives in the
implementation of the Strategy at all stages.
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Compliance and ambient monitoring coordination

Develop, test, and institutionalize methods to
integrate ambient and compliance informa-tion
to better support decisionmaking. Also, make
ambient information more available to the
compliance monitoring community.

Made available to the public in automated systems
compliance information that would generally be
useful.

Include minimum levels of quality-assurance (QA)
and quality-control (QC) information.

Begin efforts as pilot studies that involve appropriate
Federal, State, or Tribal agencies and the compli-
ance monitoring community.

Volunteer Monitoring

Include volunteer monitoring organizations as part-
ners when planning and implementing monitor-
ing efforts.

Develop clear guidance concerning quality assur-
ance, procedures for documenting information,
and monitoring methods.

Provide training for volunteers on monitoring tech-
niques, where feasible, through interagency col-
laboration.

Methods Comparability

Develop and implement technical recommendations
necessary to produce comparable data of known
quality that can be integrated from a variety of
sources across a variety of scales.

Through a consensus process, develop and adopt
standard data-element names and definitions.

Implement a performance-based methods system
(PBMS) to achieve comparable data and more
flexible use of appropriate monitoring methods.
An infrastructure at the national level is required
to support PBMS. ITFM recommends a Meth-
ods and Data Comparability Board (MDCB; see
“Implementation” section below).

Jointly establish reference conditions for shared use
in biological/ecological monitoring programs.

Information Automation, Accessibility, and
Utility

Automate data and information of general interest
and usefulness.

» Develop additional tools to facilitate information
searches and retrieval across data bases. One such
tool is a set of minimum data elements for sharing
existing data. ‘

* When existing water-quality-information systems are
being modernized or when new systems are being
developed, information from the new systems can
be easily shared by using:

Common data-element definitions and
formats.

An expanded set of recommended data ele-
ments or qualifiers (in addition to the mini-
mum data elements) to facilitate the
sharing and exchange of information.

Common references tables, such as taxo-
nomic and hydrologic unit codes, and
River Reach File 3 codes.

Metadata standards (metadata describes the
content, quality, condition, and other char-
acteristics of data. It helps secondary users
to judge whether the data would be useful
for other application.)

Facilitate the sharing of water-quality
information that would be useful to
secondary users, but that currently is not
readily available. For example, major
public-water suppliers have offered to share
such information holdings.

Share, and where advantageous, jointly
maintain ancillary data sets that are widely
used for water-quality purposes, such as land
use, land cover, demographics, and water
use.

Working with the Federal Geographic Data
Committee (FGDC) and other groups, use
standard data sets when they are available.
An example would be the River Reach File
3 that is being jointly developed and adapted
as part of the FGDC’s National Spatial Data
Infrastructure.

Use Internet and MOSAIC or other widely
recognized standard communications and
access systems when they are available.

Quality Assurance/Quality Control

*» Establish, for all monitoring programs, data-quality
objectives to identify the precision and accuracy
of data needed to achieve the monitoring goal.

» Save time and money by ensuring that:

QA/QC procedures and data are appropriate
to the purposes of the program.
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* Procedures are followed correctly.

¢ Procedures are documented with the data in
storage systems.

Assessment and Reporting

* Organizations will continue to assess and report their
own data for their own purposes. However,
increasingly, agencies need data from other
sources to understand and present their issues
more completely. The ITFM recommends that
reports be produced by lead agencies in close
collaboration with others. The contributing part-
ners should be acknowledged in the reports.

Regularly interpret and assess measurements and
raw data. Data should be collected only when
there is a specific assessment or other intended
use.

Develop additional interpretive and assessment meth-
ods and tools.

Inform resource managers, policymakers, the general
public, and others about environmental condi-
tions and problems.

Include the assessment techniques in the design of

the monitoring program so that the data col-
lected effectively supports the needed analysis.

Evaluation of Monitoring Activities

* Have collaborative teams from all organizations peri-
odically evaluate their monitoring activities and
programs to assure that needed information is
meeting current objectives in the most effective
and economical ways.

* Every 5 years evaluate progress toward implement-
ing the ITFM’s Strategy for nationwide monitor-
ing and document updates needed to the strategy.

Research and Development

* Identify needs for new or improved monitoring
techniques to support current and emerging
water-management and environmental protec-
tion requirements. The ITFM’s strategy is to
work closely with the National Science Founda-
tion, the National Council on Science and
Technology, and similar groups to ensure that
water-quality-monitoring research needs are con-
sidered in ranking national science priorities.

Training

* Promote training incorporating all organizations to:

* Transfer technology.

* Inform others about needed changes in moni-
toring planning and procedures.

» Achieve the QA and QC necessary to assure
scientifically sound information for deci-
sionmakers.

* Facilitate comparability of methods.

Pilot Studies

* Continue to use pilot studies to test the implementa-
tion of the ITFM proposals. The pilot studies are
needed to:

* Provide feedback to move from the strategy
to tactics for implementation.

* Provide information on implementation costs
and on the savings resulting from improve-
ments that are made.

Implementation

* Continue the concept of intergovernmental collabora-
tion for the development and use of monitoring
guidance and for technology transfer.

* Establish a National Water Quality Monitoring Coun-
cil representing all levels of government and the
private sector to guide the overall implementa-
tion of the strategy. Such a council is needed to:
* Ensure that technical support and program

coordination is maintained among partici-
pating organizations.

* Evaluate periodically the effectiveness of
monitoring efforts nationwide and account
for regional differences, such as between
arid and water-rich States.

* Revise the strategy as needed to ensure that
monitoring continues to meet changing
needs.

*» Establish an MDCB under the National Council to
identify methods needed to achieve nationwide
comparability for core information and to pro-
vide critical guidelines and collaboration to sup-
port the PBMS.

» Establish State or Tribal and, where needed, inter-
state monitoring and data teams to identify roles
and responsibilities and to facilitate collabora-
tive efforts. To the extent possible, use success-
ful existing groups.
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» Develop additional technical information and
guidelines to support ground-water, coastal
water, and wetland monitoring. Additional
guidelines are needed to ensure that the special
monitoring needs of these areas are fully
integrated into the nationwide strategy.

Funding

* Provide some Federal resources to help support pilot
studies in selected areas. The U.S. Environmen-
tal Protection Agency (USEPA) is providing a
total of $500,000 to selected States’s Tribes in
fiscal year (FY) 1995. In addition, the U.S. Geo-
logical Survey (USGS) will include the imple-
mentation of the ITFM’s Strategy as one of the
priorities of the Na-tional Water Resources
Research and Information System—Federal/
State Cooperative Program in FY 1995 and
beyond. The above funds are in addition to Fed-
eral money for monitoring already available to
States and Tribes through existing mechanisms
in a number of agencies, such as the USEPA
106 grants.

* Develop financial agreements among Federal agen-
cies to facilitate the efficient transfer of
resources and to maintain accountability needed
for joint monitoring and data projects. Where
appropriate, similar financial agreements with
State or Tribal agencies and other organizations
should be developed.

* Document cost savings, and other improvements that
result from collaboratively planning and imple-
menting monitoring activities.

INCENTIVES

For the nationwide strategy to succeed as a
voluntary effort, significant incentives and benefits must
exist for organizations that participate. The ITFM has
been encouraged by the many organizations that have
already provided significant staff support and have
pooled resources to develop the strategy and tools for
implementation. Organizations continue to express
interest in joining the collaborative effort. Some of the
incentives and benefits of participating are as follows:
* Agencies can significantly expand their scientific

information available for making internal deci-
sions at relatively little cost compared with col-
lecting additional data themselves. Adequate
information reduces uncertainty about the

results of proposed actions and increases man-
agement effectiveness.

Through collaboration with other organizations,
agencies can achieve a better return on their
monitoring investments and, in some cases, can
even reduce their costs.

By using the concepts and tools in the nationwide
strategy, agencies can correct chronic problems
in their own monitoring efforts and make the
data they collect in the future more useful for
their own applications.

Public and private organizations that manage natural
resources and protect the environment can better
determine whether their policies and actions are
working as intended.

By participating in cooperative monitoring pro-
grams, government agencies and private-sector
organizations can improve the credibility of the
information they report to the public.

INITIAL AGENCY ACTIONS

This report provides a comprehensive blueprint for
improving water-quality-monitoring efforts nationwide.
However, we do not have to wait for comprehensive
implementation of the strategy to make positive changes.
As aresult of the ITFM process and associated efforts, we
have already made a difference and saved millions of
dollars. This progress includes the following:

* Information sharing and cost savings.—Two exam-
ples of this resulted from joint purchase and
maintenance of information as follows:
 Eight Federal agencies, which include the

Smithsonian Institution, have expanded
and are negotiating to use and maintain a
common automated taxonomic code. The
National Ocean and Atmospheric Adminis-
tration (NOAA), the USEPA, and the
USGS are currently using this taxonomic
code.

* NOAA, the USGS, the USEPA and the U.S.
Fish and Wildlife Service (USFWS) have
jointly purchased and are sharing remotely
sensed land-cover information needed for
water assessment and management. This
has already saved Federal agencies at least
$4 million.

» Jointly modernize data systems.—The USEPA's
STOrage and RETrieval System (STORET) and
USGS' National Water Information System
(NWIS-II) are using common data-element
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names and reference tables that will ensure
easy sharing of data. Also, the USEPA and
the USGS are working with other agencies to
facilitate the use of common elements in the
design of new systems.

¢ State monitoring teams.—Florida, Idaho, New
Jersey, and Wisconsin have held meetings
with the many collectors of water informa-
tion to initiate a statewide monitoring strat-
egy. During the public review of this
strategy, States including California, Michi-
gan, Minnesota, and Arizona stated they
were pursuing monitoring teams of some
kind.

* Monitoring Program Design.—The USEPA and
States used the ITFM base monitoring-pro-
gram outline to develop new monitoring guid-
ance for USEPA water-quality grants to
States. The U.S. Army Corps of Engineers
(USACE) also based their own monitoring
guidance on the ITFM products; the guidance
will be used at hundreds of USACE projects
nationwide.

* Reporting.—The ITFM analytical work related to
indicators is a major contribution to proposed
changes in the USEPA guidelines for the
States' 1996 305(b) reports. These changes
will produce more comparable information
among States.

* Methods.—The National Water-Quality Assess-
ment (NAWQA) Program hosted an inter-
agency workshop to compare differences in
biological monitoring methods and to look
for areas where consistency or comparability
is needed. A report about the workshop is
available.

* Geographic Focus.—Many States and USEPA
regional offices have reorganized manage-
ment and (or) monitoring programs to place
emphasis on priority watersheds and to
assess more waters by using a revolving
watershed approach. The coordination of
monitoring in these watersheds allows man-
agers to have more current and comprehen-
sive information on specific issues and to
make better resource-management decisions.

NATIONAL WORKPLAN TO IMPLEMENT
THE STRATEGY

The ITFM’s recommended nationwide strategy
has received wide endorsement from a variety of
reviewers. It has received over 60 individual and aggre-
gated comments from local, State, Regional, Federal,
and private organizations and from individuals. Next,
the ITFM and its successor, the National Water Quality
Monitoring Council, are developing a workplan to
implement the strategy at the national level.

The ITFM held a National Monitoring Strategy
Workshop in February 1995 to draft the
implementation workplan. A broad representation of
the monitoring community was present. Proposed
workplan elements discussed were as follows:

« Specific indicators to measure the national water
goals and how to report on them jointly.

* A national monitoring design that covers waters com-
prehensively by using monitoring techniques
appropriate to the condition, uses, and goals for
the waters. ITFM tools already developed would
be used to produce the design.

* Additional agency commitment to use the ITFM rec-
ommended data-element glossary.

* Plans for a workshop to demonstrate major water
data bases and to discuss Internet access and
other opportunities to increase data sharing.

* Pilot projects to interface ambient and compliance
monitoring better. Federal, State, Tribal, local,
and private monitoring entities would participate.

* A plan to address priority training needs.

* A core list of minimum metadata elements.

CONCLUSION

As the competition increases for adequate sup-
plies of clean water, concerns about public health and
the environment escalate, and more demands are placed
on the water information infrastructure. These demands
cannot be met effectively and economically without
changing our approach to monitoring. Each organiza-
tion participating in the Strategy will need to revise
their monitoring activities in a series of deliberate steps
over several years as staff and resources become avail-
able. As described above, benefits of the collaborative
approach are already occurring, and benefits will con-
tinue to grow as the recommendations are implemented.
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We, the members of the Intergovernmental Task Force on Monitoring Water Quality (ITFM), with the advice and collaboration of
many others in public and private monitoring organizations, present this nationwide voluntary water-quality-monitoring strategy.

We are working to implement this strategy in our organizations and with others at many geographic scales. We invite other parties
to join us in implementing the strategy.
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The Strategy for Improving Water-Quality Monitoring in the United States—
Final Report of the Intergovernmental Task Force on Monitoring Water Quality

General Intent

This is the third and final report of the Inter-
governmental Task Force on Monitoring Water
Quality (ITFM). It proposes changes in water-qual-
ity monitoring that are needed to support sound deci-
sionmaking at all levels of government and in the
private sector. The proposed changes in water-qual-
ity monitoring are necessary to obtain a better return
on public and private investments in monitoring,
environmental protection, and natural-resources
management. Implementing the strategy and recom-
mendations is necessary to achieve nationwide
water-quality goals to protect human health, to pre-
serve and restore healthy ecological conditions, and
to sustain a viable economy. The proposed strategy
will expand the base of information useful for multi-
ple purposes and a variety of users. In some cases,
ITFM recommendations ratify and encourage ongo-
ing efforts. In other cases, ITFM calls for fundamen-
tal changes in the ways that water-quality-monitor-
ing programs are defined, designed, prioritized, con-
ducted, and funded.

Background

History of the Intergovernmental Task Force on
Monitoring Water Quality

The ITFM was formed in early 1992 in response
to Office of Management and Budget (OMB) Memo-
randum No. 92-01. This memorandum set forth spe-
cific requirements to review and evaluate water-quality-
monitoring activities nationwide and to recommend
improvements. Also, it delegated lead-agency responsi-
bility for water information coordination to the USGS.
The OMB memorandum and the Terms of Reference of
the ITFM are provided in the ITFM first-year report
(Intergovernmental Task Force on Monitoring Water
Quality, 1992).

The ITFM is a Federal/State or Tribal partner-
ship that includes representatives from 20 Federal,
State, Tribal, and interstate organizations. The U.S.
Environmental Protection Agency (USEPA) serves as
co-chair, and the U.S. Geological Survey (USGS) serve
as co-chair and the executive secretariat. In addition to
the 20 officially designated ITFM representatives, more

than 150 individuals in Federal and State agencies par-
ticipate in nine working groups to provide additional
perspective and technical expertise. Private sector orga-
nizations also participate in the process through the Fed-
eral Advisory Committee on Water Data for Public

Use, public meetings announced in the Federal Regis-
ter, and an initiative to promote coordination of ambi-
ent and compliance monitoring. The work of the ITFM
is sponsored by the Federal interdepartmental Water
Information Coordination Program.

Previous Reports

The two preceding ITFM reports provide infor-
mation that will enhance understanding of the recom-
mendations in this final report. In December 1992, the
ITFM completed its first-year report, Ambient Water-
Quality Monitoring in the United States: First Year
Review, Evaluation, and Recommendations. The
report focused on the evaluation of current ambient-
monitoring efforts and the opportunities for improve-
ment. The report concluded that monitoring programs
must keep pace with changing water-management pro-
grams, a collaborative strategy is needed to link the
many separate monitoring programs, a genuine appre-
ciation of the need for cooperation currently exists
among monitoring agencies, and recent advances in
technology provide new opportunities for interaction
and cooperation. The report recommended that an inte-
grated, voluntary, nationwide strategy should be
designed and implemented to improve water-quality
monitoring in this country.

The ITFM published its second year report,
Water-Quality Monitoring in the United States:

1993 Report of the Intergovernmental Task Force on
Monitoring Water Quality, in June 1994. This report
documented the ITFM's recommendations for the tech-
nical “building blocks” needed to implement the strat-
egy and presented for public review the supporting
technical reports prepared by the ITFM working
groups.

These technical reports, which were published
as separate appendixes, address monitoring frame-
works, environmental indicators, methods comparabil-
ity, data management and sharing, resource assess-
ment and reporting, and ground-water issues. Also,
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the second-year report contains information about a
pilot project in Wisconsin designed to test ITFM
assumptions and recommendations. [See the inside
front cover of this present report for information
needed to order the previous reports.]

Definitions and Scope

The ITFM recommendations address the full
range of aquatic resources, which include ground
and surface waters and fresh and marine environ-
ments, in the United States. International consider-
ations also are important but are beyond the scope
of this report. Canada and Mexico, however, have
been very interested in ITFM activities, and the
ITFM envisions future work with agencies in other
countries. To identify improvements needed to sup-
port more effective decisionmaking, the ITFM
broadly defined monitoring functions. To identify
the multiple elements of a complex subject clearly,
the ITFM identified five major purposes for moni-
toring. Table 1 lists the ITFM consensus definitions
for aquatic resources and monitoring functions and

the purposes of water-quality monitoring. A glos-
sary of terms used by the ITFM is provided in Tech-
nical Appendix A.

Historical Context

Control of water pollution became a major
environmental priority during the last three decades,
and in response, water-quality monitoring has
expanded rapidly. In the 1970's, Federal and State gov-
ernments began requiring the regulated community—
industry, public water suppliers, municipalities, and
others—to monitor water quality. The resulting data
are being used to demonstrate compliance with pollu-
tion-control permits and to obtain information
required to estimate pollution loading from human
sources into the environment. Today, tens of thou-
sands of public and private organizations spend hun-
dreds of millions of dollars a year on compliance
monitoring.

These important compliance-monitoring
efforts focus on well-defined sources of pollution,
such as industrial facilities, sewage-treatment

Table 1. Key Intergovernmental Task Force on Monitoring Water Quality definitions

Key ITFM definitions
Aquatic resources. . .. ......... Surface and ground waters, estuaries, and near coastal waters.
Associated aquatic communities and physical habitats, which include wetlands.
Sediments.
Aquatic resourcesdata. ........ Physical, which includes quantity.

Chemical/toxicological.
Biological/ecological.

Associated data needed to interpret the aquatic data, including habitat, land use, demographics,
contaminant discharges, and other “ancillary” information, such as atmospheric deposition.

Monitoring program activities . . . Identifying and documenting program goals and purposes.
Designing and planning monitoring programs.
Coordinating and collaborating with other monitoring agencies.

Selecting environmental indicators.

Locating appropriate monitoring sites.

Selecting data-collection methods.

Collecting field observations and samples.

Analyzing samples in laboratories.

Developing and operating quality-assurance programs.

Storing, managing, and sharing data.

Interpreting and assessing data to produce useful information.
Reporting and distributing monitoring results to different audiences.
Evaluating the effectiveness of monitoring programs.

Purposes of monitoring . ....... Assessing status and trends (includes spatial and temporal variability).
Characterizing and ranking existing and emerging problems.
Designing and implementing programs and projects.
Evaluating program and project effectiveness.
Responding to emergencies (ITFM did not address).
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plants, or waste-disposal sites. The primary intent
is to characterize the concentrations of water-quality
constituents at their sources, or “the ends of pipes.” In
part, point-source concentrations of pollution were the
initial focus of regulatory monitoring because knowl-
edge of the interactions between human activities and
natural systems was more limited than it is today.
Point sources are easier to define and monitor com-
pared with nonpoint sources. As a result, more money
has been spent on point-source-compliance monitor-
ing than on either nonpoint or ambient

monitoring. As a further result, few ambient-monitor-
ing programs assessed overall water quality and the
causes and sources of nonpoint-source and habitat
problems.

When it became widely apparent in the late
1980's that water-quality protection and management
goals could not be achieved without considering point
and nonpoint sources of pollution, as well as habitat
degradation, the need to reshape the overall monitor-
ing strategy became clear. Thus, the public and the pri-
vate sectors have initiated several new ambient-
monitoring and assessment efforts (Intergovernmental
Task Force on Monitoring Water Quality, 1992). How-
ever, significant gaps remained, and until the ITFM
effort, coordination among the various new programs
was uneven. Today, agreement is widespread that
existing data programs cannot be added together to
provide all the information needed to answer the more
recent complex questions about national or regional
water quality (National Research Council, 1987,
19904, b; U.S. Environmental Protection Agency,
1987; Knopman and Smith, 1992). Wide recognition
of the need to improve water-quality monitoring to
accomplish clearly defined objectives and to obtain
better ambient and compliance information has bol-
stered the ITFM's efforts to develop a strategy.

Fortunately, technology has advanced during
the last 25 years. Better tools and knowledge are
now available, and a monitoring strategy can now be
created to support the development of policies and
programs that target available resources to priority
problems within watersheds, ecosystems, and spe-
cific geographic areas. It is now possible to develop
a monitoring strategy that will be useful for evaluat-
ing the effectiveness of resource-management and
environmental protection actions. Monitoring to eval-
uate program effectiveness is needed not only to pro-
tect human health and ecosystems, but also to ensure
that money is spent wisely. From 1972 through

1986, the total public and private costs for water-pol-
lution abatement exceeded $500 billion (Carlin and
the Environmental Law Institute, 1990), and by the
end of this century, hundreds of billions of dollars
more will be spent (U.S. Environmental Protection
Agency, 1990).

Institutional and technical changes are needed
to improve water-quality monitoring and to meet the
full range of monitoring requirements. The proposed
strategy provides a long-term blueprint for making
the changes that are needed. As more organizations
adopt the recommendations and become partners in
implementing the strategy, the nationwide capability
to assess water-quality conditions will grow. As a
result, the information gathered from implementing
the strategy will be greater than the sum of the mea-
surements produced by individual organizations.

Water-Quality Questions

Water-quality monitoring provides an objec-
tive source of information to answer questions that
support the wise management of vital water
resources. Appropriate ambient and compliance mon-
itoring provides the basis for informed management
throughout the decisionmaking process (fig. 1). Ade-
quate monitoring is needed at many scales—site,
watershed, State, Tribal, regional, and national. His-
torically, some questions have been difficult or
impossible to answer, especially at the regional and
the national scales. Improved monitoring is needed
to assess the quality of essentially all the Nation's
water resources in a targeted way that will provide
quantitative answers to the following questions:

¢ What is the condition of the Nation's surface,
ground, estuarine, and coastal waters?

* Where, how, and why are water-quality condi-
tions changing over time?

* Where are the problems related to water-quality?
What is causing the problems?

* Are programs to prevent or remediate problems
working effectively?

* Are water-quality goals and standards being met?

Uses of Water-Quality Information

Monitoring programs over the past 3 decades
have provided large amounts of data; many of these
data have not been analyzed to provide water-quality
managers and regulators with the information needed
to manage water resources relative to the questions
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STEPS FOR IDENTIFYING AND CORRECTING WATER-QUALITY PROBLEMS
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Figure 1. Relation of monitoring purposes and management actions.

listed above. One potential explanation for this lack of
data analysis is a limited appreciation of the uses and
the users are of water-quality information. In fact,
monitoring information is used by Federal, State, and
Tribal governments; legislators; regulators and natural-
resources managers; private industry; scientists; aca-
demia; and the general public. Users and uses of
water-quality information include the following:

¢ (Citizens.—Need information to understand environ-
mental risks, exercise environmental steward-
ship through responsible behavior, and support
needed policy and program changes.

Legislators.—Develop water-quality and related
resource goals, policies, and programs and
evaluate progress in achieving the goals.

Regulators.—Plan, operate, and evaluate programs;
protect public health, aquatic habitats, and wild-
life populations; determine if water-quality
standards and permit requirements are being
met; and take appropriate enforcement action
when necessary.

* Resource managers.—Develop plans and policies,
support operational decisions, resolve water-
use disputes, and evaluate the success of
programs.

Municipalities and industries.—Plan and manage
water supplies and discharges; identify sites for
development, preservation, and other purposes;

and comply with water-quality standards and
permits.

* Environmental groups.—Evaluate government poli-
cies and programs and identify problems that
need to be addressed.

* Scientists.—Improve understanding of the rela-
tions among ecological, chemical, physical,
biological, and hydrological processes and
conditions.

Findings and Changes Needed

The ITFM members have found that there are
opportunities to improve current water-quality-moni-
toring efforts nationwide in the public and the private
sectors. Although many individual monitoring net-
works have been well designed to meet their own
goals, data solely from these networks often will not
provide a broad and comprehensive assessment of
water quality at national, interstate, State, Tribal, or
watershed scales. Also, data from some of the net-
works cannot be readily shared and integrated to
help with similar assessments in related areas. The
ITFM identified several kinds of problems for
which changes are recommended in later sections of
this report. The changes needed are summarized as
follows:

¢ Identify indicators to measure goals.—It is criti-
cal that the specific purposes and goals for a
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monitoring program be identified as it is being
designed. This establishes a foundation for
choosing indicators to measure progress
toward meeting water-quality goals or to evalu-
ate the effectiveness of programs and policies.

* Allocate monitoring resources on the basis of

water-quality goals, conditions, and uses.—
The United States cannot afford to monitor all
geographic locations by using the same fre-
quency, spatial density, selection of indicators,
or other design factors. A rationale is needed to
target monitoring resources more effectively
on the basis of the goals, conditions, and uses
of the waters. For instance, monitoring designs
to assess potable supplies in Arizona need to
be different from designs to monitor saimon
habitat in the Pacific Northwest.

*» Integrate surface- and ground-water monitoring.—

Water-quality and water-quantity information
for fresh and saline surface- and ground-water
resources need to be integrated. Ground- and
surface-water systems are hydraulically con-
nected. Land- and water-use and other human
activities within watersheds affect water qual-
ity on the surface and underground. However,
the scopes of individual monitoring programs
are limited by the sponsoring organizations'
missions, legislative mandates, and staffing
and financial resources within single organiza-
tions. Consequently, management decisions
and monitoring programs often narrowly focus
on surface- or ground-water-quality consider-
ations. Such separation hampers the effective-
ness of water-quality-management programs.

» Link compliance and ambient monitoring.—Histori-

cally, water-quality-monitoring efforts have
been oriented to support single programs.
Ambient and compliance monitoring have
been done in separate, often unrelated, pro-
grams. Comprehensive watershed, ecosystem,
and ground- and surface-water management
requires monitoring that is more complete and
useful for comprehensively characterizing
water conditions. It is necessary to understand
pollution loading impacts on ambient condi-
tions and the impacts of ambient characteristics
on regulatory decisions and water uses. These
issues are mutually dependent and need to be
linked better.

* Include ecological, biological, and toxicological

information.—Specific ecological and biological

conditions and toxicological constituents of
recent concern need to be monitored. Many
existing water-monitoring networks were
designed and implemented without direct mea-
surements of ecological conditions and before
many toxic constituents were widely recog-
nized as being important. Although many com-
ponents of ecosystem monitoring are still in
the research and development phases,
improved field and laboratory methods for bio-
logical measures of ecological conditions and
toxicants (for example, tissue and bed-sedi-
ment analyses) and the use of biomarkers cre-
ate opportunities to fill some of the gaps in
monitoring programs. The new information
will significantly improve ecosystem-, water-
shed-, and aquifer-management decisions.

» Implement comparable methods.—Data compati-

bility must be improved so that organizations
can use information from multiple sources.
Differences in methods used to collect and
analyze water-quality samples frequently pose
impediments to making full use of data from
other sources. Also, organizations use differ-
ent names or different definitions for the same
or similar parameters. Finally, even if the
methods, names, and definitions are compati-
ble, adequate quality-assurance (QA) pro-
grams are needed to quantify the precision,
accuracy, and integrity of environmental data
to ensure that these data can be used for the
appropriate application.

* Make data more accessible and of known quality.—

A secondary user cannot access most water-
quality data. When these data are accessible,
they require considerable additional effort to
understand or use. Frequently, the data are
poorly documented. Consistent with the find-
ings about comparable methods, information-
management systems need to use common
data-element names, definitions, and data
descriptors to facilitate the use of the informa-
tion.

* Modernize information systems.—Many existing

data-storage and information systems need to be
modernized. Large-scale data-base-management
systems fulfilled their original purposes; by
today's standards, however, they are narrowly
focused to the historical requirements of the
managing organizations. As the technology of
data collection, analysis, storage, retrieval, and
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interpretation matures, organizations need to
revise their data-management systems. The
revisions will permit the storage of new types
of data, as well as more convenient access and
use by secondary users. Modern structured sys-
tems design has only recently begun to address
issues, such as identification of common data
descriptors and metadata standards, that allow
secondary users to evaluate whether someone
else's data meets their needs. As systems are
created or redesigned, the ability to transfer
information easily among organizations needs
to be incorporated. Also, the overall design of
new systems should incorporate new querying
tools, such as WAIS or MOSAIC. In addition,
new systems should provide links to modern
statistical, modeling, and information-presenta-
tion software.

* Assess data and report results.—It is no longer
enough to collect and store data. Basic data
need to be routinely interpreted, assessed, and
reported because most users rely on available
interpreted information rather than raw data.
Also, routine interpretation helps to reveal inad-
equacies in monitoring-program design or
implementation so that timely adjustments can
be made.

* Identify research needs.—Applied research and
development are needed in several areas.
These needs include methods for collecting
and using ancillary data, modeling complex
hydrogeologic systems and ecosystems, mea-
suring and assessing ecological health, and
sampling and analyzing toxic constituents
(such as trace elements, pesticides, other
organic chemicals) at affordable costs. Also,
methods are needed to design and operate mon-
itoring for nonpoint sources of pollution and
highly variable wet-weather runoff that are dif-
ficult to quantify. Technology is needed to
improve monitoring instrumentation, which
includes sensor development. Achieving the
watershed-management and ecosystem-protec-
tion goals will require sustained interagency
support for applied interdisciplinary technology
development and research to address these and
other knowledge gaps.

* Cost effectiveness.—Resources for monitoring
water quality need to be applied more effec-
tively to produce more useful results. Many of
the recommendations discussed later in this

report are intended to improve resource sharing

among monitoring organizations or to expand

the base of information that can serve multiple
uses.

To respond to these findings, the ITFM pro-
poses a comprehensive nationwide strategy for
water-quality monitoring and resource assessment.
Implementation of the following strategy and recom-
mendations by all levels of government and the pri-
vate sector will make information available in a
timely manner to support management decisions
and to measure progress towards meeting water-
quality goals. The intent is to set in motion a pro-
cess that makes it advantageous for all data collec-
tors to embrace the proposed changes in monitoring
water quality voluntarily and to make the resulting
information more useful.

Nationwide Strategy for Improving
Water-Quality Monitoring

Major recommendations that have resulted
from the ITFM's 3-year evaluation of water monitor-
ing in the United States are presented below. Some
recommendations are based on longstanding coordi-
nating mechanisms that work, given the existing con-
straints. Other recommendations propose voluntary
intergovernmental and private sector collaboration
that takes into consideration specific Federal, State,
Tribal, regional, local, and watershed and private inter-
ests. Simply put, these recommendations present a
nationwide strategy that would improve the ability to
monitor, assess, and manage the Nation's water
resources at all geographic scales.

Goal-Oriented Monitoring and Indicators

The ITFM, as well as the public, endorses
the USEPA Office of Water’s proposed nationwide
water goals. These goals are to protect and enhance
public health, to conserve and enhance ecosystems,
to meet State water-quality standards, to improve
ambient conditions, and to prevent or reduce pollutant
loadings. In addition, the quantity and quality of water
needed to sustain a viable economy must be provided.

Specific environmental indicators will measure
whether or not the goals are being achieved. The
ITFM defines an environmental indicator as “a mea-
surable feature which singly or in combination pro-
vides managerial and scientifically useful evidence
of environmental and ecosystem quality or reliable

6  The Strategy for Improving Water-Quality Monitoring in the United States—Final Report



evidence of trends in quality.” Environmental indica-
tors need to be measured by using available technol-
ogy that is scientifically valid for assessing or
documenting ecosystem quality. They also need to
provide information upon which resource managers
can base decisions and communicate results to the
public. Environmental indicators encompass a broad
suite of measures that include tools for assessment of
physical, chemical/toxicological, and biological/eco-
logical conditions and processes at several scales.
Water-quality indicators must explicitly measure the
identified goals and relate to State standards. The
ITFM has developed some preliminary guidance that
includes criteria to assist organizations in selecting
indicators for specific goals (see Technical Appen-
dixes D and E). The development of such guidance is
continuing in conjunction with the USEPA's 305(b)
consistency workgroup, which includes 22 States, 3
Tribes, and other Federal agencies. At the national
level, Federal agencies are developing indicators in
concert with actions mandated in each Federal agency
through the Government Performance Results Act of
1993.

Gathering and Evaluating Existing Information
Gaps and Priorities

Before significant improvements in water-qual-
ity monitoring are implemented, existing monitoring
efforts and information need to be identified and evalu-
ated. This evaluation can be structured by attempting to
characterize current surface- and ground-water-quality
conditions by using available information. Geographic
information systems (GIS) can be very helpful in con-
ducting such evaluations and presenting maps and analy-
ses of the spatial relations among the associated
information on water bodies. The actual locations of
impaired water bodies and the reasons for the impair-
ments should be included if information permits. In addi-
tion, special protection areas and waters that are not
impaired should be mapped. Special protection waters
include endangered species habitats, and impaired
waters are those that do not meet water-quality stan-
dards. A useful tool for locating and georeferencing sur-
face waters is the USEPA’s computerized River Reach
File 3 (RF3), which was originally developed by using
USGS topographic maps. It is now being adapted for
use as a future Federal Information Processing Standard.
After mapping and evaluating existing information,
monitoring gaps can be identified and ranked by prior-
ity. Ranking by priority is important because monitoring

gaps that are lower priority and that can not be moni-
tored within available resources can be explicitly
acknowledged. Once the initial information is properly
structured in a GIS system, new information can be
added as it becomes available. Also, the information
can be used more easily for many management pur-
poses.

Flexible and Comprehensive Monitoring

To provide adequate and cost-effective infor-
mation for resource management and environmental
protection, comprehensive assessments of the Nation's
ambient water resources are needed; such a compre-
hensive assessment would use basins rotating in and
out of 5- to 10-year cycles in which feasible monitor-
ing designs and monitoring techniques are targeted to
the condition of and goals for the water. Ambient-
monitoring resources should be targeted at the State or
Tribal scale and, as needed, at the regional and the
watershed scales and depend on water-quality condi-
tions, designated uses, and goals for the water. The
most intense and frequent monitoring should focus on
threatened or impaired water bodies. Outstanding natu-
ral water resources, endangered species habitats, sole-
source aquifers, and other water bodies that are identi-
fied for special management and protection should be
monitored comprehensively, but less frequently than
impaired waters, in periodic cycles every few years. If
detrimental changes are detected, however, then more
intensive monitoring would be needed. Waters that
have been assessed and determined to meet their
designated uses and that are not impaired or threat-
ened should be monitored less intensively on a
rotational screening basis every 5- to 10-years to con-
firm that new problems have not emerged. Temporal
frequency, spatial density, suites of parameters or indi-
cators, and other design factors should be tailored to
the conditions, uses, and goals for the water that is
monitored (table 2).

To initiate the flexible and comprehensive
monitoring approach described above, Federal, State,
and Tribal agencies would need to use key existing
information to categorize the surface and ground
waters in their jurisdictions by using the criteria dis-
cussed above and shown in table 2. At first, the
waters would be assigned to categories on the basis
of the information currently available and aggre-
gated into an overall assessment by using GIS. By
using the approach recommended, confirmation or
adjustments could be made to the characterization
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Table 2. Targeted monitoring strategy

[Monitoring data from all partners can be used in any category. Site selection design can range from probalistic to targeted in any category]

Management focus
for resource

Categories of water

Flexible monitoring designs

Maintenance. . .............

Special protection. . . ........

Remediation and restoration . .

taken.

Meets or exceeds standards and objectives.

Outstanding natural resource waters; habitat of
endangered species; ecological reference
conditions; sole-source aquifers.

Do not meet standards and objectives.
Or may not meet in the future unless action is

Long-term.

Low frequency or rotational.

Low/moderate density.

Screening by using a comprehensive site of
indicators.

Long-term periodic frequency.
Moderate spatial density.
Comprehensive suite of indicators.

Shorter term.

High frequency.

High density.

Indicators tailored to specific problems.

of the waters as a result of monitoring programs that
would be designed for each water resource on the
basis of conditions, uses, and goals. The design
would include physical, chemical/toxicological, bio-
logical/ecological, habitat, and ancillary information
and would incorporate monitoring efforts from local
municipalities, private industry, and all levels of gov-
ernment. Within the selected indicators, a core set of
comparable indicators would be chosen by mutual
agreement and obtained for local use and for aggrega-
tion in regional and national assessments. Water for
which information is insufficient to define the water-
quality condition will need to be sampled in a strati-
fied manner that reflects potential sources of pollut-
ants from anthropogenic activities, climate,
hydrogeologic setting, and goals for the water. During
the 5- to 10-year cycles, the waters would be compre-
hensively assessed by using flexible monitoring
designs (table 2). Information that results from the
monitoring would be routinely interpreted, assessed,
and reported by the responsible agencies to the public
and decisionmakers. In addition, at the national level,
the USEPA would aggregate information from States,
Tribes, and others to produce the assessment report
required by Section 305(b) of the Clean Water Act.
Because the current Clean Water Act mandates a
305(b) report every 2 years, this recommendation
would be implemented by linking a series of three
reports that would cover all States and Tribal waters
in 6 years. If legislative changes are made, then the
USEPA would report to Congress every 5 years. The
305(b) report and other national and regional assess-
ments would incorporate the suite of comparable
core parameters collected and made available by

States, Tribes, and other participating groups. On
the basis of the results of the monitoring and assess-
ments, the Federal, State, and Tribal agencies would
adjust the category of each water resource and
refine the monitoring design, as appropriate.

Institutional Collaboration

Thousands of organizations operate water-
quality-monitoring programs and projects nation-
wide. Collaboration is necessary because few single
organizations can afford to collect all the informa-
tion needed for informed decisionmaking. The strat-
egy to integrate these diverse institutional efforts is
to establish collaborative partnerships of multiorgan-
izational teams at national, interstate, State or
Tribal, and watershed levels. These teams should
include municipal, private, and volunteer monitor-
ing groups. Formal mechanisms are needed at the
national and the State or Tribal levels to ensure
effective planning and coordination for monitoring
efforts. At the watershed and the interstate levels,
planning and coordination mechanisms need to be
flexible enough to adapt to changing situations and
resource limitations (fig. 2).

Federal Programs

Like other monitoring efforts, Federal pro-
grams are designed to meet mission-specific objec-
tives. [See the first year report (Intergovernmental
Task Force on Monitoring Water Quality, 1992,
Appendix B) for a description of relevant Federal
programs]. Collectively, they could convey a reason-
ably complete nationwide or regional story about
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water quality. As part of the nationwide strategy, the
ITFM proposes that national monitoring programs col-
laborate to provide a strong ambient-water-quality
framework within which States, Tribes, and water-
sheds could contribute their geographically specific
information. Non-Federal organizations should be
involved in collaborating with and advising Federal
programs and be able to access Federal information

easily. Federal programs should among themselves
identify common physical, chemical, and biological
indicators, reference conditions, and comparable
core parameters to share and report together. Major
Federal information systems should be linked
through shared reference tables, minimum data ele-
ments, common data-element definitions and
names, and information-transfer software, such as

INTERSTATE AND NATIONAL-SCALE ASSESSMENTS

USEPA | NBS/USFWS | NOAA TVA USGS
305(b) BEST NS&T River pulse NAWQA
EMAP GAP Strategic NASQAN
NWI Assessment Benchmark
Program

STATE, WATERSHED AND AQUIFER-SCALE ASSESSMENTS

State and
local
agencies

RESEARCH »

indian tribes Federal agencies

LOCAL-SCALE AND PROBLEM-ORIENT

D STUDIES

E1e

at
all levels
especially local

Government agencies

Private sector Volunteer monitoring

EXPLANATION

BEST ........... Biomonitoring of Environmental Status and Trends
EMAP ........... Environmental Monitoring and Assessment Program
GAP............. Gap Analysis Program

NASQAN........ National Stream Quality Accounting Network
NAWQA ........ National Water-Quality Assessment

NBS ........... National Biological Service

NOAA........... National Oceanic and Atmospheric Administration
NS&T ........... National Status and Trends Programs

NWI ............ National Wetland Inventory

TVA ... Tennessee Valley Authority

USEPA .......... U.S. Environmental Protection Agency

USGS .......... U.S. Geological Survey

305(b) .......... National Water Quality Inventory (Clean Water Act)

Figure 2. Key monitoring relations.
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Internet or MOSAIC. Federal agencies with national
status and trends programs or major water-resources
responsibilities are shown in figure 3.

The ITFM strategy includes an annual meeting
of all managers of Federal water-status and water-
trends programs to report on the previous year’s moni-
toring results, to coordinate the future workplan, and
to collaborate on nationwide products. In addition, the
ITFM recommends that an advisory group be formed
to support the major Federal ambient-assessment pro-
grams, such as the USGS’s National Water-Quality
Assessment (NAWQA) Program and the National
Stream Quality Accounting Network (NASQAN), the
USEPA'’s Environmental Monitoring and Assessment
Program (EMAP), the National Oceanic and Atmo-
spheric Administration’s (NOAA) National Status and
Trends Program (NS&T), and the National Biological
Service’s (NBS) Biomonitoring of Environmental Sta-
tus and Trends (BEST) Program. This advisory group
would foster better integration of Federal programs
and more effective use of available resources. It
would include members from all levels of government
and the private sector. Currently, some Federal pro-
grams have their own advisory committees to support
program-specific issues that require additional atten-
tion. As needed, these should continue as working
groups of the assessment advisory group.

The Administration should consider issuing
an Executive order to provide guidance to Federal
agencies about their activities and participation.
Active Federal leadership is needed to support such
nationwide efforts as developing standards and
guidelines, sharing data, leveraging program
resources, facilitating technology transfer, and build-
ing consensus.

State and Tribal Programs

States and Tribes report water-quality status to
the USEPA in the biennial 305(b) reports. USEPA has
identified two concerns about its national report aggre-
gated from the State reports. First, the data from the
States and the Tribes are often not comparable and
make a consistent aggregation of data at larger scales,
especially the interstate and the national, difficult. Sec-
ond, States and Tribes assess considerably less than
all their water resources in any 2-year reporting
period, in part, because many State budgets for moni-
toring programs have decreased over the years.

The ITFM recommendations of a 6-year cycle
for the 305(b) report (5 years vs. current 2 years if

legislative changes are made) and increased State com-

parability of assessment and collection methods would

answer the concerns. In addition, some State and

Tribal programs now are using program designs that

allow them to monitor their water resources over a

longer time period, say 5 to 10 years, often targeting

their limited resbiological indicators, reference condi-
tions, and compa

rable core parameters to share and report together.

Major Federal information systems should be linked

ources to address specific issues. In other words, some

States and Tribes are already using revolving water-

shed assessments and priority systems similar to the

approach endorsed by the ITFM.

The ITFM recommends that a redesign of State
and Tribal monitoring programs begin with evaluat-
ing, synthesizing, and mapping existing information
that would actively involve many different monitoring
partners in a collaborative effort. This collaborative
effort would include the following:
¢ Delineate the area.—The boundaries of water areas

need to be determined. Depending on the

objective of the program, the boundaries may
be political or natural, such as hydrologic
systems or ecosystems. Whichever method is
chosen, GIS overlays of the boundaries should
be available.

* Map the waters.—Key information about the
chosen areas, which includes locating impaired
waters, special protection waters, and
unimpaired waters, as previously described,
needs to be portrayed. The ITFM recommends
using the RF3 as a uniform way to identify
waters. The RF3 is a computer-mapping
system that includes codes for surface waters,
the direction of flow, and stream-reach
locations. The USGS's Regional Aquifer
System Analysis is the best source of
information on major ground-water aquifers.

* Map scientific knowledge and human influences.—
Scientific information and human influences
need to be overlaid on the basic map of sur-
face and ground waters. Several examples are
listed as follows:
¢ Natural and political boundaries, which in-

clude watersheds, municipalities, coun-
ties, and States.

» Surface-water characteristics, which include
water bodies, hydrography, hydrologic
characteristics, biological communities,
and waste-water treatment plants.
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EXPLANATION
ARS ......... Agricultural Research Service NBS ......... National Biological Service
ASCS........ Agriculture Stabilization and NMFS ....... National Marine Fisheries Service
Conservation Service NOAA ....... National Oceanic and Atmospheric
BEST........ Biomonitoring of Environmental Administration
Status and Trends NOS......... National Ocean Service
BIA.......... Bureau of Indian Affairs NPS......... National Park Service
BLM......... Bureau of Land Management NRCS........ Natural Resources Conservation Service
BM ......... Bureau of Mines OSM ........ Office of Surface Mining
BOR......... Bureau of Reclamation REMAP ...... Regional Environmental Monitoring and
BPA ......... Bonneville Power Administration Assessment Program
DOD......... U.S. Department of Defense TVA ...... ... Tennessee Valley Authority
DOE......... U.S. Department of Energy USACE....... U.S. Army Corps of Engineers
EMAP........ Environmental Monitoring and USCG ......U.S. Coast Guard
Assessment Program USEPA.......U.S. Environmental Protection Agency
FERC ........ Federal Energy Regulatory USFS ......U.S.Forest Service
Commission USFWS......U.S. Fish and Wildlife Service
GAP......... Gap Analysis Program USGS ....... U.S. Geological Survey
NAWQA ..... National Water-Quality Assessment 305(b} ....... National Water Quality inventory

NASQAN ....National Stream Quality Accounting (Clean Water Act)

Figure 3. Federal agencies and National Status and Trends Programs.

Nationwide Strategy for improving Water-Quality Monitoring 1



¢ Human infrastructures and activities, such as
land use or water intake and effluent dis-
charge facilities and nonpoint sources.

* Ground-water characteristics, which include
vertical and lateral extent and hydraulic
properties of aquifers and confined units,
waste-injection sites, and landfills.

* Natural characteristics, such as soils, geology,
altitude, dominant vegetation, and precipi-
tation values.

* Map the desired goals for the waters.—The goals
that residents wish their waters to meet should
be shown as overlays on a multilayer map.
These goals will include the water-quality stan-
dards that States and Tribes set for their waters
and also may include specific additional goals
that, for instance, a watershed team may desire.

The ITFM recommends that comprehensive
assessments of State or Tribal water resources be con-
ducted by using criteria shown in table 2. In this
design, States and Tribes would first characterize their
waters with available information and knowledge.
Then, on a 5- to 10-year rotating basis or other design
(at the discretion of the State or Tribe), they would
comprehensively assess their water resources by using
different monitoring intensities and techniques accord-
ing to the conditions of the water bodies and other fac-
tors, as described above. Volunteer and private sector
monitoring can be integrated into any of the three pro-
gram priorities, and data from Federal, State, Tribal,
local, and private assessments could be shared in all
categories. Statistical monitoring designs, as well as
targeted and intensive surveys, also can be integrated.

State and Tribal Teams

The ITFM recommends the establishment of
collaborative teams at the State or Tribal level that
would include representatives of all the major moni-
toring sectors active in the jurisdictions. The primary
responsibility for promoting collaborative water-mon-
itoring and assessment programs should reside with a
national monitoring council and with the State or
Tribal teams. In some places, the establishment or
use of existing monitoring teams may be appropriate.
For example, each State or Tribal team also should
include, as needed, representatives from Federal,
regional, and local agencies, and other institutions,
such as universities, industrial organizations, and vol-
unteer monitoring groups that collect and analyze

surface and ground-water information within the
State or Tribal geographic area.

The State or Tribal and regional teams would
have several principal functions. They would clarify
roles and responsibilities and facilitate communication
and collaboration among Federal, State, Tribal, inter-
state, local, and private water-monitoring and assess-
ment programs that participate in the strategy. They
would identify major issues or programs that joint
efforts could address most effectively. Also, the teams
would tailor the national guidelines to meet regional
needs and encourage their adoption by participating
agencies and institutions.

Watershed Managers

Managers of local watershed resources need
aggregated data from a variety of sources to guide
their policies and activities. To help meet this need,
the ITFM recommends that a National Water-Quality
Monitoring Council develop a guidance document that
summarizes where existing data can be found. Some
organizations are already addressing this need. The
U.S. Forest Service (1994) and the U.S. Environmen-
tal Protection Agency (1991) have written watershed-
assessment handbooks; the U.S. Forest Service
(USFS) handbook describes ecosystem management
for forested watersheds. The Soil Conservation Ser-
vice (1994) has prepared a handbook on monitoring
water-quality conditions that are related to agricultural
activities. The American Society for Testing and Mate-
rials (ASTM) is developing a standard for water-quality
monitoring in conjunction with the ITFM. As part of
the nationwide strategy, the proposed National Water-
Quality Monitoring Council will work with agencies,
private and volunteer organizations, and academia to
produce a handbook for monitoring and assessing
water-quality watersheds that is applicable for nation-
wide use.

The ITFM encourages agencies at all govern-
mental levels to develop and evaluate monitoring
and assessment programs by using the frameworks
for monitoring program design that are described in
Technical Appendixes B and L. The ITFM also pro-
motes the coordination of new and existing ambi-
ent- and compliance-monitoring programs to
provide needed information within watersheds and
other geographic areas of concern for all potential
data users. Each monitoring program is specific to
its geographic location and purpose. At the same
time, each is a part of the nationwide monitoring

12 The Strategy for Improving Water-Quality Monitoring in the United States—Final Report



effort to generate information on surface- or ground-
water conditions, which is the basis for regional and
nationwide descriptions of water quality. Unless each
monitoring program develops comparable information
on mutually selected core indicators, the regional and
the nationwide descriptions will be difficult to assem-
ble, and comparison of conditions among locations
will be difficult.

Compliance and Ambient Monitoring

Ambient information is critical to compliance
efforts, and compliance information about pollution
locations and loads is needed to interpret ambient
data. Compatible compliance information about pollu-
tion loads is vital to assessing the relative contribu-
tions of point and nonpoint sources of pollution for
watershed management. In many cases, the compli-
ance community performs some ambient monitoring,
most of which is for compliance-monitoring purposes.
For example, water suppliers monitor source-water
supplies to determine the treatment needed for drink-
ing water. During its third year, the ITFM began work-
ing with organizations that represent the regulated
community to define how these programs can more
effectively work together.

The regulated community—industry, public
water suppliers, municipalities, and others—provides
much of the money spent for water-quality monitor-
ing, most of which is spent for compliance-monitoring
purposes. Much of the compliance and ambient data
generated by the regulated community, however, is
unavailable for other uses because of differing designs
and goals in collecting the data and also because no
one has asked for it in a systematic way beyond its nar-
row compliance context. Also, these same data are not
likely to be available in the future until capture and
storage of the data become easier. Because of its
unavailability and because it was collected for differ-
ent purposes, often using different methods and qual-
ity assurance/quality control (QA/QC), data from the
regulated community have been used infrequently in
ambient-assessment studies.

The ITFM monitoring strategy is to form part-
nerships among compliance monitors and ambient
monitors to make applicable data from both communi-
ties more usable and accessible. The goal is to find
opportunities that are mutually beneficial and more
efficient to gather data and develop more useful and
comprehensive interpretive products. Because of the
different purposes for which data is collected, it may

not always be possible to integrate ambient and com-

pliance information. However, some integration will

be beneficial, particularly in the area of source-water
monitoring for drinking water. It also will be useful to
determine natural seasonal variability, to separate natu-
ral from anthropogenic causes, and to identify spacial
variability.

Potential areas of cooperation include develop-
ing a data-storage system that is easily accessible, that
is easy to use for data entry and retrieval, and that can
store generally useful compliance data. For example,
water suppliers' data could go into the new USEPA Pub-
lic Water Supply System, ambient data collected by dis-
chargers could go into the modernized USEPA’s
STOrage and RETrievel System (STORET) system, or
interfaces could be built between facility data systems
and national or State data systems.

In return, agencies would work with the regu-
lated community to:

* Consider adjusting the frequency and parameter
coverage of required compliance monitoring
in accord with geographic water-quality
conditions.

Design ambient monitoring at locations selected to
provide users of raw water with timely water-
quality information.

« Develop jointly and use comparable protocols and
QA guidelines for ambient- and compliance-
monitoring activities so that data can be aggre-
gated for differing objectives.

* Include the regulated community in training pro-
grams as instructors and attendees.

¢ Use the water-quality information more effectively
to make key resource decisions.

Closer cooperation on monitoring can help the
compliance-monitoring community and State or Tribal
environmental agencies identify more cost-effective
ways to protect the environment. For example, Florida
is considering ways to allow a reduction in compli-
ance monitoring at wells after water companies have
achieved an effective well-head-protection program
that minimizes the likelihood of contamination in the
aquifer.

To enhance the integration of compliance-
and ambient-monitoring information for decision-
making, the ITFM, under the leadership of the
USEPA and the USGS, plans to initiate pilot
projects in selected NAWQA Program study units
and other key watersheds. The general approach for
the pilot project will involve defining the areas of
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study, identifying the water-quality information needs

and objectives for the area, determining the limitations

of existing compliance and ambient programs to meet
those needs, implementing actions to overcome the
impediments encountered and to provide the neces-
sary information, evaluating the strengths and weak-
nesses of actions taken, and collaborating to
improve the balance between compliance and ambi-
ent information.

Examples of questions that could be addressed
in these projects include the following:

* What contaminants are important for monitoring in
the selected watersheds and aquifers? What are
their sources? How frequently does an area
need to be sampled to address key manage-
ment issues and concerns?

* What are the sources, transport, fate, and effects of
selected contaminants in important stream
reaches or in the watershed as a whole?

* Does the information collected during the project
provide a clear framework for key manage-
ment and control decisions by the key stake-
holders in the watershed?

* How do pollutant loadings affect the biological con-
dition of the waters?

Volunteer Monitoring

Nationwide, participants in more than 500 vol-
unteer monitoring programs are collecting a great vari-
ety of water-quality information. These programs
involve more than 340,000 volunteers of all ages and
backgrounds in almost every State. Volunteers moni-
tor all types of water bodies and collect physical,
chemical, biological, and habitat data.

In general, volunteers monitor for one or both
of the following purposes:

* To provide an opportunity when the community,
youth, land owners, and planners can become
educated about local water-resources character-
istics and problems, and a sense of stewardship
is fostered for those natural resources.

* To provide data for Federal, State, Tribal, and local
water-quality agencies and private organizations
for use in watershed planning, assessment, and
reporting and water-quality manage-ment. Vol-
unteers collect data from water that otherwise
may not be assessed, and they increase the
amount of water-quality information available
to decisionmakers at all levels of government.
Uses of volunteer data include delineating and

characterizing watersheds, screening for water-

quality problems, some compliance monitoring

if rigorous quality assurance documentation is
provided, and measuring baseline conditions
and trends.

Because volunteer monitoring organizations can
be strong partners in the nationwide monitoring strat-
egy, the ITFM recommends integrating volunteer moni-
toring into existing and planned monitoring programs.
To improve the quality and utility of volunteer
efforts, the ITFM recommends the following:

* Links between volunteer monitoring programs and
water-quality and planning agencies should be
established at all levels of government to
encourage cooperative planning, training, and
data exchange between volunteer groups and
agencies. These links may include State or
Tribal associations or councils of volunteer pro-
gram coordinators and agency representatives,
agency-sponsored volunteer programs, and
sharing and collaboration in such areas as vol-
unteer training, data management, and resource
sharing.

¢ Nationally consistent quality-assurance guidance
should be developed for volunteer monitoring
groups to help volunteer programs document
their methods and quality-assurance protocols.
This national guidance can be adapted to meet
individual State, regional, Tribal, or local data
requirements. The USEPA is currently leading
such an effort that involves other Federal,
State, Tribal, and volunteer organizations.
Such documentation has the following benefits:
» Enhances credibility and replicability of vol-

unteer methods.

* Allows volunteer collection and analytical
methods, site selection, and other volunteer
program design characteristics to be un-
derstood by potential data users.

* Allows volunteer data to be compared with
those of other programs.

* Encourages volunteer programs to practice
sound quality-assurance methods.

 Standard volunteer monitoring field methods should
be developed. Use of these methods cannot be
mandatory because of differing needs, goals,
capabilities, and resources of volunteer pro-
grams. However, their development and avail-
ability will provide a common baseline for
many programs, thereby improving compara-
bility among the programs.
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» Nationwide training on laboratory, field, and qual-
ity-assurance methods for volunteers should be
promoted. Such training helps encourage con-
sistency in methods, increases the level of qual-
ity assurance for volunteer information, and
promotes the exchange of ideas and the devel-
opment of advanced methods.

* The incorporation of proper documentation of vol-
unteer data into water-quality-data systems
should be promoted to facilitate data sharing
and use of volunteer data. Documentation in
water-data systems of volunteer collection
methods, analytical approaches, and quality-
assurance protocols helps potential data users
understand the limitations and strengths of vol-
unteer data, thereby increasing confidence in
its use.

» Volunteer participation should be provided for on
State, Tribal, watershed, aquifer, and regional
water-monitoring teams. Volunteer programs
will provide these teams with unique links to
academic organizations, advocacy groups,
civic associations, government, and private
enterprise. Team members, including volun-
teers, will serve to integrate monitoring efforts
to meet local, regional, and nationwide infor-
mation needs.

Methods Comparability

One of the biggest barriers to sharing water-
monitoring data is that agencies often use methods
that are not comparable to obtain data (collect and ana-
lyze samples) for the same variable. This means that
data from these agencies cannot be combined to allow
scientists and the public to assess water-quality condi-
tions.

To assess similar conditions objectively across
a variety of scales up to and including national assess-
ments, monitoring data produced by different organi-
zations should be comparable, of known quality,
available for integration with information from a vari-
ety of sources, and easily aggregated spatially and tem-
porally. The ITFM recommends several actions to
improve data compatibility. First, partners in the strat-
egy must adopt common parameter/indicator names
and definitions. This is fundamental to achieving com-
patible data. The ITFM has begun a Data-Element Glos-
sary that will support data compatibility and facilitate
information sharing (Technical Appendix M). Partners

in the strategy should begin by adopting the initial set
of common names and definitions and then expand
that set as rapidly as possible.

In addition, the ITFM strategy proposes a per-
formance-based methods system (PBMS) for the field
and laboratory (Technical Appendixes I, N, O). The
PBMS accommodates the use of different methods for
measuring the same constituent provided that all meth-
ods produce the same results for the same sample
within a specified level of confidence. Analytical refer-
ence materials also can be an important component of
a PBMS. This approach is technically practical and
allows implementation of improved, and sometimes
more economical, sampling and analytical techniques
over time. The PBMS will require institutional sup-
port at the national level; therefore, the ITFM recom-
mends an Intergovernmental Methods and Data
Comparability Board (MDCB; Technical Appendix
H).

The ITFM recommends the use of reference
conditions in biological and ecological assessments
(Technical Appendixes F and G). Reference condi-
tions allow the comparison of observed water-quality
characteristics to appropriate baseline conditions; they
also can be used to calibrate a method for a specific
ecoregion or habitat. As a way to specify reference
conditions, the ITFM recommends using the concept
of ecoregional reference sites. An ecoregion is a homo-
geneous area defined by similarity of climate, land-
form, soil, potential natural vegetation, hydrology, or
other ecologically relevant variables. Such regions
help define the potential designated-use classifications
of specific water bodies. In theory, reference condi-
tions are single measurements or sets of selected mea-
surements of unimpaired water bodies that are
characteristic of an ecoregion and (or) habitat. In prac-
tice, reference conditions represent conditions (biolog-
ical, physical, chemical) exhibited at either a single
site or an aggregation of sites that represent the least
impacted (by anthropogenic disturbances and pollu-
tion) reference sites or the reasonably attainable condi-
tion at the least impacted reference sites.

Information Automation, Accessibility, and Utility

The vast amount of water-quality information
collected by public and private entities is not often eas-
ily accessible to users outside the collecting organiza-
tion. The principal barriers to data and information

Nationwide Strategy for Improving Water-Quality Monitoring 15



sharing can be overcome through several approaches

that are described in the following paragraphs:

¢ The large amount of generally useful information
that is archived only in hard-copy form should
be available in computer-readable form to
make it more widely accessible and usable.

+ Common data-element names and definitions need
to be adopted to provide a common set of ter-
minology for documenting water-quality data.
Once adopted, names and definitions related to
water-quality monitoring can be used by Fed-
eral and State agencies and other organizations.

* An easy-to-use standard interface to individual
water-data systems based on adopted minimum
data elements and additional data that agencies
consider to be appropriate for sharing needs to
be developed.

* Potential sources of reference tables, such as aqui-
fer names and taxonomic codes, need to be
identified and specific agencies need to be des-
ignated as the authorities to maintain individ-
ual reference tables. For example, the USGS
may be the authority for aquifer names, the
newly developing Federal consortium for tax-
onomy may be the authority for taxonomic
codes, and the recommended MDCB may be
responsible for reference tables, such as sam-
pling and analysis methods. The designated
authorities would need to accept update
requests from all participating agencies.

¢ A self-documented export format must be provided
from each agency data base, and the develop-
ment of standard report formats must be
promoted.

« The participating organizations should make their
data holdings available to secondary users by
including the adopted minimum elements in
the user interfaces of agency data systems to
facilitate the sharing of existing data.

¢ Data-management systems should be redesigned to
accommodate not only data values, but also
metadata, which is information that describes
the content, quality, condition, and other char-
acteristics of data (Federal Geographic Data
Committee, 1994). The metadata are used to
judge whether or not specific information is
potentially useful for other applications.

* Networked, distributed data bases, rather than only
centralized data bases, are needed. Improve-
ments in telecommunications make the use of

distributed systems very promising. Futher-
more, centrally operated information  systems
of national scope, which are often large, diffi-
cult to access, and hard to use, are becoming
obsolete. Improvements in telecommunications
and query systems, such as MOSAIC or
WAIS, make it easier to use distributed sys-
tems. Close cooperation is needed for the effec-
tive development of common user interfaces

and query languages, data dictionaries, data for-
mats, report generators, and other technical soft-
ware, such as statistical programs. With agree-
ment on such conventions, data can be more eas-
ily shared by using networked systems. This per-
mits and encourages the distribution of data-
management and data-storage responsibilities.
The use of multiple systems also allows and
encourages the distribution of data-manage-
ment responsibility, as well as the data.

« Standard export formats and existing query sys-
tems, such as WAIS, MOSAIC, and Internet,
should be used to share data and information
with other users.

¢ Remote sensing and LANDSAT capabilities should
be more widely investigated and used.

» Computer security concerns must be identified and
addressed.

Assessment and Reporting

Better processes and methods are required to
share monitoring findings and results among national,
regional, State, and Tribal resource-assessment pro-
grams. Also, guidelines and tools are needed that
describe ways to aggregate and interpret information
for regional and national summaries of water conditions
and trends. Technology transfer should be promoted
among various national and State reporting programs,
such as the U.S. Department of Agriculture Resource
Conservation Assessment, the USGS's biennial
National Water Summaries, and the States' and the
USEPA's 305(b) reports to Congress that are man-
dated by the Clean Water Act.

The strategy encourages and helps resource-
assessment programs produce publications that meet
the needs of a wider audience. It is not sufficient for
technical assessment programs to communicate only
with their technical peers; they also must communi-
cate with a broad audience that is concerned with the
overall significance of their assessments. This requires
a careful analysis of audiences and an approach to
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communication that recognizes the particular style,
format, media, and content considerations appropriate
to each audience. As a corollary activity, mechanisms
are needed to ensure the best uses of the technical
information derived from assessment activities.

Interpretations of results from national pro-
grams and the integration of results from State and
regional programs should lead to similar conclusions
about the conditions of our Nation's water. The only
differences in interpretations should be in the areal
extent of coverage (presumably broader coverage for
the national programs) and the degree of resolution
(presumably finer resolution for the regional, State,
and Tribal programs). Both types of programs are criti-
cal components in the nationwide strategy.

Improved mechanisms for performing and
sharing top/down and bottom/up interpretation,
assessment, and aggregation of water-resources
information will make it possible to produce infor-
mation products more quickly after resource assess-
ments are completed. However, complex review and
approval procedures within many agencies can
cause significant delays in releasing those products
to their intended audiences. Implementation of an
effective national strategy must address issues of
timeliness and audience identification for reporting,
integrating information across disciplines, compar-
ing data analyses and interpretations, and providing
mechanisms for information aggregation (see Techni-
cal Appendixes J and K).

Modeling is an assessment tool that uses data,
helps identify data needs, and allows management
decisions to be made on the basis of predictions.
Implementation of the ITFM strategy should include
use of modeling.

Evaluation of Monitoring Activities

Collaborative teams at all levels should periodi-
cally evaluate their monitoring activities to confirm
that they are meeting their objectives in the most effec-
tive and economical manner. The successor to the
ITFM should produce a report every 5 years to evalu-
ate water-quality-monitoring activities and to docu-
ment progress in implementing the nationwide
strategy and making appropriate adjustments. This
report should include a summary of water-monitoring
activities over the previous 5 years, an evaluation of
the applicability of the monitoring program, and the
Nation's ability to obtain and share information
needed to evaluate water quality. The report should
present successes at the national and the watershed

scales and should identify continuing barriers to under-
standing water-quality conditions. This report should
not address the status of water-quality conditions;
existing Federal, regional, State, and Tribal agencies
have that responsibility. However, greater collabora-
tion and information sharing should enhance the indi-
vidual reports.

Ground-Water and Other Specific
Water-Resource Considerations

Selected categories of aquatic resources should
receive specific attention when water-quality-monitor-
ing programs are planned and implemented. These
categories include ground water, wetlands, lakes, and
coastal water. For these categories, additional guidance
and recommendations are needed to supplement the
general information provided throughout this report.
The ITFM has addressed some of the monitoring issues
specific to ground water, and the results are discussed
below. However, additional work needs to be done on
the other three categories. Focus groups of appropriate
experts are needed to develop guidelines and to make
recommendations for these three resource categories.

Historically, ambient-water-quality consider-
ations have focused on surface-waters. The original
gogls of the Clean Water Act primarily targeted State-
designated uses for surface waters. Surface and ground
waters are, however, hydraulically connected.
Geochemical processes are reflected in the quality of
ground water and can profoundly affect surface-water
quality and aquatic biota because approximately 40 per-
cent of flowing surface water comes from ground
water.

Water-quality-monitoring programs must con-
sider differences in spatial, temporal, and other charac-
teristics between ground- and surface-water resources.
Ground water normally is not easily accessed for moni-
toring, and suitable wells must be located or drilled
(except in special circumstances). Further, ground
water has distinct three-dimensional distributions
within geologic formations of rock and soil that are
often in units that have very different physical, chemi-
cal, and biological characteristics. In particular, water
flows in aquifers at extremely slow rates compared
with surface-water-flow rates. For example, ground
water may move fractions of an inch per day, or
even per year, while streams and rivers frequently
move miles per day. As a result of these and other
differences, ground-water interactions with the bio-
sphere and lithosphere differ significantly from the
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interactions of surface waters. The ITFM recognized
these differences and accordingly established a special
focus group for ground-water monitoring to ensure that
ITFM proposals, such as the framework for monitoring
programs (Technical Appendix B), address specific
ground-water needs. Additional results of the delibera-
tions of the Ground Water Focus Group are presented
in Technical Appendix L, and their work is continuing
to address indicators for ground-water monitoring.

Project on Biological Integrity of Surface Waters

As an initial step in implementing the nation-
wide monitoring strategy, the ITFM proposes that
existing information about the biological conditions
of streams and rivers be gathered and evaluated. In
addition to supporting the goal to conserve and
enhance ecosystems, this biological evaluation
would initiate the implementation of technical con-
cepts and institutional collaboration integral to the
strategy. Most water-monitoring networks were
designed and implemented at a time when detection
and control of chemical pollutants in water was of
paramount importance. Now, however, the need for
aquatic biological information is more widely rec-
ognized.

In addition, the biological evaluation would
integrate information from different organizations,
show data gaps, and test recommendations
designed to improve information compatibility.
Because of differences in monitoring purposes, var-
ious Federal, State, and Tribal programs produce
data that vary in parameters, spatial density, fre-
quency of collection, analysis methods, and level
of QA.

Further actions following the initial data
gathering would need to be implemented through a
series of iterations of data collection, data interpre-
tation, and voluntary refocusing over an extended
time period. The NBS is a key agency to participate
in this project.

Training

One of the key implementation issues is that
training must be available to all Federal, regional,
State, Tribal, local, private, and volunteer personnel
involved in water monitoring. Training would be the
cornerstone to promoting the use of the monitoring
framework, the correct use of environmental indicators,
the application of comparable methods of sample col-
lection techniques and analytical methods, the storage

and sharing of environmental data, and the use of
new methods to interpret and report results.

Training programs are now available in such
organizations as the USGS, the USEPA, the U.S.
Army Corps of Engineers (USACE), the Tennessee
Valley Authority (TVA), the U.S. Department of
Agriculture, associations, societies, and the Water
Resources Research Institutes and academic organi-
zations. A collaborative effort is needed to conduct
water-monitoring and data-management training.
Training should include monitoring and data man-
agement for water quality. Training would be tai-
lored to selected audiences, which would include
managers who use water-quality information for
decisionmaking, research scientists, field and labo-
ratory technicians, and interested members of pub-
lic, volunteer, and private organizations. An
interagency training team should be formed at the
national level to coordinate an inventory of training
programs now available from public agencies, aca-
demic institutions, and private organizations and
the development of a list of training needs and the
number of trainees anticipated, training materials,
and plans to meet identified training for different
sectors.

Participating agencies should make training
available at various locations across the country on
a continuing basis; the training would use formal
and informal formats as appropriate. The collabora-
tive training plans should include a QA program to
measure the effectiveness of training efforts and
should include a complete review every 5 years.
Training may not be fully implemented for several
years because of the massive effort that will be
required to organize and operate a coordinated
nationwide training effort.

It also is important to broaden training into
collaboration and education. Many groups, such as
the Nature Conservancy, the Ecological Society of
America, and the Association of Environmental
Engineering Professors, were involved in comment-
ing on or were suggested as collaborators for imple-
mentation of the strategy for nationwide
monitoring.

Pilot Studies

Before some ITFM proposals are implemented
nationwide, additional pilot studies are needed.
Groups working at the national level need feedback to
move from strategy to tactics for implementation.
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More tailored guidance is needed to ensure that the
flexibility required in different areas of the country
is accommodated. In addition, information on
implementation costs-and on the savings that result
from improvements also are needed. Although the
ITFM believes that many improvements to monitor-
ing can be accomplished within available
resources, such improvements must be thoughtfully
planned and coordinated. When program updates or
new monitoring efforts are funded, the ITFM rec-
ommendations can be more readily accommodated.
However, special care must be taken to ensure that
attempts to implement aspects of the strategy by
using available monitoring resources do not
adversely impact existing monitoring that now sup-
ports critical objectives.

incentives

Because of its voluntary nature, the strategy
proposed by ITFM must offer tangible benefits to
encourage organizations that monitor or fund
water-quality activities to participate in the strategy.
The major incentives for participation are discussed
below:
¢ By improving water-quality information nation-

wide, public and private organizations can

increase the effectiveness of natural-
resources management and environmental
protection efforts and can document the ben-
efits of actions taken. This will answer the
water-quality questions listed at the begin-
ning of this report that Federal agencies are
often asked by Congress and that agencies at
all scales are asked by the public. Multiple
agencies with varied expertise and responsibili-
ties working together on the same problem will
have the information necessary to achieve com-
prehensive ecosystem management for aquatic
and related terrestrial resources. Managers will
be able to make more effective decisions and
to consider policies and programs more com-
prehensively. Disagreements among agencies
about water-quality conditions and assessment
results will be fewer, and it will be possible to
base more decisions on objective information
rather than on opinion. State, Tribal, and local
agencies with enforcement responsibilities will
have a better technical basis for taking regula-
tory action. The regulated community will
have more complete knowledge to ensure that

actions required of them will correct environ-
mental problems. Better, more comprehensive
information will improve the connection
between public programs and the conditions
they are supposed to address.

» Because data collection will be coordinated, use of
available resources will be more effective, and
efforts will not be duplicated. Monitoring pro-
grams that evolve from a coordinated effort
among major data-collecting agencies in an
area will provide more complete coverage in
space, time, and parameters. The resulting
information will better support decisionmak-
ing for complex contemporary problems and
allow for joint monitoring and assessment of
water-quantity and water-quality and surface-
and ground-water issues. Partnerships among
agencies responsible for compliance- and
ambient-monitoring programs will be able to
design programs that complement each other.
These coordinated and collaborative programs
produce a consistent distributed data set that is
jointly supported by many agencies and that
includes agreed-upon data-quality-control
measurements. The coordination and collabo-
ration also will identify the ancillary data, as
well as the scale and accuracy, that is needed.

* Participants in the ITFM strategy will have tools to
monitor water quality more effectively. Exam-
ples of these tools include:

e Common format for designing monitoring
programs.

* Comparable use of indicators.

¢ Comparable performance-based methods
used for field and laboratory work.

» Consistent QA/QC activities that produce
data of known quality.

» Metadata collected and recorded to aid with
interpretations.

* Ancillary data needs identified, located, and
shared.

» Compatible data-storage system.

» Software that encourages data sharing.

¢ Methods for data analysis.

» Examples and guidelines for publishing and
speaking to many types of audiences.

» Formats for evaluating the effectiveness of
monitoring programs.

* Valuable services will be provided for partici-
pants in the strategy. The services will
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include guidance and advice on new pollut-
ants, new research methods, and interagency
questions. The ITFM will be able to review
and advise on newly designed monitoring pro-
grams, as well as on agency and organization
collaboration among existing ones.

* The training program to promote the use of
guidelines and recommendations will be
available to all participants and will bring
together talents, skills, and knowledge from
Federal, State, Tribal, watershed, local, and
private representatives and volunteers.

* The credibility of water-quality information will
improve as many organizations produce the
information and agree on its assessment and
presentation.

Implementation

An institutional infrastructure is needed to
support the implementation of the strategy. The
infrastructure should include a national collabora-
tion forum and formal or informal State and Tribal
implementation teams. If State or Tribal entities
identify the need for regional or watershed-level
implementation teams, then regional teams also
should be used to carry out the strategy. It is
important to the success of the strategy that exist-
ing collaborative mechanisms be used to the
extent possible. Maximum flexibility is needed at
the interstate, the regional, and the watershed lev-
els to assure effective implementation. Figure 4
shows an overview of the proposed organizational
framework.

National Water-Quality Monitoring Council

A National Water-Quality Monitoring Coun-
cil will be established to carry forward national
aspects of the strategy. The National Council
would develop guidance and tools to provide tech-
nical support and serve as a forum for collaborative
program planning. The viewpoints of business, aca-
demia, and volunteers are critical to the successful
implementation of the strategy. Membership on the
National Council would include the private sector,
volunteer monitoring organizations, and government
agencies at all levels—Federal, State, Tribal, inter-
state, and local. Non-Federal representation would
be drawn from various geographic areas of the coun-
try to cover the full range of natural, social, and

economic settings. The National Council would
operate as part of the Water Information Coordina-
tion Program (WICP), which is required by OMB
Memorandum No. 92-01. A draft charter for the pro-
posed National Council is presented in Technical
Appendix C.

The National Council would assume broad
responsibility for promoting implementation of the
nationwide monitoring strategy and the ITFM recom-
mendations that would improve monitoring and
resource assessments in the United States. In principle,
the National Council would facilitate monitoring and
assessment programs to fulfill their intended initial
purpose and support national compatibility and
information sharing where purposes overlap. The
National Council would be concerned with water
monitoring, which has been broadly defined to
include measuring the physical, chemical/toxicolog-
ical, and biological/ecological characteristics of sur-
face and ground waters, including freshwater,
marine, and wetlands, as well as associated data
that involve habitat, land use, demographics,
weather, and atmospheric deposition. The National
Council would coordinate its activities with the
ongoing work of the Federal Geographic Data Com-
mittee (FGDC), which is authorized by OMB Circu-
lar A-16. The National Council would be
concerned with the monitoring of streams, rivers,
lakes, estuaries, wetlands, coastal and ground
waters, sewer and industrial outflows, and public
drinking-water sources (not finished water). It
would consider the following monitoring purposes,
which are implemented by individual monitoring
agencies: to assess status and trends, to identify
and rank existing and emerging problems, to design
and implement programs, to determine whether
goals and standards are being met, to assure regula-
tory compliance, to facilitate responses to emergen-
cies, to support hydrologic research, and to help
target monitoring, prevention, and remediation
resources.

The National Council would issue voluntary
guidelines to promote consistency. These guide-
lines would address the comparability of field and
laboratory methods, recommended minimum sets
of parameters for specific monitoring purposes,
environmental indicators, QA programs, metadata
requirements, data management and sharing, and
reader-friendly formats for reporting information to
decisionmakers and the public.
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ORGANIZATIONAL FRAMEWORK

FEDERAL/STATE/TRIBAL/INTERSTATE/LOCAL/PUBLIC/INDUSTRY

NATIONAL COUNCIL

Provide guidelines, technical support,
and national program coordination

® National environmental indicators

® Field and laboratory methods

e Data management/information sharing
e Quality assurance/quality control

STATE/TRIBAL TEAMS

Provide collaboration and
implement monitoring

® Quality assurance/quality controi
® Monitoring design

® Site selection

® Environmental indicators

e Ancillary data

® interpretation techniques
® Reporting formats

® Training

® Sample collection and field analyses
® Laboratory analyses

® Data storage

® Information sharing

ield analyses

¢ Information sharing
® Assessments ‘

Figure 4. Organizational framework for implementing the strategy.

These guidelines would build on the
gress achieved by the ITFM and other groups,
uld yield significant improvements in the nation-
le consistency of data-collection activities, and
wuld provide comparable methods and results
en reporting and sharing data. The National Coun-
would encourage the voluntary adoption of these
delines by relevant federally funded State, Tribal,
lic, and private organizations operating water-
d monitoring and assessment programs and other
nitoring efforts. Through its relations with State
| Tribal teams, it also would promote adoption of
se guidelines by cooperating State, Tribal,
ional, and local agencies, as well as private and
unteer organizations. The National Council would

coordinate the development of a nationwide training
effort to help ensure that appropriate individuals
acquire the knowledge and skills needed to carry out
monitoring and assessment responsibilities.

To facilitate implementation of the Strategy, the
ITFM recommends that the Administration consider
issuing an Executive order that provides guidance and
requirements for Federal agencies with water-quality-
monitoring responsibilities.

Methods and Data Comparability Board

To provide the national infrastructure neces-
sary to implement methods comparability, the ITFM
recommends that an MDCB be established under
the auspices of the National Council. The mission of

Implementation



the MDCB would be to promote and coordinate the
collection of monitoring data of known quality by
using comparable field techniques and analytical chemi-
cal and biological measurement methods, where objec-
tives are similar, through the voluntary participation of
the monitoring community. A draft charter for the
MDCB is provided in Technical Appendix H.

The scope of the MDCB would be to provide a
framework and a forum to identify interagency priori-
ties for parameters that most need comparable methods,
to take actions that improve the scientific validity of
water-quality data, to establish comparable approaches
among agencies for collecting water-quality-monitoring
information, to provide a forum for advancing state-of-
the-technology water-quality methods and practices,
and to assist all levels of government in collecting
monitoring information in a comparable and coordi-
nated manner. The MDCB would work closely with
other organizations that promote methods comparabil-
ity, such as the ASTM and the USEPA's Environmen-
tal Monitoring Management Council.

Environmental Indicators Guidance Committee

To develop necessary guidance for indicators,
the ITFM recommends establishing an Environmen-
tal Indicators Guidance Committee that would carry
on the activities of the ITFM’s Environmental Indica-
tors Task Group work in conjunction with the
MDCB. The National Council and this Committee
should develop guidelines for the selection and
reporting of environmental indicators and criteria
for determining reference conditions to assess
water-quality and related ecological systems. Also,
the National Council and this Committee should
adopt recommended data elements for water-quality-
data systems and the minimum elements to facilitate
the sharing of environmental indicator information.

Data-Elements Glossary

The ITFM's Data Management and Information
Sharing (DMIS) Task Group has prepared a Data-Ele-
ments Glossary to support data collection, interpreta-
tion, presentation, and sharing (Technical Appendix
M). The full glossary of recommended data elements
represents the base data requirement proposed for
implementation as agencies develop new water-quality-
data systems. The DMIS Task Group also has identified
minimum data elements that are needed to share water-
quality data effectively among existing systems. The

minimum data elements would be incorporated in
user interfaces of data systems maintained by partic-
ipating agencies. Finally, the DMIS Task Group has
identified core water-quality-data sets, such as ecore-
gions, hydrologic units, river reaches, land use/land
cover, taxonomic codes, and aquifer names, that will
be maintained by one organization or a consortium of
organizations and shared by all ITFM organizations.
The next steps will involve reaching an agreement on
minimum data sets and common data-exchange
formats. Modern technology can now provide the
means to achieve data sharing and efficiencies not
thought possible just a few years ago.

The ITFM recommends that the National
Council promote a coordinated effort of data-manage-
ment-system enhancement or development with the
objective of creating linked multiagency information
systems with common standards. Agencies would not
develop a common system, but rather a linked series
of key systems that would coordinate their designs to
facilitate the storage of data at many locations and still
be able to share information effectively. This coordi-
nated design would involve the sharing of data models
and, in some cases, data-base structures; environmen-
tal data and associated QA information would be
maintained in a data manage-ment system operated by
the Federal, State, Tribal, or local agency or private
organization responsible for collecting the data. The
design also would include an interface whose compo-
nents would be used by all participating organizations.
The interface would include the ability to query the
various data bases by using the minimum data ele-
ments of the DMIS Task Group. The coordinated
design also should include a series of standard reports
and (or) an exchange format. This effort would likely
need a multiagency consortium to design, develop,
test, implement, and maintain the linked systems.

Funding

Some Federal resources must be provided to
help support pilot studies in selected areas. The
USEPA is planning to provide $500,000 to selected
States during FY 1995. The USEPA worked with the
ITFM and the States to determine how the monies can
best be used to achieve targeted comprehensive moni-
tor-ing to measure progress toward the nationwide
goals. Much of the money will be used to georeference
State waters to RF3. USEPA also targeted $2 million
to Tribal monitoring programs. In addition, the USGS
will identify the implementation of the ITFM strategy
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as one of the priorities of the National Water
Resources Research and Information System—Fed-
eral/State Cooperative Program in Fiscal Year
1995 and beyond. Through the Cooperative Pro-
gram, agencies at State, Tribal, and local levels of
government are partners with USGS in data collec-
tion and special studies of mutual interest on a 50/
50 cost-sharing basis. This priority will provide an
edge for ITFM pilot studies and future water-qual-
ity-monitoring-design efforts that compete for Fed-
eral matching funds. In FY 1995, the appropriated
Federal matching funds in the Cooperative Program
will exceed $60 million. The above funds are in addi-
tion to Federal monies already available to States and
Tribes for monitoring through existing mechanisms in
a number of agencies including the USEPA Section
106 grants.

Better environmental protection and resource-
management decisionmaking, which are the results of
better monitoring, will result in cost savings. By
improving and using more complete water-quality-
monitoring results, decisionmakers can target scarce
financial and other resources to priority problems,
evaluate the effectiveness of actions taken, make
needed adjustments, and avoid costly mistakes. Many
of the recommendations can be jointly funded within
existing budgets by the participating agencies. In
some cases, financial agreements will be developed
among agencies to support mutually beneficial moni-
toring projects. In other cases, basic agreements exist
and are being used. Because the strategy will be imple-
mented over time and almost all the recommendations
are intended for future monitoring, major adjustments
in funding are not required in the short term. By lever-
aging technical capability and cost sharing, agencies
can make better use of existing expertise and funding
resources nationwide. It is noteworthy, however, that
the early successes of the ITFM are due, in large part,
to the energy and enthusiasm of the members and con-
tributions from participating agencies for specific
projects. A modest amount of short-term funding to
support the administrative infrastructures for the
groups that are implementing the strategy may be
needed. Such support would ensure that the process of
collaboration continues, thereby allowing the Nation
to realize the expected long-term benefits and efficien-
cies. This would allow all participants to achieve a
higher return for their existing and future investments.
As changes are made, the savings will be used to sup-
port improvements in other functions. The result will
be more cost-effective monitoring and a significant
expansion and improvement in the information that

can be used for decisionmaking. As the strategy is
implemented and participating agencies jointly
develop and implement detailed plans, specific infor-
mation on cost savings and costs for implementation
should be documented and reported. After available
funds are used effectively, then participating agencies
will need to address resource requirements for future
actions.

Initial Agency Actions to Improve Monitoring

Benefits from the ITFM ’s strategy and recom-
mendations are already being identified. Member
agencies have taken significant steps to improve water-
quality monitoring and to achieve cost savings now
and in the future. The progress to date includes actions
that foster different aspects of the strategy. Selected
examples are presented below.

Eight Federal agencies, which include the
Smithsonian Institute, the Agricultural Research Ser-
vice (ARS), the National Marine Fisheries Service
(NMEFS), the National Resources Conservation Ser-
vice (NRCS), the NBS, NOAA’s National Ocean Data
Center, the USEPA, and the USGS, are taking an
important step forward to improving consistency
among Federal data-storage systems that contain
biological information. These agencies are develop-
ing joint agreements to maintain and use the same ref-
erence table for taxonomic codes. The codes would be
related to the same taxonomic identifiers and hierar-
chy in the participating agencies' automated informa-
tion systems. NOAA, the USEPA, and the USGS have
agreed to use these codes. This major advance will
reduce costs and facilitate data sharing among the sys-
tems. It is the first time that more than two agencies
have agreed to support and use the same taxonomic
codes.

Five Federal environmental monitoring pro-
grams in the USEPA, the NBS, the USGS, and
NOAA have formed a partnership with the USGS’s
Earth Resources Observation Systems (EROS)
Data Center to facilitate the development of com-
prehensive land-characteristics information for the
United States. The Multi-Resolution Land Charac-
teristics Consortium is generating land-cover data
for the conterminous United States and is develop-
ing a land-characteristics data base that meets the
diverse needs of the participating programs. Cost
savings for purchasing the data are $4 million, and
large additional savings will result from the joint
image-processing and data management.
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Regarding modernizing or creating new Fed-
eral information systems, the USEPA is modernizing
STORET, and the USGS is modernizing its system
(NWIS-II). For many years, much water-quality infor-
mation collected by the USGS has been loaded into
STORET. During this modernization phase, the agen-
cies are working closely together to implement com-
mon data-element names and reference tables that will
make it easier to exchange and aggregate data. In addi-
tion, the USGS has worked with the NBS to facilitate
the compatible development of their information sys-
tem. Such initiatives will make it easier for States and
others to aggregate information from Federal systems.
Also, success-ful efforts to make Federal systems com-
patible will encourage the non-Federal sector to adopt
the common data-element names and reference tables.
Significant cost savings nationwide over long periods
of time and a larger, more useful environmental infor-
mation base will result from such compatibility.

With leadership from the USEPA, the ITFM
created the Master Directory of Water Quality and
Ancillary Data that includes printed texts, data, and
indexes of data holdings (U.S. Environmental Pro-
tection Agency, 1993). The Master Directory is
available on diskette, CD-ROM, and Internet. The
Master Directory greatly simplifies users' access to
relevant information and reduces costs by using
modern information-transfer technology.

The ITFM has initiated pilot studies in three
member States to help develop and test concepts. Fed-
eral, State, and local agencies are participating in
these initiatives. Arizona is focusing on data manage-
ment and information sharing. Florida is developing a
statewide network that integrates surface- and ground-
water monitoring in the Suwannee River Basin. Wis-
consin is comparing monitoring methods used by Fed-
eral and State agencies and evaluating the differences
in the results; the ultimate goal is to improve the com-
parability of data for Wisconsin so that data can be
aggregated for a variety of applications.

The ITFM sponsored 10 regional meetings
during summer 1993 to review its proposals and rec-
ommendations and to discuss monitoring opportuni-
ties and problems in the Federal regions. Additional
meetings and review activities to contribute final
comments and facilitate regional collaboration were
held in 1994, In addition, Florida, Idaho, New Jer-
sey, and Wisconsin have held statewide monitoring
meetings that have included monitoring organiza-
tions and information users. The purpose of these
meetings is to begin the design of statewide monitor-
ing strategies. During the review of this strategy,

other States, which included California, Michigan,
Minnesota, and Arizona, stated they were pursuing
collaborative monitoring teams of some kind.

In the area of monitoring program design, the
USEPA, the States, and the Tribes are using the
ITFM monitoring program framework as the basis
for developing monitoring guidance for the USEPA
Section 106 grants to States and Tribes. The use of
the program throughout the Nation will significantly
improve the usefulness of water-quality information
and the cost effectiveness of the programs (Technical
Appendix B). Federal agencies also are redesigning
monitoring programs to parallel the ITFM program
concepts more closely. For example, the USGS is
redesigning NASQAN to implement such monitor-
ing concepts, as well as to respond to budget con-
straints. The USACE is developing guidance
documents for its water-quality-monitoring program
that closely parallels the ITFM recommendations.
This guidance will address water-quality-monitor-
ing activities at hundreds of USACE projects nation-
wide.

The ITFM analytical work related to indica-
tors is a major contribution to proposed changes to
the USEPA guidelines for the States' 1996 305(b)
reports. These changes are being made in consulta-
tion with representatives from Federal, State, Tribal,
and interstate agencies that conduct environmental
monitoring and assessment activities. The changes
to the guidelines will produce more comparable
information and will help link the information col-
lected more directly to water-quality goals nation-
wide.

Regarding the establishment of ecological
reference sites and conditions, representatives from
States, USGS/NAWQA, and USEPA/EMAP are
working together to identify and use reference con-
ditions characteristic of waters and associated habi-
tats that meet desired goals. The resulting reference
conditions are needed as baselines against which to
compare and assess the biological integrity of
aquatic systems generally. All levels of government
and the private sector will be able to use the infor-
mation generated from the reference sites and condi-
tions to make more effective regulatory and
resource-management decisions.

The USGS, through the NAWQA Program,
hosted an interagency workshop on the biological
methods used to assess the quality of streams and
rivers (U.S. Geological Survey, 1994). The pur-
poses of the workshop were to promote better com-
munication among Federal agencies and to facilitate
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data exchange and interagency collaboration. The
workshop focused on community assessment methods
for fish, invertebrates, and algae; characterization of
physical habitats; and chemical analyses of biological
tissues. The 45 biologists who attended the workshop
evaluated similarities and differences among biologi-
cal monitoring protocols and identified opportunities
for collaboration and research, improving data compat-
ibility, and sharing information.

Conclusion

Implementation of the recommendations and
strategy in this report will result in an adequate water-
information base to achieve natural-resource-manage-
ment and environmental protection goals in the public
and the private sectors. Identified changes are already
being made, but implementation of the full strategy
cannot be achieved quickly. Each participating organi-
zation will need to revise its monitoring activities in a
series of deliberate steps over several years as
money and time become available. However,
because benefits from the changes are incremental,
improvement of water-quality monitoring has begun
as described in the preceding section.

As the competition for adequate supplies of
clean water increases, concerns about public health
and the environment escalate, and geographically
targeted watershed-management programs
increase, more demands will be placed on the
water-quality-information infrastructure. These
demands cannot be met effectively and economically
without changing our approach to monitoring. The
agencies that participated on the ITFM believe that the
implementation of this strategy for nationwide water-
quality monitoring will provide sound answers to the
fundamental questions posed in the introduction to
this report.
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TECHNICAL APPENDIX A

GLOSSARY OF WATER-QUALITY-MONITORING TERMS

The definitions in this appendix are solely
related to the use of these terms in Technical Appen-
dixes A through O. Other definitions for these terms
may apply when the terms are used elsewhere.

Adverse effect An action that has an apparent direct or
indirect negative effect on the conservation and
recovery of an ecosystem component listed as
threatened or endangered [U.S. Forest Service
(USFS)].!

Ambient monitoring All forms of monitoring con-
ducted beyond the immediate influence of a dis-
charge pipe or injection well and may include
sampling of sediments and living resources
[U.S. Environmental Protection Agency
(USEPA) Region 5].

Ancillary data

A. Other categories of data (see Water-quality data)
critical to interpreting water-quality data and
formulating courses of action. These ancillary
categories of data will be considered only as
they relate to information management and
data sharing. Ancillary data critical to water-
quality decisionmaking include, but are not
limited to, land use/land cover; water use; pop-
ulation and demographics; soils, geology, and
geochemistry; municipal and industrial waste
disposal; agricultural and domestic chemical
applications; climatological data; and human
health and ecological effects [Intergovernmen-
tal Task Force on Monitoring Water Quality
(ITEM)].

B. Those variables that might influence the indica-
tors independent of what they are designed to
denote [Environmental Monitoring and
Assessment Program (EMAP)].

C. Data that are collected as a consequence of col-
lecting target data, but that are not considered
to be essential (Ohio EPA).

Aquatic community An association of interacting
populations of aquatic organisms in a given
water body or habitat (USEPA Region 5).

ITerms were provided by the agencies listed within the
parentheses.

Aquatic ecosystem The stream channel, lake or estu-
ary bed, water, and (or) biotic communities and
the habitat features that occur therein (USFS).

Aquatic habitat Environments characterized by the
presence of standing or flowing water (USFS).

Aquifer A body of rock that is sufficiently permeable
to conduct ground water and to yield economi-
cally significant quantities of water to wells and
springs [Bates, Robert L., and Jackson, Julia A.,
eds., 1987, Glossary of Geology (3d ed.): Alex-
andria, Va., American Geological Institute,

p- 331

Assessed waters Water bodies for which the State is
able to make use-support decisions based on
actual information. Such waters are not limited
to those that have been directly monitored,; it is
appropriate in many cases to make judgments
based on other information (USEPA Region 5,
modified).

Beneficial uses Management objectives.

Benthic fauna (or benthos) Organisms attached to or
resting on the bottom or living in the bottom
sediments of a water body (USEPA Region 5).

Bioaccumulate The net uptake of a material by an
organism from food, water, and (or) respiration
that results in elevated internal concentrations
[U.S. Fish and Wildlife Service (USFWS)].

Biological assessment An evaluation of the biological
condition of a water body by using biological
surveys and other direct measurements of a res-
ident biota in surface water (USEPA Region 5).

Biological criteria (or biocriteria) Numerical values
or narrative expressions that describe the refer-
ence biological integrity of aquatic communi-
ties that inhabit water of a given designated
aquatic life use (USEPA Region 5).

Biological integrity Functionally defined as the con-
dition of the aquatic community that inhabits
unimpaired water bodies of a specified habitat
as measured by community structure and func-
tion (USEPA Region 5).

Biological monitoring (or biomonitoring) The use
of a biological entity as a detector and its
response as a measure to determine environ-
mental conditions. Toxicity tests and biological
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surveys are common biomonitoring methods
(USEPA Region 5).

Biological survey (or biosurvey) Consists of collect-
ing, processing, and analyzing representative
portions of a resident aquatic community to
determine the community structure and function
(USEPA Region 5).

Biomonitoring The measurement of biological
parameters in repetition to assess the current
status and changes in time of the parameters
measured (USFWS).

Community component Any portion of a biological
community. The community component may
pertain to the taxonomic group (fish, inverte-
brates, algae), the taxonomic category (phylum,
order, family, genus, species), the feeding strat-
egy (herbivore, omnivore, carnivore), or organi-
zational level (individual, population, commu-
nity association) of a biological entity within the
aquatic community (USEPA Region 5).

Compliance monitoring A type of monitoring done
to ensure the meeting of immediate statutory
requirements, the control of long-term water
quality, the quality of receiving waters as deter-
mined by testing effluents, or the maintenance
of standards during and after construction of a
project (modified from Resh, D. M., and Rosen-
berg, V.H., eds., 1993, Freshwater Biomonitor-
ing and Benthic Macroinvertebrates: New
York, Chapman and Hall, 488 p).

Contaminant A material added by humans or natural
activities that may, in sufficient concentrations,
render the environment unacceptable for biota.
The mere presence of these materials is not nec-
essarily harmful (USFWS).

Critical habitat Those areas designated as critical for
the survival and recovery of threatened or
endangered species (USFS).

Data comparability The characteristics that allow
information from many sources to be of defin-
able or equivalent quality so that this informa-
tion can be used to address program objectives
not necessarily related to those for which the
data were collected. These characteristics need
to be defined but would likely include detection
limit precision, accuracy, bias, and so forth
(ITFM/Data Methods Collection Task Group).

Data quality objectives In the context of water-
quality monitoring, the characteristics or goals
that are determined by a monitoring or
interpretive program to be essential to the

usefulness of the data. They would include, but
not be limited to, the specification of delineation
of the limits of precision and bias of measure-
ments, the completeness of sampling and
measurements, the representativeness of sites
relative to program objectives, the validity of
data, and so forth (ITFM/Data Methods
Collection Task Group).

Deep-water habitats Permanently flooded lands that
lie below the deep-water boundary of wetlands
(USFS).

Designated uses

A. A classification specified in water-quality stan-
dards for each water body or segment that
relates to the level of protection from perturba-
tion afforded by the regulatory agency
(USEPA/OST).

B. Describes the chemical, physical, and (or) biolog-
ical attributes covered by the use; this is, in
essence, the narrative "criteria" (Ohio EPA).

C. Uses specified in water-quality standards for each
water body or segment whether or not they are
being attained (USEPA Region 5).

Diversity The distribution and abundance of different
kinds of plant and animal species and communi-
ties in a specified area (USFS).

Ecological indicators Plant or animal species, com-
munities, or special habitats with a narrow range
of ecological tolerance. For example, in forest
areas, such indicators may be selected for
emphasis and monitored during forest plan
implementation because their presence and
abundance serve as a barometer of ecological
conditions within a management unit (USFS).

Ecoregions (or regions of ecological similarity) A
homogeneous area defined by similarity of cli-
mate, landform, soil, potential natural vegeta-
tion, hydrology, or other ecologically relevant
variable. Regions of ecological similarity help
define the potential designated use classifica-
tions of specific water bodies (USEPA
Region 5).

Ecosystem A system that is made up of a community
of animals, plants, and bacteria and its interre-
lated physical and chemical environment
(USFWS).

Effectiveness monitoring Documents how well the
management practices meet intended objec-
tives for the riparian area. Monitoring evalu-
ates the cause and effect relations between
management activities and conditions of the
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riparian depend-ent resources. Terrestrial and
instream methods constitute monitoring that
evaluates and documents the total effectiveness
of site-specific actions (USFS).

Emerging environmental problems Problems that
may be new and (or) are becoming known
because of better monitoring and use of indica-
tors (Ohio EPA).

Endangered species

A. Any species in danger of extinction throughout
all or a significant portion of its range (USFS).

B. Animals, birds, fish, plants, or other living organ-
isms that are threatened with extinction by
manmade or natural changes in their environ-
ment. Requirements for declaring a species
endangered are contained in Endangered Spe-
cies Act.

Environmental indicators A measurable feature or
features that provide managerially and scientif-
ically useful evidence of environmental and
ecosystem quality or reliable evidence of trends
in quality (ITFM).

Equivalency Any body of procedures and techniques
of sample collection and (or) analysis for a
parameter of interest that has been demon-
strated in specific cases to produce results not
statistically different to those obtained from a
reference method (ITFM).

Estuarine habitat Tidal habitats and adjacent tidal
wetlands that are usually semienclosed by land
but have open, partly obstructed, or sporadic
access to the open ocean and in which ocean
water is at least occasionally diluted by fresh-
water runoff from the land (USFS).

Exposure indicators An environmental characteristic
measured to provide evidence of the occurrence
or magnitude of contact with a physical, chemi-
cal, or biological stressor (EMAP).

Featured (or species emphasis) A species of high
public interest and demand. The management
goal for these species usually is to maintain or
improve habitat capability when economically
and biologically feasible (USFS).

Fish and wildlife Any nondomesticated member of
the animal kingdom that includes, without limi-
tation, any mammal, fish, bird, amphibian, rep-
tile, mollusk, crustacean, arthropod, or other
invertebrate and that includes any part, product,
egg, or offspring thereof or the dead body or
parts thereof (USFS).

Fixed-station monitoring The repeated long-term
sampling or measurement of parameters at
representative points for the purpose of deter-
mining environmental quality characteristics
and trends (USEPA Region 5).

Geographic information systems (GIS) A comput-
erized system for combining, displaying, and
analyzing geographic data. GIS produces maps
for environmental planning and management by
integrating physical and biological information
(soils, vegetation, hydrology, living resources,
and so forth) and cultural information (popula-
tion, political boundaries, roads, bank and
shoreline development, and so forth) (USEPA
Region 5).

Habitat

A. A place where the physical and biological ele-
ments of ecosystems provide a suitable envi-
ronment, and the food, cover, and space
resources needed for plant and animal exist-
ence (USFS).

B. The physical/chemical theater in which the eco-
logical play takes place; it is a template for the
biota, their interactions, and their evolution
(Hutchinson, 1965; Southwood, 1977).

Habitat capability The estimated carrying capacity of
an area to support a wildlife, fish, or sensitive
plant population. Habitat capability can be
stated as being existing or future and normally
is expressed in numbers of animals, pounds of
fish, or acres of plants (USFS).

Habitat indicator A physical, chemical, or biological
attribute measured to characterize the condi-
tions necessary to support an organism, popula-
tion, community, or ecosystem in the absence of
stressors (EMAP).

Impact A change in the chemical, physical, or biolog-
ical quality or condition of a water body caused
by external sources (USEPA Region 5).

Impairment A detrimental effect on the biological
integrity of a water body caused by impact that
prevents attainment of the designated use
(USEPA Region 5).

Implementation monitoring Documents whether or
not management practices were applied as
designed. Projectand contract administration is
a part of implementation monitoring (USFS).

Index period The sampling period during which
selection is based on the temporal behavior of
the indicator and the practical considerations for
sampling (Ohio EPA, modified).
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Indigenous species A species that originally inhabited
a particular geographic area (USFS, modified).

Lacustrine habitat All wetland and deep-water habi-
tats with the following characteristics: situated
in a topographical depression or adammed river
channel; lacking trees, shrubs, persistent
emergents, emergent mosses, or lichens with
greater than 30 percent aerial coverage; and
total area that exceeds 20 acres (USFS).

Listed species Any species of fish, wildlife, or plant
officially designated by an agency as being
endangered or threatened (USFS, modified).

Management indicators Plant and animal species,
communities, or special habitats that are
selected for emphasis in planning and that are
monitored during forest-plan implementation to
assess the effects of management activities on
their populations and the populations of other
species with similar habitat needs that they may
represent (USFS).

Management indicator species Any species, group
of species, or species habitat element selected to
focus management attention for the purpose of
resource production, population recovery,
maintenance of population viability, or ecosys-
tem diversity (USFS).

Metadata Information that describes the content,
quality, condition, and other characteristics of
data [Federal Geographic Data Committee
(FGDQO)].

Method comparability The characteristics that allow
data produced by multiple methods to meet or
exceed the data-quality objectives of primary or
secondary data users. These characteristics
need to be defined but would likely include
data-quality objectives, bias, precision, infor-
mation on data comparability, and so forth
(ITFM/Data Methods Collection Task Group).

Method validation The process of substantiating a
method to meet certain performance criteria for
sampling and (or) analytical and (or) data han-
dling operations (ITFM)

Metric A biological attribute, some feature or charac-
teristic of the biotic assemblage, that reflects
ambient conditions, especially the influence of
human actions on these conditions (ITFM;
Technical Appendix G).

Monitoring

A. The repeated measurement of some parameters to
assess the current status and changes over time
of the parameters measured (USFWS).

B. Periodic or continuous surveillance or testing
to determine the level of compliance with
statutory requirements and (or) pollutant levels
in various media or in humans, animals, and
other living things (ITFM).

National Pollutant Discharge Elimination System
A permit program under Section 402 of the
Clean Water Act that imposes discharge limita-
tions on point sources by basing them on the
effluent limitation capabilities of a control tech-
nology or on local water-quality standards
(USEPA Region 5).

Native species Any animal and plant species origi-
nally in the United States (USFS).

Nonpoint-source pollution A contributory factor to
water pollution that cannot be traced to a spe-
cific spot; for example, pollution that results
from water runoff from urban areas, construc-
tion sites, agricultural and silvicultural opera-
tions, and so forth (USEPA Region 5).

Palustrine habitat All nontidal wetlands that are
dominated by trees, shrubs, persistent emer-
gents, emergent mosses, or lichens, and all such
wetlands in tidal areas where salinity owing to
ocean-derived salts is below 0.5 part per thou-
sand. Also, all wetlands that lack such vegeta-
tion but with all the following characteristics:
areas of less than 20 acres (for example, a
pond); active waves form a bedrock shoreline,
features lacking; water depth in the deepest part
of a basin of less than 6.5 feet at low water; and
salinity owing to ocean-derived salts that is less
than 0.5 part per thousand (USES).

Peer-reviewed literature A referable, obtainable,
published document that is reviewed by a mini-
mum of two technical reviewers who are
located external to the author's organization
(ITEM).

Perennial streams Permanently inundated surface
stream courses. Surface water flows throughout
the year except in years of infrequent drought
(USFS).

Performance-based methods system A system that
permits the use of any appropriate measurement
methods that demonstrates the ability 1o meet
established performance criteria and that com-
plies with specified data-quality needs. Perfor-
mance criteria, such as precision, bias, sensitivity,
specificity, and detection limit, must be desig-
nated, and a method-validation process must be
documented (ITFM).
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Point-source pollution Pollution discharged through
a pipe or some other discrete source from
municipal water-treatment plants, factories,
confined animal feedlots, or combined sewers
(USEPA Region 5).

Population

A. For the purposes of natural-resource planning,
the set of individuals of the same species that
occurs within the natural resource of interest
(USFS, modified).

B. An aggregate of interbreeding individuals of a
biological species within a specified location
(USEPA Region 5).

Potential habitat Habitat that is suitable for, but cur-
rently unoccupied by, the species or community
in question (USFS).

Prelaboratory Methods that include all activities
involved in collecting, preparing, and delivering
a sample to the place of analysis. For a tradi-
tional water sample, this would include activi-
ties and equipment for collecting, filtering, bot-
tling, preserving, and shipping the sample. In
the case of an in situ measurement, there would
be no prelaboratory method. In the case of a
field analysis of ground water for alkalinity,
prelaboratory methods would include of pump-
ing the sample and keeping it pressurized and
out of contact with the atmosphere (ITFM/Data
Methods Collection Task Group).

Reference value/conditions

A. A single measurement or set of selected
measurements of unimpaired water bodies
characteristic of an ecoregion and (or) habitat
(USEPA/OST).

B. The chemical, physical, or biological quality or
condition that is exhibited at either a single site
or an aggregation of sites that represent the
least impacted or reasonably attainable condi-
tion at the least impacted reference sites (Ohio
EPA).

Response indicator An environmental indicator mea-
sured to provide evidence of the biological con-
dition of a resource at the organism, population,
community, or ecosystem level of organization
(EMAP).

Riparian Of, pertaining to, or situated or dwelling on
the bank of a river or other water body (Shuh-
shiaw Lo, 1992, Glossary of Hydrology: Little-
ton, Colo., Water Resources Publications,

p. 1250).

Riparian areas Geographically delineable areas with
distinctive resource values and characteristics
that compose the aquatic and riparian ecosys-
tems (USFS, modified).

Riparian dependent resources Resources that owe
their existence to a riparian area (USFS).

Riparian ecosystems A transition between the
aquatic ecosystem and the adjacent terrestrial
ecosystem; these are identified by soil charac-
teristics or distinctive vegetation communities
that require free or unbound water (USFS).

Riparian habitat The transition zone between aquatic
and upland habitat. These habitats are related to
and influenced by surface or subsurface waters,
especially the margins of streams, lakes, ponds,
wetlands, seeps, and ditches (USFS, modified).

River reach A river or stream segment of a specific
length. Most reaches extend between the points
of confluence with other streams (USEPA
Region 5).

Riverine habitat All wetlands and deep-water habi-
tats within a channel, with two exceptions—
wetlands dominated by trees, shrubs, persistent
emergents, emergent mosses, or lichens and
habitats with water that contains ocean-derived
salt in excess of 0.5 part per thousand.

Selection criteria A set of statements that describe
suitable indicators or a rationale for selecting
indicators (ITFM).

Sensitive species Those plant and animal species for
which population viability is a concern (USFS).

Standard As used in American Society for Testing
and Materials (ASTM), a document that has
been developed and established within the con-
sensus principles of the ASTM and that meets
the approval requirements of ASTM procedures
and regulations. The term "standard" serves as
an adjective in the title of documents, such as
test methods, practices, and specifications, to
connote specified consensus and approval. The
various types of standard documents are based
on the needs and usage as prescribed by the
technical committees of the ASTM. "Consen-
sus principles" include timely and adequate
notice to all known interested parties; opportu-
nity for all affected interests to participate in the
deliberations, discussions, and decisions that
affect the proposal; maintenance of records of
discussions, decisions, and data accumulated in
standards development; timely publication and
distribution of minutes of meetings; distribution
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of ballots to all eligible voters and full reporting
of results; and careful attention to minority
opinions throughout.

Stressor indicator A characteristic measured to quan-
tify a natural process, an environmental hazard,
or a management action that results in changes
in exposure and habitat (EMAP).

Threatened species Any species that is likely to
become an endangered species within the fore-
seeable future throughout all or a significant
portion of its range (USFS).

Threatened waters Waters that fully support their
designated uses, but may not support uses in the
future unless pollution-control action is taken
because of anticipated sources or adverse pollu-
tion trends (USEPA Region 35).

Total maximum daily load The total allowable pol-
lutant load to a receiving water such that any
additional loading will produce a violation of
water-quality standards (USEPA Region 5).

Toxic Relating to harmful effects to biota caused by a
substance or contaminant (USFWS).

Toxicity test A procedure to determine the toxicity of
a chemical or an effluent by using living organ-
isms. A toxicity test measures the degree of
effect on exposed test organisms of a specific
chemical or effluent (USEPA Region 5).

Validation monitoring Determines if predictive
model coefficients are adequately protecting the
targeted resources. A long-term commitment to
data collection is often required to establish an
adequate data base. If the standard, which
requires use of 50 percent or less of streamside
herbaceous forage, for example, fails to achieve
the desired instream habitat condition, then the
standard would have to be modified for less for-
age consumption in the riparian complex(es)
(USFS, modified).

Viable population A population that has the esti-
mated numbers and distribution of reproductive
individuals to ensure the continued existence of
the species throughout its existing range in the
planning area (USFS).

Water-quality criteria Criteria that comprise numer-
ical and narrative criteria. Numerical criteria
are scientifically derived ambient concentra-
tions developed by the USEPA or the States for
various pollutants of concern so that human
health and aquatic life can be protected. Narra-
tive criteria are statements that describe the
desired water-quality goal (USEPA Region 5).

Water-quality data Chemical, biological, and
physical measurements or observations of the
characteristics of surface and ground waters,
atmospheric deposition, potable water, treated
effluents, and waste water and of the immediate
environment in which the water exists.

Water-quality information Derived through analy-
sis, interpretation, and presentation of water-
quality and ancillary data ITFM).

Water-quality limited segment A stretch or area of
surface water where technology-based controls
are not sufficient to prevent violations of water-
quality standards. In such cases, new permit
limitations are based on ambient-water-quality
considerations (USEPA Region 5).

Water-quality monitoring An integrated activity for
evaluating the physical, chemical, and biologi-
cal character of water in relation to human
health, ecological conditions, and designated
water uses (ITFM/Technical Appendix B).

Water-quality standard A law or regulation that con-
sists of the beneficial designated use or uses of
a water body, the numerical and narrative water-
quality criteria that are necessary to protect the
use or uses of that particular water body, and an
antidegradation statement (USEPA Region 5).

Water-resource quality

A. The condition of water or some water-related
resource as measured by biological surveys,
habitat-quality assessments, chemical-specific
analyses of pollutants in water bodies, and tox-
icity tests (USEPA/OST).

B. The condition of water or some water-related
resource as measured by the following: habitat
quality, energy dynamics, chemical quality,
hydrological regime, and biotic factors
(Ohio EPA).

Watershed The land area that drains into a stream,
river, lake, estuary, or coastal zone (USEPA
Region 5).

Wetlands Habitat that is transitional between terres-
trial and aquatic where the water table is usually
at or near the land surface or land that is covered
by shallow water. Wetlands have one or more
of the following characteristics: at least period-
ically, the land supports predominantly hydro-
phytic plants; the substrate is predominantly
undrained hydric soil; and the substrate is non-
soil and is saturated with water or covered by
shallow water at sometime during the yearly
growing season (USFS).
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TECHNICAL APPENDIX B

FRAMEWORK FOR A WATER-QUALITY-MONITORING PROGRAM

Water-quality monitoring is a critical support
for any water-management program. In this frame-
work, water-quality monitoring is defined as "an
integrated activity for evaluating the physical, chem-
ical, and biological character of water in relation to
human health, ecological conditions, and designated
water uses.” It includes the monitoring of rivers,
lakes, reservoirs, estuaries, coastal water, atmo-
spheric precipitation, wetlands, and ground water.
Without correct information, the state of the Nation’s
water resources cannot be assessed, effective preser-
vation and remediation programs cannot be run, and
program success cannot be evaluated. To help water
managers of programs of all levels from national to
local collect data that will be shared and useful for
meeting multiple objectives at all levels, the ITFM
sets forth the following framework for monitoring
programs.

Water-quality monitoring can be grouped into
the following general purposes:

* Describing status and trends.

* Describing and ranking existing and emerging
problems.

¢ Designing management and regulatory programs.

» Evaluating program effectiveness.

* Responding to emergencies.

Although monitoring may vary in kind or
intensity among the five purposes, they share a com-
mon design framework and the implementation steps
outlined below.

In designing the implementing monitoring
programs for surface and ground waters, it is vital to
take into consideration the differences in the spatial
and temporal characteristics, as well as the accessi-
bility to monitoring of each of the resources.
Equally important to the success of a program is the
formulation and implementation of an effective
data-management system and effective methods of
communication and information exchange among
collaborators, customers, and the general public.

I.  Purpose
A. Purposes and expectations—Identify general
purposes and expectations for the monitor-
ing program.
B. Specific program purposes—To the degree
possible, identify the specific purposes of
the monitoring program.

IL

1.

C. Share purposes—Determine if other data col-
lectors and users have similar purposes that
may influence other monitoring programs.

D. Customers—Who needs the data or informa-
tion and for what reason? Determine if
other agencies share the same purposes and
if they can effectively combine resources.

E. Boundaries and timeframes—Identify gen-
eral geographic boundaries and timeframes
to the monitoring program.

F. Environmental indicators—Chose environ-
mental indicators to measure the achieve-
ment of identified program purposes.

Coordinate/collaborate.

A. Establish working Rrlations—Establish a
working relation with Federal, State,
Tribal, local, academic, and private agen-
cies that collect and use water-quality
information. If the agency has many pro-
grams, then integrate the individual moni-
toring programs into overall program goals.

B. Incorporate needs of others—If possible,
incorporate needs of other agencies into the
purposes of the program. Ensure the inclu-
sion of data qualifiers with stored data so
others know the accuracy and precision of
the environmental data that was collected
and analyzed.

Design.

A. Existing environmental setting—Identify and
describe the existing environmental setting,
including its hydrology (surface and
ground waters), biota, and resource use.

B. Existing water-quality problems—Evaluate
existing information to depict the known or
suspected surface- and ground-water-qual-
ity conditions, problems, or information
gaps; provide a current conceptual under-
standing; and identify management con-
cerns and alternatives.

C. Environmental indicators and data parame-
ters—Determine the environmental indica-
tors and habitat and related chemical, physi-
cal, biological, and ancillary data parameters
to be monitored.

D. Reference conditions—Establish reference
conditions for environmental indicators that
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can be monitored to provide a baseline water-
quality assessment.

E. Data-quality objectives—Define the level of
confidence needed, based on the data col-
lected, to support testing management alter-
natives.

F. Data-set characteristics—Determine the basis
for a monitoring design that will allow suc-
cessful interpretation of the data at a resolu-
tion that meets project purposes. The basis
for monitoring should include statistical reli-
ability and geographic, geohydrologic,
geochemical, biological, land use/land cover,
and temporal variability.

G. Quality-assurance plan—Develop a quality-
assurance plan (QA) plan that documents
data accuracy and precision, representative-
ness of the data, completeness of the data set,
and comparability of data relative to data col-
lected by others.

H. Monitoring design—Develop a sampling
design that could include fixed station, syn-
optic, event sampling, and intensive surveys;
location of sites, such as a stratified random
design; and physical, chemical, biological,
and ancillary indicators.

1. Data-collection methods.—Develop sampling
plans and identify standardized protocols and
methods (performance based if possible) and
document data to enable data comparison
with other monitoring programs. Identify
personnel and equipment needed.

J. Timing—Describe the duration of the sampling
program and the frequency and seasonality
of sampling.

K Field and laboratory analytical support—Identify
field and laboratory protocols or performance-
based methods, which include detection level,
accuracy, precision turnaround time, and sam-
ple preservation.

L. Data management—Describe the data-manage-
ment protocol, which includes data archiving,
data sharing, and data security that can be fol-
lowed. Ensure that all data includes metadata,
such as location (latitude and longitude), date,
time, and a description of collection and ana-
lytical methods, and QA data.

M. Training—As necessary, train staff to collect,
manage, interpret, or present water-quality
data and information.

IV.

N. Interpretation—Identify interpretative methods
that are compatible with data being collected
and program purposes.

O. Communications—Determine how data and
interpretive information can be communi-
cated; for example, press releases, public
meetings, agency meetings, conferences,
popular publications, agency reports, journal
articles, and so forth.

P. Costs—Determine the program costs and
sources of funding.

Q. Iterative—Develop feedback mechanisms to
fine-tune design.

Implementation.

A. Establish and document sites—Construct wells,
shelters, gage houses, staff gages, and other
needed structures as needed in preparation
for data collection;. document ancillary data
for sites.

B. Collect data—Collect data according to moni-
toring design and protocols; coordinate with
other agencies where appropriate.

C. Review results—Review data-collection activi-
ties to ensure that protocols and QA plan are
being followed and that data is complete and
meets stated purposes.

D. Store and manage data—Archive data in such
a manner that the accuracy and precision are
maintained.

E. Share data—Provide data for other agencies
upon request.

F. Summarize data—Provide data-summary infor-
mation to managers when applicable.

Interpretation.

A. Data reliability—Define the accuracy and
precision of environmental data by using
quality-control data.

B. Interpret data tmeet stated purposes—Interpret
the data, which include a description of the
water-resources system, by using existing
environmental and ancillary data to provide
information useful to making water-quality-
management decisions.

C. Statistical methods and model documentation—
Use statistical packages and deterministic
models that are well documented.

D Management alternatives—Test management
alternatives when they are known.

E. Coordinate interpretations—Consider man-
agement alternatives when interpreting
data to meet the needs of collaborators and
customers.
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VI. Evaluate monitoring program.

A. Meet goals and objectives—Determine if mon-
itoring program goals and objectives were
met.

B. Identify problems—Identify any monitoring
problems associated with collecting and ana-
lyzing samples; storing, disseminating, and
interpreting data; and reporting the informa-
tion to managers and the public.

C. Evaluate costs—Evaluate the costs of the mon-
itoring program relative to other costs, such
as clean up, lost environment, and product
produced.

D. Feedback—Use results of evaluation monitor-
ing program to identify current and future
needs and activities of agencies and data
users.

VII. Communication.

A. Coordinate—Participate in the distribution of
information to and with other agencies.

B. Write and distribute technical reports—
Describe current water-quality conditions,
spatial distribution, temporal variability,
source, cause, transport, fate, and effects of
contaminants to humans, aquifers, and eco-
systems as appropriate.

C. Communicate with multiple audiences—Write
lay reports or executive summaries for non-
technical audiences and peer review reports
for technical audiences.

D. Make presentations—Make presentations to
assist management and the public in under-
standing the significance of results.

E. Make data available—Provide basic data for
other data users as requested.
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TECHNICAL APPENDIX C

TERMS OF REFERENCE—
NATIONAL WATER-QUALITY MONITORING COUNCIL

environmental requirements and the effec-
tiveness of programs and projects. Regard-

I. Official designation.
The National Water-Quality Monitoring Council

(National Council) is the permanent succes-
sor to the Intergovernmental Task Force on
Monitoring Water Quality (ITFM).

II. Purpose, scope, applicability, and functions.
A. Purpose—The overall purpose of the

National Council is to support water-qual-
ity-information aspects of natural-
resources management and environmental
protection. The National Council has a
broad mandate that encompasses water-
quality monitoring and assessment, which
includes considerations of water quality in
relation to water quantity. The purpose of
the National Council is to coordinate and
provide guidance and technical support
for the voluntary implementation of the
recommendations presented in the Strat-
egy for Improving Water-Quality Moni-
toring in the United States (the strategy)
by government agencies and the private
sector. The intent of the strategy, pre-
sented in the final report of the ITFM, is to
stimulate the monitoring improvements
needed to achieve comparable and scien-
tifically defensible information, interpre-
tations, and evaluations of water-quality
conditions. The information is required to
support decisionmaking at local, State,
Tribal, interstate, and national scales.

B. Scope—The scope of the National Council

includes reviewing activities for monitor-
ing the quality of fresh surface water,
estuary and near-coastal water, ground
water, and precipitation at local, regional,
and national levels. The National Council
will provide guidance for the collection,
management, and use of water-quality
information. This information is needed
to assess status and trends, to identify and
prioritize existing and emerging prob-
Iems, to develop and implement manage-
ment and regulatory programs and to eval-
uate compliance with

ing marine environments, the National
Council will assist the U.S. Environmental
Protection Agency (USEPA), the National
Oceanic and Atmospheric Administration
(NOAA), the States, and the Tribes in their
joint activities to gather water-quality-
monitoring information.

The National Council will address
and provide guidance for each of the fol-
lowing aspects of water-quality monitor-
ing: institutional coordination and collab-
oration, identifying the objectives for
monitoring, program design, environmen-
tal indicators and standard descriptors of
aquatic and riparian conditions, reference
conditions and sites, station selection,
methods and data comparability, quality
assurance and control, information man-
agement and data sharing, ancillary data
needed to interpret basic water-quality data
and information, data-interpretation and
analysis techniques, reporting findings and
information, training, incentives for partic-
ipating in the strategy, benefits and costs of
monitoring, evaluation of monitoring
activities, and other issues necessary to the
successful implementation of the strategy.

C. Applicability—As resources are available and

consistent with applicable legal require-
ments, organizations that voluntarily
choose to participate in implementing the
strategy will implement ITFM recommen-
dations and voluntarily use the guidelines
and procedures developed by the National
Council and accepted by the Advisory
Committee on Water Information (ACWI).

D. Functions—The specific functions and tasks

of the National Council include the follow-
ing:

1. Maintain the institutional framework—To

implement the strategy, establish and
maintain collaborative partnerships
that link monitoring organizations at
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the national, regional, State, Tribal,
and watershed levels.

2. Evaluate progress—Evaluate and report

the progress in implementing the
strategy every 5 years beginning in
2000. The evaluation will include
accomplishments, plans, recommen-
dations, and a list of organizations
that participate in implementing the
strategy. The report will be distrib-
uted to Governors, the heads of exec-
utive agencies, the President, the
Congress, and other interested par-
ties.

3. Data quality and documentation—

Develop and foster the implementa-
tion of monitoring activities for
which the data quality is known and
the documentation is adequate to sup-
port information sharing.

4. Indicators—Establish and maintain a

process to identify and distribute
comparable physical, chemical, and
biological indicators to measure
progress in meeting water-quality
goals at the national and large
regional levels. As part of the pro-
cess to support comparable and pol-
icy-relevant indicators, produce guid-
ance for implementing national
indicators. Coordinate planning for
implementing comparable indicators.
(The plans will include agency-
specific actions, data-quality guide-
lines, and schedules for reporting
data intended for use in national
assessment activities.) Encourage
similar collaboration to achieve com-
parable and relevant indicators at the
State and the watershed levels.

5. Information management and sharing—

Provide easy access to and support of
the sharing of information holdings
by creating links among information
systems that will constitute a nation-
wide distributed water-

information network. The system
links and the information-sharing
networks will include Federal, State,
Tribal, local, and private organiza-
tions among the primary and the sec-

ondary users of water-quality infor-
mation.

6. Data elements, codes, and reference

tables—Adopt and maintain an
agreed-upon data-element glossary to
provide common terminology and
definitions for documenting water-
quality data; that is, metadata. Con-
tinue to update and refine the data-
elements glossary to meet additional
requirements. Coordinate support for
interagency efforts to maintain,
update, and distribute common taxo-
nomic and other codes and reference
tables for use in automated data sys-
tems containing water-quality infor-
mation. In particular, support the
Interagency Taxonomy Information
System.

7. Methods and data comparability—Pro-

vide technical guidance and coordi-
nate other support necessary to
achieve comparable measurements
that have known quality. To carry out
these functions, the permanent Meth-
ods and Data Comparability Board
(MDCB) will be established. The
MDCB will include a balanced mem-
bership of organizations that repre-
sent Federal, State, Tribal, interstate,
and local government agencies and
the private sector.

8. National assessment—Foster collabora-

tion among organizations that partic-
ipate in national, multistate, or State
assessments of water-quality condi-
tions and trends. Develop and dis-
tribute guidelines and procedures to
improve the interpretation and inte-
gration of the physical, chemical, and
biological/ecological data needed to
describe water-quality conditions and
trends and to understand the factors
that cause water-quality conditions to
change.

9. Reporting and public education—Fos-

ter a better understanding of water-
quality conditions, trends, and
issues among decisionmakers and
the general public by developing and
implementing common or linked
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information-presentation and report-
ing methods, which would include
suggested presentation formats.

10. Information dissemination—Establish a

mechanism that uses modern infor-
mation technology to make the activ-
ities, conventions, protocols, and
guidelines that are part of the strategy
widely accessible. The mechanism
should be maintained over time as
required to meet users needs and to
document the evolving infrastructure
that supports the strategy.

11. Training—Identify training require-

ments and recommend training activ-
ities to make the most effective use
of monitoring resources and to facil-
itate data quality, comparability, and
sharing.

12. International activities—Through exist-

ing mechanisms, foster communica-
tion, collaboration, and consensus to
improve the availability and utility of
water-quality information interna-
tionally. The National Council will
learn from experts in other countries
and evaluate technology and infor-
mation for its applicability in the
United States. Also, the National
Council will share technology and
information developed in the United
States with other countries; in partic-
ular, the National Council will col-
laborate with appropriate entities
under the North American Free Trade
Agreement.

III. Membership.
A. The National Council shall comprise a bal-

anced membership of Federal, interstate,
State, Tribal, local, and municipal govern-
ment agencies and the private sector,
which will include volunteer monitoring
groups. The membership will include
organizations that collect, analyze, inter-
pret, disseminate, or use water-quality
monitoring information, as well as those
that develop monitoring technology,
guidelines, and (or) standards.

B. State membership on the National Council

will include one State agency representa-
tive from each of the 10 Federal regions.

To allow full State participation over time,
membership will rotate among the States in
one-half of the regions every 2 years. To
initiate the rotation on the National Coun-
cil, States in Regions I, I1I, V, VII, and IX
will rotate at the end of the first 2 years.
States in Regions II, IV, VI, VIII, and X
will rotate at the end of the first 4 years.
Within each region, representatives of
State water-quality-monitoring agencies
will elect their representative to the
National Council. State representatives
will serve 4-year terms once the rotation
noted above is established.

C. The Director of the U.S. Geological Survey

(USGS) and the Assistant Administrator
for Water of the USEPA will designate an
additional 11 member organizations that
have differing viewpoints and water-
quality-monitoring and assessment
functions. Other organizations that partic-
ipate on the National Council will repre-
sent the following interests: Native Amer-
icans, agriculture, environmental interest
groups, industry, local agencies and
municipalities, river-basin commissions,
and (or) in associations, universities, and
volunteer monitoring groups. Nomina-
tions for this category of membership will
be by members of the ACWI and other
interested organizations. These other
member organizations will serve 4-year
terms and can be redesignated.

D. Each member organization will designate

their representative and an alternate to the
National Council.

E. The USGS and the USEPA will serve as

cochairs of the National Council. The
USGS will provide the Executive Secre-
tariat for the National Council. Including
the USGS and USEPA, Federal member-
ship on the National Council will not
exceed 10 representatives and will include
the following organizations: the U.S.
Department of Commerce/NOAA, the
Tennessee Valley Authority, the U.S.
Army Corps of Engineers, the U.S.
Department of Agriculture, the U.S.
Department of Energy, the USEPA/
Offices of Water, the U.S. Department of
the Interior/USGS, and either the National
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Biological Service or the U.S. Fish and
Wildlife Service. Additional Federal
member organizations up to a total of 10
can participate as mutually agreed by the
cochairs of the National Council. The
Office of Management and Budget
(OMB) will be invited to participate as a

an open fashion by attempting to discuss
fully and resolve all issues through con-
sensus and by recognizing the legitimate
interests and diverse views of the National
Council members. If complete agreement
cannot be attained, then the following pro-
cedures will apply:

nonvoting member.

F. To ensure appropriate balance and expertise
on the National Council, the cochairs may
jointly designate additional member orga-
nizations not to exceed a total membership

1. A consensus will exist unless one or more
representatives request a vote.

2. If a vote is requested, then Robert's Rules
of Order will apply, and the cochairs
will poll the National Council. An

of 35. affirmative vote of two-thirds of the
G. Representatives or alternates are expected to members present will constitute

attend all meetings of the National Coun-
cil. If a member organization is not repre-
sented at three consecutive meetings, then
the cochairs of the National Council may
appoint a new member organization to
replace the member that has failed to par-
ticipate. The cochairs will consult with
the member organization before removing
it from the National Council.

approval. Each member organization
may cast one vote.

3. Actions that constitute final reports or rec-

ommendations intended for nation-
wide implementation as part of the
strategy will be signed by the cochairs.
Representatives may prepare minority
reports and provide them to the execu-
tive secretary within 1 week of a deci-

IV. Meetings and procedures.

A. The National Council will meet a minimum
of three times a year and at other times as

sion. Minority reports will be included
in the final majority reports.

4. Agreements by the National Council may

designated by the cochairs. The cochairs
will jointly determine the dates, times, and
locations of the meetings in consultation
with the members.

B. Representatives to the National Council will

receive no pay, allowances, or benefits by
reason of their service on the National
Council. However, while away from their
homes or regular places of business and in
the performance of services for the
National Council, non-Federal representa-
tives to the National Council will be
allowed travel expenses if needed. Travel
expenses will include per diem in lieu of
subsistence, in the same manner as persons
employed intermittently in Government
service are allowed such expenses under
Section 5703 of Title 5 of the United States
Code.

C. The presence of two-thirds of the representa-

tives or designated alternates of the mem-
ber organizations will constitute the quo-
rum necessary to conduct business. The

National Council will conduct business in

be reached in formal session or in writ-
ing on an individual basis after every
delegate is advised in advance by the
cochairs.

D. As resources are available and consistent with

applicable legal requirements, organiza-
tions that chose to participate in the strat-
egy will implement ITFM recommenda-
tions and will use the guidelines developed
by the MDCB (or other subordinate
groups) and approved by the National
Council.

E. Before adopting guidelines or recommenda-

tions for voluntary implementation nation-
wide as part of the strategy, the National
Council will announce proposed actions
and products in the Federal Register for the
purpose of obtaining public review and
comments.

F. Summaries with action items of National

Council meetings will be prepared by the
executive secretary and distributed to all
members and to the chair of the ACWI.
In addition, meeting summaries and other
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documents will be available for public
access and review.

G. Transcripts of each National Council meet-

ing,recommendations adopted, and copies
of all studies and reports received, issued,
or approved in conjunction with the
activities of the National Council will be
available for public inspection on the
Internet and for review and copying at the
following location:

Office of Water Data Coordination
417 National Center

U.S. Geological Survey

12201 Sunrise Valley Drive
Reston, Virginia 22092

V. Period of time necessary for the activities of the

National Council —The total period of time
necessary for the National Council to carry
out its activities is estimated to be for as long
as the Federal Government has responsibili-
ties and interests related to monitoring water
quality.

V1. Official to whom the National Council reports—

The National Council reports to the chair of
the ACWI.

VII. Support services—Support services and execu-

tive secretariat for the activities of the
National Council will be provided by the
USGS. In addition, the USEPA and other
organizations will provide services and
other support to the Natioal Council as
mutually agreed.

VIII. Duties of the National Council—The duties of

the National Council are to provide infor-
mation and develop advice as set forth in
Section II.

IX. Termination date—The National Council will

operate for as long as the strategy is imple-
mented. The chair of the ACWI has the
authority to terminate the National Council in
consultation with the member organizations
of the ACWI and the National Council.

X. Subordinate groups—For assistance in conduct-

ing its business, the National Council may
establish subordinate groups. Such groups
will gather information, conduct research,
analyze relevant issues and facts, and draft
proposed position papers and (or) recom-
mendations for deliberation by the National
Council. These groups, which will be estab-
lished by the cochairs, will have the balanced
perspectives and knowledge necessary to
perform their assigned functions. Represen-
tatives that serve on subordinate groups may
include organizations or experts that are not
members of the National Council or the
ACWI, but that provide the knowledgeable
and interested individuals needed to carry out
the assigned tasks. The "Terms of Refer-
ence” for permanent groups, such as the
MDCB, will be reviewed and approved by
the National Council and forwarded to the
ACWI for concurrence. These groups will
report directly to the National Council or, in
some cases, through another subordinate
group.

XI. Authority—The National Council is part of the

Water Information Coordination Program
mandated by OMB Memorandum No. 92—
01, dated December 10, 1991. The National
Council reports to the ACWI that operates
under the Federal Advisory Committee Act.
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TECHNICAL APPENDIX E
INDICATOR-SELECTION CRITERIA

The U.S. Environmental Protection Agency
(USEPA) and the U.S. Geological Survey (USGS)
initiated discussions on water-monitoring activities in
April 1991; the identification of pervasive problems
associated with monitoring resulted in formation of the
Intergovernmental Task Force on Monitoring Water
Quality (ITFM). The ITFM, which was mandated by an
Office of Management and Budget directive to
strengthen coordination for water information nation-
wide, began work in January 1992. It comprises 20
representatives of Federal, State, and interstate gov-
ernmental groups. In addition, approximately 150
Federal and State staff sit on the following task groups:
Intergovernmental Framework, Data Management and
Information Sharing, Data Collection Methods, Envi-
ronmental Indicators, and Assessment and Reporting.
This document represents one of the work products of
the Environmental Indicators Task Group (Task
Group) and describes the selection criteria table
(attached) and some of the supporting rationale.

Definition

The group developed the following definition of
"environmental indicator ... measurable feature or fea-
tures that provide managerially and scientifically use-
ful evidence of environmental and ecosystem quality or
reliable evidence of trends in quality.” Thus, environ-
mental indicators must be measurable with available
technology, scientifically valid for assessing or docu-
menting ecosystem quality, and useful for providing
information for management decisionmaking. Envi-
ronmental indicators encompass a broad suite of mea-
sures that include tools for assessment of chemical,
physical, and biological conditions and processes at
several levels. These characteristics of environmental
indicators have helped define the scope of the group
activities.

This Task Group used guidelines gathered from
the monitoring programs of eight Federal and State
agencies or groups to establish a set of criteria that can
be used to select biological, chemical, and physical
indicators that will provide information appropriate for
addressing objectives of particular programs. These
criteria are organized into three broad categories—sci-
entific validity (technical considerations), practical
considerations, and programmatic considerations. The

list of selection criteria includes those currently in use
by the following offices or programs: USEPA, Office
of Water; USEPA, Office of Policy, Planning, and
Evaluation; USEPA, Environmetal Monitoring and
Assessment Program; USEPA Region 2, Lake Ontario
Stewardship; U.S. Department of Interior (USDOI) ,
USGS; USDOI, U.S. Fish and Wildlife Service; U.S.
Department of Agriculture, U.S. Forest Service; Ohio
Environmental Protection Agency; and New York
Bight Project.

We intend these criteria to be useful to any pro-
gram in which indicators for describing environmental
quality or measuring program success must be selected.

Selection of Appropriate Indicators

Standard Selection Criteria

Environmental indicators should be able to sat-
isfy predetermined selection criteria to ensure their via-
bility. These criteria provide a series of guidelines that
shape the decisionmaking process, which results in an
indicator that meets the needs of the program. It is
important to put the selection criteria into a standard-
ized format that can be useful for nationwide programs.
Standardization of the selection criteria streamlines the
indicator selection process, reduces costs, prevents
duplication of effort, and provides a consistency,
thereby increasing the potential for cross-program
comparisons.

The task group decided that it should focus on
indicators for which techniques, protocols, or equip-
ment were either available or in advanced stages of
development, rather than concentrate on potential mea-
sures; the group felt that concentrating on potential
measures would be unrealistic considering the 1- to
3-year time limitation. It was decided to focus on
attainable goals, and with the diverse experience and
backgrounds represented on the group membership,
there would be an abundance of information to compile
to understand what is currently available.

Criteria Categories

Scientific validity is the foundation for deter-
mining whether data can be compared with reference
conditions or other sites. Data collected from a sam-
pling site become irrelevant if they cannot be easily
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compared with conditions found at a site determined to
be minimally impaired. Factors must be balanced
when considering the scientific validity of an indicator
and its application in real-world situations. An indica-
tor must not only be scientifically valid, but its applica-
tion must be practical (that is, not too costly or too tech-
nically complex) when placed within the constraints of
a monitoring program. Of primary importance is that
the indicator must be able to address the questions that
the program seeks to answer.

For discussion purposes, these criteria have
been divided into three categories—scientific validity
(technical considerations) practical considerations,
and programmatic considerations. Although dis-
cussed separately, these categories are not entirely
separate entities, but rather portions of characteristics
that provide some guidance in the indicator-selection
process.

Scientific Validity

As with any monitoring or bioassessment pro-
gram, the data collected must be scientifically valid for
it to be useful. Table 1 lists 11 guidelines that have
been identified for assisting in this determination.

Measurements of environmental indicators
should produce data that are valid and quantitative or
qualitative and allow for comparisons on temporal and
spatial levels. This is particularly important for com-
parisons with the reference condition. Interpretation of
measurements must accurately discern between natural
variability and the effects induced by anthropogenic
stressors. This requires a level of sensitivity and reso-
lution sufficient to detect ecological perturbations and
to indicate not only the presence of a problem, but to
provide early warning signs of an impending impact.
The methodology should be reproducible and provide
the same level of sensitivity regardless of geographic
location. It also should have a wide geographic range
of application and a set of reference-condition data that
can be used for comparisons.

Practical Considerations

The success of a biomonitoring program is
dependent on the ability to collect consistent data over

the long term; consistency is directly related to the
practical application of the prescribed methodologies.
The practical considerations include monitoring costs,
availability of experienced personnel, the practical
application of the technology, and the environmental
impacts caused as a result of monitoring.

A cost-effective procedure should supply a large
amount of information in comparison to cost and effort. Of
significant importance is the acknowledgment that not
every quantitative characteristic needs to be measured
unless it is required to answer the specific questions. It
may be more important to have a range of qualitative and
quantitative data from a large number of sites than it is to
have a small number of quantitative parameter measure-
ments from a small number of sites. Cost effectiveness
may be dependent on the availability of experienced per-
sonnel and the ability to find or detect the indicating
parameters at all locations. State-of-the-art technology is
useless in a biomonitoring program if experienced person-
nel are in short supply or the data cannot be collected at all
the stations. Equally important is the ability to collect the
data with limited impact to the environment. Some collec-
tion procedures (for example, using rotenone to collect
fish) are very effective, but minor miscalculations can
cause significant environmental damage. These methodol-
ogies should be replaced with less destructive procedures.

Programmatic Considerations

Stated objectives of a program are an important
factor in selecting indicators. Sampling and analysis
programs should be structured around questions to be
addressed. The term "programmatic considerations”
simply means that the program should be evaluated to
confirm that the original objectives will be met once
the data have come together. If the design and the data
being produced by a program do not meet the original
objective(s) within the context of scientific validity and
resource availability, then the selected indicators and
uncertainty specifications should be reevaluated.

Another important consideration is the ease with
which the information obtained can be communicated to
the public. Although itis essential to present information
for decisionmakers, scientists, or other specialized audi-
ences, information for the general public needs to be
responsive to public interests and summarized for clarity.
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Table 1. Summary of some indicator selection criteria

[Sources: USEPA/Office of Policy, Planning, and Evaluation (OPPE), USEPA/Environmental Monitoring and Assessment Program (EMAP), USGS,
U.S. Forest Service (USFS), U.S.Fish and Wildlife Service (USFWS), Ohio EPA, USEPA Region 2/Lake Ontario Stewardship Indicators, New York
Bight Project]

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 . .. ....... .. oL Responds to broad range of conditions or perturbations within an appropriate time

frame and geographic scale; sensitive to potential impacts being evaluated.

Resolution/discriminatory power . ........ Ability to discriminate meaningful differences in environmental condition with a
high degree of resolution (high signal to noise ratio).

Integrates effects/exposure . .. ........... Integrates effects or exposure over time and space.

Validity/accuracy ..................... Parameter is true measure of some environmental conditions within constraints of
existing science.
Related or linked unambiguously to an endpoint in an assessment process.

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

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

Scope/applicability . . .................. Responds to changes on a geographic and temporal scale appropriate to the goal or
issue.

Reference value ...................... Has reference condition or benchmark against which to measure progress.

Data comparability . . .................. Can be compared to existing data sets/past conditions.

Anticipatory ............ ... i, Provides an early warning of changes.

Practical considerations

Cost/cost effective .................... Information is available or can be obtained with reasonable cost/effort.
High information return per cost.

Level of difficulty . . ................... Ability to obtain expertise to monitor.
Ability to find, identify, and interpret chemical parameters, biological species, or
habitat parameter.
Easily detected.
Generally accepted method available.
Sampling produces minimal environmental impact.
Programmatic considerations

Relevance ............. ... ... ... ... Relevant to desired goal, issue, or agency mission; for example, fish fillets for con-
sumption advisories; species of recreational or commercial value.

Programcoverage. .................... Program uses suite of indicators that encompass major components of the ecosys-
tem over the range of environmental conditions that can be expected.

Understandable. .. .................... Indicator is or can be transformed into a format that target audience can under-
stand; for example, nontechnical for public.
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» Shale ridges (fig. 2, 67d) are dominated by shale
bedrock. Land use is predominantly forest,
stream gradients have steep to moderate gra-
dients, and waters are low in alkalinity.
Streams on shale ridges frequently dry up
during fall.

The subregions are not continuous and interdig-
itate throughout the Ridge and Valley. Each subregion
occurs in each of the four States of USEPA Region 3.

Table 1 shows how selected criteria tradition-
ally used to classify streams within the Ridge and Val-
ley ecoregion (elevation, conductivity, temperature)
relate to subecoregional classification, which incorpo-
rates these characteristics into their structure. Because
these parameters (streamwater type, dominant fishery)
are used to delineate subregion streams, they also can
be used as criteria for reference conditions. Differ-
ences between subregions are accurately determined
only if the best possible conditions are used for refer-
ences and if accurate measurements of the same
parameters are taken in all subregions.

Reference Conditions
Background and Purpose

The recognition and documentation of baseline
expectations is important for any assessment program
in which changes of chemical, physical, or biological
attributes are being evaluated. Traditionally, site-
specific reference sites have been used as "controls” or
baselines for water-quality attributes from which devi-
ations measured at test sites located elsewhere have
been judged as an indication of the presence and,
potentially, the degree of degradation of the test sites.
Difficulties in the use of single reference sites for
assessment of ecological degradation include the
inability to meet many statistical assumptions required
for various types of pairwise comparisons (that is, the
problem of pseudoreplication) (Hurlbert, 1984; Stewart-

Oaten and others, 1986), limitations in the ability to
account for dynamic succession inherent in ecosys-
tem processes (Loehle and others, 1990; Loehle and
Smith, 1990), and the potential for underestimating
impairment at a test site as a result of impacts that
affect the reference site. However, there are some
advantages in the use of the upstream/downstream
study design for the evaluation of stream and river
channels. Assuming that other factors are equal, such
adesign can provide guidance for the identification and
location of point-source discharges. It also may
enhance determination of the degree of impairment.

More recently, the development of an ecore-
gional framework (Omernik, 1987; Ohio Environmen-
tal Protection Agency, 1987; Whittier and others,
1987) has provided the basis for subregionalization
(Gerritsen and others, 1994) in several parts of the
country. Subecoregions provide a framework for
establishing ecological expectations (reference condi-
tions), which are based on the sampling of many mini-
mally impaired reference sites within the subregion.
These physical, chemical, and biological data are strat-
ified (within a subregion) by the type and character of
the water-body class to form a reference-condition data
base for the subregion.

The establishment of ecological criteria is the
central purpose of many water-quality-management
activities. The concept of biocriteria implies a compar-
ison of a test-site observation to the highest level of
attainable ecological condition in a subregion. The
USEPA is using "reference conditions" as the basis for
making comparisons and detecting attainment of
aquatic life use (U.S. Environmental Protection
Agency, 1990, 1994). Such conditions should be appli-
cable to an individual water body, such as a stream seg-
ment, and to water bodies generally on aregional scale.
The reference condition is a critical element in the
development of a biocriteria program.

Table 1. Preliminary stream classification and subregions of the Central Appalachians Ridge and Valley ecoregion

[From: Gerritsen and others, 1994]

Area Streamwater type Dominant fishery Corresponding subregion
Highland. . . ... Low conductivity. ....................... Coldwater .......... Shale ridge, sandstone ridge.
High conductivity (owing to calcareous cementin ......... do......... Sandstone ridge.
rock formations or minor limestone strata).
Valley........ Limestone spring (high conductivity)......... ......... do......... Limestone valley.
Limestone influenced (high conductivity). . .. Cold or warm water . . . Do.
Lowconductivity. . ..............oiiiiiin i do......... Shale valley.
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Criteria for Reference-Site Selection

The two main criteria for the selection of ref-
erence sites are that they be minimally impaired and
that they represent the natural biological community
of the region. Sites that have been managed or
altered by human intervention to increase fishability
or to extend nonnative riparian vegetation are not
improvements in the natural sense and, as such,
should not be used as part of the reference-condition
data base. Sites affected by locally unusual environ-
mental factors also can result in unrealistic biological
expectations. Reference sites should be representa-
tive of the water bodies under consideration and
should exhibit conditions and biota similar to what is
expected in water bodies in the ecoregion or sub-
ecoregion.

In areas where least-impaired or best-avail-
able sites have been significantly altered, the search
for suitable sites must be extended over a wider area;
multiState cooperation in the form of data- and refer-
ence-site sharing is the basis for such searches. If no
suitable sites are found, then historical data, expert
opinion,and (or)empirical models can be used to
determine reference expectations for the region (Gib-
son and others, 1994). Historical data alone may not
suffice owing to potentially questionable methods,
lack of QA information, surveys made at impaired
sites, and insufficiently documented methods and
(or) objectives. Empirical water-quality models
must be carefully evaluated before being used solely
in the development of reference conditions. Because
they generally are deficient in community-level eval-
uations, a consensus of expert opinion, as well as
modeling and historical data, should be used in deter-
mining the reference condition. In any event, the
goal of establishing reference conditions is to define
the natural potential of the reference sites as being
equivalent to that for natural lakes—best of ambient
conditions or prediction regardless of the extent of
human degradation that currently exists in the area.
The development of reference-site-selection criteria
for reservoirs [J. Gerritsen, and others, Tetra Tech,
Inc., written commun. (draft report), 1994] showed
that although natural conditions for reservoirs are
nonexistent, operational criteria for establishment of
reference models can be established.

Reference sites must be carefully selected
because they will be used as a benchmark against
which test sites will be compared. The ideal refer-
ence site will have extensive natural riparian vegeta-

tion, a diversity of substrate materials, natural phys-
ical structures, a natural hydrograph, and a minimum
of known human-induced disturbances or discharges.
There also should be a representative and diverse
abundance of naturally occurring biological assem-
blages (Hughes and others, 1986).

However, it also is recognized that pristine
conditions no longer exist, and, in practice, the level
of the acceptable conditions for reference sites may
be based on socioeconomic demands. Consider a
county in which all the streams have been converted
into canals or ditches; consequently, the habitat has
been completely altered. Some of the canals receive
point-source discharges, as well as nonpoint-source
input, while others have clean water. On the basis of
the framework described above, there would be two
drastically different approaches for establishing ref-
erence conditions. The decision on the approach to
be taken rests with the acceptance that the substantial
habitat impairment of canals will not support natu-
rally occurring biological assemblages, as defined by
Hughes and others (1986). In the first approach, a
composite of the best biological condition of the
canals within the region is determined to represent
the reference condition and, thus, the biological
expectations. The alternative would be to take the
best of the nonchannelized streams in an adjacent
county within the same ecoregion or subregion and
establish expectations more similar to a natural con-
dition. The latter approach provides a more stringent
basis for judgment of impairment. A decision to use
this approach implies that there is acceptance of
degraded physical habitat and may remove incen-
tives toward efforts at improving overall ecological
conditions. However, Gibson and others (1994) cau-
tioned against the wholesale acceptance of signifi-
cantly altered systems and stipulated that resultant
criteria are interim goals subject to improvement.
The result of the approach for establishing reference
conditions in significantly altered systems, however,
is nontechnical in nature and falls within the charge
of policymakers.

Establishment of Reference Expectations by
Indicator

Initially, regional expectations should be
developed for each targeted indicator; these expecta-
tions may or may not vary across regional "bound-
aries.”" Whether this variation exists, and to what
degree they differ, is critical.
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Index Calibration
Background and Purpose

Data collected from regional reference sites must
be evaluated to develop an understanding of the range of
natural variability of those measurement parameters
within and between ecoregions and subregions. For
establishing numerical reference expectations, it is
imperative that within-region variability of parameters
be minimized and that among-region variability be
maximized. One way this can be done is by stratifica-
tion (or categorization) of ecological data within subre-
gions by drainage area, habitat quality, local land use, or
some other characteristic.

Different approaches for ecological assessments
focus on different indicators, use of different sampling
methods, sampling during different index periods, use
of specialized data-evaluation procedures, and measure-
ment of data at various scales. Regardless of the spe-
cific measurements or samples being taken, pilot studies
or small-scale research may be needed to define, evalu-
ate, and calibrate individual indicators. Past efforts that
have been made to evaluate the use of metrics illustrate
procedural approaches to this task (Angermeier and
Karr, 1986; Karr and others, 1986; Davis and Lubin,
1989; Boyle and others, 1990; Barbour and others,
1992; Karr and Kerans, 1992; Kerans and others, 1992;
Lyons, 1992; Resh and Jackson, 1993). Indicator met-
rics can be calibrated by evaluating the response to
varying levels of stressors (Jongman and others, 1987).
Sites must be carefully selected for controlled prospec-
tive studies to cover a wide range of suspected stressors.
In general, impaired sites are selected to provide knowl-
edge on the directional changes of indicators by using
either single or aggregated metrics subjected to known
stressors singly and in combination. The combination
of selected impaired and reference sites is the basis for
developing an empirical model of indicator response to
Stressors.

Dispersion and Aggregation of Data

Certain metrics may exhibit a continuum of
expected values, which depend upon specific physi-
cal attributes of the sites that make up the reference
data base. Fausch and others (1984) suggested that
a line with a slope fit, which includes about 95 per-
cent of the sites, is an appropriate approximation of
a maximum line of expectations for the metric in

question; for example, the number of fish species.
The area on the graph beneath the maximum line can
be trisected or quadrisected to assign scores to the
range of indicator values. Alternatively, the median,
25th, and 75th percentiles of each metric may be
plotted on a box and whisker graph for each ecore-
gion or subecoregion to display variability.

Comparison of the medians and ranges across
environmental strata (ecoregions, subecoregions,
stream or lake size, seasons) can help determine if it
is necessary to segregate the data by the strata. For
example, seasonal influences on an indicator can be
examined by comparing the median and range
between two samples obtained at the same site in
different seasons and by using the same methods. If
differences exist between the two seasons, then data
from these two seasons should not be combined; that
is, for this particular ecoregion, only spring data
should be compared with spring data, and fall data
with fall data. Separate criteria (or reference expec-
tations) should be developed for spring samples and
fall samples. Data that do not show such distinct
seasonal differences may be combined. A similar
approach can be applied to data that originate in
different ecoregions, subregions, or sizes of water
bodies.

For classification of reference conditions
based on the best available (selected) sites, it is
assumed that most of, if not all, the sites are mini-
mally impaired. Therefore, the upper 50th percen-
tile (values above the median) can be used as the
delineation between what is considered to be
impaired versus nonimpaired for each indicator or
metric. When scoring each metric, the values in the
upper range would receive the maximum score, and
quartiles below the median would receive progres-
sively lower scores. This approach is conducive to
metrics that may have a modal response, rather than
a monotonic one, because upper bounds on the
expected condition can be established. Hypotheti-
cally, taxa richness may be best in a region when the
number of taxa is between 25 and 35. However, ina
water body with nutrient enrichment, the number of
taxa may be 37. In this approach, the condition
would be noted as indicating some degree of impair-
ment owing to probable nutrient enrichment.

Unresolved Issues

In the 15 to 20 States where the ecoregion concept
has been applied or implemented in natural-resource

Technical Appendix F 37



management, it has proven successful. The primary
unresolved issue in using reference conditions as the
basis for measuring water-quality impairment is the
incompleteness of subregionalization work across
the country. Delineation of small watershed bound-
aries being mapped by the Natural Resources Con-
servation Service, in collaboration with many other
agencies, may help resolve this issue.
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TECHNICAL APPENDIX G

MULTIMETRIC APPROACH FOR DESCRIBING ECOLOGICAL CONDITIONS

The Intergovernmental Task Force on Monitor-
ing Water Quality (ITFM) supports the national goal of
using multimetric approaches for biological data in
combination with information on physical and chemi-
cal indicators to assess water quality. Multimetric
approaches to water-quality assessment, where locally
modified, applied, and nationally compared, are a rec-
ommended component of a national assessment of the
ecological condition of natural resources. The follow-
ing steps are necessary to accomplish this goal nation-
ally: establishment of reference conditions in the con-
text of ecoregions/subecoregions; further development
of information about the interrelations among biologi-
cal, chemical, and physical characteristics of ecosys-
tems; recognition of when local or regional modifica-
tions to the approach are needed; recognition that
reference conditions are necessary to assess commu-
nity-level responses at sites of interest; and establish-
ment of a mechanism that allows data to be aggregated
at appropriate regional or national levels.

The Multimetric Approach

The accurate assessment of biological integrity
requires a method that integrates biotic responses by
examining patterns and processes from individual to
ecosystem levels. Classical approaches select some
biological attribute that refers to a narrow range of per-
turbations or conditions. Many ecological studies
focus on a limited number of parameters that may
include one or more of the following: species distribu-
tions, abundance trends, standing crop, and production
estimates. Usually, parameters are interpreted sepa-
rately with a summary statement about the overall
health of the system. This approach is limited in its
usefulness because the attributes emphasized may not
reflect overall ecological health (Karr and others,
1986). This is analogous to the removal of single-
species toxicity testing from "environmental realism"
and the low applicability for assessments of system-
level responses (Buikema and Voshell, 1993).

An alternative approach is to define an array
of metrics, each of which provides information on a
biological attribute and, when integrated, functions as
an overall indicator of biological conditions. The
strength of a multimetric approach is its ability to inte-

Much of the text and several figures in this issue paper were
taken from Barbour and others (1995) and U.S. Environmental
Agency (1994).

grate information from individual, population, com-
munity, and ecosystem levels and to evaluate, with ref-
erence to biogeography, a single ecologically based
index of water quality (Karr and others, 1986; Plafkin
and others, 1989; Karr, 1991; Barbour and others,
1995). Multimetric assessments provide detection
capability over a broader range and nature of stressors
and give a more complete picture of biological con-
dition than single biological indicators. The Ohio
Environmental Protection Agency (1987) suggested
that combined strengths of metrics minimize any indi-
vidual weaknesses.

Metrics

The validity of an integrated assessment that uses
multiple metrics is supported by the use of metrics
firmly rooted in sound ecological principles (Karr and
others, 1986; Fausch and others, 1990; Lyons, 1992). A
metric or biological attribute is some feature or charac-
teristic of the biotic assemblage that reflects ambient
conditions, especially the influence of human actions. A
composite of appropriate metrics provides an accurate
reflection of the biological condition at a study site. A
large number of metrics have been used (for example,
see Karr and others, 1986; Fausch and others, 1990;
Kay, 1990; Noss, 1990; Karr, 1991), and each is essen-
tially a hypothesis about the relations between an
instream condition and human influences (Fausch and
others, 1990). Gray (1989) stated that the three best-
documented responses to environmental stressors are
reduction in species richness, change in species compo-
sition to dominance by opportunistic species, and reduc-
tion in mean size of organisms. However, because each
feature responds to different stressors, the best approach
to assessment is to incorporate many attributes into the
assessment process. These metrics can be surrogate
measures of more complicated elements and processes
as long as they have a strong ecological foundation
and enable the biologist to ascertain the attainment or
nonattainment of biological criteria, designated uses, or
some other statement on ecological condition.

A number of metrics have been developed
and subsequently tested in field surveys of benthic
macroinvertebrate and fish assemblages (Karr, 1991).
Because metrics have been recommended for fish
assemblages (Karr, 1981; Karr and others, 1986) and
benthic macroinvertebrates (Ohio Environmental Pro-
tection Agency, 1987; Plafkin and others, 1989; Bar-
bour and others, 1992; Karr and Kerans, 1992), they
will not be reviewed extensively here. A list of fish
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assemblage metrics used in the Index of Biotic Integ- developed, some are more broadly based and may be
rity (IBI) is presented in table 1, which includes local appropriate for use in various regions of the country.
variations used in regional IBI applications. Selected metrics are listed by specific approach in
table 2. Winget and Mangum (1979) and Mangum
(1986) developed and tested the Biotic Condition Index
(BCI), which is a metric similar to the Hilsenhoff
Biotic Index (Hilsenhoff, 1987). The BCl incorporates
characteristics of aquatic insect taxonomic diversity
with tolerance characteristics on the basis of stream

Benthic metrics have undergone similar evolutionary
developments and are documented in the Invertebrate
Community Index (ICI) (Ohio Environmental Protec-
tion Agency, 1987), the Rapid Bioassessment Proto-
cols (RBP’s) (Shackleford, 1988; Plafkin and others,

1989; Barbour and others, 1992; Hayslip, 1993) and . - -
the benthic IBI (Kerans and others, 1992). Metrics gradient, substrate composition, total alkalinity, and

used in these indices are surrogate measures of ele- sulfate (U.S. Forest Service, 1989).
ments and processes of the macroinvertebrate assem- Figure 1 illustrates a conceptual structure for
blage. Although several of these indices are regionally ~  attributes of a biotic assemblage in an integrated assess

Table 1. Index of Biotic Integrity metrics used in various regions of North America

[IBI, Index of Biotic Integrity, X = metric used in region. Taken from Karr and others (1986), Hughes and Gammon (1987), Ohio Environmental Protection
Agency (1987), Miller and others (1988), Steedman (1988), Lyons (1992). Many of these variations are applicable elsewhere]

Sacra-
Western mento/ Wis-
Oregon San  consin
Joaquin

Mid- New Central  Colorado

Alternative 1Bl metrics Ontario Appa- Front
west England lachia Range

1. Total number of species ........... X X X X X

Number of native fish species .. .. X X X X

Number of salmonid age classes’. . X X

2. Number of darter species........... X
Number of sculpin species .......

Number of benthic insectivore X
species.

Number of darter and sculpin X X
species.

Number of salmonid yearlings X X
(individuals).!

Percentage of round-bodied X
sucker.

Number of sculpins (individuals) . .
3. Number of sunfish species..........

Number of cyprinid species. . . .. ..

Number of water-column species . . X

Number of sunfish and trout X
species.

Number of salmonid species.. . . . ..
Number of headwater species . . . . . X
4. Number of sucker species .......... X X X X
Number of adult trout species’ . . . .
Number of minnow species. . ... .. X

Number of sucker and catfish X
species.

5. Number of intolerant species. . . . . . .. X

Number of sensitive species . .. ... X

Number of amphibian species. . . . .
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Table 1. Index of Biotic Integrity metrics used in various regions of North America—Continued

Central  Colorado Sacra-
Western  mento/  Wis-

. . Mid- New .
Alternative 1Bl metrics Ontario Appa- Front -
west  England lachia Range Oregon San consin
Joaquin

Presence of brook trout.......... X

6. Percenage of green sunfish . ........
Percentage of commoncarp .. ....
Percentage of white sucker . ...... X X
Percentsge of tolerant species. . . . . X X
Percentage of creek chub . .......

Percentage of dace species ....... X
7. Percentage of omnivores . . ........ X X X

f Ti
Percentage. o 1ye:a: ing X x
salmonids

8. Percentage of insectivorous X
cyprinids.

Percentage of insectivores. ....... X

Percentage of specialized X X
insectivores

Number of juvenile trout. . .......

Percentage of insectivorous
species.

9. Percentage of carnivores ........... X X X X

Percentage of catchable X
salmonids.

>

Percentage of catchable trout . . ...

>

Density catchable wild trout . . .. ..

10. Number of individuals. ........... X

o

Density of individuals...........
11. Percentage of hybrids ............ X X

Percentage of introduced species . .

Percentage of simple lithophills . . . X X

Number simple lithophills
species.

Percentage of native species . . .. ..
Percentage of native wild X

individuals.

12. Percentage of diseased individuals . . X X X X X X X

IMetric suggested by Moyle and others (1986) and Hughes and Gammon (1987) as a provisional replacement metric in small western salmonid streams.

2E)u:lucling individuals of tolerant species.
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Table 2. Examples of metric suites used for analysis of macroinvertebrate assemblages

[EPT, Ephemeroptera/Plecoptera/Trichoptera. Metrics in Idaho, Oregon, and Washington are currently under evaluation]

Alternative benthic metrics

Inverte-
brate
commu-
nity

index'

Rapid
bioassess-
ment
protocols?

Rapid
bioassess-
ment
protocols®

Rapid bioassessment

protocols?

idaho

Oregon

Washing-
ton

Benthic
index of
biotic
integrity®

1. Total numberoftaxa ..................
Percentage of change in total taxa
richness.

2. Number of EPT taxa...................
Number of mayfly taxa . . .... e
Number of caddisfly taxa. . ............
Number of stonefly taxa ..............
Missing taxa (EPT) ..................

3. Number of Dipterataxa................
Number of Chironomidae taxa . ........

4. Number of intolerant snail and mussel
species.

5. Ratio of EPT/Chironomidae abundance. . . .
Indicator assemblage index . ...........
Percentage of EPTtaxa...............
Percentage of mayfly composition . . .. ..
Percentage of caddisfly composition. . . ..

6. Percentage of tribe Tanytarsini. . .........

7. Percentage of other Diptera and noninsect
composition.

8. Percentage of tolerant organisms . ........
Percentage of Corbicula composition . . . .
Percentage of Oligochaete composition . .
Ratio of Hydropsychidae/Trichoptera . . . .

9. Percentage of individuals—dominant taxon. .
Percentage of individuals/two dominant
taxa.
Five dominant taxa in common. ........
Common taxaindex..................

10. Indicator groups . . ....................

11. Percentage of individuals omnivores and
scavengers.

12. Percentage of individuals collector gatherers
and filterers.
Percentage of individuals filterers . . . . . ..

13. Percentage of individuals grazers and
scrapers.
Ratio of scrapers/filterer collectors . . . . ..
Ratio of scrapers/scrapers plus filterer
collectors.

X

PP

X

X

X
X

P

X
X
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Table 2. Examples of metric suites used for analysis of macroinvertebrate assemblages—Continued

Inverte- Rapid Rapid Rapid bioassessment Benthic
brate bioaar:ess- bi aaszless- protocols* index of
Alternative benthic metrics commu- msent omem biotic s
nity 2 3 Washing-  integrity
index’ protocols' protocols Idaho  Oregon ton
14. Percentage of individuals strict predators . . X
15. Ratio shredders/total individuals (eauals X X X
Percent shredders).
16. Percentage of similarity functional feeding X X X
groups quantitative similarity index.
17. Total abundance. . . ................ o X
18. Pinkham-Pearson community similarity X
index.
Community loss index. . .............. X X
Jaccard similarity index. . ............. X
19. Quantitative similarity index (taxa). . ... .. X X
20. Hilsenhoff bioticindex ................ X X X X
Chandler bioticscore. .. .............. X
21. Shannon-Weiner diversity index ......... X
Equitability ..................... e X
Index of community integrity . . ... .. A X

1Ohio Environmental Protection Agency (1987).

3Shackelford (1988). “Hayslip (1993). Kerans and others (1992).

COMMUNITY
STRUCTURE

TAXONOMIC
COMPOSITION

TAXA RICHNESS IDENTITY

RELATIVE
ABUNDANCE

SENSITIVITY
(INTOLARANCE)

DOMINANCE
KEY TAXA

RARE / ENDANGERED /|

INDIVIDUAL
CONDITION

DISEASE

ANOMALIES

CONTAMINANT
LEVELS

METABOLIC RATES

2Barbour and others (1992), revised from Plafkin and others (1989).

BIOLOGICAL
PROCESSES

TROPHIC DYNAMICS

PRODUCTIVITY
PREDATION RATE

RECRUITMENT RATE

i

Figure 1. Organizational structue of the attributes that should be incorporated into biological assessments.
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ment that reflects overall biological condition. A number
of these attributes can be characterized by metrics within
four general classes—community structure, taxonomic
composition, individual condition, and biological
processes.

Community structure can be measured by the
variety and distribution of individuals among taxa.
Taxa richness, or the number of distinct taxa, reflects
the diversity within a sample of an assemblage. Multi-
metric uses of taxa richness as a key metric include the
ICI (Ohio Environmental Protection Agency, 1987),
the Fish IBI (Karr and others, 1986), the Invertebrate
IBI (Kerans and others, 1992), and the RBP’s
(Plafkin and others, 1989). Taxonomic richness also
is recommended as critical information in assays of
natural phytoplankton assemblages (Schelske,
1984). Taxarichness usually is species level but also
can be evaluated at designated groupings of taxa, often
at higher taxonomic levels (that is, genus, family,
order) in assessments of invertebrate assemblages.

Relative abundance of taxa refers to the number
of individuals of one taxon compared with that within
the entire sample. Dominance, which is easured as per-
cent composition of the dominant taxon (Barbour and
others, 1992), is an indicator of community balance or
lack thereof. Dominance is an important indicator
when the most significant taxa are eliminated from the
assemblage or if the food source is altered. Dominants-
in-common (Shackleford, 1988) is a comparison with
reference conditions to evaluate the extent to which
dominance may reflect human influence.

ACCEPTED

Taxonomic composition can be characterized by
several classes of information, such as identity and sen-
sitivity. Identity is the knowledge of individual taxa
and associated ecological principles and environmental
requirements. Key taxa, which are those of special
interest or are ecologically important, provide informa-
tion that is important to the identity of the targeted
assemblages. The presence of exotics or nuisance spe-
cies may be an important aspect of biotic interactions
that relates to identity and sensitivity. Sensitivity refers
to the numbers of pollutant-tolerant and pollutant-
intolerant species in the sample. The ICI (Ohio Envi-
ronmental Protection Agency, 1987) and the RBP’s
(Plafkin and others, 1989) use a metric based on
species tolerance values. A similar metric for fish
assemblages is included in the IBI (table 1).

Recognition of rare, endangered, or important
taxa provides additional legal support for remediation
activities or recommendations. Species status for
response guilds of bird assemblages (for example,
whether they are threatened or endangered, native or
introduced, or of some commercial or recreational
value) also relates to the composition class of metrics
(Brooks and others, 1991).

Individual condition metrics are those that refer
to the degradation of physical or physiological health of
individual organisms. This type of metric is not com-
monly used for benthic macroinvertebrates; examples of
fish metrics for individual condition are "percent indi-
viduals diseased" and "precent individuals with fin rot."

METRIC

RESEARCH

CANDIDATE

METRIC REJECTED

Figure 2. Tiered metric development process (Adopted from Holland, 1990).
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The functional aspects of biological processes
can be divided into several categories as potential met-
rics. Trophic dynamics encompass functional feeding
groups and relate to the energy source for the system, the
identity of the herbivores and carnivores, the presence of
detritivores in the system, and the relative representation
of the functional groups. Abundance estimates are sur-
rogate measures of standing crop and density that can
relate to contaminant and enrichment problems.

Inferences on the biological condition can often
be drawn from a knowledge of the capacity of the sys-
tem to support the survival and propagation of the top
carnivore. This attribute can be a surrogate measure
for predation rate. Without stable food dynamics, pop-
ulations of the top carnivore reflect stressed conditions.
Likewise, if production at a site is considered to be high
on the basis of organism abundance or biomass and if
high production is natural for the habitat type under
study (as per reference conditions), then biological
conditions would be considered to be good. Fitness is
the capacity of an individual or population to maximize
reproductive success by the production of viable off-
spring (Price, 1975) and figures significantly in recruit-
mentrate. Life cycle success, therefore, should include
age-specific birth and death rates.

Process metrics have been developed for a num-
ber of different assemblages. For example, table 1
indicates at least seven IBI metrics that deal with
trophic status or feeding behavior in fish, which
focuses on insectivores, omnivores, or herbivores.
Also, the number or density of individuals of fish in a
sample (or an estimate of standing crop) is a measure
of production and, thus, in the function class of metrics.
Additional information is gained from density mea-
sures when they are considered to be relative to size or
age distribution. Three RBP metrics for benthic mac-
roinvertebrates focus on functional feeding groups
(table 2; Plafkin and others, 1989; Barbour and others,
1992). Brooks and others (1991) used trophic level as
one category for rating avian assemblages. It may not
be necessary to establish metrics for every attribute of
the targeted assemblage. However, the integration of
information from several attributes, especially a group-
ing of metrics representative of the four major classes
of attributes (fig. 1), would improve and strengthen the
overall bioassessment.

Development of Metrics

The development of appropriate metrics fol-
lows definition of the taxa to be sampled, the biological

characteristics at reference conditions, and, to a certain
extent, the anthropogenic influences being assessed. In
many situations, because multiple stressors impact eco-
logical resources, a specific cause-and-effect assessment
may be difficult. However, change over sets of metrics
in response to perturbation by certain stressors (or sets
thereof) may be used as response signatures (Yoder,
1991). A broad approach for program-directed develop-
ment of metrics may be modeled after Fausch and others
(1990), Holland (1990), Barbour and others (1992), or
Karr and Kerans (1992). Candidate metrics (fig. 2) are
selected on the basis of knowledge of aquatic systems,
flora and fauna, literature reviews, and historical data.
Candidate metrics are then evaluated for efficacy and
validity for implementation into the bioassessment pro-
gram. Less-robust metrics or those not well founded in
ecological principles are eliminated in this research pro-
cess. Metrics with little or no relation to stressors are
rejected. Core metrics are those remaining that provide
information useful in differentiating among sites that
have good- and poor-quality biotic characteristics. Core
metrics should be selected to represent diverse aspects of
structure, composition, individual health, or processes of
the aquatic biota. Together, they should form the foun-
dation for a sound integrated analysis of the biotic con-
dition to judge the attainment of biological integrity.
Thus, metrics that reflect community characteristics are
appropriate in biocriteria programs if their relevance can
be demonstrated, if the response range can be verified
and documented, and if the potential for program appli-
cation exists. Regional variation in metric details are
expected, but the general principles used to define met-
rics need to be consistent over wide geographic areas
(Miller and others, 1988).

Calibration of Metrics

Pilot studies or small-scale research may be
needed to define, evaluate, and calibrate metrics.
Metrics can be calibrated by using controlled prospec-
tive studies (Jongman and others, 1987); that is, by
evaluating the response of metric values to varying lev-
els of stressors. Sites must be carefully selected for
controlled prospective studies so that a wide range of
suspected stressors on the stream ecosystems can be
included. In general, impaired sites are selected
because single and combined stressors have impacted
them. The selected impaired sites and the reference
sites are the basis for the development of an empirical
model of metric response to stressors.
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Metrics can be evaluated following model
development. Candidate metrics that do not respond
to any of the stressors expected in a region may be
eliminated. Metrics also are evaluated for variability
with respect to responsiveness; those with high vari-
ability compared with the range of response should be
used with caution. A more-detailed discussion of
metric calibration is provided in Technical Appendix
F.

Rating the Metrics

Once the reference condition is established
from a compiled set of reference sites, the expecta-
tions for each metric can be delineated. Certain met-
rics may exhibit a continuum of expectations that are
dependent on specific physical attributes of the refer-
ence streams. For example, the total number of fish
species changes as a function of stream size estimated
by stream order or watershed area for a number of
undisturbed reference sites (Fausch, and others 1984).
When reference site data are plotted, the points pro-
duce a distinct right triangle, the hypotenuse of which
approximates the upper limit of species richness.
Fausch and others (1984) suggested that a line with a
slope fit to include about 95 percent of the sites is an
appropriate approximation of a maximum line of
expectations for the metric in question. When differ-
ent stream classes have different expectations in met-
ric values and a covariat, such as drainage area, exists
that produces a monotonic response in a metric, a plot
of survey data for each stream class versus the cova-
riante may be useful (fig. 3).

As shown in figure 3, the area on the graph
beneath the maximum line can then be trisected or
quadrisected to assign scores to a range of metric val-
ues. It should be noted that as drainage area increases,
there is a leveling or diminishing rate of increase in
the number of species, which accounts for the bend-
ing of the lines. Even so, the upper line represents the
maximum-species richness across the range of drain-
age area (Yoder and Rankin, 1995). The scores pro-
vide the transformation of values to a consistent mea-
surement scale to group information from several
metrics for analysis. An alternative is to calculate the
median, 25th, and 75th percentiles and display the
results in a box and whisker graph (fig. 4). For each
metric, the sites are sorted by stream class (for exam-
ple, ecoregion, stream type, and so forth) and plotted
to ascertain the spread in data and the ability to dis-
criminate among classes. If such a representation of

the data does not allow discrimination of the classes,
then it will not be necessary to develop a separate
biocriterion for each class; that is, a single criterion
will be applicable to a set of sites that represent differ-
ent physical classes. Conversely, if differences in the
biological attribute are apparent and appear to corre-
spond to the classification, then separate criteria are
necessary.

For each metric, which is based on the distri-
bution of metric values in the reference data base,
scoring categories are developed on the basis of dif-
ferent percentiles of the observed range of individual
metrics. For example, a reference data base has a
maximum taxa richness value of 28 and a median
value of 21. The scoring categories, which use the
50th percentile as the most appropriate threshold,
would appear as follows:

Metric value ranges Bioassessment  Condition category,
points by percentiles
>21 6 >50th
14-20 4 25th — 49th
7-13 2 13th — 24th
0-6 0 <12th

With these types of categories established for
all metrics, calculated values from test-site samples
can be compared with the reference-based criteria for
assignment of bioassessment scores. An alternative
to assigning scores is to calculate the percent devia-
tion from the maximum species richness line for each
value obtained in calculating the metric from bio-log-
ical data collected at a site. In this approach, assess-
ment of acceptability would be based on the percent-
age of reference value.

Aggregation

After defining the lower limit of the highest
nonimpaired category and dividing the remainder of
the value range into one or more impaired categories
(fig. 3), actual metric values are substituted for the
percentile limits of those category ranges. The ranges
of metric values are put into scoring tables that pro-
vide the ability to associate bioassessment scores to
individual metrics (for example, tables 3, 4), thus
"normalizing” the values. The Ohio Environmental
Protection Agency (1987) established tables that are
based on some decided-upon percentiles as discussed
above. As shown in table 3, they recognize three
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Figure 3. Examples of the technique used to calibrate the Index of Biotic Integrity
(1Bl) and the Invertetrate Community Index (ICl) for the drainage area dependent
metrics of each index. The number of fish species (A) and number of mayfly taxa (B)
vs. drainage area demonstrate the use of the 95 percent maximum-species richness
line and the trisection and quadrisection methods used to establish the IBl and the
ICl scoring criteria (Yoder and Rankin 1995).
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Figure 4. Metric value and stream class to ascertain the
spread in data and the ability to discriminate among classes.

categories of metric scoring ranges for fish-assem-
blage data collected at nonwadeable (boat) sites.

After scoring all metrics for each of the sites,
aggregation of these normalized metric scores is pos-
sible. By assuming equal weighting among metrics,
a simple summation can accomplish aggregation. If
the contribution of one or more metrics needs to be
emphasized or increased over the remainder owing
to, perhaps, specific recognition of known problems
(habitat degradation or point-source discharges) and
expected responses, then individual metrics can have

a weighting factor incorporated. The weighting fac-
tor can be applied to either the calculated metric
value or the normalized metric score.

Unresolved Issues

w . -
2 75th percentile —» BTus or
o Median —p- OIS MEAN | | ntorquartile . The multimetric approach to biological assess-
£ 25th percentile — range ment has been criticized because the reduction of
2+ - taxonomic composition and abundance data to a
Median mi . handful of indices loses the rich information in the
edian minus 1.5 times o R .
- the interquartile range original data. Often, these criticisms do not consider
g how the indices are to be employed. Management
- Less than the median  —

acts on a small handful of societal actions; for exam-
ple, regulation of point sources, controlling urban
runoff, and fisheries management. Biological assess-
ment must reduce the complexity of the ecosystem in
such a way that management can act. For example, it
is unrealistic to expect that the species composition
of harpacticoid copepodes will be "managed" in
streams. Final decisions on impact/no impact or man-
agement actions are not made on the single aggre-
gated value alone; rather if comparisons to estab-
lished reference values indicate an impairment in
biological condition, then component parameters (or
metrics) are examined for their individual effects on
the aggregated value.

A larger issue is the statistical distribution,
behavior, and uncertainty of indices and metrics gen-
erated in the multimetric approach. This issue will be

Table 3. Index of Biotic Integrity metrics and scoring criteria based on fish-community data from more than 300 reference sites

throughout Ohio applicable only to boat (nonwadeable) sites

[1Bl, index of Biotic Integrity, <, less than; >, greater than; <, less than or equal to. Table modified from Ohio Environmental Protection Agency
(1987). For further informtion on metrics, see Ohio Environmental Protection Agency (1987)]

Scoring criteria

1Bl metrics

5 3 1
Total TUMDET Of SPECIES ...cvcruiueeerreriiicrieienrintiecee st e s rsien >20 10 - 20 <10
Percentage of round-bodied SUCKETS .........cccevrruinrirerecnneeiesnenssesssesssessassans >38 19 - 38 <19
Number of sunfish SPECies ..o >3 2 - 3 <2
Number Of SUCKET SPECIES ....c.cvviirerecrcreiree et eensesesseses e nneenens >5 3 - 5 <3
Number of intolerant SPECIes ...........ooccvvvrmriiinniinneces e >3 2 - 3 <2
Percentage of tolerant SpeCies..........oocvuerviiiiccniinr i <15 15 - 27 >27
Percentage of OMIVOIES.........cocoviviiiiiieiicniiic st eseesssnes <16 16 - 28 >28
Percentage Of iNSECHVOTES. ......cuieerereeriiirenenieeseerireneeessesesesnsseseseeseesnsanesenns >54 27 - 54 <27
Percentage of tOP CAMMIVOIES.........cccceiiuiniriinierne sttt ses e >10 5 - 10 <5
Percentage of simple Hthophils! .............oovvvvvvveereeceeeeormseeneesseoseeeereeseesnes >50 25 - 50 <25
Percentage of deformities, eroded fins, lesions, and tumors anomalies....... <0.5 05- 30 >3.0
FiSH NUIMDETS ...ttt essesenee s sasssse s esssasasansnsnas <200 200 -450 >450

IFor sites in a drainage area of less than or equal to 600 square miles; for sites in a drainage area greater than 600 square miles, scoring categories vary
with drainage area.
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Table 4. Bioassessment scoring criteria developed for Rapid Bioassessment Protocols benthic macroinvertebrate metrics
based on 300-organism subsamples of double-composite square-meter kicknet samples from the Sandusky River in Ohio

[2, greater than or equal to; <, less than or equal to. U.S. Environmental Protection Agency, written commun. (draft report), 1994. For more information on

individual metrics, see Barbour and others (1992)]

Scoring criteria

Metric
0 2 4 6
Taxa richness ................... 0-6 7 -13 14 -20 221
Hilsenhoff biotic index 251 5.0~ 3.7 3.6- 23 <22
Scrapers/(scrapers plus filter collectors) x 100 .....c..cccecevcvrvccennnns 0-19.3 19.4-38.7 38.8-58.1 2582
Ephemeroptera/Plecoptera/Trichoptera (EPT)/
(EPT plus chironomidae) x 100. 0-25 26 —50 51 -75 76-100
100-76 75 -51 50 -26 <25
0-3 4 -6 7 -9 210
0-25 26 -50 51 =75 76-100
Number of Hydropsychidae/total Trichoptera x 100 ...... 100-76 75 -51 50 -26 <25
Pinkam-Pearson Community similarity index ..........c.cccoceeinninne 0- 1.6 1.7- 33 34-5 25.1
Quantitative similarity index (QSI)-taxa..........ccceoeemrrevcrmrercrenen 0-25 26 -50 51 -75 76-100
Dominants-in-CommON-5 ............cccvvreinincrcrirncinereeeencnsisesaenns <1 2 3 24
QSI-functional feeding group 0-25 26 -50 51 =75 76-100

resolved as the approach is increasingly adopted and
data are generated and analyzed. Currently, the most
pressing need is for side-by-side comparison of dif-
ferent analytical approaches; for example, multimet-
ric assessment, multivariate community ordination,
and multiple regression.

It is important to understand the effects of vari-
ous stressors on the behavior of specific metrics. An
often-stated concern is that IBI values will be mislead-
ing unless the sensitivity of the monitored populations
to specific pollutants are well characterized. These
concerns are often directed at the use of tolerance val-
ues inferred from incomplete field observations.
Nonetheless, field fisheries biologists who have exten-
sive local experience do, in fact, know the distribution
and ecological requirements of the resident fish spe-
cies. The general concept of integrating tolerance
information with distributional data has been used suc-
cessfully in a variety of situations (Karr and others,
1986; Mangum, 1986; Hilsenhoff, 1987; Ohio Envi-
ronmental Protection Agency, 1987; Plafkin and oth-
ers, 1989; F.A. Mangum and D.A. Duff, U.S. Forest
Service, written commun., 1992).
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TECHNICAL APPENDIX H

TERMS OF REFERENCE—
INTERAGENCY METHODS AND DATA COMPARABILITY BOARD

strategy will implement ITFM recommen-
dations and will use future guidelines and

I. Mission, authority, scope, and applicability.
A. Mission—The mission of the Methods and

Data Comparability Board (MDCB) is to
promote and coordinate the collection of
comparable water-quality data. The
MDCB is part of the implementation of
the recommendations and strategy of the
Intergovernmental Task Force on Moni-
toring Water Quality (ITFM), as docu-
mented in the Final Report entitled the
Strategy for Improving Water-

Quality Monitoring in the United States
(the strategy), dated August 1995.

B. Authority—The authority for the MDCB,

the National Water-Quality Monitoring
Council (National Council), and the Advi-
sory Committee on Water Information
(ACWI) is the Office of Management and
Budget Memorandum No. M-92-01.
This memorandum requires Federal exec-
utive agencies to collaborate with all lev-
els of government and the private sector in
conducting water-information activities.

C. Scope—The MDCB, in collaboration with

Federal, State, Tribal governments, and
private sector organizations, will provide
a framework and a forum for comparing,
evaluating, and promoting approaches
that yield comparable data in all appropri-
ate water-quality-monitoring programs.
Action will be taken to improve the scien-
tific validity of water-quality data, to
establish comparable approaches to col-
lecting water-quality-monitoring informa-
tion, to provide a forum for advancing the
state of technology of water-quality meth-
ods and practices, to assist all levels of
government and the private sector in col-
lecting monitoring information in a com-
parable and coordinated manner, and to
recommend initiatives that lead to data
comparability among agencies.

D. Applicability—As resources are available

and consistent with applicable legal
requirements, organizations that voluntar-
ily choose to participate in the nationwide

procedures developed by the MDCB and
other subordinate groups, adopted by the
National Council, and accepted by the
ACWI. Before adopting guidelines or
recommendations for voluntary imple-
mentation as part of the strategy, the
National Council will announce proposed
actions and recommendations for the pur-
pose of obtaining public review and com-
ments.

II. Objectives—To assure the successful implemen-

tation of the nationwide strategy on a priority
basis, the MDCB will be responsible for
achieving the following objectives in collabo-
ration with appropriate Federal, State, and
Tribal orgnizations:

. Group and prioritize methods, which include

those applicable to indicators where
interagency comparability is important.

. Develop and promote guidelines to ensure

methods and data comparability for pri-
ority methods.

. Develop and promote a performance-based

methods system.

. To meet current and future needs, coordi-

nate the establishment of reference
methods for use as baselines with which
to compare the performance of alternate
methods.

. Develop guidelines for validating alternative

methods against a reference method or
specified performance criteria.

. Support and promote a national laboratory-

accreditation program and investigate
the need for a prelaboratory-certification
program.

. Establish a set of minimum data-qualifiers
for use in describing water-quality
measurements.

. Identify and support program needs for ref-
erence methods, standardized perfor-
mance validation samples, and methods-
comparison exercises.
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I. Collaborate with other groups to establish and

maintain a glossary of water-quality-
related terms and data elements required
to implement the strategy and to facili-
tate communication, to establish refer-
ence sites for the purpose of comparing
field methods, and to conduct other
tasks as needed.

J. Provide advice and consultation about meth-

ods and data comparability to assist
organizations that participate in imple-
menting the strategy.

K. Encourage organizations that are not voting

members of the MDCB to participate in
methods validation and other activities
of the MDCB. The meetings will be
open to representatives of any organiza-
tion that participates in the strategy.

[II. Membership.
A. The MDCB membership shall include orga-

nizations that represent all levels of gov-
ernment and the private sector. Member
organizations may include Federal,
State, Tribal, and local government
agencies, academia and the research
community, private sector nonprofit
groups that develop and distribute con-
sensus methods and guidelines, volun-
teer monitoring groups, the regulated
community, and other organizations that
collect or use water-quality information.
The membership shall represent a bal-
ance of interests, expertise, and geo-
graphical distribution.

B. The MDCB shall consist of 15 delegates

whose terms shall last 3 years. Terms
shall be staggered so that normally no
more than five members will be replaced
in any single year. To achieve the stag-
gered terms, the initial members shall
serve as follows: five will be designated
for 3-year terms, five will be designated
for 2-year terms, and five will be desig-
nated for 1-year terms.

C. The cochairs of the National Council shall

designate the member organizations of
the MDCB in consultation with the
members of the National Council. The
member organizations shall designate
their delegates to the MDCB.

D. The member organizations shall include the
U.S. Environmental Protection Agency
(USEPA), the U.S. Geological Survey
(USGYS), other Federal Government
agencies, five State or Tribal govern-
ment agencies, and five organizations
that represent other monitoring sectors.
The USEPA delegate shall serve as
chair, and the USGS delegateshallserve
as vice chair.

E. Each delegate to the MDCB will be expected
to attend all meetings of the MDCB or
designate a permanent knowledgeable
alternate who can attend for the member
organization in the absence of the dele-
gate. In the event an organization has no
delegate or alternate at more than three
consecutive meetings, the chair of the
MDCB may inform the cochairs of the
National Council and request that they
appoint a new member organization.

F. In addition to the voting members of the
MDCB, organizations that are imple-
menting the strategy may send nonvot-
ing representatives to participate in the
meetings. If a nonvoting representative
wishes to make a presentation to the
MDCB, then a request must be made to
the chair in advance of the meeting to
schedule the presentation on the agenda.
Also, the chair may request and recog-
nize nonvoting representatives to partic-
ipate in discussions of the MDCB.

IV. Support staff—An executive secretariat and other
support for the MDCB shall be provided by
the USGS, through the Office of Water Data
Coordination, or other Federal organizations
as mutually agreed upon by the supporting
agencies.

V. Procedures

A. The MDCB will meet every 3 months with
additional meetings called at the request
of the chair in consultation with the
members.

B. The MDCB will have the authority to create
temporary subordinate groups (operat-
ing for less than 1 year) to deal with
issues that require specialized expertise.
Permanent subordinate groups must be
approved by the National Council.
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C. Actions that constitute final reports or rec-
ommendations intended for nationwide
implementation as part of the strategy
will be signed by the chair of the MDCB
and transmitted to the executive secre-
tary of the National Council for approval
and public review.

D. Members who maintain a view contrary to
that adopted by the MDCB may submit
a minority report or recommendation to
the chair for transmittal to the National
Council.

E. The MDCB will work in collaboration with
the National Council to develop and exe-
cute the budget for the MDCB.

VL. Quorum/voting—It is the intent of the MDCB to
discuss and attempt to resolve all issues
through consensus and by recognizing the
legitimate interests and diverse points of view
of the members of the MDCB. However,
acknowledging that complete agreement may
not be possible for every deliberation, the
MDCB must be able to decide certain diffi-
cult issues. To this end, the following rules
will apply:

A. Two-thirds of the delegates or alternates will
constitute a quorum. Each member
organization shall have one vote.

B. The members will strive to operate by con-
sensus. A consensus will exist unless
one or more delegates request a vote.

C. If a vote is requested, then the chair will
request a motion, and Robert's Rules of
Order will apply. An affirmative vote
of two-thirds of all the delegates or
alternates present will approve the
motion.

D. The MDCB may reach consensus in formal

session at meetings, in teleconferences,
or in writing on an individual basis after
every delegate is advised in advance by
the chair. The rule for a quorum applies
regardless of the method for conducting
business.

VII. Documentation
A. Agendas and records of actions by the

MDCB will be prepared and dissemi-
nated to members and participants by
the secretary. Records of actions will be
submitted to all delegates for concur-
rence. Complete records of all MDCB
activities, which will include those of its
subordinate groups, shall be maintained
by the secretary and the Office of Water
Data Coordination.

B. The MDCB will prepare an annual report for

the National Council. The report will
contain the following information: the
activities of the MDCB during the past
year and plans for future years, a budget
request, alist of delegates and alternates,
accomplishments, products, recommen-
dations, and an evaluation of the
progress in implementing the methods
and data-comparability aspects of the
strategy. The budget request will iden-
tify support and resources that partici-
pating organizations plan to provide.
Also, the budget request will estimate
travel and other support needed for 2 fis-
cal years beginning on October 1. The
report will be submitted to the executive
secretary of the National Council by
March 1.
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DATA COMPARABILITY AND PERFORMANCE-BASED METHODS POLICY PAPER—
COMPARABILITY OF DATA-COLLECTION METHODS

Each year Federal and State government agen-
cies spend in excess of $1 billion to monitor the quality
of water. The programs are conducted to assess status
and trends in water quality, to identify and rank exist-
ing and emerging problems, to design and implement
resource-management programs, and to determine
compliance with regulatory programs. Although the
data that are collected by government agencies are use-
ful to the individual organizations that sponsor the pro-
gram, future data users within the same organization
and data users outside the collecting agency typically
find it difficult to use existing data with confidence.
The reasons for this situation are many:

» The objectives for the original data-collection pro-
gram were less rigorous than the current data
needs demand or, more likely, are not known.

* Information about the data, such as detection level,
precision, bias, and water sampling and sample/
handling methods, are unavailable or not readily
available.

¢ Information about the analytical methods and labo-
ratory quality assurance (QA) are not easily
accessible or are unavailable.

 The quality control of data entry, storage, transfer,
and retrieval processes are unknown.

A related problem for those providing data is
that many regulatory and nonregulatory programs
specify the methodology to be used in analyzing water
samples. Although this provides each monitoring pro-
gram with a measure of comparability, there has been
virtually no methodologic consistency between pro-
grams. Therefore, data providers must respond to
requests for different methods for determining the
same constituent, often within the same measurement
range. This program-specific approach to water-quality
monitoring inappropriately and inefficiently increases
the demands on limited resources while reducing the
utility of water-quality information available.

Intergovernmental Task Force on Monitoring
Water Quality (ITFM) has as its principal objective the
development of an integrated, voluntary nationwide
strategy for water-quality monitoring. Implicit is the
collection of comparable data of known quality. This
appendix presents the approach of the ITFM Data
Collection Methods Task Group (Task Group) to the

collection of samples and analysis of environmental data
in a manner that produces comparable data and permits
the merger of data from many sources into definable
data sets to address the needs of the user community. In
this appendix, sampling, sample handling, field and
laboratory methods, and data qualifiers that are used to
describe these activities are considered, and an institu-
tional framework to encourage evaluation and imple-
mentation of the component principles of data compa-
rability is proposed. Data comparability is defined by
the ITFM as the characteristics that allow information
from many sources to be of definable or equivalent
quality so that it can be used to address program objec-
tives not necessarily related to those for which the data
were collected.

Achieving data comparability and communicat-
ing the characteristics of the data that permit assess-
ment of comparability (utility) by a secondary user are
the key technical issues to be addressed. The issues
involved in achieving data comparability to maximize
data utilization are consistent with operating in a well-
defined quality system. Methods and procedures need
to be fully described, validated, and performed by com-
petent practitioners, and performance needs to be eval-
vated against a reference. These requirements are
equally applicable to field and laboratory data and
physical, chemical, and biological measures. However,
the extent to which they can be applied varies signifi-
cantly and is discussed in the following sections.

Prelaboratory Practices

Samples must represent, as closely as possible,
the water-quality characteristic or biological commu-
nity that is being evaluated. In the last few years, there
has been a renewed recognition that prelaboratory sam-
ple-collection methods can result in dramatically dif-
ferent concentrations of analytes and other water com-
ponents being delivered to the analyst. Although this is
not new or contrary to most people's intuition, the prob-
lems associated with prelaboratory techniques, such as
sampling, sample process, preservation, containers,
and shipping conditions, can be expected to increase.
Laboratory equipment and techniques continue to be
developed that push the detection limits of target analytes

Technical Appendix | 59



well below concentrations that can result from contam-
ination introduced in prelaboratory processes. For
example, particulates from the sampling environment
can result in elevated concentrations of dissolved trace
metals. Different filtration pressures and volumes can
result in dramatically different constituent concentra-
tions measured from the same sample by using the
same pore-size filter. Thus, more skill will be required
to perform the prelaboratory work as demands
increase to measure lower and lower parameter con-
centrations more precisely.

For many analytes, the equivalency of prelabo-
ratory techniques must be demonstrated if the results
reported by different groups are to be compared. There
is no longer any question that the individual sample
collector must continually demonstrate competence in
prelaboratory techniques if the resulting analyses are to
be internally reliable or comparable with the results of
other groups. For chemical measurements, analytes of
this nature generally include constituents measured in
concentrations of less than 10 micrograms per liter.
Demonstrating comparability of prelaboratory tech-
niques when collecting biological and other samples
for analyses requires most of the same considerations
as laboratory methods. Integral components of the sam-
ple-collection process include written procedures,
training, documentation that defines conditions under
which the techniques are equivalent, and validation
data from field tests of the techniques involved.
Because of the vast number of different conditions
under which samples must be collected and the compa-
rably large number of natural and contaminated water,
sediment, and habitat matrices, it is probable that many
prelaboratory techniques will need to be used side by
side in the matrix to be measured to establish compara-
bility. Side-by-side comparisons are costly, especially
in the field. To limit duplication of on-site compari-
sons, it is recommended by the ITFM that Federal and
cooperating agencies consider maintaining a common
on-line computerized listing of comparable prelabora-
tory methods and associated validation data. One
approach to developing a list of comparable field meth-
ods is to start with documented side-by-side compari-
sons of comparable techniques. The initial list can be
supplemented by any agency that acquires comparison
data on additional procedures.

The documentation of a prelaboratory technique
would include the same elements that are typically
included in the description of a laboratory method;
results of sample analysis would demonstrate that in
the matrix of interest and for the type of sample (for

example, flow-weighted surface water, ground water,
and so forth), the sample is not contaminated or
reduced in analyte concentration within a specified
limit or is representative of the biological community
being evaluated. There also would be a qualitative esti-
mate of the skill level required to perform the tech-
nique. For those techniques that require greater skill,
more-frequent quality-control samples would be rec-
ommended.

In summary, prelaboratory methods become
more important as the number of secondary-data users
increases, data from varying habitats are compared,
and method detection levels decrease. The construction
of an index of equivalent prelaboratory methods into a
national electronic data base, which would include
access to QA information that demonstrates applicabil-
ity of the method, is recommended. The maintenance
of alist of accessible sites is proposed for prelaboratory
methods verification, such as springs, wells, and large
lakes at which constant, known concentrations of ana-
lytes or aquatic and semiaquatic communities exist.
Such sites would be utilized by two or more water-
quality-data-collecting entities for the purpose of eval-
uating comparability of prelaboratory data-collection
techniques.

Laboratory Practices

There are two general ways of approaching the
acquisition of comparable chemical, biological, and
physical data. One way is for everyone to use identical
analytical procedures. This is the current practice
within many of the national water-quality-monitoring
programs. By using this rigidly prescriptive approach,
laboratories and data-collecting entities must maintain
competence in a large number of prescribed methods
(one for each of the monitoring programs); this pro-
duces, in some cases (more frequently for chemical
analyses), almost identical data. Unfortunately, when
these data are stored in a multiuser data base, the orig-
inal data-quality objectives and data characteristics
usually are lost. This is neither practical nor cost
effective.

The alternative approach is to specify the data-
quality requirements for a program and to permit the
data-collecting entity or laboratory to select the method
that best meets its specifications. This is called a per-
formance-based methods system (PBMS). A PBMS is
defined as a system that permits the use of any appro-
priate sampling and analytical measurement method
that demonstrates the ability to meet established
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performance criteria and complies with specified data-

quality objectives. The Task Group has recommended

the use of PBMS as a mechanism to assure data com-
parability. Performance criteria, such as precision,
bias, sensitivity, specificity, and detection limit,
must be designated, and a sample collection or sam-
ple-analysis method-validation process, docu-
mented. The implementation of a PBMS with corre-

sponding required data qualifiers entered into a

multiuser data base will allow divergent data from

numerous environmental programs to be used for

many purposes. Eventually, a PBMS should apply to
all measurement systems. However, initial applica-
tion is proposed only for chemical and physical lab-

oratory methods. Implementing a PBMS will be a

principal activity of the Methods and Data Compara-

bility Board.

For a PBMS to work, the following basic con-
cepts must be defined and targeted:

* Data-quality objectives must be set that realisti-
cally define and measure the quality of data
needed.

¢ Reference (validated) methods must be made
available that meet these objectives.

* The selected methods must be as good as or better
than the reference method.

* There must be proof of method adequacy.

* Method ruggedness must be demonstrated.

If a laboratory chooses to use a nonreference
method, then the following information and perfor-
mance criteria should be supplied to assure validity:
¢ Specific reference method.

* Deviations from the method (with explanation).

* Method blank results.

¢ Reference sample results.

* Spike, duplicate spike, and duplicate sample
results.

* Surrogate results (if applicable).

* Tuning results to meet method specifications (if
applicable).

» Calibration checks to meet specifications.

* Sample data results (with qualifiers).

* Method detection limits.

* Sampling and preservation.

Similar checklists (or procedures) need to be
developed to address the unique features of prelabo-
ratory methods and eventually biological and other
systems, which are equally important.

Defining the performarce criteria of a method to
meet data-quality objectives is the first step in initiating

a PBMS. Statistically based quality-control criteria
for replicate measurements and calibrations should
be established as a measure of required precision.
Bias limits are determined by analyzing spiked sam-
ples, standard reference materials, and performance-
evaluation samples. Method detection limits over a
significant period of time are required to determine
the application of a method to monitoring needs or
regulatory requirements. The performance range of a
method also should be determined. The method must
not generate background or interferences that will
give false qualitative or quantitative information. If
a method is considered to be applicable for multime-
dia, then documented evidence should be available
to support this use. The Task Group strongly recom-
mends using methods that have been published in
peer-reviewed or equivalent literature and that meet
or exceed the performance criteria of reference
methods for the analytes of interest. (Many of these
principles, approaches, and needs are equally appli-
cable regardless of their use in generating chemical,
physical, or biological data.)

Achieving these goals in all media requires
training, the availability of matrix-specific perfor-
mance-evaluation materials, the implementation of a
laboratory-accreditation process, and the systematic
audit of activities. The current stock of standard
chemical and biological reference materials and per-
formance evaluation samples is limited or, in some
cases, nonexistent and needs to be developed or
expanded to cover a wider range of constituents and
media.

The training requirements to execute a PBMS
and to reach some level of national comparability are
extensive because of the diversity of water-quality-
monitoring programs and data requirements. A
"National Curriculum" needs to be established and
should include formal and informal components.

The Task Group recognizes the need for lab-
oratory accreditation with periodic review of activi-
ties as an important element in the PBMS. The con-
cept of a national accreditation program was recently
approved by a Federal interagency committee, the
Committee on National Accreditation of Environ-
mental Laboratories, and discussed at the National
Environmental Laboratory Accreditation Confer-
ence in February 1995. Factors to be included in
such a program should be based on International
Standards Organization (ISO) Guide 25 and address
organization and management; quality-system audit
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and review; personnel; physical accommodations and
work environment; equipment, reference materials,
and reference collections; measurement traceability
and calibration; calibration and test methods; han-
dling of calibration and test samples; records; certif-
icates and reports; subcontracting of calibration and
testing; outside support and supplies; and complaints.

The programmatic elements and resources
required to achieve data comparability by using a PBMS
are presented in table 1. In this presentation, sampling
and laboratory-related processes are included, as are
physical, chemical, and biological disciplines.

In summary, implementation of a PBMS will be
consistent with the production of data of known quality
based on scientific procedures and judgments rather
than on methods and procedures that have been man-
dated by regulatory programs. A PBMS will provide
the incentive to develop innovative and better methods
that are cost effective. This will allow greater flexibil-
ity by the water-quality-monitoring community that is
consistent with total quality management.

Data Qualifiers

The Task Group has recommended a minimum
set of water-quality-data qualifiers that must reside
with the sampling and analytical information. These
data qualifiers should be evaluated and updated subse-
quently as standardization of information continues.
They are as follows:

* Parameter, constituent, or identifier determined

(including chemical abstract number, if avail-

able).

* Sample matrix—Characterization and condition.

* Method (technique)—How collected, handled, ana-
lyzed, evaluated.

* Value measured—Concentration, population, ratio.

¢ Location—Latitude and longitude of site.

¢ Time—Date and time of day.

* Who measured—Collecting and analyzing agency.

¢ Data source—Whose monitoring program.

* Indications of data quality (including quality
descriptors, such as precision, bias, detection
limits, defined quality system).

Methods and Data Comparability Board

Objectives

The Data Collection Methods Task Group has
recommended that the Interagency Advisory Com-
mittee on Water Data (IACWD), under which the
ITFM functions, establish a Methods and Data Com-
parability Board (MDCB). With the concurrence of
participating agencies, the MDCB will coordinate
those water-quality-monitoring protocols, methods,
and practices being carried out by government agen-
cies to improve the efficiency and effectiveness of
these efforts and to improve the comparability of the
resulting data. It also will reconcile inconsistencies
aimong agencies in current practices and encourage
governmentwide coordination to conduct the most
economical and scientifically defensible approach to
water-quality monitoring.

The MDCB will provide a framework and a
forum for common approaches to data collection in
all appropriate water-quality-monitoring programs.

Table 1. Resources needed to support a plan for achieving data comparability

Field site Laboratory site
Principal function (sampling related) (measurement process)
Physical Chemical Biological Physical Chemical Biological
Reference methods............coccoievieinnencccnecnnn. X X X X X X
Reference materials................ X X X
Reference collections X
Reference Sites .........oovoviereveiinennrencnsenirieene X X X
Performance evaluation/calibration X X X X X X
materials.
Laboratory accreditation...............cooeeeeeeerueinenes X X X
Formal training programs (classroom, X X X X X X
on the job training).
Computer resources to access reference X X X X X X
methods and method-comparability data.
Method-comparability data..........cccoorveriinnnee X X X X X X
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Action will be taken to improve the scientific
validity of water-quality data; to establish common
approaches to collecting water-quality-monitoring
information; to provide a forum for advancing
state-of-the-art technology in water-quality methods
and practices; to assist all levels of government in
carrying out monitoring in a coordinated, mutually
enforceable manner; and to recommend initiatives that
lead to data comparability between agencies.

To accomplish its objectives, the Board will
establish priorities and function in the following areas.

¢ Organizational Framework

From an organizational perspective, the following
principles will be operative:

» The MDCB will be an intergovernmental, proactive,
decisionmaking body with membership from
public and private organizations.

* Financial resources will be identified and secured for
the MDCB to accomplish its mission. The MDCB
should be able to achieve governmentwide cost
savings in the long term through the cooperation
of its members.

* The MDCB will utilize a PBMS for establishing data
comparability of analytical methods, which
include prelaboratory procedures.

* All agencies will be encouraged to work together to

reach agreement in a consensus-building manner.

* Quality Assurance and Methods Comparability

The MDCB will actively develop interagency
approaches to ensure data comparability. Important spe-
cific activities will include establishing minimum data-
quality criteria, conducting intercomparison exercises
(testing comparability of methods), using performance
and reference samples, validating methods, characteriz-

ing reference sites, and problem solving among agencies.

¢ Accreditation

To assure data quality and comparability, the
MDCB will investigate accreditation of laboratories and
certification of employees.

* Guides and Training

A critical aspect of assuring data quality and com-
parability is the availability of suitable training materials
and guides. The MDCB will investigate publishing crite-
ria for validating a method; publishing guides, materials,
and standards; issuing specifications for operating under
aPBMS; and issuing training curricula to meet the needs
of users.
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TECHNICAL APPENDIX J

TARGET AUDIENCES, MONITORING OBJECTIVES, AND FORMAT CONSIDERATIONS
FOR REPORTING WATER-QUALITY INFORMATION

The Intergovernmental Task Force on Water Quality
Monitoring (ITFM) was established to develop and ini-
tiate implementation of a strategic plan to achieve
effective collection, interpretation, and presentation of
water-quality data and to improve the availability of
information for decisionmaking at all levels of govern-
ment.! To this end, the Assessment and Reporting Task
Group (Task Force) is reviewing available water-qual-
ity reports to identify features and information-presen-
tation techniques that should be used in summary
reports to produce understandable interpretations of
water-quality conditions. This exercise will ultimately
result in guidelines for agencies or individuals who pre-
pare water-quality reports.

Tables 1 and 2 were developed as a framework
for anyone who prepares water-quality reports. Table 1
presents a framework for comparing target audiences
to the monitoring objectives of the ITFM, as presented
in its first-year report. This table is intended to help
identify the most relevant issues and concerns for the
target audiences. For each audience, authors should
establish a priority ranking for each of the ITFM mon-
itoring purposes to help determine report content and
presentation sequence. For example, people who use
(drink from, recreate on, live near) a particular water
body probably will be most interested in the water-
quality status and trends, as well as in existing or
emerging problems, while policymakers will be more
interested in how well water pollution-control pro-
grams have addressed these issues.

Table 2 presents a framework for format consid-
erations in presenting water-quality information to tar-
get audiences. Authors should complete each block in
the matrix for their target audiences to help determine
the most effective style and format for communicating
their information. For example, resource managers and
scientists usually want more technical information than
the general public, and the style of the document should
reflect this. Audience categories, monitoring objec-
tives, and format definitions are presented below.

The Task Group also has reviewed several doc-
uments as examples of publications that address the
various monitoring objectives, use specific formatting
styles, and (or) are directed to specific audiences.
Excerpts from these documents are being incorporated

'ntergovernmental Task Force on Monitoring Water Quality,
1992, Ambient Water-Quality Monitoring in the United States—First Year
Review, Evaluation and Recommendations: 51 p.

into a compendium to provide authors with examples
of particularly effective techniques for reporting water-
quality information. This compendium and these tables
will be reviewed by additional focus groups to obtain
target audiences input into the reporting guidelines.

Audience Categories

The audience is the group to whom the informa-
tion product is targeted. The Task Group has identified
the following audience categories:

¢ Interested public/concerned citizens.—People who
have a general interest in the quality of water
resources and a vested interest in the quality of
specific water bodies. Their vested interest usu-
ally is related to the locations of their homes,
their uses of water bodies for various purposes
(for example, fishing, boating, swimming, water
supply), or their livelihoods. Examples include
lakefront property owners, anglers, commercial
fishermen, marina owners/operators, recreational
boaters and skiers, and local environmental
advocacy groups.

Table 1. Framework for water-quality documents/materials—
Audience vs. monitoring objective

Monitoring objectives

Pr::sd' Evaluat-
i Defining identify- . g ing  Respond-
Audience  gratys g ';‘i::_:"f':_ program  ingto
wends jems POVles YU SO
and pro- ness 9
grams
Interested
public/
concerned
citizens.
Media/
general
public.
Policy-
makers.
Resource
managers.
Scientists . . .
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Table 2. Framework for water-quality documents/materials—Audience vs. format

Format
Printed materials Electronic media
Personal
Audience computer
" " . data base and
Reading Level of Layout Graphics Audio Video presentation
level detail presentation presentation of geographic
information
system
Interested public/
concerned citizens.
Media/general public .. . . . ..
Policymakers . ...........

Resource managers .......

Scientists ...............

* Media/general public.—Representatives of organi-
zations whose main function is mass communi-
cation, such as newspapers, general interest
magazines, radio stations, and television sta-
tions, as well as the audiences to which their
reports are directed. Members of this audience
have a general interest in water-resource qual-
ity, but less of a vested interest than the inter-
ested public/concerned citizens categories.

¢ Policymakers.—Persons who set national, State, or
agency environmental goals and establish pro-
grams for attaining them. Examples include
lawmakers and other elected officials who are
directly accountable to the public, top-level
managers in State and Federal agencies who are
directly accountable to elected officials, and
oversight agencies, such as the Office of Man-
agement and Budget and the General Account-
ing Office.

* Resource managers.—Persons who are responsible
for implementing programs to protect or
improve water-resource quality or for operating
systems, such as reservoirs, that are designed to
modify or control natural variables. Examples
include line staff and managers of State and
Federal water-resource, land-management, and
fisheries agencies, as well as environmental
staffs of municipalities and regional planning
agencies. Organizations represented in this
audience category include national programs
and regional offices of the U.S. Environmental
Protection Agency (USEPA), the U.S. Geologi-
cal Survey (USGS), the Natural Resources Con-

servation Service (NRCS), the U.S. Fish and
Wildlife Service, the National Park Service, the
U.S. Forest Service, and the U.S. Army Corps
of Engineers (USACE); the natural resources
divisions of the Tennessee Valley Authority, the
Bureau of Reclamation, and the Bonneyville
Power Administration; and the hydropower
divisions of private utilities, such as the Duke
Power Company and the Southern Company.

* Scientists.—Individuals engaged in technical obser-

vation, identification, description, experimental
investigation, and theoretical explanation of nat-
ural phenomena. Examples include individuals
who are involved in university research pro-
grams; research divisions of agencies, such as the
USGS, the Agricultural Research Service, the
NRCS, the National Biological Service, the
National Marine Fisheries Service, the USACE,
and the USEPA; and industry-supported research
organizations, such as the Electric Power
Research Institute and the Pulp and Paper
Institute.

Monitoring Objectives

The monitoring objectives defined by the

ITFM, and the questions they address are as follows:
* Defining status and trends. (How healthy is this

body of water? Is its quality improving of
deteiorating?)

* Identifying existing and emerging problems. (Where

are the problem areas?)
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¢ Providing information to support development and
implementation of policies and programs for
water-resource management. (What is needed
to correct problems or protect good quality
waters?)

* Evaluating program effectiveness. (Are we doing
the right thing? Are we accomplishing what we
want to accomplish and at a reasonable cost?)

¢ Responding to emergencies.

Format Definitions

Formatting decisions should be based on the
type of audience the document is trying to reach. The
format should enable the audience to understand and
use the information in the document. Box I summarizes
the types of information usually presented in water-
quality reports, and Box 2 suggests some special con-
siderations for formatting. The format criteria sug-
gested by the Task Group are as follows:

* Reading level. —Reading level or level of education
of targeted audience.

* Level of detail. —Integration of information from
different disciplines; importance of the "whole
picture" as opposed to a piece of the picture.
Different audiences have varying needs in the
amount and type of information that needs to be
presented.

¢ Layout—Integration of text and graphics; color, use
of fonts, headers, white space, columns, bullets,
sidebars, footnotes, and other features to
improve clarity and readability.

* Graphics.—Choice and placement of photographs,
drawings, charts, graphs, tables, study area
maps, schematic maps, and other graphic
devices to illustrate points covered in text, or to
supplement textual information.

Box 2. Special Considerations for Presentation of
Information

* For most audiences, reports should be short; docu-
ments that consist of an executive summary and
supporting appendices could accomplish this.

* In large reports, particularly those with several
authors, the same types of information should
be presented consistently throughout the report
to help readers easily recognize similarities and
differences among sites.

* The font must be large enough to be read comfort-
ably and should be modern, readable and attrac-
tive as opposed to a typewriter style. For most
persons, reading speed is faster for serif style
fonts, as compared to similar blocked fonts.

* Margins should be large enough to prevent a page
of information from overwhelming the readers.

* Running heads and feet that include such informa-
tion as chapter number, chapter name, docu-
ment name, and page number are helpful.

* Summary information can be included at the begin-
ning of sections or in sidebars.

» Section headings should provide organization for
the reader and be in large, bold, and (or) distinc-
tive type to distinguish them from regular text.

» A two-column format is easier to read.

* Monotony of text can be broken up with graphics,
tables, and (or) summary information.

* Graphics may be displayed in boxes to attract
attention.

« Some gloss is good, although it can be overdone.

Box 1. Types of Information Usually Presented in
Water-Quality Reports

* Status of aquatic flora and fauna.
 Status of water-quality indicators.
* Monitoring activities.

* Trend assessment.

» Management activities.

These criteria may apply to either printed materials or
electronic information. Printed materials may range
from fact sheets to technical reports; electronic-infor-
mation presentations may range from audio and video
presentations, such as radio public service announce-
ments, television informationals, packaged educational
presentations, and video news releases, to electronic
release of reports on the Internet.
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TECHNICAL APPENDIX K

ANNOTATED BIBLIOGRAPHY OF SELECTED OUTSTANDING

WATER-QUALITY REPORTS

The documents included in this bibliography
were selected by members of the Assessment and
Reporting Task Group (Task Group) for review by a
focus group that comprised individuals who represent
each target audience (interested public/concerned citi-
zens, media/general public, policymakers, resource man-
agers, scientists). The focus group was asked to complete
a questionnaire designed to determine each participant’s
appraisal of the documents with respect to the following
questions:

* How well does the document achieve its objectives;
that is, considering the intended audience, does it
clearly and concisely convey appropriate water-
quality information?

* How well is the information presented; that is, does
the document have distinctive formatting or
graphical presentation elements that make it par-
ticularly effective in relating information to the
reader?

Each document listed in the following biblio-
graphy is annotated to summarize this information, as
contributed by Task Group members and focus group
participants.

Dahl, T.E., 1990, Wetlands losses in the United States—

1780’s to 1980’s: U.S. Fish and Wildlife Service,

15 p.

This is the first of two reports to Congress on the
status of wetland resources in the United States. This
report focuses on documenting historical wetland losses
from colonial times through the 1980’s. The document is
a good example of how to target information for policy-
makers. Because of the succinctness of the text and the
efficacy of the graphics, the report also is a good source
of information for the general public. Distinctive features
that enhance the report's effectiveness are its use of maps
and tables, a large font, large headings, running heads,
the active voice, and an attractive page layout with wide
margins. By using varying shades of orange and black
(not very good choices), the report achieves a colorful
and cost-effective presentation.

Hamilton, P.A., and Shedlock, R.J., 1992, Are fertilizers
and pesticides in the ground water? A case study
of the Delmarva Peninsula—Delaware, Mary-
land, and Virginia: U.S. Geological Survey Cir-
cular 1080, 16 p.

This report addresses the issue of degradation of
water quality from the use of fertilizers and pesticides on
the Delmarva Peninsula. The report was prepared as part
of the National Water-Quality Assessment (NAWQA)
Program of the U.S. Geological Survey (USGS);
NAWAQA includes investigations in 60 study areas that
represent a variety of geologic, hydrologic, climatic, and
cultural conditions. This report is primarily targeted
toward interested public/concerned citizens because it
discusses a specific region and water-quality issue; the
report also is effective in providing information to the
general public and policymakers. Distinctive features
that enhance the report's effectiveness are its use of color,
maps, tables, charts, photographs, question-and-answer
format, a large font, large headings, the active voice,
information contained in sidebars and insert boxes, direc-
tions on how to obtain additional information, and an
attractive page layout.

Kentucky Environmental Quality Commission, 1992,
State of Kentucky's environment—A report of
progress and problems: Kentucky Environmen-
tal Quality Commission, 340 p.

This report was mandated by the State Legisla-
ture to assess environmental trends and conditions in
Kentucky. Trends are assessed to determine whether pro-
grams for water, air, waste management, natural
resources, toxics, coal mining, and energy are achieving
their intended results. The report is intended to provide
State policymakers and concerned citizens with a better
understanding of the environmental conditions of Ken-
tucky, but it also is appropriate for resource managers
and scientists. Distinctive features that enhance the
report's effectiveness are its use of maps, tables, charts,
graphs, photographs, large headings, the active voice,
summary statements contained in sidebars, running
heads, an index, an acronym list, and an attractive page
layout. By using varying shades of blue, the report
achieves a colorful and cost-effective presentation.

Rinella, J.F., Hamilton, P.A., and McKenzie, S.W.,
1993, Persistence of the DDT pesticide in the
Yakima River Basin, Washington: U.S.
Geological Survey Circular 1090, 24 p.

This report addresses the issue of degradation of
water quality from the use of the pesticide DDT in the
Yakima River Basin. The report was prepared as part of
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the NAWQA Program of the USGS, which consists of
investigations in 60 study areas that represent a variety of
geologic, hydrologic, climatic, and cultural conditions.
This report is primarily targeted toward interested public/
concerned citizens because it discusses a specific region
and water-quality issues; the report also is effective in
providing information to the general public and policy-
makers. Distinctive features that enhance the report's
effectiveness are its use of color, maps, tables, charts,
photographs, question-and-answer format, a large font,
large headings, the active voice, information contained in
sidebars and insert boxes, directions on how to obtain
additional information, and an attractive page layout.

South Florida Water Management District, 1993, Flor-
ida Water: Communications Departments of the
South and Southwest Florida Water Management
Districts, v. 2, no. 1., 35 p.

Florida Water, the quarterly magazine of
Florida's five water-management districts, is published to
generate awareness of the need to conserve and protect
State water resources and aquatic ecosystems. Although
this magazine is primarily targeted toward interested
public/concerned citizens because it discusses a specific
region, it could be useful to policymakers. Distinctive
features that enhance the magazine's effectiveness are its
use of maps, photographs, feature stories to discuss
particular issues or water resources, large headings,
question-and-answer format, the active voice, summary
statements contained as inserts, footer text, directions on
how to obtain additional information, and an attractive
page layout.

Tennessee Valley Authority, Water Management Divi-
sion, 1993, River pulse: Tennessee Valley
Authority, 20 p.

This annual series of 20- to 30-page reports on the
condition of the Tennessee River and its tributaries pro-
vide status and trend information on how well these
water bodies support recreation, fish consumption,
aquatic-life, navigation, water-power, and water-supply
uses. River Pulse is primarily targeted toward interested
public/concerned citizens because it discusses a specific
region and water-quality issue; the report also is effective
in providing information to the general public and media.
One of its special features is lake-by-lake assessment
of ecological health and of the suitability of recreation
areas for swimming. Distinctive features that enhance
the report's effectiveness are its use of schematic maps,
photographs, charts, graphs, feature stories on parti-
cular issues or water resources, large headings,

question-and-answer format, large font, the active voice,
summary statements contained as inserts, foot text, direc-
tions on how to obtain additional information, directions
on what individuals can do to help, and an attractive page
layout. Its use of color is especially effective.

U.S. Environmental Protection Agency, Office of Water,
1992, The quality of our Nation's water—1990:
U.S. Environmental Protection Agency, EPA-
841/K-92-001, 45 p.

This document is designed to help the general
reader understand the problem of water pollution in the
United States. Its focus is on the sources, types, impacts,
and extent of water pollution and the actions government
and citizens are taking to control such pollution. The
information is condensed from the U.S. Environmental
Protection Agency’s (USEPA) 1990 Report to Congress.
Because of the succinctness of the text and the efficacy
of the graphics, the report is a good source of information
for the general public. Some distinctive features that
enhance the report’s effectiveness are its use of maps,
graphs, photographs, question-and-answer format, bul-
lets, a large font, summary information contained in box
inserts, feature stories on particular issues or water
resources, large headings, the active voice, directions on
how to obtain additional information, directions on what
individuals can do to help, and an attractive page layout.
By using varying shades of blue, the report achieves a
colorful and cost-effective presentation.

Wisconsin Department of Natural Resources, 1992,
Wisconsin water quality assessment report to
Congress: Wisconsin Department of Natural
Resources, WR254-92-REV, 250 p.

This report details the findings of water-quality
assessments in Wisconsin and provides descriptions of
the specific State programs that control, manage, and
prevent water-quality degradation. It was prepared to sat-
isfy the reporting requirements under section 305(b) of
the Clean Water Act and to assist the USEPA in reporting
the Nation's progress in meeting and maintaining goals
for fishable and swimmable waters. This report is useful
to the general public, media, policymakers, resource
managers, and scientists. Distinctive features that
enhance the report's effectiveness are its use of maps,
tables, charts, graphs, photographs, bullets, large head-
ings, the active voice, summary statements contained in
sidebars, running heads, a glossary, an acronym list, and
an attractive page layout with wide margins.
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TECHNICAL APPENDIX L

GROUND-WATER-QUALITY-MONITORING FRAMEWORK

This appendix outlines issues that relate to the
design and implementation of ground-water-quality-
monitoring programs. These issues address the unique
characteristics of ground water and are consistent with
the overall water-quality-monitoring objectives out-
lined by the Intergovernmental Task Force on Monitor-
ing Water Quality (ITFM).

Developing a General Understanding of the
Resource and Monitoring Program Objectives

Ground-water monitoring is a critical compo-
nent of water-resource-management programs. The
hydrologic connections between ground and surface
waters mandate that monitoring programs for all water
resources be closely linked. By acknowledging this
close hydrologic connection, ground-water monitoring
can provide critical support to surface- and ground-
water-management programs.

Ground-water-quality monitoring is defined as
an integrated activity for obtaining and evaluating
information on the physical, chemical, and biological
characteristics of ground water in relation to human
health, aquifer conditions, and designated ground- and
surface-water uses. With accurate information, the cur-
rent state of the Nation’s ground-water resources can
be better assessed; water-resource protection, preserva-
tion, and abatement programs can be run more effec-
tively; and long-term trends in ground-water quality
and the success of management programs can be
evaluated.

While acknowledging that ground-water moni-
toring provides critical information to support ground-
and surface-water-management programs, it is vital to
consider the differences in the spatial and temporal
characteristics of ground and surface waters when
designing and implementing monitoring programs.
Ground water has a three-dimensional distribution
within a geologic framework and is characterized by
contrasting aquifer and geologic features, limited
accessibility (that is, ground water must be sampled
through an existing or newly drilled well or a spring),
and differences in rates of movement (that is, in gen-
eral, ground water moves much more slowly than riv-
ers). Therefore, the design and implementation of a
ground-water-quality-monitoring program must be
based on a thorough understanding of the unique

hydrogeological characteristics of the ground-water-
flow system under investigation and the locations of
particular land uses and other contaminant sources
likely to affect ground-water quality. As a result, no
one national design and implementation of a ground-
water-monitoring program can be recommended.
Instead, each State, Tribal, and local jurisdiction must
design a monitoring program that takes into account the
hydrogeological setting, existing water quality, con-
taminant source locations, and beneficial uses of the
water resource.

An important aspect of any ground-water-
qualty-monitoring program is the effective sharing
and using of data from various sources. One such area
of exchange is among programs designed to gather
background- or ambient-monitoring data and those
designed to gather regulatory compliance-monitoring
data. Although the statutory and regulatory require-
ments for implementing a background- and a compli-
ance-monitoring program may be different, most of the
requirements for obtaining data on specific chemical
parameters are applicable for both purposes. In cases
where appropriate data-quality objectives are met for
either background or compliance monitoring, the data
will be mutually beneficial for both purposes.

The Ground-Water Focus Group of the ITFM
has identified the following general objectives for
monitoring programs:

* Assess background or ambient-ground-water quality
conditions.

¢ Comply with statutory and regulatory mandates.

* Determine changes (or lack of change) in ground-
water-quality conditions over time to define
existing and emerging problems; to guide mon-
itoring and management priorities; and to eval-
uate effectiveness of land- and water-manage-
ment practices and programs.

* Improve understanding of the natural and human-
induced factors (for example, land use activi-
ties) affecting ground-water quality.

The Ground-Water Focus Group identified three
general types of ground-water monitoring currently
(1994) conducted by Federal, State, local, and private
organizations to accomplish one or more of the objec-
tives stated above.
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Background Monitoring

A wide variety of chemical, physical, and
biological contaminants may affect ground-water
resources. As a result, background and ambient-
ground-water-monitoring programs are designed to
establish baseline water-quality characteristics and to
investigate long-term trends in resource conditions.
The parameters measured in baseline-monitoring pro-
grams provide a set of descriptive data on general
ground-water conditions.

Monitoring for Specific Land-Use Impacts on
Ground-Water Quality

Monitoring programs also typically focus on
assessing the impact from contaminant sources that
are related to specific land uses. For these regional or
localized monitoring efforts, monitoring parameters
are identified on the basis of a thorough understand-
ing of the resource to be evaluated and the sources of
contamination.

Facility-Based or Compliance Ground-Water
Monitoring

Compliance monitoring is conducted in
response to specific regulatory requirements or permit
conditions [for example, the Resource Conservation and
Recovery Act (RCRA), hazardous-waste-unit monitor-
ing or in support of remedial activities [for example, the
Comprehensive Environmental Response, Compen-
sation and Liability Act (CERCLA) site monitoring].

The next section elaborates on one key compo-
nent of ground-water-monitoring-program design—the
selection of parameters to be monitored to serve as
indicators of ground-water quality. The "Ground-
Water-Quality-Monitoring Framework" section out-
lines a detailed framework for designing and imple-
menting a ground-water-monitoring program. This
framework is provided as guidance to water-quality-
program managers and technical staff to assist in iden-
tifying the key components of new or expanded
ground-water-monitoring efforts.

Selection of Ground-Water-Quality Indicators

One of the key elements in the design of a
water-quality-monitoring program, whether the pro-
gram is focused on background conditions, land use
impacts, or compliance monitoring, is the selection of

the properties, elements, and compounds (indicators) to
be measured. Ground- and surface-water quality may
be characterized by literally thousands of indicators.
Selection of indicators for monitoring programs should
be based on their relevance to important water-quality
issues, such as human health protection, the monitoring
objectives outlined above, and the existence of appro-
priate analytical methodologies. For some water-
quality issues, the choice of indicators to be monitored
is a simple task; for example, the substances relevant to
the issues of nutrient enrichment and salinity are of
limited number, and their chemical analysis is inexpen-
sive. In contrast, for the issue of toxic contamination,
the selection of indicators is much more difficuit
because of the large number of potentially toxic trace
elements, pesticides, and other synthetic/organic con-
taminants to consider, and their analysis is expensive.

Because of differences in the importance of
water-quality issues in various regions of the country
and because of the potential for significant differences
in the objectives of monitoring programs, no one set of
indicators is suitable or appropriate for all monitoring
programs. Further, changes in the indicators of interest
will occur through time as analytical capabilities
improve and become less costly and as knowledge
increases about the production of chemicals, geo-
graphic usage patterns, and other factors that affect the
likelihood of water-quality problems associated with
particular constituents.

Criteria for Indicator Selection

Indicators appropriate for ground-water-quality
monitoring should meet two general criteria. First, a
parameter should be a candidate for monitoring
because it fulfills any of or all the following:

s potentially toxic to human health and the environ-
ment, livestock, and beneficial plants; for exam-
ple, pesticides, volatile-organic contaminants,
trace elements, sodium, nitrogen species includ-
ing nitrite, and nitrate.

¢ Impairs the suitability of the water for general use;
for example, hardness, iron, manganese, taste,
odor, and color.

* Isofinterestin surface water and may be transported.
from ground- to surface-water systems; for
example, nitrogen species ammonia, nitrite, and
nitrate.
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* Is animportant “support variable” for interpreting the
results of physical and chemical measurements;
for example, temperature, specific conductance,
major ion balance, depth to the water table, and
selected isotopes.

Second, analysis of the candidate indicator should
be affordable by using well-established analytical
methods at appropriate minimum-detection and
reporting levels necessary to achieve the objectives
of study.

Based on these criteria, the following general
groups of indicators should be considered for ground-
water-monitoring programs.

* TField measurements (temperature, specific conduc-
tance, pH, dissolved oxygen, alkalinity, depth to
water).

* Major inorganic ions and dissolved.
* Nutrients.

* Dissolved organic carbon.

* Pesticides.

* Volatile organic chemicals.

* Metals and trace elements.

* Bacteria.

¢ Radionuclides.

Continuing research is needed on techniques for
identifying microbiological indicators for ground-
water monitoring. Nonetheless, monitoring programs
should take into account the many State and local
requirements for the assessment of Escherichia coli as
a measure of fecal contamination.

Process for Selecting Specific Iindicators for
Ground-Water-Quality Monitoring

The proposed process for selecting specific
indicators for ground-water monitoring is illustrated in
Figure 1 and is discussed below.

Step 1. Analyze Existing Information

The first step in the process is to determine
whether there is a recently documented occurrence of
the indicator(s) by using existing information. Over the
years, a large amount of ambient water-quality data has
been collected by many organizations to address a wide
range of objectives. Much of these data can be obtained
from the U.S. Environmental Protection Agency’s
(USEPA) STOrage and RETrieval (STORET) and the
U.S. Geological Survey’s (USGS) National WATer
Data STOrage and REtrieval (WATSTORE) system
computerized data bases. Many of these data should be

1. Documented occurrence | No 2. Formulation of conceptual
of indicator in aquifer ~ F—>] “occurrence" model
(STORET, NWIS, etc.) A. Known or potential sources
of contaminant(s)?
(Yes) (No) (Unknown)
B. Aquifer "susceptible" to
contamination?
(Yes) (No) (Unknown) | lem-year
ycle
Yes i _
3. Testing of conceptual model
occurrence survey of 20-25 wells
v Yes
; Do not
Include in Yes No include i
monitoring € Contaminant(s) detected ———>» r':gn%t;i'r?g
program program

Figure 1. Process for selecting specific indicaters for ground-water-quality monitoring.
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useful for selecting indicators, provided that appropri-
ate care is taken to ascertain the manner in which they
were collected and analyzed and the individual settings
they represent. For example, for pesticides and other
trace organic contaminants, it is important that infor-
mation used to establish the occurrence of these con-
taminants in the environment be based on appropriately
sensitive analytical procedures.

Additional data, some of which may not be in
computer files, may be obtained through contacts with
other agencies and organizations or through literature
reviews. Municipalities, other utilities, and the private
sector collect a large amount of water-quality data,
often at considerable expense, to comply with statutory
and regulatory mandates. For example, under the Safe
Drinking Water Act, public water-supply systems rou-
tinely collect ambient-water-quality data for use in the
operation of their systems or for compliance purposes.
These data are not routinely included in national com-
puterized data bases, but may be available from State
agencies or individual water utilities and facilities.
Similarly, under the RCRA, hazardous waste facilities
are required to monitor ground water upgradient and
downgradient of waste-disposal units for contaminants
likely to be found in the waste stream(s) managed by
the facility. If a contaminant is detected, then the facil-
ity may be required to monitor for a broader list of con-
stituents (Federal Register, App. 9, v. 40, pt. 264),
whether those constituents are likely to be found at the
facility or not. Many of these data should be useful for
providing information on locally important indicators
and the occurrence of different indicators in relation to
different types of facilities and sources.

Step 2. Determine Whether the Contaminant Is Likely to
Occur in the Ground-Water System

This step assesses the likelihood that specific indi-
cators, which have no documented occurrence and have
not been determined in samples collected from the aqui-
fer system, will be present. This assessment addresses the
question: Is it likely that this contaminant is present in this
ground-water system? Formulation of a response to this
question should take into account what is known about
the potential sources of the contaminant(s) of interest, the
physical and chemical properties of the contaminants that
govern their transport to ground-water systems and
knowledge of the local hydrogeology and susceptibility
of the aquifer to contamination. Tables 1 and 2 provide
examples of indicators that could be considered for mon-
itoring in areas with different types of land use and

sources of contaminants. The tables provide a starting
point for evaluating the relation between land-use pat-
terns and likely contaminant loading to ground water.
For example, ground-water-monitoring programs in
regions of agricultural land use should consider pesti-
cides that are or were readily applied to crops in the
region, are persistent, and are readily transported to the
ground-water system.

Table 2 provides a suggested set of ground-
water-quality-monitoring parameters to be included in
facility-based monitoring programs. This list is not
intended to substitute for parameters monitored under
existing regulatory programs. These parameters, which
were identified on the basis of a review of historical
facility-based monitoring records, are intended to be
used as guidance for new or expanded facility-based
monitoring activities. Parameters chosen for a parti-
cular facility also should be based on an understanding
of the materials handled at the facility, if that informa-
tion is available.

Step 3. Test and Validate Contaminant Occurrence

The hypothesis that a contaminant is likely or
unlikely to occur in an aquifer system should be tested
as part of an “occurrence survey.” This step is espe-
cially important because of our limited knowledge and
understanding of the occurrence of different contami-
nants in ground water. An occurrence survey would
consist of monitoring selected wells in the aquifer sys-
tem to be sampled. The number of wells to be assessed
would be determined on the basis of the size of the
study region and the complexity of the hydrogeologic
setting. On the basis of the results of this survey, the
investigator would determine whether or not the con-
taminant should be included for subsequent sampling
of the system. As knowledge of the occurrence of dif-
ferent contaminants in different environmental settings
improves, the uncertainty associated with understand-
ing of indicator occurrence, as well as the need for
extensive verification, should decrease.

The above process should be repeated at an
appropriate interval (for example, 10 years for back-
ground or land-use-impact monitoring) or as deemed
necessary, given changes in land and water-manage-
ment activities, chemical use patterns, or analytical
methods. For compliance monitoring, verification of
the presence of likely contaminants may be conducted
more frequently or as specified under regulation or the
conditions of a permit.

This approach to selecting water-quality para-
meters is being implemented by several of the States.
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For example, Florida has focused the set of parameters
monitored under their ambient program on the basis of
their understanding of local water-quality patterns and
contaminant sources. In regions of high agricultural land
use, Florida focuses on nitrate and chloride levels in
ground water to assess trends in water quality. Similarly,
Florida focuses on certain trace metals (for example,
arsenic, barium, cadmium, chromium, copper, mercury,
nickel, silver, zinc) in regions of industrial land use.

Ground-Water-Quality-Monitoring Framework

The attachment to this appendix outlines a
framework of the activities to be included within a
ground-water-quality-monitoring program. This
framework is intended for program managers and tech-
nical staff. The outline highlights the following:

* Defining the purpose of the monitoring program.

* Coordinating and collaborating with other govern-
mental and nongovernmental organizations.

* Designing the monitoring program.

* Implementing the monitoring program.

* Interpreting data generated by the monitoring
program.

¢ Evaluating the effectiveness of the monitoring
program.

» Communicating the results of the monitoring effort
with governmental and nongovernmental orga-
nizations, and the public.

For monitoring efforts to be successful, system-
atic approaches need to be adopted for identifying the
chemical, physical, and biological parameters to be
measured in ground water. The attachment provides
a format for developing and implementing such a
systematic approach.

Conclusions

The Ground Water Focus Group concluded
that no one national approach to the design and
implementation of ground-water-monitoring pro-
grams can be recommended. Instead, each State,
Tribal, and local jurisdiction must design a moni-
toring program that takes into account the hydro-
geological setting, existing water quality, contaminant-
source locations, and beneficial uses of the water
resource. By applying the Ground-Water-Quality Indi-
cator selection process described in the section and the
Ground-Water-Quality-Monitoring Framework in
this Technical Appendix, agencies can develop and

implement consistent and defensible approaches
for conducting background- and land-use-impact-
and compliance-monitoring programs.

The Ground Water Focus Group recognizes
that many agencies do not have the capability or suf-
ficient resources to undertake or complete the effort
described above in a short timeframe for all aquifers
within their jurisdictions. Therefore, it is recom-
mended that agencies work together, to the extent
possible, by combining their resources and talents to
begin a systematic process of sampling those aqui-
fers that are the highest priority (for example, those
that have the largest population and water use) for
the full set of indicators identified for each aquifer.
Depending on the availability of resources, this
approach may extend the amount of time needed to
assess all aquifers within an agency’s jurisdiction.
Nonetheless, the slow traveltimes typically observed
in ground water relative to surface water make this
tradeoff a reasonable assessment strategy. Contami-
nants move slowly in ground water, and, as a result,
the quality of ground water observed at a well tends
to change slowly. Therefore, monitoring ground
water in a systematic manner will gradually result in
the development of high-quality, comparable data
sets that, in the aggregate, will increase knowledge
of the occurrence and distribution of indicators in
ground water, and environmental settings where dif-
ferent indicators should be included in monitoring
programs and, conversely, where it is less necessary
to monitor for them.

Ground-Water-Quality-Monitoring
Framework

1. Purpose.
A. Purposes and expectations of participating
agencies and customers.

1. What data are being collected and why?

2. How will the data be stored and displayed?

3. How will the results be evaluated?

4. What does each agency contribute and
receive from the monitoring program?

B. Some objectives of the monitoring program.

1. Need for a general overview (background
and ambient monitoring) of ground-
water quality in specific aquifers.

2. Need to identify trends in ground-water
quality that are related to regional land-
use and nonpoint sources of contamina-
tion. Need to identify localized trends
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in ground-water quality that are related
to specific contaminant sources (facil-
ity-based/compliance monitoring).

C. Purposes and expectations of monitoring
agency.

1. Near- and long-term requirements and
needs that include coordination and
collaboration with other agencies and
customers, data management, periodic
evaluation of monitoring effor, QA/AC
considerations, laboratory and field
analytical support and service, and
training.

2. Prioritize objectives for monitoring strate-
gies. Prioritization may be based on
principle hydrogeologic units, well
type, analytes of concern, relation of
water quality to land use, surficial
aquifers/artesian aquifers, and time-
frame for monitoring activity.

D. Environmental Indicators—Selection of envi-
ronmental indicators to measure achieve-
ment of monitoring agency objectives and
purposes.

1. Select indicators on the basis of the type of
monitoring activity—ambient (base-
line), evaluation or detection, and com-
pliance (response and remediation).

2. Select indicators on the basis of other
objectives of the monitoring program
from coordinators and collaborators.

II. Coordinate/collaborate.

A. Identify potential participants.

1. Establish a working relation with Federal,
State, tribal, local, academic, and pri-
vate agencies.

2. Communicate project objectives and

© goals.

B. Define roles of participants.

1. Participants may provide financial or tech-
nical information, interpretation of
data, and or resource, technical, or reg-
ulatory management expertise.

C. Define needs of users and establish data-
quality objectives.

1. If possible, incorporate needs of other
agencies/groups who use the informa-
tion into the purposes of the program.

2. Ensure the inclusion of data qualifiers with
stored data so others know the accuracy

and precision of the environmental data
that are being collected and analyzed.

III. Design.

A. Define objectives and scope of project.
1. Hydrogeologic units to be monitored.
2. Analytes of concern.
3. Well types.
4. Land use.

5. Timeframe.

6. Financial considerations.

7. Personnel considerations.

8. Analytical considerations.

9. Data-management considerations.
10. Other resources and constraints.

B. Existing environmental setting—Identify and
describe the existing environmental set-
ting, which includes its hydrology (surface
and ground waters), biota, and resource
use.

1. Geohydrology.

a. Delineate aquifers and confining units
of the geohydrologic framework.
Identify their vertical and lateral
extent and degree of confinement and
the lithostratigraphic and hydraulic
characteristics of each unit.

b. Conceptualize and describe the
ground-water-flow regime, which
includes flow paths, sources of
recharge and discharge, water bud-
get, ground-water/surface-water
interactions, flow rates and age of
water at different points in the regime.
Design a model as necessary.

2. Biota.

a. Identify biological communities that
can be affected by ground-water qual-
ity in aquifers and confining units.

b. Identify biological communities that
can be affected by the quality of
ground water that discharges to sur-
face waters and wetlands.

3. Resource use.

a. Identify past, current, and potential
users of the ground water and how
quality may affect ground-water use.

b. Identify past, current, and potential
ground-water users and how use may
affect ground-water quality.

c. For the ground-water-supply system,
determine the past, current, and
potential withdrawals or recharge in
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terms of volume, location, and aqui-
fer name. Identify changes in
ground-water-flow paths and aquifer
hydraulic characteristics that result
from ground water use.

C. Existing water-quality problem—Evaluate
available information to provide a current
conceptual understanding of existing
ground-water-quality problems; depict the
known or suspected ground-water-quality
conditions, problems, or information gaps;
and identify management concerns and
alternatives.

1. Provide a current conceptual understand-
ing of factors that affect spatial and ver-
tical distribution in water quality.

a. Identify historical, present, and possible
future land use/land cover and
expected water-quality effects of the
land use/land cover.

b. Identify geochemical conditions in
aquifers and confining units that
affect water quality, which include
mineral content of sediments as it
affects ion exchange and other water/
mineral reactions and organic and
mineral content of sediment as it
affects oxidizing and reducing
conditions.

c¢. Hydrologic system.

d. Effects of flow paths on contaminant
transport, which include effects of
age of water on likely presence of
contaminants.

2. Evaluate past and present water quality on
the basis of existing information. Eval-
uate existing information in terms of
quality, representativeness, and useful-
ness; for example well construction
impacts on water quality or heterogene-
ities in the natural system.

3. Identify management concerns and alter-
natives. Identify and prioritize prob-
lems, needs, and information gaps.

D. Environmental indicators and data parame-
ters—Determine the appropriate or appli-
cable environmental indicators and related
chemical, physical, biological, and ancil-
lary data parameters to be monitored. Indi-
cator selection is related to the following
criteria:

1. Program objectives (ambient, detection/
evaluation, and response/compliance).

2. Existing hydrogeology.

3. Natural setting (physiography, climate,
land cover).

4. Condition/character of the sampling site
(well, spring, lysimeter).

5. Past/present land-use activities.

6. Designated uses of ground water (drinking
water, recharge to surface water to sup-
port recreation).

E. Reference conditions—Establish reference
conditions for environmental indicators
that can be monitored to provide a
baseline ground-water-quality
assessment.

F. Confidence level—Define the level of
confidence needed for the data to support
testing management alternatives.

G. Data-set characteristics.

1. Determine basis for monitoring design that
will allow successful interpretation of
the data at a resolution (scale) that
meets project purposes.

2. The basis for monitoring should include
statistical reliability and geographic,
geohydrologic, geochemical, biologi-
cal, land use/cover, and temporal
variability.

H. Quality assurance plan—Develop a quality-
assurance plan that documents data accu-
racy and precision, representativeness of
the data, completeness of the data set, and
comparability of data relative to data col-
lected by others.

I. Monitoring design—Design a sampling plan
for existing or proposed sites. Design may
include sampling-site distribution and
location (wells and springs) and environ-
mental indicators (physical, chemical,
biological, ancillary).

1. Design the general-ground-water monitor-
ing network on the basis of the concep-
tual study design and the study and
characterization of the area.

2. Select and characterize the specific sites.
Document the basis for the selection of
each existing or proposed site as it fits
the conceptualization, network design,
and data quality objectives.
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a. Historical and present adjacent land
use/land cover.

b. Availability of existing data and collec-
tion points.

c¢. Hydrogeologic setting—Aquifers,
point in the flow path and so forth.

d. Accessibility.

. Design the collection points at the site(s).

a. Sampling sites include wells, lysime-
ters, spring boxes, or other sample
collection points.

b. Locations.

c. Construction specifications.

. Identify personnel and equipment needs.
. Estimate costs of network.
. Ground-water indicators selected may be

constituent based, administrative, or
part of a tiered or screening monitoring
approach. For further information, refer
to the ITFM discussion and matrices for
ground-water indicators.

J. Data collection methods—Develop sampling

4.
5.

plans and identify applicable protocols
and methods, and document data to enable
data comparison with other monitoring
programs in accordance with QA/QC
requirements. Refer to program-specific
guidelines. Identify personnel and
equipment needs.

. Develop a plan for sample collection.

a. Frequency and timing.

. Collection.

Sample handling.

. Preservation.

. Shipping (chain of custody).

e oo

(¢

. Develop data documentation plan/chain of

custody/labeling.

. Identify personnel, equipment, and train-

ing needs.
Develop health and safety documents.
Estimate cost of data collection.

K. Timing—Describe duration of sampling

program and frequency and seasonality of
sampling.

L. Field and laboratory analytical support—

Identify applicable field and laboratory
protocols or performance-based criteria,
which include detection level, accuracy,
precision, turnaround time, and sample
preservation.

. Identify personnel, equipment, and other

support needs for field and laboratory.

. Identify field and laboratory QA/QC

requirements.

. Select performance-based criteria for eval-

uation of analytical capabilities and
results.

a. Criteria include detection levels, accu-
racy, precision, sample-holding
times, sample preservation, perfor-
mance-evaluation samples (repli-
cates, blanks, spikes), data turn-
around time, and mechanisms and
format for reporting data.

b. Personnel needs, which include training
and turnover.

c. Facility and equipment needs.

4. Estimate cost of field and laboratory ana-

lytical support.

M. Data management—Describe data-manage-

ment protocols, which include archiving,
sharing, and security. Ensure the inclusion
of metadata, such as location (latitude
and longitude), date, time, a description
of collection and analytical methods, and
quality-assurance data.

. Define user requirements.

a. Data format—Hard copy and digital
(geographic and spatial data).

b. Interface—How the user sees the
system.

c. Data types—Primary and ancillary
data.

d. Input, storage, and verification
mechanisms.

e. Applications.

f. Output format.

g. Security—Who needs access to what?

. Considerations for the conceptual design

of the digital system.

a. Requirements, which include such
types of data as ancillary, metadata,
and water-quality-data parameters.

b. Minimum data set or recommended
ground-water-data elements (refer
to “Definitions for the Minimum
Set of Data Elements for Ground
Water (USEPA 813/B-92-002)
and the "ITFM Recommended
Data Elements for Water Quality
Monitoring").
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c. Uses—Storage, retrieval, graphic and
tabular presentation, complex analy-
sis, desired procedures access, and
data dissemination.

d. Inventory available hardware and
software.

e. Estimate costs for acquisition of hard-
ware and software, training, imple-
mentation, operation, and
maintenance.

f. Benefits.

3. Test plan and standards—Basis for hard-
ware and software selection or develop-
ment of a digital system.

4. Functional analysis of a digital system.

5. Physical design of a digital system—
System selection and (or) development.

a. Hardware.

b. Data-base structure (ASCII, spread-
sheet, relational).

c. Software.

d. User training and support.

e. System administration—Backup,
recovery, maintenance, security,
documentation.

N. Training.

1. Activities related to monitoring that
require training, these include design-
ing, collecting, managing, interpreting,
and reporting and communicating
water-quality data.

2. Support activities that require training,
these include data-management activi-
ties and laboratory analysis.

O. Interpretation—Identify statistical/analytical
methods that are relevant to the data within
specified confidence levels for program
purposes.

1. Understand the sample size.

2. Understand the parameters.

3. Identify statistical/analytical methods
(refer to Section V.).

P. Communications.

1. Identify technical and lay audiences.

2. Identify mechanisms and formats for pre-
senting/distributing information; for
example press releases, public meet-
ings, agency meetings, conferences,
popular publications, agency reports,
and journal articles.

Q. Costs.

1. Determine the program costs and sources
of funding.

Iv.

2. Include in the cost estimates implementa-
tion, interpretation, and communication
activities of the monitoring program.

R. Program modification—Develop feedback
mechanisms to fine-tune/improve design.

Implementation.

A. Establish and document sites (selected during
design and planning stages).

1. Construct wells, shelters, gage houses,
staff gages, and other structures as
needed in preparation for data
collection.

2. Document ancillary data for sites.

B. Collect data.

1. Collect data according to specified moni-
toring design and protocols.

2. Coordinate with other agencies as
appropriate.

C. Review results.

1. Review data-collection activities to ensure
that protocols and the QA plan are
being followed.

2. Review data-collection activities to ensure
that data are complete and meet stated
purposes.

D. Store and manage data.

1. Archive data so that the accuracy and pre-
cision are maintained.

2. Review data in accordance with data man-
agement plan.

E. Share data—Provide lists of data for other
agencies upon requests.

F. Prepare data summaries.

1. Provide information to managers
periodically.

2. Provide information to collaborators and
cooperators according to schedules.

Interpretation.

A. Data reliability—Define the accuracy and
precision of the hydrogeologic and ancil-
lary environmental data.

B. Interpret data to meet stated program pur-
poses—Interpret the data, which include a
description of the ground-water-resources
system, by using existing environmental
and ancillary data to provide information
necessary to making management deci-
sions related to water quality.

1. Geohydrologic systems analysis.

a. Temporal and spatial analysis.
b. Climatic impacts on ground-water
systems.
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c¢. Ground-water/surface-water interac-
tion; for example, discharge and
recharge effects.
2. Hydrogeochemical analysis.
a. Water/rock interactions.
b. Land use.
3. Comparison of data to monitoring
objectives.

C. Statistical methods and model documentation—
Use statistical packages and deterministic
models that are well documented.

D. Assess management impacts—Evaluate man-
agement alternatives and assess their
impacts on the resource.

E. Coordinate interpretations—Coordinate the
interpretations of data with collaborators
and the user community.

VI. Evaluate monitoring program.

82

A. Meet goals and objectives—Determine if
monitoring program goals and objectives
are being met.

1. Assess usefulness of project data/informa-
tion for local, regional, and national
assessments.

2. Evaluate the need for program modi-
fications and develop appropriate
recommendations for ground-water
monitoring.

3. Evaluate organizational concerns and
coordination for private sector interface
and local, State, and Federal interface.

B. Identify problems—Identify any monitoring
problems associated with collecting and
analyzing samples; storing, disseminating,
and interpreting data; and reporting the
information to managers and the public.

1. Evaluate the strengths and weaknesses of
the monitoring-program design.

VIL

2. Evaluate the data-collection and the inter-
pretation methods.

3. Evaluate the information-transfer method-
ologies used to report the data and
information to resource managers, the
public, and the scientific community.

C. Evaluate costs—Evaluate the costs of the
monitoring program.

D. Feedback—Use results of evaluating moni-
toring program to identify current and
future needs.

Communication.

A. Coordinate—Participate in the distribution
of information to and with other agencies
and interested groups, such as environ-
mental, industrial, and agricultural con-
stituents.

B. Prepare and distribute technical reports—
Describe current water-quality condi-
tions; spatial distribution; temporal vari-
ability; and sources, causes, transport,
fate, and effects of contaminants based on
monitoring results to humans, aquifers,
and ecosystems as appropriate.

C. Communicate with multiple audiences—
Prepare lay reports or executive summaries
for nontechnical audiences and peer
review reports for technical audiences.

D. Presentations—Make presentations to assist
management and the public in under-
standing the significance of results. Pre-
sentations could involve the use of public
information networks, which include
newspapers, radio, and television.

E. Provide available data—Provide available
data for other data users as needed.
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TECHNICAL APPENDIX M
DATA-ELEMENTS GLOSSARY

Introduction

The Data Management and Information Shar-
ing Task Group (DMIS) of the Intergovernmental
Task Force on Monitoring Water Quality (ITFM) has
prepared the Data-Elements Glossary to support
effective collection, interpretation, and sharing of
data related to water-quality monitoring. The intent
of this glossary is to provide common terminology
and definitions for documenting water-quality data;
that is, metadata. Standardization and adoption of
these elements will improve the availability of infor-
mation for decisionmaking at all levels of govern-
ment. The full glossary of recommended data ele-
ments represents most of the base data requirements
for agencies that are developing new water-quality-
data systems. The DMIS considers "agencies" to
mean any group that collects water-quality data,
including Tribe, State, Federal, and nongovernmental
organizations, or the regulated community. The set of
minimum data elements, which is a subset of the glos-
sary, are those elements the DMIS believes are neces-
sary to facilitate the exchange of data among existing
data-management systems.

The DMIS recommends that the ITFM adopt
the following recommendations related to the Data-
Elements Glossary:

* Agencies, the regulated community, and others that
collect water-quality data are encouraged to
adopt the recommended data elements for
water-quality-data systems and the minimum
elements for facilitating information sharing.

* Provide a self-documenting data-export capability
from each data base and promote the develop-
ment of standardized report formats.

* Promote the development of a standard interface to
individual water-data systems based on the min-
imum data elements and provide electronic
access to data systems and the means to easily
transfer data from one system to another. Addi-
tional data considered to be appropriate for
sharing should be included in the system.

* Identify potential sources of reference tables, such
as aquifer names, taxonomic codes, and meth-
ods, and recommend that agencies be desig-
nated to maintain individual reference lists. For

example, the U.S. Geological Survey (USGS)
may be the authority to maintain the hydrogeo-
logic units reference table, and the National
Oceanic and Atmospheric Administration
(NOAA) may maintain the taxonomic code.
Reference tables for sampling and analytical
methods could be assigned to an intergovern-
mental methods council. The authorities agree
to accept update requests from all groups that
are participating in water-quality monitoring.

Glossary Components

According to the DMIS, agencies involved in
water-quality monitoring should identify and describe
the following high-level functions:

* Projects and surveys that involve monitoring of the
aquatic environment.

» Those physical sites at which the monitoring is
conducted.

* The events and samples that occur at those sites.

* Analytical results that relate to these events and sam-
ples.

Within each of these high-level functions, the
DMIS identified a series of data elements. The format
for each element is as follows:

Name The data element name.

Definition The meaning of the dataelement. Existing
definitions were used where possible; defini-
tions from several sources were combined if
necessary to prepare a sufficiently broad defini-
tion and were attributed to the DMIS rather than
to the original source documents. In some
cases, several alternative definitions are pro-
vided, with the preferred definition listed first.
In these cases, several sources also are pro-
vided. Source materials that were searched for
data-element definitions included the follow-
ing:

* Chesapeake Bay Program

* Definitions for the Minimum Set of Data Ele-
ments for Ground-Water Quality (U.S.
Environmental Protection Agency, 1992)

* DQO-IDS Data Dictionary (U.S. Environ-
mental Protection Agency, 1993)
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Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

McGraw-Hill Dictionary of Scientific and
Technical Terms (Parker, 1994)

NWIS-II Lexicon (U.S. Geological Survey,
written commun., 1994)

STORET modernization (American Manage-
ment System, Inc., writen commun.
1992)

USEPA QA Glossary (U.S. Environmental
Protection Agency, 1988)

Format An indication of whether the data-element
field is a character or a numeral.

Source The document source for the data-element
definition. "DMIS" is given as the source for
those definitions developed by the DMIS or for
definitions that resulted from combining exist-
ing definitions from many source documents.

Authority The agency or program responsible for
maintaining the reference table of terms.
Authorities were indicated where individuals
knew that an agency had a reference list; how-
ever, no authorities have been formally identi-
fied.

Related terms Synonyms for the data-element name
that may appear in existing data systems, such
as STORET or NWIS -1. The field is blank in
many cases, but terms will be added as appro-
priate.

Recommended Data Elements

Most of the data elements in the Data-Elements
Glossary are considered to be recommended data ele-
ments. These are elements that should be included in
the design of new data systems to document adequately
the environmental data stored in the systems. Elements
include those that characterize the location of measure-
ments or samples, such as station number and name;
the sample, such as date and time; and the results, such
as constituent, reporting form, value, and units. The
elements listed above are common to most of the cur-
rent data systems. The other recommended data ele-
ments include the quality-control (QC) data that are
needed for secondary users to assess the utility of the
data. At the project level, these include the project
data-quality objectives and project quality-assurance
(QA) methods. At the sample and result levels, they
include the data collector and analyst, field and

analytical methods, type of equipment used, and the
results of QC samples and measurements.

The organization and format of the data ele-
ments are intended to promote consistent terminology
among water-quality-data systems to facilitate the
exchange of data. It is not required that agencies have
identical data systems or similar data structures. How-
ever, the grouping of the elements in the glossary does
imply some relations. For example, the projects and
survey elements probably would be in one table or a
series of closely related tables in each agency's data
system. Similarly, the elements grouped as location-
reference information, site characteristics, events and
samples, and results probably would be in separate
tables in a relational data-base-management system.
Other relations, such as a link between the project
information and samples or results, probably would be
appropriate; however, these relations are less intuitive
and will depend on how the data are to be queried and
reported. Thus, it is equally important to adopt stan-
dard reports so that each agency can provide the appro-
priate keys or links in their respective data systems.

Minimum Data Elements

To facilitate the exchange of existing data, 23
data elements have been designated as minimum data
elements. These elements are not considered to be
more important than the recommended elements. They
are those that would most likely be used to qualify a
query for water-quality data from any agency's data
system. The ITFM participating agencies would be
expected to modify the existing user interface or to
develop new interfaces to their data systems to incorpo-
rate data retrievals based on these elements. The des-
ignation "(GW)" indicates that an element is intended
only for ground water; an "(SW)" indicates a surface-
water-only element. The elements are as follows:

* Site name.

* Site number.

* Site type.

* Federal Information Processing Standard (FIPS)
county code.

» FIPS state code.

* Latitude.

* Longitude.

* Aquifer name (GW).

» Ecoregion code.

* U.S. Environmental Protection Agency (USEPA)
river reach code (SW).

* Hydrologic unit code (HUC).
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* Water-body name.

* Water-body type.

* Habitat type.

* Well depth (GW).

* Collection start date.

* Collection end date.

¢ Collecting organization.
* Sample depth.

* Sample medium code.
* Constituent.

* Reporting form.

* Taxonomic key.

The intent of the minimum elements is to stan-
dardize the querying capabilities of existing data sys-
tems and thus facilitate the sharing of data. Agencies
should provide a querying capability that is based on
the minimum elements, but additional, or less, cap-
ability may be appropriate in some cases. For example,
if a particular data system has results keyed to individ-
ual projects, then it would be appropriate to provide an
ability to query based on project number or name. Con-
versely, there would be no utility in providing a taxo-
nomic key query if the data base did not contain taxo-
nomic information or an aquifer name query if the data
base contained only stream data.

Glossary of Data Elements

The elements are listed alphabetically within
each of four high-level functions—projects and sur-
veys; physical sites/station; events, samples, and (or)
observations; and results. N/A means not applicable.

Projects and Surveys

Name Ancillary data

Definition Narrative summary of the types and
sources of supporting information used for the
completion of the project.

Format Character

Source DMIS

Authority N/A

Name Cooperating organizations

Definition Organizations supplying resources to the
project.

Format Character

Source DMIS

Authority N/A

Related Terms Resource group

Name Data administrator

Definition Person responsible for ensuring that the
data standards for the collected information
including media, standard codes, input formats,
output formats, system to be used, and data inte-
gration concerns are met.

Format Character

Source DMIS

Authority N/A

Related Terms Data manager

Name Funding organization(s)

Definition Name of the organization(s) providing
funding and other resources for the project.

Format Character

Source DMIS

Authority N/A

Name Location of data

Definition Place and (or) system where the results
from the project reside along with the location
where other data used by the project reside and
methods to access this information.

Format Character

Source DMIS

Authority N/A

Related Terms Data repository

Name Sponsoring organization(s)

Definition (1) Officially empowered group responsi-
ble for the project and the data resulting from
the monitoring effort. (2) Lead agency or group
taking responsibility for the monitoring project
development and implementation and the
resulting data management.

Format Character

Source (1) DMIS, (2) Ground Water Focus Group of
the ITFM

Authority N/A

Name Principal investigator

Definition Person primarily responsible for the exe-
cution of the project.

Format Character

Source DMIS

Authority N/A

Related Terms Project Chief, Project Leader, Project
Manager
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Name Project data-quality objectives

Definition Narrative describing the proposed quality
level for data that is desired or required and the
methods employed to obtain the planned quality
level. The QA plan is management's tool for
achieving this level of quality for data.

Format Character

Source DMIS

Authority N/A

Name Project description

Definition Narrative explaining the purpose, scope,
and objectives and geographical area of the
project.

Format Character

Source DMIS

Authority N/A

Related Terms Project abstract

Name Project duration

Definition Scheduled time frame for performing the
collection, analysis, assessment, and publica-
tion of the results from the project in years.

Format yyyy

Source DMIS

Authority N/A

Name Project funding

Definition The amount of money spent on the project.
Format Character

Source DMIS

Authority N/A

Name Project methods

Definition Narrative summary describing procedures
used throughout the project consisting of sam-
pling, analysis, and (or) assessment.

Format Character

Source DMIS

Authority N/A

Related Terms Method type

Name Project name

Definition Name of a monitoring effort where biolog-
ical, sediment, water quality, or bioassay data
are collected for a specific purpose (for exam-
ple, benthic study, water-quality study) at one or
more sampling stations.

Format Character

Source STORET modernization (American Manage-
ment System, Inc., written commun., 1992)

Authority N/A
Related Terms Program name, Project label, Project
title, Survey name

Name Project number

Definition Alphanumeric designation assigned by the
responsible agency.

Format Alphanumeric

Source DMIS

Authority N/A

Name Project products

Definition Reports, data sets, and publications pro-
duced by the project.

Format Character

Source DMIS

Authority N/A

Related Terms Data set id

Name Project QA procedures employed

Definition (1) Description of the quality assurance
and quality control activities to be followed for
a project. (2) Series of planned or systematic
actions required to provide adequate confidence
that a product or service will satisfy given
needs.

Format Character

Source (1) USEPA QA Glossary (U.S. Environmental
Protection Agency, 1988). (2) McGraw-Hill
Dictionary of Scientific and Technical Terms
(Parker, 1994)

Authority N/A

Related Terms QA project plan

Name Project references

Definition Bibliographic references to other relevant
studies.

Format Character

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Physical Sites/Station

Site-ldentification Information

Name Site alias

Definition Alternate designation for a station that
may be assigned by any organization.

Format Char30

Source STORET modernization
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Authority N/A
Related Terms Station alias, Secondary station
number

Name Site establishment date

Definition (1) Date the site was established by
the sponsoring organization. ( 2) Date that
construction of a sampling or measuring loca-
tion was completed. (3) Starting date of the
daily values that are a result of either a feature
measurement or a data analysis activity.

Format yyyymmdd

Source (1) DMIS, (2) Tri-Service CADD-GIS,
1993 (3) NWIS II Lexicon (U.S. Geological
Survey, written commun., 1994)

Authority N/A

Name Site description

Definition (1) Narrative description of the site,
facility, section, area, or volume represented
by the "Site name." (2) Description of site
where sample was collected.

Format Char300

Source (1) DMIS, (2) Lake Michigan Mass Bal-
ance Study (Tetra Tech, Inc., 1993)

Authority N/A

Related Terms Station description, Location
description

Name Site name

Definition Official agency name given to a data
collection station.

Format Char30

Source NWIS II

Authority N/A

Related Terms Station name, Site label

Name Site network

Definition Network(s) in which the station
participates.

Format Char30

Source DMIS

Authority ITFM or its designated representative

Name Site number

Definition Unique alphanumeric designation
assigned by the responsible organization.

Format Charl5

Source DMIS

Authority N/A

Related Terms Station number, Site code

Name Site organization

Definition Organization that establishes a sampling
or measuring location.

Format Char30

Source Tri-Service CADD-GIS (1993)

Authority N/A

Related Terms Site owner

Name Site purpose

Definition Intended purpose of the site and the ration-
ale for choosing the location.

Format Char300

Source DMIS

Authority N/A

Related Terms Site selection criteria

Name Site type
Definition Codes assigned to represent the type of
station from which samples were taken or mea-
surements made; for example:
rxsc River cross section with several vertical
sections.
biox Biological measurement/sampling
transect.
sngl Single point for measurement or
sampling.
mltp Multiple, random measurement and
sampling points represented by one or
more offsets.
area User-defined area with the centroid
defined by a latitude, longitude, and
altitude.
volm User-defined volume with the centroid
defined by a latitude, longitude, and
altitude.
well Well with several sampling points.
lysm Lysimeter with several sample points.
Format Char4
Source DMIS
Authority ITFM or its designated representative

Location-Reference Information

Name Altitude

Definition Vertical distance from the National Refer-
ence Datum to the land surface, reference mark,
or measuring point at the site (feet or meters).

Format Num 5.2 (feet or meters)

Source Ground Water Minimum Data Elements

Authority N/A

Related Terms Elevation
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Name Altitude method

Definition Method used to determine the altitude
value, including the National Reference Datum
on which the altitude is based.

Format Char4

Source Ground Water Minimum Data Elements

Authority USEPA Office of Ground Water and
Drinking Water

Related Terms Method type

Name Bottom depth

Definition Depth of water column at station, mea-
sured from the surface of the water to the sedi-
ment/water interface.

Format Num 6.2 (feet or meters)

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Related Terms Depth

Name FIPS county code

Definition FIPS numeric code to indicate the county
(or county equivalent) in which a site is
located.

Format nnn

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency, 1992)

Authority FIPS

Name FIPS state code

Definition FIPS alphabetic or numeric code to indi-
cate the state in which the site is located.

Format aaornn

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency, 1992)

Authority FIPS

Name Land net

Definition Location of a site described by the U.S.
township and range-grid survey system.

Format SnnTnnaRnna (S31TO6NR66W)

Source DMIS

Authority N/A

Name Land net code

Definition Code that represents the appropriate 0.5 or
0.25 section description of the site (North,
South, East, West, Northeast, Southeast, North-
west, Southwest).

Format Char2, Char2, Char2

Source DMIS
Authority N/A

Name Latitude

Definition Coordinate representation that indicates a
location on the surface of the Earth by using the
equator as the latitude origin, reported in
degrees, minutes, and seconds.

Format +/-ddmmss.ssss (N=+;S =-)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Name Lat/long accuracy

Definition Quantitative measurement of the amount
of deviation from true value present in a mea-
surement that describes the correctness of a
measurement.

Format Num 4.2 (+/-)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Name Lat/long method

Definition Procedure used to determine the latitude
and longitude, includes the reference datum.

Format Char4

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority Standard methods adopted by ITFM or
its designated representative

Related Terms Method type

Name Longitude

Definition Coordinate representation that indicates
a location on the surface of the Earth by using
the prime meridian as the origin, reported in
degrees, minutes and seconds.

Format +/-dddmmss.ssss (W =-;E=4+)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Name Section node distance

Definition Distance from initial point of river
cross section or biological transect to the
point of sampling or measurement (feet
or meters).
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Format Num 4.2 (feet or meters)
Source DMIS

Authority N/A

Related Terms Site offset

Environmental Reference information

Name Aquifer name (GW)

Definition Soil or rock unit that by virtue of its
hydraulic properties has a distinct influence on
the storage or movement of ground water. The
zones include aquifers and confining units.

Format Char50

Source NWIS-II

Authority U.S. Geological Survey (USGS)

Related Terms Hydrogeologic unit

Name Aquifer type (GW)

Definition Description of the physical condition of
the aquifer, which includes confined/uncon-
fined, fractured, karst, and consolidate/uncon-
solidated/semiconsolidated.

Format Char50

Source Ground Water Focus Group of the ITFM

Authority N/A

Related Terms Hydrogeologic setting, Aquifer
matrix

Name Ecoregion code

Definition USEPA code of ecoregions, which are
homogeneous areas defined by similarity of
climate, landform, soil, potential natural
vegetation, hydrology, or other ecologically
relevant variables.

Format Char7

Source Lake Michigan Mass Balance; Study (Tetra
Tech, Inc., 1993), U.S. Environmental Protec-
tion Agency, written commun., 1994)

Authority USEPA

Name USEPA river reach code (SW)

Definition Code representing a section of a river or
stream defined by the components of the River
Reach File 3 (RF3) file.

Format Charl2

Source DMIS

Authority USEPA

Name HUC
Definition Code that represents the region, subre-
gion, accounting unit, and cataloging units of

hydrologic units (watersheds), as defined by
the U.S. Water Resources Council. The current
code is 8 characters but is being expanded to 16
characters to provide for greater subdivision of
watersheds.

Format Charl6

Source NWIS-II

Authority FIPS

Related Terms HUC

Name Water-body alias (SW)

Definition User-defined name of a water body that
differs from the official name approved by the
Board of Geographic Names (Geographic
Names Information System).

Format Char50

Source DMIS

Authority N/A

Name Water-body name

Definition Name of the lake, stream, river, estuary, or
other water feature related to the physical site.

Format Char50

Source DMIS

Authority USGS, Geographic Names Information
System

Name Water-body type

Definition Code that represents the type of water
body, such as stream/river, lake, canal, aquifer,
or spring.

Format Char4

Source DMIS

Authority USEPA

Related Terms Station type, Site type

Site Characteristics

Name Geomorphology code (SW)

Definition Code used to define the secondary topo-
graphic features which are carved by erosion in
the primary elements and built up of the ero-
sional debris at the indicated site.

Format Char4

Source McGraw-Hill Dictionary of Scientific and
Technical Terms (Parker, 1994)

Authority ITFM or designated representative

Name Habitat

Definition Narrative description of morphology, sub-
strate, aquatic and riparian cover of the site, off-
set point, or cross section.
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Format Char300
Source DMIS
Authority N/A

Name Habitat type code

Definition Code for a finite list of habitat
characteristics.

Format Character

Source DMIS

Authority N/A

Name Land use/cover code

Definition Code that represents the land-use types, as
defined by the Anderson classification system.

Format Char4

Source DMIS

Authority USGS

Name Microhabitat name

Definition Name that designates a specific, small
isolated patch of homogeneous habitat.

Format Character

Source DMIS

Authority N/A

Name Site use code

Definition Code that represents the primary use and
water use, status, and water quality.

Format Char2

Source DMIS

Authority USGS

Name Substrate code

Definition Code that represents the material to which
sessile organisms are attached.

Format Char4 .

Source DMIS

Authority N/A

Related Terms Bottom type

Name Well casing diameter (GW)

Definition Inside diameter of the well casing at land
surface (inches).

Format Num 5.2

Source NWIS-II Lexicon (U.S. Geological Survey,
written commun., 1994)

Authority N/A

Related Terms Casing nominal diameter

Name Well casing material code (GW)

Definition Code that represents the type of casing
material used.

Format Char4

Source NWIS-II Lexicon (U.S. Geological Survey,
written commun., 1994)

Authority USGS

Name Well depth (GW)

Definition Depth of the completed well below the
land surface, in feet or meters.

Format Num 7.2 (feet or meters)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Name Well open interval, bottom (GW)

Definition Bottom of the open or screened interval
of the well (feet or meters below land surface).

Format Num 6.2 (feet or meters)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Name Well open interval, top (GW)

Definition Top of the open or screened interval of
the well (feet or meters below land surface).

Format Num 6.2 (feet or meters)

Source Ground Water Minimum Data Elements
(U.S. Environmental Protection Agency,
1992)

Authority N/A

Related Terms Well screen top depth

Name Well screen type code (GW)

Definition Code that represents the type of screen and
material used in the production interval of the
well.

Format Char4

Source DMIS

Authority USGS

Related Terms Slot sizes, Screen mesh size

Name Well seal code (GW)

Definition Code that represents the type of seal or fill
used in the well.

Format Char2
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Source DQO-IDS Data Dictionary (U.S. Environ-
mental Protection Agency, written commun.,
1993)

Authority USGS

Events, Samples, Observations

Events

Name Analysis end date

Definition Date that analysis was completed.
Format yyyymmdd

Source DMIS

Authority N/A

Related Terms Report date

Name Analysis end time

Definition Time that analysis was completed.
Format hhmm

Source DMIS

Authority N/A

Name Analysis Organization

Definition Textual information used to identify the
name of the group that is performing the analysis
associated with a result.

Format Character

Source DMIS

Authority N/A

Related Terms Agency, Organization name

Name Analysis start date
Definition Date that analysis began.
Format yyyymmdd

Source DMIS

Authority N/A

Name Analysis start time
Definition Time that analysis began.
Format hhmm

Source DMIS

Authority N/A

Name Analyst

Definition Name or identification of the person per-
forming the analysis.

Format Character

Source DMIS

Authority N/A

Related Terms Event contact name

Name Analytical method

Definition Method of analysis applied to determine
the analytical concentration/value for a particu-
lar parameter. Reference to the specific analyti-
cal method should include information on the
minimum detection limit of that method and the
units of measurement used.

Format Character

Source Ground Water Minimum Data Elements (U.S.
Environmental Protection Agency, 1992)

Authority N/A

Name Analyzing lab

Definition Name of the facility from which the ana-
lytical result was obtained.

Format Character

Source DMIS

Authority N/A

Related Terms Organization name

Name Batch number

Definition Alphanumeric designation assigned to
samples treated as an analytical grouping (with
the same controls) for preparation and (or)
analysis.

Format Character

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Related Terms Batch name

Name Biological part code

Definition Alphanumeric code that designates the
identification of the specific anatomical part of
an organism that is being measured; for exam-
ple, liver, heart, cell wall, or whole organism.

Format Character

Source DMIS

Authority N/A

Name Collecting organization

Definition Name of a group that is in charge of col-
lecting a sample or making a measurement.

Format Character

Source STORET modernization (American Manage-
ment Systems, Inc., written commun., 1992)

Authority N/A

Related Terms Agency, Organization name
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Name Collection end date

Definition Date that measurement or sampling was
completed.

Format yyyymmdd

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Related Terms Sample end date

Name Collection end time

Definition Time that measurement or sampling was
completed.

Format hhmm

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Name Collection start date

Definition Date that measurement or sampling
began.

Format yyyymmdd

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Related Terms Sample start date

Name Collection start time

Definition Time that measurement or sampling
began.

Format hhmm

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Name Data collector

Definition Individual who collects a sample or makes
a measurement.

Format Character

Source DMIS

Authority N/A

Related Terms Event contact name

Name Data analysis method

Definition Process of transforming raw data by arith-
metic or statistical calculations, standard
curves, concentration factors, and so forth, and
collation into a more useful form.

Format Character

Source STORET moderization (American Manage-
ment Systems, Inc., written commun., 1992)

Authority N/A

Related Terms Data reduction

Name Field lot number

Definition Alphanumeric designation used to group
together all field samples associated with or
judged against a particular set of QC samples.

Format Character

Source Tri-Service CADD-GIS (1993)

Authority N/A

Related Terms Shipment bundle id

Name Field preparation methods

Definition Name of method(s) that involves the addi-
tion to a sample, such as a solution, or proce-
dures, such as the filtering or drying of a sample
before shipment to laboratory.

Format Character

Source DMIS

Authority N/A

Name Instrument component number

Definition Instrument component identification
number; for example, one column of a gas
chromatograph.

Format Character

Source DMIS

Authority N/A

Name Instrument log

Definition Narrative that concerns the use and
maintenance of equipment for past projects
and events to aid in the identification of any
suspected anomalies.

Format Character

Source DMIS

Authority N/A

Name Instrument number

Definition Instrument identification number or
characters used by the organization doing the
analysis.

Format Character

Source DMIS

Authority N/A

Related Terms Serial number, Lab equipment id

Name Laboratory preparation methods

Definition Name of method(s) that involves the addi-
tion to a sample, such as a solution, or proce-
dures, such as the filtering or extraction or
digestion of a sample before analysis.

Format Character

Source DMIS

Authority N/A
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Name Method references

Definition Identification or textual information that
identifies a published source describing the
method used to analyze the sample and produce
the result.

Format Character

Source DMIS

Authority N/A

Related Terms Method type description

Name Offset point

Definition Point whose location is defined by
using azimuth (degrees) and distance (feet
or meters) relative to a predefined site (loca-
tional point).

Format Degrees (Num 5.2) and distance (Num 6.2
feet or meters)

Source STORET modernization (American Man-
agement System, Inc., written commun.,
1992)

Authority N/A

Name Preparation or extraction end date

Definition Date that preparation or extraction was
completed.

Format yyyymmdd

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Name Preparation or extraction end time

Definition Time that preparation or extraction was
completed.

Format hhmm

Source DMIS

Authority N/A

Name Preparation or extraction start date

Definition Date that preparation or extraction began.

Format yyyymmdd
Source DMIS
Authority N/A

Name Preparation or extraction start time

Definition Time that preparation or extraction began.

Format hhmm
Source DMIS
Authority N/A

Name QC sample type

Definition Blank, spike, split, or replicate sample
whose results are compared to a sample or con-
trol to ensure that the sample test results are
within expected parameters.

Format Character

Source Modernized STORET

Authority N/A

Related Terms Field blank, Trip blank, Equipment
blank

Name Replicate number

Definition Alphanumeric designation used to iden-
tify the replicate sample taken or observation
made.

Format Character

Source DMIS

Authority N/A

Name Sample alias

Definition Alphanumeric designation used for inter-
nal tracking to remove bias.

Format Character

Source DMIS

Authority N/A

Name Sample collection method

Definition Name that identifies the process or
procedure used to collect a sample or make
a measurement.

Format Character

Source DMIS

Authority N/A

Name Sample comments

Definition Notes or comments about sample.

Format Character

Source Lake Michigan Mass Balance Study (Tetra
Tech, Inc., 1993)

Authority N/A

Related Terms Sample note

Name Sample depth

Definition Depth (feet or meters) at which a
sample is collected for analysis relative to the
land surface or surface of a water body or a
ground-water table.

Format Num 7.2 (feet or meters)

Source DMIS

Authority N/A

Related Terms Depth
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Name Sample medium code

Definition Alphanumeric code that designates the
environmental material about which results
are reported from either direct observation or
collected samples; for example, water, tissue,
and (or) sediment.

Format Character

Source DMIS

Authority N/A

Related Terms Sample matrix

Name Sample number

Definition Alphanumeric designation of a unit, sub-
stance, specimen, or observation taken at a spe-
cific date, time, and geographic location for the
purpose of determining the identity and charac-
terization of chemicals, bacteria, plants, animals,
or other substances and (or) materials of concern.

Format Character

Source STORET modernization (American Manage-
ment Systems, Inc., written commun., 1992).

Authority N/A

Related Terms Sample name, Sample Id

Name Sample size

Definition Weight, volume, dimensions, or count of
elements or individuals in the sample or sample
aliquot.

Format Num 7.2 (units)

Source DMIS

Authority N/A

Name Secondary sample number

Definition Unique number used to identify a portion
of the original sample. Sufficient information is
provided to trace the sample within the organi-
zation's laboratory-management system.

Format Character

Source DMIS

Authority N/A

Related Terms Subsample number, Laboratory num-
ber, Sample Id

Name Voucher collection location

Definition Information required to identify the loca-
tion where the analyzing organization maintains
the voucher collection.

Format Character

Source DMIS

Authority N/A

Related Terms Reference collection, Standard refer-
ence material

Results

Name Bias of value

Definition Systematic error that is manifested as
one oOr more consistent positive or negative
deviations from the known or true value. It
differs from random error, which shows no such
deviation, in that it is inherent in a method or is
caused by some artifact or idiosyncrasy of the
measurement system.

Format Numeric

Source USGS National Water Quality Laboratory
(written commun., 1994)

Authority N/A

Name Constituent

Definition Physical, chemical, or biological variable
(component, element, compound) that may be
assigned a value as the result of a measurement
or observation.

Format Character

Source NWIS-II Lexicon (U.S. Geological Survey,
writen commun., 1994)

Authority N/A

Related Terms Analyte, Characteristic

Name Detection level method

Definition Method for determining the detectable
quantity of a constituent on the basis of labora-
tory conditions, analytical method, and (or)
field conditions.

Format Character

Source DMIS

Authority N/A

Related Terms Method detection limit, Practical
quantitation limit

Name Detection level value

Definition Numeric quantity of an analyte that can be
assessed and reported to a level of confidence
that the analyte concentration is greater than
zero and is determined from an analysis of a
sample in a given matrix that contains the
analyte.

Format Numeric

Source DMIS

Authority N/A

Name Error value

Definition Numerical value of the error assigned to a
result on the basis of the appropriate error
model.

Format Numeric
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Source DMIS

Authority N/A

Name Precision of value

Definition Degree of similarity or mutual agreement
among independent measurements of the same
quantity as a result of repeated application of the
process under specified conditions, without ref-
erence to the known or true value.

Format Numeric

Source USGS National Water Quality Laboratory
(written commun., 1994)

Authority N/A

Related Terms Precision units

Name QA/QC results

Definition Narrative description of the collective
quantitative and qualitative results of analyses
of supplementary samples (replicates, blanks,
standards, and so forth) that serves to evaluate
the acceptability of the result.

Format Character

Source DMIS

Authority N/A

Name Reporting form

Definition Form of a value reported for a constituent;
for example, nitrate as nitrogen, alkalinity as
calcium carbonate.

Format Character

Source NWIS-II

Authority N/A

Name Reporting unit

Definition (1) Designation by which a determined or
specified amount of a measured or estimated
quantity can be compared with any other quan-
tity of the same kind; for example, micrograms
per liter, feet per second and so forth. (2) Mea-
surement scale that accompanies the value sup-
plied in the sample result. (3) Dimensional unit
of the value of a constituent.

Format Character

Source (1) DMIS, (2) STORET modernization
(American Management Systems, Inc., written
commun., 1992), (3) NWIS-H Lexicon (U.S.
Geological Survey, written commun., 1994)

Authority N/A

Related Terms Unit Id, Unit description

Name Result comment

Definition User or analyst supplied textual informa-
tion that concerns the result obtained from a
measurement or an analysis.

Format Character

Source DMIS

Authority N/A

Related Terms Proc result description

Name Result type

Definition Statistic or statistical element used as a
basis for reporting the results of an analysis; for
example, discrete, continuous, mean, median,
max, and so forth.

Format Char4

Source DMIS

Authority N/A

Related Terms Statistical qualifier, Result code

Name Review and validation code

Definition Code that indicates that the result has been
reviewed and has passed validation checks
according to the program or protocol indicated
and that the result as reported is the result that
was determined.

Format Char4

Source DMIS

Authority N/A

Name Taxonomic key

Definition Alphanumeric designation for the unique,
official scientific name of a biological organism
and its position in the taxonomic nomenclature
hierarchy.

Format Character

Source DMIS

Authority NOAA

Related Terms Taxa category, Taxonomic code

Name Value

Definition Numerical quantity-determined, computed,
or estimated or descriptive text assigned to a con-
stituent as the result of a measurement or obser-
vation, includes values for analyses of QA/QC
samples.

Format Numeric

Source DMIS

Authority N/A

Related Terms Result, Quantitative value
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Name Value qualifier(s)

Definition Code(s) that specify a qualification of
the result; for example, less than, greater
than, estimated, and so forth.

Format Character

Source DMIS

Authority N/A

Related Terms Remark code, Flag, Tag

Name Voucher number

Definition Identification used to specify which
reference sample was used by the organiza-
tion doing the analysis to classify a biologi-
cal sample.

Format Character

Source DMIS

Authority N/A
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TECHNICAL APPENDIX N

EVALUATION OF A PERFORMANCE-BASED METHODS SYSTEM APPROACH TO

FIELD AND PRELABORATORY METHODS

Introduction

Regardless of the type of data being collected,
field methods share one important feature in com-
mon—they cannot tell you whether the information
collected is an accurate portrayal of the system of inter-
est. We may know, with some accuracy, properties of
a given sample taken from the field, but typically, we
are interested in answering questions on much larger
spatial and temporal scales. To grapple with this prob-
lem, environmental scientists and statisticians have
long recognized that field methods must strive to obtain
samples and (or) data that are representative of the site
conditions at the time of sampling.

In environmental monitoring studies, certain
desired data-quality objectives (DQQO’s) can be identi-
fied at the outset; that is, the degree of sample represen-
tativeness, data precision, and the site conditions over
which the information data are collected are estab-
lished at the inception of a study so that appropriate
sampling methods can be designed (Technical Appen-
dix I). Those DQO’s define not only how a given study
or monitoring program is carried out, but also how or
when such information could be appropriately utilized
by other users. This is a significant issue because with-
out such explicit communication of DQO’s and method
characteristics, it is difficult to separate errors associ-
ated with field-method error from natural variation.

The DQO’s will dictate, among other things,
two critical components of any field method—the geo-
graphic extent of the site and field-method timing.
Both of these components must be defined for any field
method because they bear directly on the representa-
tiveness of the samples or data collected. The same
field method executed either at a different type of site
or at a different time (season, for example) may not per-
form with similar efficiency, precision, or bias. The
DQO’s are critical in defining the types of sites and
sampling times over which a given field method is
likely to yield data representative of the actual condi-
tions of interest.

Figure 1 shows the steps involved in many
types of field methods. In situ field methods in which
no samples are actually collected for laboratory anal-
ysis are distinguished from those in which samples are
collected because the two types of methods require
somewhat different treatment in defining performance

criteria. In situ methods follow an abbreviated
sequence of steps as shown in figure 1. Performance
criteria are associated with each step of a given method.
Table 1 illustrates examples of performance criteria
and ways in which these criteria would be addressed
for a generic field method in which samples are col-
lected and analyzed by using laboratory procedures. In
this type of scenario, performance criteria for a given
procedure or protocol, which consists of several proce-
dures, can be characterized by subjecting the field
method to a specific range of tests, each one followed
by the same laboratory analysis. Differences among
laboratory results are assumed to be due to perfor-
mance characteristics of the method and not to either
the laboratory analysis or differences in the analyte
among samples. The degree to which these assump-
tions are true will depend on the precision of the labo-
ratory method used and the type of site.

Aquatic systems have certain factors or consid-
erations that bear directly on appropriate sample timing
and location within the context of developing perfor-
mance criteria. Table 2 summarizes some of the factors
for several different types of aquatic systems, which
include streams, lakes, estuaries, and ground water.
Depth, for example, may be a factor for examining cer-
tain analytes in large streams, lakes, and estuaries
where a vertical profile component could be important.
Therefore, whether particular samples are depth inte-
grated or surface grabs can result in very different
results and perhaps different method-performance char-
acteristics; this depends on the system. Similarly, for
systems where there is a flow, such as in streams and
some shallow aquifers, flow-proportional samples may
yield a much different measurement than grab samples
or time-composite samples. Again, these different
forms of sampling may have different associated per-
formance characteristics even for the same analyte and
accompanying laboratory procedure. Knowledge of
important site factors can be used to minimize differences
among replicate samples, thereby ensuring a more pre-
cise determination of field-method-performance criteria.
The information presented in table 2 suggests another
important effect of the type of site on performance-
criteria characterization. For some systems, such as
shallow ground water and small streams, season or pre-
cipitation can have a significant effect on the analyte
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Data Quality
Objectives
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Site selection/
reference condition

v

Habitat selection for sampling

v

Data collection method sampling/
measurement device

Field sampling

Sample collection procedure/protocol

v

Sample preservation
transfer/transport

In-situ measurement

Data-collection procedure

Data recording

Figure 1. Procedural steps required in field methods.

being measured. Therefore, in some type of sites, a
given field method may be used to examine a broad
range of environmental conditions to characterize cri-
teria, such as performance range or interferences, ade-
quately. Note that for such sites as deep ground-water
systems, seasonality or precipitation may play a very
minor role in terms of certain analyte concentrations or
other characteristics of the water. In this case, sample
timing may not be a major factor that affects perfor-
mance characteristics for some deep ground-water
field methods and analytes.

Field methods, whether they yield in situ meas-
urements or laboratory-based measurements, rely on
adequate training to carry out the method with the most
accuracy and precision (Technical Appendix I). Itis
desirable to have training evaluations or proficiency

testing of results available for the corresponding field
data so that a secondary user could independently judge
the quality of the information. Part of characterizing
performance criteria for a given field method will
include aspects of training and the level of expertise
necessary to perform specific steps. Unlike laboratory
methods, where operator training can be directly evalu-
ated (through the use of performance-evaluation sam-
ples and fortified spike samples, for example), adequate
field-method training is evaluated by means of more
indirect means. One way in which field-method training
and performance characteristics may be evaluated is
through the use of "standard" sites. Standard sites are
locations in which the variability in the analyte or mea-
surement of interest is low over a specific time period
or habitat condition. Furthermore, the variability

Table 1. Translation of some performance criteria derived for laboratory analytical testing to field methods

[DQO, data-quality objective]

Performance criteria

Procedurai steps or methods

Precision. .......................

same site.
Bias ....... ... ...l
Performancerange................

Duplicate samples/split samples for later analysis, replicate samples and measurements from the

Field-spiked samples, equipment blanks, sampling reference sites from different regions.
Sampling in a range of habitat environments consistent with DQO’s, examination of range of

related analytes or measurements.

Interferences. ... .................

Habitat effects on measurement quality, sampling device performance over different environ-

mental conditions, spiked samples.

Method detection limit. ............

Equipment blanks, sampling in sites known to have absence of analyte, spiked samples.
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Table 2. Examples of factors that could affect performance criteria for different types of aquatic sites

Example Stream Lake Estuary Ground water
factors Small Large Shallow Deep
Site factors ........... Reach Reach Wind Depth Terrain Regional
Land use Depth Depth Salinity zone  Land use Context
Flow Transect Transect Bottom type  Irrigation Land use?
Land use Inflow/outflow Wind Pumping Pumping
Flow Littoral/pelagic
Bottom type
Sample timing ........ Time of day Time of day Time of day Time of day Precipitation ~ Not an
Season Season Season Season Season issue?
Precipitation ~ Precipitation Precipitation ~ Tides Tides
Flow Flow Precipitation =~ Pumping
Shading
Sample type .......... Flow weighted Flow weighted Depth Depth Grab Not an
Grab Grab integrated. integrated. = Time/flow issue?
Benthic Depth Horizontal tow Horizontal Composite
integrated. Grab tow.
Benthic Benthic Grab
Benthic

around the mean value is well defined. As a result,
samples can be repeatedly taken in such a location over
that time period, and similar measurements can be
obtained. In this way, the standard site is analogous to
a performance standard in laboratory analytical work.
Adequate training can be evaluated by having a partic-
ular field crew sample at least one, and preferably
more, standard site. Significant deviations between the
new crew results and those obtained historically for the
site and similar environmental conditions (with a mean
and some measure of variance) could indicate inade-
quate training or proficiency.

Also, selected "regional” training centers under
interagency(s) direction ("Methods and Data Compara-
bility Committee,"” see below) could review "crew" or
"individual" training survey methods or protocols so
that some standardization of training or methods could
be achieved on a geographical basis.

Characteristics that define a reference site will
be specific to what is being measured. For biological
collection methods (Technical Appendixes F, O) geo-
morphic and cultural factors, such as ecological region,
watershed or basin, land use, habitat type, and lack of
anthropogenic disturbances, are critical in defining a
reference condition that is analagous to a standard site
in the present context. When controlled or defined,
these attributes yield consistent results over a given
time period for biological data. Similar attributes may
be useful in defining reference sites for some chemical

and physical field methods. Certain types of measure-
ments, however, may require different reference-site
attributes. For example, a field method designed to
collect water temperature or major ion data may choose
certain freshwater springs as one type of condition
because a fairly consistent level of water temperature
or major ion is observed during a certain time period.
Similarly, some deep ground-water aquifers may pro-
vide appropriate reference sites for certain analytes
because the concentration is stable over time.

In addition to using carefully selected reference
sites, another way to evaluate proficiency of training
and to characterize various performance criteria for
analytical, biological, and some physical methods is
through the use of field blanks. For analytical and bio-
logical measurements, results of field blanks will indi-
cate the degree of cross-contamination among samples
and overall carefulness in carrying out the field proce-
dures. Clearly, use of field blanks is limited to those
methods in which samples are collected for later labo-
ratory analysis. Field methods that yield in situ mea-
surements may not be amenable to this procedure.
Instead, such methods must rely on several field teams
and several measurements at the same locations to
characterize method proficiency and other perfor-
mance criteria.

The flow chart presented in figure 2 summa-
rizes the major steps in defining performance criteria
for a given field method involving sampling. As noted
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previously, the DQO’s will define what is measured,
the site, and the timing of interest. For those methods
in which samples are collected for later analysis, sev-
eral types of tests are available to characterize perfor-
mance criteria. Several samples should be collected
from the same location (a reference site) at the same
time to quantify sampling precision or reproducibility.
Ideally, this should be repeated at different times (sea-
sons) and different sites to ensure that realistic preci-
sion estimates are obtained. Also, this sampling will
help quantify the performance range and potential
interferences of the method. In addition, field blanks
should be performed with sufficient frequency to quan-
tify contamination and method sensitivity. For biolog-
ical methods, field blanks could be samples that consist
of water without the organisms of interest into which the
sampling device is placed. Assuming that laboratory
methods have been satisfactorily validated, field blanks
that contain significant quantities of the analyte of
interest suggest that the field method may introduce a
certain bias or lack proficiency. Recovery may also be
addressed for some chemical analytes by utilizing
field-spiked samples at the point of sample collection
or before a particular prelaboratory procedure (sample
preservation, filtering) if that is the method of interest.
Finally, the field method should be performed over a
range of site conditions applicable to the DQO’s to

CONSIDERATIONS Define data-quility objectives

characterize the performance range and method robust-
ness. Site conditions would include conditions other
than those represented at standard sites. In many ways,
the process just described may be iterative by defining
new sites and new sampling index periods and repeat-
ing the sampling and laboratory analyses.

The flow chart presented in figure 2 can per-
tain to a field protocol as a whole, which would con-
sist of several steps or methods, or could pertain to
an individual step. For example, the USGS study on
nutrient-preservation methods for ambient samples,
dealt with one step within a larger field-sampling pro-
tocol, namely how samples are preserved. If individual
steps are to be examined, then it is critical that other
steps in the process be held constant; that is, field and
laboratory methods for steps outside the one of partic-
ular interest need to be performed in a similar manner
by using the same equipment and standard operating
procedures.

The discussion thus far has focused on field
methods in which samples are collected and analyzed.
Several types of field methods, however, do not result
in samples being collected. Data are collected directly
instead. Examples would include in situ measurement
of pH or dissolved oxygen by using a field meter and
probes, in situ enumeration and identification of fish
species collected, and physical habitat measurements,

INFORMATION GAINED

Define what is to be measured

Define site

Define sample timing

Identify reference sites

Important factors:
Written standard operating
procedures, training, and
level of sophistication
necessa

Compute precision, bias,

Utilize several field teams and collect
data at reference sites at same time

Utilize several field teams and collect
data at same test sites at same time

and collect data

Precision, bias, accuracy,
sampling proficiency, method
comparability, method robustness

Precision, sensitivity,
performance range

Method performance

performance-range estimates

Figure 2. Procedural steps in relation to developing performance criteria for metods that involve sampling.
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such as percent shading, stream velocity, and stream
gradient. In these instances, the framework just dis-
cussed cannot be utilized to characterize performance
criteria. In situ field methods must be subjected to a
framework that relies heavily on interfield crew evalu-
ations and several measurements in the same locations

(fig. 3).

Reference sites are important for in situ mea-
surements as they are with true sampling methods
because the value of the reference site becomes a "stan-
dard" by which to judge measurement precision and
relative bias. However, test sites or nonreference sites
are just as important in defining the degree of measure-
ment consistency among different field crews and cer-
tain performance characteristics of the method. Where
a sampling instrument is involved, such as for stream
velocity or pH, these should be calibrated before data
are recorded. Furthermore, for some parameters, such
as dissolved oxygen, samples can be preserved and
analyzed by using appropriate laboratory procedures.
The laboratory results are then used to verify the results
of the on-site method.

CONSIDERATIONS Define data-q Lility objectives

Type of system —>

Ambient versus compliance/—)»
plume samples

Type of system —»

Field-Method Comparability

Once performance characteristics, such as pre-
cision, performance range, and bias, are quantified for
given field methods, comparability of methods can be
examined. Field methods that include the collection of
samples for which a laboratory analysis is obtained will
require a different evaluation framework than methods
in which no actual samples are collected. After samples
are collected and analyzed, either in the laboratory or
onsite, comparability of the field methods can be
judged by examining performance characteristics of
each method, as well as the measurements of the sam-
ples collected. The framework for evaluation is similar
to the flow chart shown in figure 2. Several samples
were collected by using two methods at the same refer-
ence sites and at the same time (fig. 4). Both sets of
samples were subject to the same on-site or laboratory
procedures. Several measurements were computed for
each method. If a method that produces more variabil-
ity in the measurements (less precision) than another,
then this would be a basis for defining the degree of

INFORMATION GAINED

Define what is to be measured

Define site

Define sample timing (seasonal)

Identify and sample reference sites

Important factors:
Written standard operating
procedures, training, and
level of sophistication

necessa

Sample and analyze replicate samples —>»

Prepare and analyze field blanks and
spiked split-ambient samples

(selection of reference site may be
dependent on what is being measured)

Reproducibility, precision,
sampling proficiency, method
comparability, method robustness

e o Reproducibility, proficiency,
recovery, accuracy, bias,
detection level, contamination level,

preformance range

Sample and analyze samples taken under

conditions representative of the range of —p»
conditions under consideration

Compare precision, bias, performance-

Proficiency, sensitivity,
preformance range

—>

Method performance

range estimates

Figure 3. Procedural steps in relation to developing performance criteria for in situ methods.
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comparability. Similarly, if one method consistently
yields a statistically lower or higher measurement than
another (bias), then this, too, would be a basis for defin-
ing comparability. Most probable values are used to
calculate relative bias between methods. Field blanks
also would be important in examining method compa-
rability when samples are analyzed. If the field blank
from one method yields higher background levels of
the measurement of interest than a second method, then
this could suggest more inherent contamination (bias)
in the first method and probably less sensitivity or a
higher detection limit. Depending on the DQQO’s, the
first method may or may not be comparable to the sec-
ond method. For example, if the objective is to measure
a given chemical in the millligram-per-liter range and
two different methods result in trip blanks that have
0.005 and 0.5 milligram per liter of the analyte, then
both methods may provide comparable data. Alterna-
tively, if the objective is to measure the chemical in
micrograms per liter, then the first method would have
less bias (more accurate) than the second, and the two
methods would not have yielded comparable results.

An additional component for comparing field
methods is to sample a range of test sites that includes
the extremes of environmental conditions likely to be
encountered by using the method. At each test site,
both methods should obtain several measurements to

evaluate precision, performance range, and potential
interferences of the methods (bias) (fig. 4). Two meth-
ods may be fairly comparable in some types of sites or
under certain conditions and not others. For example,
an impeller-type current-velocity probe yields measure-
ments similar to those obtained by using an ultrasound
probe under low- to intermediate-flow conditions in
streams and rivers. At higher flows, however, turbu-
lence and wave eddies increase pro-peller friction in
the impeller probe, which results in consistently lower
current velocity readings than the ultrasound probe.
Such information can be used to quantify the range
over which the two methods (instruments in this case)
yield comparable results and where they do not.

An example that demonstrates the importance
of testing several environmental conditions would be a
recent USGS nutrient preservation study, in which sev-
eral nutrients were measured in a range of different
types of ambient-water samples. Each water sample
was examined in side-by-side tests by using different
preservation procedures. The results of that study are
robust because a range of nutrients and a range of ambi-
ent sample types were examined. However, the com-
parability of different preservation methods under non-
ambient conditions (waste-water effluents, for
example) is unknown and likely to be different than
that observed for ambient samples in which natural

\) Collect several samples from the same

reference sites at same time

Collect several samples from various test
sites at same time

Analyze all samples to same laboratory analysis

Each nl'nethod

Each rrllethod

Compare means and
variances for analyte
among reference sites

Determine method
precision,accuracy,
sensitivity

Among l’nethods

Compare means and
variances for analyte
from reference sites

/

Determine method
precision, bias

Compare means and
variances for analyte
among test sites

y

Determine
method precision,
performance range,
detection limit,
sensitivity

Among ]methods

Compare means and
variances for analyte
from test sites

y

Determine method
precision, bias,
performance range

Figure 4. Scheme for comparing field methods that involve sampling and subsequent analyte analysis.
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microbiological activity was low. Comparability of
nutrient preservation methods for nonambient samples
will require additional study.

The comparison of field methods that include
in situ measurements needs to be handled somewhat
differently from that above (fig. 5). Because samples
are not collected, it is even more critical that the meth-
ods to be compared include measurements in the same
locations and at the same time. This is because
method results, in this case, often pertain to a narrowly
defined region in space and time. For example, an in
situ pH measurement will be relevant for a certain ver-
tical stratum of water, at a certain horizontal or
transect location, and only for a very restricted time
period that spans perhaps 1 to 2 hours (or less in some
eutrophic systems). After sampling in a different ver-
tical stratum, a different horizontal location, or morn-
ing instead of afternoon, the same method could yield
a significantly different measurement result. There-
fore, if the objective is to determine comparability
between a certain pH probe/meter and a certain pH
test-strip paper, then the two methods would need to
sample side by side at all sites. Only then can interfer-
ences that result from various site factors (table 2) be
sufficiently controlled to examine method comparabil-
ity. As discussed for field methods in which samples
are collected, reference sites and a range of test sites

G

are equally important in determining performance cri-
teria and examining method comparability for in situ
field measurements.

Institution Framework for Examining Field-Method
Comparability

Field-method comparability tests require a cer-
tain degree of resources, in particular trained personnel
to collect samples or to make measurements at the dif-
ferent standard and test sites. If follow-up laboratory
work is required to obtain a measurement, then labora-
tory resources (equipment and trained people) also
need to be available. Given the resources needed to
examine comparability of field methods, it is impera-
tive that a system be in place that will adequately store
and manage such information so that others can use the
results. Furthermore, it should be clear that reference
sites are extremely valuable in evaluating the perfor-
mance criteria and the method comparability of a given
method. Therefore, reference sites (possibly regional
ones) must be identified, cataloged, and easily accessi-
ble so that other users or methods can choose appropri-
ate sampling locations.

The Methods and Data Comparability Board
(MDCB) is intended to carry out the institutional func-
tions described above (Technical Appendix H). The

Cremooz >

Use several field crews to obtain several measurements
at selected reference sites at same time

Use several field crews to obtain several measurements
at selected test sites at same time

[
Each method Among ]methods

Compare means and Compare means and

variances for measurements variances for measurements variances for measurements

among reference sites from reference sites

y

Determine method Determine

precision, bias, method precision,
interfence, sensitivity bias

Each rrlmethod Among,methods

Compare means and
variances for measurements
from test sites

v

Determine
method precision,
performance range,
bias

Compare means and

among test sites

Determine
method precision,
performance range,
bias, detection limit,
sensitivity

Figure 5. Scheme for comparing field methods involving in situ measurements (no sample collection).
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MDCB, as mandated in the Charter, would store and
manage information that pertains to method-perfor-
mance criteria and results of any tests of method com-
parability. Furthermore, the MDCB would identify
and catalog reference-site information that would be
easily accessible for users, agencies, and the public.

One issue in this regard is how field methods
should be classified for ease of organization and acces-
sibility. Several possible classification schemes are
matrix (sediment, freshwater, saltwater, ground water),
type of analyte or measurement (metal, nutrient, cur-
rent velocity, pH), and submethod or procedure (sam-
pling, preservation, measurement procedure if done in
situ). It is likely that the primary level of classification
should be the measurement or analyte because this is
the primary topic of interest for which users would
want information (table 3). Under this classification
would be a subclassification according to submethod or
procedure because this is typically the next critical
level of interest to users. Finally, a given procedure for
an analyte would be classified according to the matrix
and (or) type of site. Within a given type of site or
matrix, tests of comparability would specify the types
of samples examined (ambient, surface grabs, depth-
integrated composites, flow-proportioned composites).
Alternatively, protocols could be set up by geographic/
region area and (or) by type of habitat/parameters
being measured.

It is envisioned that certain subprocedures may
pertain to more than one analyte. For example, several
metals are routinely preserved with nitric acid. If an
alternate preservation method, as well as nitric acid
was tested for comparability by using the metal cad-
mium, then it may not be necessary to repeat that test
for metals with similar properties; for example, copper
or zinc. The type of matrix or site also may be unique
for a given field-method measurement. For example,
certain physical habitat measurements, such as stream

velocity, temperature, benthic substrate particle size,
and gradient, may be independent of the type of site or
matrix. A similar sampling or measurement method
may be used for all sites. In these cases, it is desirable
to denote such information for all relevant types of sites
even though a comparability test included only a cer-
tain subset of available types of sites or matrices.

A second issue that pertains to the institutional
framework is that of defining or characterizing ade-
quate method training. As explained earlier, satisfac-
tory training and demonstrated proficiency are essen-
tial elements of all methods, particularly field methods.
Furthermore, certain field methods or procedures
require significantly more sophisticated training and
expertise than others. The level of training and exper-
tise needs to be clearly indicated for a given field
method so that other users can evaluate the proficiency
of different field personnel and the resulting data.

In the MDCB Charter (Technical Appendix H),
one of the stated objectives is to evaluate the need for
a certification or proficiency testing program for field
methods much like that already proposed for labora-
tory analytical methods under the U.S. Environmental
Protection Agency's Environmental Monitoring Meth-
ods Council. A certification program for field methods
will require a large commitment of resources initially,
and the specifics are undetermined at this time owing
to the complexity of this issue and the many types of
field methods used. A more realistic goal would be to
have the MDCB be the repository of the information that
pertains to training requirements and the level of exper-
tise necessary for various field methods. Once enough
methods are formally characterized with respect to per-
formance criteria, it would be realistic to embark on a
certification or proficiency testing program.

Table 3. Suggested hierarchical classification scheme for organizing performance criteria and comparability information for

field methods

Clas-
sifi- Description Examples

cation

1 Analyte or measurement ... Phosphorous........ pH............. Stream velocity . Fish species.
Richness.
2 Type of method procedure ..  Preservation........ Meter/probe . . ... Meter.......... Electrofishing.
3 Type of matrix orsite. .. ... Ground water . . ... .. Surface water .... Streams ........ River.
Flow proportioned ...  Depth integrated.. 0.6depth ....... Composite.
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TECHNICAL APPENDIX O

PERFORMANCE-BASED METHODS SYSTEM FOR BIOLOGICAL COLLECTION METHODS— A
FRAMEWORK FOR EXAMINING METHOD COMPARABILITY

Relations of Analytical Performance-Based
Characteristics to Biological Systems

Historically, chemical analytical data have been
considered to be more quantitative than ecological or
toxicological data, and correspondingly greater empha-
sis has been placed on such quality-control aspects as
precision and bias. Recently, many biological methods
have been refined and standardized such that truly quan-
titative data are obtained, as well as certain quality-con-
trol characteristics. The two fields, however, may be
fundamentally different in that an objective statement of
method accuracy (defined below), which is usually
available in chemical laboratory methods, may not be
available for biological field methods; that is, although a
given analytical method can be tested to see if it accu-
rately measures the amount of an analyte (by means of
spiking into clean water, for example), there are no such
external standards by which to judge the accuracy of a
given biological collection method or a given toxicolog-
ical method. Scientists cannot presently devise a treat-
ment or sample with known toxicity value (independent
of the method used) or spike a water sample with an
absolute level of toxicity. Similarly, we may not be able
to devise a site with a known level of impairment (inde-
pendent of the method used) or "spike" a system with a
known level of impairment. Instead, biological testing
and collection methods have often relied on deciding, a
priori, that a particular method yielded "accurate" results
(that is, the reference method) with which results of
other methods were compared.

With the introduction of the concept of perfor-
mance-based methods systems (PBMS) in laboratory
testing, particularly for chemical analytical data, it is
apparent that a similar framework may be useful for
examining comparability of field and laboratory biolog-
ical data-collection methods. For example, in evaluating
sediment or solid-phase toxicity, the American Society
for Testing and Materials (1993) and the U.S. Environ-
mental Protection Agency (1990; written commun.,
1994) have developed biological toxicity test methods
that have certain known performance criteria. They are
currently recommending a PBMS approach to evaluate
such toxicity; modifications of the recommended proce-
dures are acceptable if it is shown that the performance
criteria, as set by the recommended reference procedure,
are met. In this case, method comparability is achieved

by meeting specific performance criteria, such as nega-
tive control organism survival, growth of control organ-
isms, and test endpoint precision, that have been estab-
lished for a "reference method" developed under a
specific regulatory program (USEPA TSCA, FIFRA,
NPDES). Thus, the concept of PBMS is used in some
aspects of biological laboratory testing.

Components of the Performance-Based
Methods System Approach

Several performance parameters must be charac-
terized for a given method to utilize a PBMS approach.
These parameters include method precision, bias, perfor-
mance range, interferences, and matrix applicability.
These parameters, as well as method accuracy, are typi-
cally demonstrated in analytical chemistry systems
through the use of blanks, standards, spikes, blind sam-
ples, performance evaluation samples, and other tech-
niques to compare different methods and eventually to
derive a reference method for a given analyte. Many of
these performance parameters are applicable to biological
laboratory and field methods and other prelaboratory pro-
cedures as well. It is known that a given collection
method is not equally accurate over all ecological condi-
tions even within a general aquatic system classification
(streams, lakes, estuaries). Therefore, assuming a given
method is a "reference method" on the basis of regulatory
or programmatic reasons does not allow for possible
translation or sharing of data derived from different meth-
ods because the performance characteristics of different
methods have not been quantified. Furthermore, most
biological methods have not had adequate analysis to pro-
vide a "crosswalk" to allow interpretation of results
between different protocols. The following section draws
parallels between aspects of PBMS developed for labora-
tory analytical chemistry methods and biological labora-
tory methods. The subsequent section discusses biologi-
cal field methods.

Performance-Based Methods System and
Biological Laboratory Methods

Several conceptual similarities exist between
chemical and biological laboratory methods with
respect to quality-assurance (QA) concepts and

Technical Appendix O 105



method-comparability issues (table 1). In this section,
many significant parallels are drawn between analyti-
cal and biological laboratory methods within the con-
text of PBMS. Several performance parameters essen-
tial to a PBMS framework will be considered below.

Precision

Laboratory chemistry systems measure method
precision through the use of replicate sample measure-
ments over a range of analyte concentrations. High rep-
licability or reproducibility of a given sample measure-
ment indicates high method precision. High method
precision is clearly an important criterion for any
method because this ensures reproducible results and
increases statistical power of inference testing in inter-
sample comparisons. Discrimination among samples is
more likely with a method that has high precision.

Precision is an important performance parameter
for biological aquatic toxicity testing as well. Similar to
laboratory chemical testing, precision is measured by
examining replicate measures of a given biological end-
point (for example, number surviving, growth, number of
offspring produced) in which certain reference materials
(sodium chloride, copper sulfate, cadmium chloride,
sodium pentachlorophenol) are used. In chemical testing,
precision is increased by modifying the instrumentation
of the method or reagent modifications and through the
use of calibration methods. To increase precision of a
method in toxicity testing, an analogous procedure is
used. Some method modifications used to increase the
precision of a method in toxicity tests include the devel-
opment of a more consistent, reliable food source in
chronic toxicity testing (such as in the 7-day Ceriodaph-
nia survival and reproduction test); development of a

standard dilution or control laboratory water (U.S. Envi-
ronmental Protection Agency, 1990); and improved
organism culturing techniques to ensure adequate organ-
ism health and consistent genetic composition within a
given test (U.S. Environmental Protection Agency,
1989). A method that has a lower test precision relative to
a published or programmatic method by using the same
species and endpoint (defined as the reference method by
the given program), is generally regarded as less
useful, although other criteria may come into play [U.S.
Environmental Protection Agency, 1990; J., Diamond,
T., Abrahamson, and D., Reish,Tetra Tech, Inc., written
commun. (ASTM E-47.01), 1994].

Laboratory methods for processing of biological
field samples and capturing raw data also are concerned
with method precision. For example, laboratory opera-
tions have distinct components that can have associated
quality assurance program activities (table 2). Two com-
ponent laboratory procedures for benthic macroinverte-
brate sampling programs include subsampling and taxon-
omy. Subsampling is performed with preserved samples
in the laboratory in this example. QA-design require-
ments do not differ between performing subsampling in
the field and the laboratory, although adverse weather
conditions could interfere with field-subsampling
methods. Table 2 presents QA-design requirements for
laboratory taxonomy to the genus or species level,
although lower level taxonomy (that is, family) can be
performed in the field by an experienced taxonomist.

Precision, accuracy, and bias are characterized
in biological laboratory analyses of field-collected
samples through a variety of mechanisms (table 3).
Not unlike chemical laboratory methods, biological
methods rely on replicate measures to characterize
precision and accuracy. Although method precision is

Table 1. Translation of some performance criteria, derived for laboratory analytical systems, to biological laboratory systems

Performance criteria

Analytical chemistry methods

Biological methods

Precision. . ............ Duplicate and replicate samples..............

Bias ................. Spiked samples; standard reference materials; per-
formance evaluation samples.

Performance range. . . . .. Standard reference materials at various concentra-
tions; evaluation of spiked samples by using
different matrices.

Interferences. . ......... Knowledge of chemical reactions involved in pro-

cedure; spiked samples; procedural blanks.

Method detection limit. . .

Standards, instrument calibration. . . ..

Multiple taxonomic identifications of one sample; split
sample for sorting, identification, enumeration;
multiple subsamples.

Taxonomic reference samples; “spiked” organism
samples.

Efficiency sorting procedures under different sample
conditions.

Detrital material, mud in sorting animals; identification
of young life stages; taxonomic uncertainty.

Organism-spiked samples; level of identification.
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Table 2. Examples of laboratory Quality Assurance design requirements for reduction of probability of error

Protocol component

Design requirement

Subsampling . . ... ...

TaXonOmY . .. .ottt

ce Proper equipment.

Training.

Standard operating procedures.
Proper laboratory facilities.
Proper oversight supervision.

e Proper training.

Up-to-date literature.

Adequate dissecting microscope.

Adequate compound microscope.

Reference collection.

Voucher collection.

Predetermined taxon-specific level of identification.
Proper oversight supervision (by a skilled scientist).

recognized as a basic requirement of biological collec-
tion methods, few laboratory methods have actually
documented precision or accuracy estimates.

Bias

The degree to which there is bias in a given lab-
oratory analytical method is defined through the use of
spiked or fortified samples, standard reference materi-
als, and performance-evaluation samples. A similar pro-
cess is utilized to detect bias in biological toxicity test-
ing. For example, reference-toxicant- and blind-
performance-evaluation samples are routinely used to
detect possible bias or procedural problems with a given
test method and biological endpoint (U.S. Environmen-
tal Protection Agency, 1990). However, unlike analyti-
cal chemistry testing, the biological toxicity test result is
compared with a range of "normal"” values generated by
multiple laboratories that used quality control charts and
repeated testing over an extended time period. The
"true," or theoretical, value for a given method and tox-
icant is determined by a consensus of different laborato-
ries that perform the test and is not a truly independent
standard as it is in analytical testing. Thus, method bias

in toxicity testing is a relative criterion. For example,
samples that have low toxicity when the Daphnia
magna acute toxicity test method and survival as the
endpoint are used (U.S. Environmental Protection
Agency, 1990) show greater intralaboratory and inter-
laboratory variability and bias than samples that con-
tain a higher toxicant concentration. The USEPA has
used a similar QA program as part of their discharge
monthly report (DMR) studies. In this case, method
bias is related to the consensus of participating labora-
tories and varies somewhat over the range of toxicity
present. Method bias also may be related to the type of
toxicant as well (for example, copper sulfate as com-
pared with sodium chloride), although this has not been
quantified at this time.

Bias in laboratory processing of field-collected
samples has been assessed by using techniques similar
to chemical and toxicological testing. This is a perfor-
mance criterion that has received increasing consider-
ation in biological laboratory QA procedures (U.S.
Environmental Protection Agency, written commun.,
1994). For example, taxonomic and enumeration bias
of plankton or macroinvertebrate samples can be deter-
mined by "spiking" blind samples with organisms of

Table 3. Examples of laboratory quality component routines that can be used for benthic macroinvertebrate samples

Data quality

Protocol component component Characterization
Subsampling . ....... Precision........... Compare metric values between split samples and (or) replications.
Taxonomy.......... ......... do........ Multiple identifications by different taxonomists on single, randomly selected sample.
Accuracy........... Achieved by expert verification or comparison with reference collection.
Subsampling........ ......... do........ Recheck of sample residue for missed specimens.
Bias............... Randomly selected grid squares; specimens removed to end of grid.
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known identification and then submitting them to the
routine sample-processing procedure. Similarly, per-
formance-evaluation samples could be derived that
contain known taxonomic composition and are pro-
cessed along with actual field samples. Several types of
laboratory procedures can be evaluated in this way.
Positively identified macroinvertebrates can be added
to a synthetic sample that has water, detritus, and no
macroinvertebrates to evaluate bias in sorting, as well
as taxonomic identification procedures. Alternatively,
after sorting macroinvertebrates, the sample residue
can be resorted to quantify the number and types of
organisms missed or underestimated in typical sorting
procedures. Clearly, the above procedures are applica-
ble only for samples that are brought back to the labo-
ratory for processing. Data that are collected in the field
only, such as many fish identifications/enumerations,
habitat information, or certain physicochemical mea-
surements, require similar performance-parameter
characterization but need to be handled differently.
Biological field methods of this type are covered later
in this technical appendix. Field methods, in general,
are treated in Technical Appendix N. Further documen-
tation of bias is needed for many biological methods to
evaluate method comparability adequately.

Performance Range and Interferences

To evaluate the usefulness of a given method or
protocol and to define comparability between or among
methods, the method’s performance over a range of
conditions must be known. Toxicology has used this
concept to express certain test-acceptability criteria.
Most of these criteria are driven by the biological
requirements of the test species used. For example, a
toxicity test in which rainbow trout are studied has a
prescribed temperature range that considers the natural
thermal limits of this species, thus reducing this source
of interference. Similar constraints may be imposed for
other physical and chemical water-quality characteris-
tics, such as pH, hardness, and osmotic pressure, or
grain size in the case of solid phase tests (American
Society for Testing and Materials, 1993). There is some
debate as to whether performance range and interfer-
ences are explicitly acknowledged and measured for
many toxicity test methods. For example, a given
sediment sample may appear to be toxic owing to an
inappropriate grain size for the test species that would
be indistinguishable from a true chemical toxicity
effect. Similarly, a waste-water effluent may appear to
be toxic owing to suboptimal osmotic pressure or nutri-
ent balance that would be indistinguishable from chem-

ical toxicity. Most American Society for Testing and
Materials methods discuss potential interferences for
each method. For other programs, however, this is an
issue that appears to be dealt with in the context of pro-
grammatic or regulatory necessities rather than in the
context of PBMS.

Biological laboratory procedures also are very
much subject to the type of performance range and
interferences. For example, certain macroinvertebrate
sorting procedures were developed, in part, to reduce
bias and interferences that result from detrital material
or certain sediments present. However, certain taxo-
nomic classifications (that is, species) may be inappro-
priate or unknown for some groups of organisms owing
to limited knowledge and lack of identification proce-
dures. Similarly, young life stages of many species
(whether examined in the field or in the laboratory) are
difficult to identify, thus posing a potential interfer-
ence. Although some aspects of performance range and
interferences have been identified for certain biological
laboratory methods, to a large extent, these need to be
documented.

Multimedia Applicability

The media or matrix of the sample can have a
profound effect on method accuracy and precision.
Similar to analytical chemistry testing, biological tox-
icity testing handles this issue by providing different
procedures for different matrices—aquatic vs. solid
phase and freshwater vs. estuarine vs. marine condi-
tions. However, finer aspects of the matrix or media are
not necessarily acknowledged in toxicity test methods.
For example, the presence of suspended solids could
represent a potential interference for some test species
and pose a media problem.

In biological laboratory work, certain macroin-
vertebrate sample-processing procedures may be most
accurate and precise if samples are collected from cer-
tain types of benthic substrates. For example, sorting
efficiency and accuracy can be profoundly affected by
the type of substrate collected and the abundance of
detrital material. Although this issue is well-known to
biologists, many biological laboratory methods have
not explicitly quantified matrix applicability for given
sample processing procedures.

Biological Field Methods

Field biological collection methods could bene-
fit from a PBMS approach. Indeed, many performance
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parameters, which are common to any PBMS
approach, have been addressed to some extent and are
informally recognized during development of specific
biological field methods. Better quantification of per-
formance parameters for different methods could pro-
vide a useful framework with which to judge method
comparability.

To demonstrate the usefulness of PBMS, preci-
sion is taken as an example of a performance parame-
ter. Method precision could pertain to many aspects or
subprocedures used in biological assessments. For
example, interest could be in precision with respect to
specific metrics at a given site by using replicate sam-
ples taken from the site. Alternatively, concern may be
with precision in terms of specific metrics across refer-
ence sites in a given ecoregion and within a specific
stream reach classification. Finally, interest may be in
precision with respect to an assessment score among
replicate samples at a site or among reference sites.

The primary difficulty with these precision
measures is that they also are dependent on the preci-
sion of laboratory methods used. This is a common
problem with many prelaboratory methods because
prelaboratory performance is based on a laboratory-
defined endpoint. In these cases, the only way to com-
pare performance parameters, such as precision or
interferences for different prelaboratory methods, is
to keep the laboratory methods constant. Unfortu-
nately, this type of comparison has rarely been done
for any prelaboratory methods. Examples might

include the USGS nutrient preservation study and the
U.S. Forest Service (USFS) macroinvertebrate labo-
ratory analysis method.

By establishing relative field method precision
among methods, it is possible to derive a precision cri-
terion, to designate a reference method that meets this
criterion, and thereby to quantify method comparabil-
ity. Other performance criteria, such as performance
range, potential interferences, and matrix applicability,
also would be used to quantify biological field-method
comparability. Some of this information is published,
but much of this knowledge is incorporated in an infor-
mal manner and not quantified within the framework of
the method itself. As an example, several published
sources discuss advantages and disadvantages of dif-
ferent sampling devices, such as various nets, dredges,
bottle samplers, and appropriate environmental condi-
tions for which these devices should be used; for exam-
ple, Burton (1992) for sediment collection, Peckarsky
(1984) for macroinvertebrates; and Bryan (1984) for
fish. Such information should be quantified for field
methods to judge method comparability better. The
form would depend on the particular procedural step as
shown in table 4. To define a reference method for a
given biological field procedure, it is imperative that
the specific range of environmental conditions are
quantitatively defined. For example, in macroinverte-
brate bioassessment methods, performance range has
been addressed qualitatively by considering the size
of the stream, its specific hydrogeomorphic reach

Table 4. Progression of a generic bioassessment field and laboratory method and corresponding steps requiring performance

criteria characterization

Step Procedure

Examples of performance criteria

I Samplingdevice............... ... ... .. ...

Sampling device

Sampling method

Field sample processing (subsampling, transfer,
preservation).

Laboratory sample processing (sieving, sorting)

Taxonomic enumeration

Performance range—Efficiency in different habitat types
Bias—Exclusion of certain taxa
Interferences—Matrix or physical limitations

Performance range—Limitations in certain habitats or matrices
Bias—Sampler (person) efficiency

Precision—Of measures among splits of subsamples
Accuracy—Of transfer process
Performance range—Of preservation and holding time

Precision—Among split samples

Accuracy—Of sorting method; equipment used

Performance range—Of sorting method dependent on sample matrix
Bias—Of sorting certain taxonomic groups or organism sizes

Precision—Split samples

Accuracy—Of identification/counts

Performance range—Dependent on taxonomic group and (or) density
Bias—Counts and identifications
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classification, and general habitat features (riffle areas,
shallow depth). Such factors as current velocity, stream
depth, and substrate size have been quantified or char-
acterized to specify the range of conditions over which
a particular method yields a certain level of precision
and bias. Different methods then could be classified
according to their applicable performance range, and
further aspects of method comparability could be
determined by examining preestablished performance
criteria.

Derivation of Performance Criteria to Evaluate
Bioassessment Method Comparability

In performing biological field methods or any
prelaboratory method, two fundamental concerns are
of interest—that the sample taken and analyzed is rep-
resentative of the site or the population of interest and
that the data obtained are an accurate reflection of the
sample collected and analyzed. The first concern is
addressed through appropriate field sampling and pro-
tocols procedures (including site selection, sampling
device, sample preservation) that are dictated, to a cer-
tain extent, by the data-quality objectives (DQO’s).
The second concern is addressed by using appropriate
laboratory or analysis/protocols procedures. This is
conducive to a PBMS approach because it is some-
what analogous to a laboratory analytical chemistry
PBMS—performance parameters, such as accuracy,
precision and bias, can be quantified as discussed
earlier.

The concern of sample representativeness for bio-
logical field methods is a complex one that will involve
many components, each with its own set of performance
parameters (table 4). For clarity, it may be best to subdi-
vide a field-collection procedure into several compart-
ments; for example, sampling/reference-site selection
sampling device(s), sampling method, field subsampling/
processing; and sample preservation/transport/storage
(fig. 1). Many variations of each component may be in
use. For example, in benthic macroinvertebrate assess-
ments, several different methods or submethods are used,
even for the same type of field sites (table 5).

What constitutes a representative sample has
been debated for many field situations. Indeed,
representativeness itself is dependent, in part, on the
DQO’s and what, when, and how a measurement is
taken. For example, it is well established that many
benthic samples may be needed from a stream bottom to
obtain reasonable 95-percent confidence intervals for
macroinvertebrate density, whereas few benthic samples

| Data quality objectives |

| Site-selection/reference condition ‘

lHabitat selection for sampling |

Prelaboratory <

Sampling method device
Collection procedure subsampling

v

Sample preservation/
transfer/transport

Sample processing sorting/subsampling

v

Laboratory analyses
Taxonomic identification
Enumeration

v

Data analyses
Metric caluculations
Index calculations
Statistical analysis

v

l Assign assessment scores/values |

Laboratory <

| Data transfer/storage |

Figure 1. Flow diagram of a typical biassessment methodol-
ogy in the context of performanced-based methods system.

may be needed to characterize species richness in a
given habitat type (U.S. Environmental Protection
Agency, 1989); thus, there is more assurance that a rep-
resentative sample has been obtained if the number of
species desired are present compared with the number of
individuals per unit area. For many types of sampling
equipment and habitat conditions, power analyses have
been performed. This type of information needs to be
collated and synthesized with similar information for
other aspects of field sampling (tables 4, 5).

One way to judge sample representativeness is to
examine the precision of a given measure or metric by
analyzing multiple collections from the same location by
using the same collection and processing procedures. If
the measure of interest displays an unacceptable degree
of variability among replicates (as determined by the
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Table 5. Benthic macroinvertebrate assessment for wadable streams: sample methodological variations in the context of the

performance-based methods system

Site/habitat sampled

Collection procedure

Preanalysis variations

Fleld variations (for all field methods)

All available habitats (riffles, pools,
flats, and so forth) or riffies only.

Riffleareasonly ..................

Common to all procedures. . .

Kicknet..............

. Number of plates per site

. Period of kicking Subsampling methods:
Intensity of kicking Number of grids.
Net mesh size Number of organisms.
Number of kicks per site No subsampling.

. Mesh size Taxonomic level:
Colonization time Genus/species.
Number of baskets per site Family.

Media in baskets Varies with group.

Use of tissue dyes.
Colonization time

R Period of substrate Sieve size/screens.
Handling
Intensity of handling
Number of samples per site

. Period of substrate Sorting procedures:
Handling Sucrose gradient.
Intensity of handling Other.

Number of samples per site
Sample container

Size

Transfer of sample to containers

DQO’s), then sampling methods and (or) processing pro-
cedures may need to be modified. The USGS National
Water Quality Assessment (NAWQA) Program (U.S.
Geological Survey, 1993) examined this issue in setting
up their stream sampling program.

In the case of biological collection methods,
many measures or metrics are potentially available for
the same sample. Together, these measures may form
an index or score and, eventually, a narrative rating of
status (fig. 2). Certain measures, such as density, may
exhibit considerable variability among replicate sam-
ples, while other measures, such as species and rich-
ness measures, may not. This information could be
used to determine which measures or metrics should be
examined by using a given sampling protocol and
DQO’s.

For biological collection methods, method com-
parability could be determined if one knows how a par-
ticular metric of interest or assessment score behaves
under different environmental conditions (impaired
vs. reference sites, different habitat types, different
seasons). Such information (obtained through
repeated sampling at different times in the same loca-
tion and sampling in different habitats and locations)

would yield estimates of procedural bias, precision,
interferences, and performance range (table 6).

Interpretive
criteria

Aggregated "index"
bioassessment score

Measured parameter

increasing environmental realism

Decreasing precision, increasing uncertainty,

Raw data

Figure 2. Data manipulation hierarchy of field-collected bio-
logical samples.
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Table 6. Examples of ways in which various performance criteria could be addressed for biological collection methods

Performance criteria

Example of method requirement

Muitiple reference sites; multiple samples within a site.

Reference “test” sites that provide consistent results.

Reference sites in different hydrogeomorphic regions; sampling different habitat types; efficiency of

sampling device under different habitat conditions.

Knowledge of sampling device performance range; reference condition results; organism instar/size,

sexual maturity—sampling index period.

Muitimedia applicability .......

Performance range of sampling device; applicability of metrics to different regions, habitats.

Data Quality

Objectives of the data users will define which
measure(s) and what environmental conditions should be
used to determine comparability among methods. DQO’s
also will dictate how similar certain performance parame-
ters need to be to consider two methods, and the data
obtained, comparable. It is quite possible that two meth-
ods may be very comparable for certain measures of inter-
est and not others. Knowing this, one could use data for
those measures where different methods are comparable.
This is the advantage of using a PBMS approach. The key
is that performance characteristics are defined for each
method and that the data user has access to comparability
information when reviewing the data.

As mentioned above, many data levels are often
available within a typical biological assessment (fig. 2). In
addition to comparing certain metrics or indices among
methods, it is possible (and sometimes necessary) to com-
pare assessments or ratings. This is especially useful when
the field-collection and the laboratory-analysis methods
vary among two different procedures such that the two
methods do not share specific metrics or indices in com-
mon. The most accessible procedure for comparing bio-
assessment methods is a side-by-side examination of
assessment results [D. Lenat, North Carolina Department
of Environmental Management, written commun., 1993;
Indicators Task Group, written commun. (Draft Issue
Paper), 1994]. A discussion of assessment comparability
based on stream benthic macroinvertebrate and fish sam-
pling is provided in the ITFM Indicators Task Group
(Draft Issue Paper) [written commun.., 1994]. Relevantto
the present discussion, this paper shows that the para-
mount performance parameters in assessments are sensi-
tivity or discriminatory power and consistency or repro-
ducibility. Assessments that have greater sensitivity and
reproducibility are judged to be more reliable than other
assessments. Another result relevant to this discussion is
that two assessments may be comparable for some types
of sites or levels of impairment and not others.

Defining Performance Criteria for Biological
Collection Methods

Biological collection methods (like chemical
collection methods) utilize test sites and sites that
comprise a known reference condition or reference
sites (Technical Appendix F). In many ways, the
reference condition is analogous to a chemist's blank;
it represents the biological condition when minimum
impairment (that is, minimum anthropogenic
stressor) is present. Clearly, the chemical blank is a
highly controlled entity that is dependent on the
matrix, the analyte, and the analytical method being

- used. Similarly, the biological method blank or

reference condition consists of carefully chosen sites
that meet certain a priori criteria and is specific for a
certain environmental stratum or regime (ecoregion,
habitat, season).

An important first step of any biological collec-
tion method is to characterize performance parameters
by using a given reference condition. This has.been
done, in part, by several States, some USEPA pro-
grams, and the NAWQA Program. In several different
ecoregions, reference sites were sampled by using a
prescribed method. In some cases, sites were sampled
in more than 1 year so that a measure of temporal pre-
cision would be obtained for each metric and the
assessment score as a whole. Measures for all reference
sites within a given region were then compiled to
derive the reference-condition characteristics for that
region. If this approach is used in different ecoregions,
one can obtain quantification of several important per-
formance parameters (table 6). The following specific
issues can be addressed for a given field method in this
way:

» Precision for a given metric or assessment score
across replicate reference sites within an
ecoregion.
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Temporal precision for a given metric or score under
reference conditions within an ecoregion.

¢ Bias of a given metric and (or) method owing to dif-
ferences in ecoregions or habitats.

Performance range of a given method across differ-
ent ecoregions.

Potential interferences to a given method that are
related to ecoregional or habitat qualities.

Relative precision of a given metric or score across
reference sites in different ecoregions.

To examine comparability, the methods of
interest need to be performed at the same reference
sites and preferably at the same time (same seasons and
similar conditions). The more reference sites mutually
sampled, the better the test of comparability. If one
method, for example, yields greater variability (less
precision) in the same measure or in assessment scores
among reference sites within an ecoregion than another
method, then this might be a basis to define a perfor-
mance criterion for precision. One can then determine
method comparability and select an appropriate
method, given certain DQO’s.

The discussion thus far has been limited to ref-
erence sites and conditions. We still do not know how
a given method performs over a range of impaired con-
ditions. Unfortunately, we do not have available sites
with different known levels of impairment or analo-
gous standards by which to create a calibration curve
for a given collection method. However, we can choose
sites that have known stressors (urban runoff, metals,
grazing, sediments, pesticides) and examine perfor-
mance parameters for different methods at those sites.
Because we cannot guarantee different sites with the
same level of impairment within a region, we can
examine precision of a method by taking and analyzing
multiple samples from the same location.

To compare collection methods, we recom-
mend using the raw metric values, composited multi-
metric scores, or percentage differences from refer-
ence values for each sample. One of the challenges in
determining method comparability for bioassess-
ments is that the endpoint or assessment scoring pro-
cedure may be intimately related to the type of field
procedure used. Differences between methods may be
reflected in the taxonomic level used to identify col-
lected organisms and ultimately the actual metrics
measured. The result is often a different scoring
method to go along with the difference in sampling
methods. This type of challenge is less common in
analytical chemistry work. Prelaboratory methods
(for example, sample collection, preservation) may be

independent of the corresponding laboratory methods
to a large degree; that is, different prelaboratory meth-
ods can then be subjected to the same laboratory analy-
sis to compare prelaboratory methods. The discussion
provided in the ITFM Indicators Task Group (Draft
Issue Paper) [written commun., 1994] addresses this
problem for bioassessments.

Figure 3 and table 7 show how two different
methods could be compared by using reference-condition
and test-site data. Two different ecoregions or habitat
types are assumed in this layout. More habitats or eco-
regions would improve determination of the perfor-
mance range and biases for a given biological collec-
tion method. Five reference sites are assumed for each
ecoregion; this is a compromise between effort and cost
required and resultant statistical power. More reference
sites (15 or more) would further refine method preci-
sion, performance range, and, possibly, discriminatory
power. At least three reference sites in a given region
should be considered to be a minimum to evaluate

Method 1 Method 2
| Reference sites 1—ﬂ
Step 1 Metrics X1...Xn Metrics X1...Xn
Scores 1-5 Scores 1-5
Step 2 Compute precision, variances for each
metric or score for each method
Step 3 Compare variances for similar
metrics and for score
Step 4 | Repeat for different regions |
Step 5 [ Examine performance ranges l
Step 6 lRepeat in nonreference sites ]
Step 7 I Examine performance ranges l
Step 8 [ Determine method bias, sensitivity I
Step 9 Compare performance with

data-quality objectives

Figure 3. How two different field bioassessment methods
could be examined to determine method comparability.
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Table 7. Recommended process for documentation of performance parameters and comparability of two different bioassess-

ment methods

[Five reference sites are assumed in this layout, but one could have a minimum of three sites for each region]

Region 1 Region 2
Endpoint Reference numbers 1-5 impaired or test site Reference numbers 1-5 Impaired or test site
Method 1, — Method2, — \yovd1  Methodz  Methodl, - Method2, 41 Method2
mean variance mean variance mean variance mean variance

Metricl uli’ S p.zi’ Sy m )4 a]idl azi d2 c q
Metric,,
Assessment

score. X1t q; X2t qo z v b tf, bitf, e r

The following comparisons refer to the parameters specified above and are designed to yield various performance characteristics of a biological-

field-collection method.

» Compare s, with s, for a given metric to determine relative precision of the metric for the two methods and an unimpaired condition.

* Compare s with d; and s, with d, to determine how metric variability may change with a region. A relatively high variability in a given metric within a
region or compared with another region for the same method would suggest a certain performance range and bias for the metric.

» Compare myL, with ppL, to determine discriminatory power of a given metric by using the two methods in region 1. A ratio closer to 1.0 would signify little
difference in the metric between an impaired site and the reference condition in region 1 for that method. The utility of the metric would be questionable
in this case. Do the same type of analysis by comparing c/a; and g/a, for region 2.

» Compare myL, with c/a; and py, with g/a, to determine relative discriminatory power, performance range, and bases of a given metric and sampling method
across regions. A similar ratio across regions for a given metric may indicate the robustness of the method and the metric. A ratio near 1.0 in one region
and not in another for a given method and metric would indicate possible utility limitations or a limited performance range for that metric.

» Compare g, with g, and f; with £, to determine overall method variability at unimpaired sites in each region. High variability in the score for one method
compared to another method in a given region would suggest lack of comparability and (or) different applicable data-quality operations for the two meth-

ods.

» Compare g with f; and g, with f, to determine relative variability in assessment scores in the two regions. A consistently low score variability for a given
method across regional reference sites would suggest method rigor and potential sensitivity.
» Compare resultant scores for a given method and region deleting apparently variable or insensitive metrics to determine metric redundancy and to determine

relative discriminatory power at impaired sites.

« Individual assessment scores for reference sites and impaired sites within each region can be compared between methods by using regression to determine

if there is a systematic relation in scores between the two methods.

method precision. Given the usually wide variation of

natural geomorphic conditions and landscape ecology,

even within supposedly "uniform" ecoregions, it is

desirable to examine 10 or more reference sites in a

region (Technical Appendix F).

A range of impaired sites within a region is
suggested to sufficiently characterize a given method.
It is important that impaired sites meet the following
criteria:

* They are very similar in habitat and geomorphome-
try to the reference sites examined.

» They are clearly receiving some chemical, physical
or biological stressor(s) and have for some time
(months at least).

* Impairment is not obvious without sampling; that is,
the sites should not be heavily impaired.

The first criterion is suggested to reduce poten-
tial interferences owing to habitat differences between
the test site and the reference sites. In this way, the ref-
erence site will serve as a true blank as discussed ear-
lier. If one wanted to assess comparability of collection

methods to detect physical habitat impairment, then
this could be done by examining sites with different
habitat deficiencies (for example, siltation, channeliza-
tion, or lack of riparian vegetation) and no chemical
Stressors.

The second criterion is necessary to ensure the
likelihood that the test site is indeed impaired. As dis-
cussed previously, it may not be known a priori that a
given site is impaired. In this sense, accuracy cannot
always be guaranteed for biological field methods. By
selecting sites with no stressors (that is, wilderness, pro-
tected watersheds), as well as sites with known stressors
(as discerned through laboratory toxicity tests, for
example, using those stressors), we can increase our
ability to test the accuracy of a given method. Potential
test sites might be a body of water that receives natu-
rally high concentrations of chemical stressors, down-
stream of a point-source discharge known to contain
toxic concentrations of pollutants, a water body that
has been colonized by exotic "pest" species (for
example, zebra mussel, grass carp), or downstream
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from a nonpoint-source pollutant (that is, sediment and
nutrient enrichment from grazing). The test site must
have measured data for the stressor(s) before biological
sampling to document potential cause for impairment.

The third criterion is necessary to have a good
test of comparability in terms of method sensitivity and
performance range. A severely impaired site (that is, a
site with a preponderance of one or two species or a site
apparently devoid of aquatic life) is generally recog-
nized as such with little or no formal sampling. This
result was observed in comparing bioassessments
[ITFM Indicators Task Group, written commun. (Draft
Issue Paper), 1994]. Widely different assessment pro-
cedures typically yielded the same interpretation at
such sites. A much better test of method sensitivity or
detection limit, as well as its performance range, is to
examine sites with some, but not severe, impairment
present. To ensure that a given test site is somewhat,
but not severely, impaired, one must rely on informa-
tion that concerns the stressor(s) (second criterion).
Ideally, it would be beneficial to examine several test
sites in a given region, each with different stressors
present and (or) different levels of the same stressor.
Such a sampling design would enable the user to derive
more precise estimates of the performance range and
any biases of the method or its assessment scoring sys-
tem.

Recommended Process for Documentation of
Performance Parameters

Table 7 summarizes the suggested test design
and recommended analyses that compose the process
for documenting performance characteristics of a
given method and the degree of data comparability
between two or more methods. It should be stressed
that the process outlined in table 7 is not one that
needs to be implemented with every study. Rather, the
process should be done programmatically at least once
for every method to document the limitations and
range of applicability of the methods. Performance
characteristics, such as precision, bias, and perfor-
mance range are quantified for a given biological col-
lection of methods by sampling several (at least five)
reference and test sites (nonreference sites) within at
least three different ecoregions during the same time
or index period (table 7). Thus, for developing perfor-
mance characteristics for a given method, data from a
total of at least 30 sites sampled within a brief time
period (preferably within no more than a 2-week
period) are needed. Performance characteristics are

obtained by analyzing several properties of the data
collected for a given method (table 7), which includes
the within-ecoregion variability for a given metric or
final score by using reference-site data for each ecore-
gion separately and among-ecoregion variability for a
given metric or score by using reference site data from
all ecoregions together. In addition, estimates of collec-
tion-method sensitivity or discriminatory power are
obtained by comparing testsite data with reference site
data within each ecoregion. The performance range of
the method can then be defined by comparing the sen-
sitivity of the method over the different ecoregions
sampled. Once performance characteristics are defined
for a given method, performance criteria can be estab-
lished, as well as scientifically feasible data-quality
objectives. As aresult, a second collection method that
demonstrates similar or better performance characteris-
tics is able to meet the established performance criteria.
Thus, the data generated by the second method are
comparable to those generated by the first method, and
data from the two methods can be used together with
confidence.

In determining whether two collection methods
give comparable results, note that method comparabil-
ity is based, for the most part, on the relative magnitude
of the reference site variances within and between
ecoregions. We explicitly are not basing comparability
on actual assessment scores because different methods
may have different scoring systems. Likewise, we do
not base method comparability on comparison of the
actual metric values because some sampling methods
may explicitly ignore certain taxonomic groups com-
pared to other methods. However, if the user is espe-
cially interested in how different methods compare for
a given metric, then this can be easily incorporated into
the test design by comparing mean values for regional
reference sites by using a paired t-test or nonparametric
equivalent.

Although we do not base method comparabil-
ity on the actual numeric scores because the true score
is unknown, one may be able to detect a systematic
relation of one method score with another method
score by means of regression analyses by using data
from this test design. If two methods show significant
comparability based on similar performance parame-
ters as discussed earlier, then it is possible to numeri-
cally relate scores of one method to the other. This sit-
uation would present a clear benefit of pursuing
method comparability.

Actual mean scores or metric values are used in
this test design only as a ratio between the impaired site
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and the regional reference value. This ratio is compared
among methods to assess sensitivity and accuracy.
Because impairment can only be judged relative to a
reference or attainable biological condition in the
absence of stressors, the score or metric at the impaired
test site is not an absolute value and must be related to
the appropriate reference-condition value.

Each method is described in the context of spe-
cific performance parameters, which include precision,
bias, performance range, and sensitivity. Accuracy also
is addressed to the extent that the test sites chosen are
likely to be truly impaired on the basis of independent
factors (presence of chemical stressors or suboptimal
habitat features). A method that exhibits greater score
variability among ecoregional reference sites may sug-
gest less method precision in general. This would be
translated as reduced certainty in the results of a given
collection method. For certain DQO’s, reduced cer-
tainty in the results may be satisfactory if the method
has other advantages, such as reduced costs and short
time to perform. The ITFM Indicators Task Group
[written commun. (Draft Issue Paper), 1994] gives
some basis to make these judgements and how to make
such trade-offs.

The following example shows how two differ-
ent methods can be compared with respect to different
metrics or community measures for stream benthic
macroinvertebrates. Both methods used the same
sampling procedure and the same personnel at the
same sites at the same times. The difference in the two
methods pertained to the subsample sizes used for the
laboratory and data analyses. In one method, a 100-
organism random subsample was used, and in the
other, a 300-organism random subsample was used.
Table 8 summarizes the results of the two methods.

Differences in metrics or scores between the two meth-
ods are expressed as relative percent differences
(RPD). It is evident that certain measures or metrics
exhibit more variation between the two methods than
others; however, all RPD’s are less than 25 percent,
which suggests good agreement between the two meth-
ods. These data suggest that under the sampling condi-
tions and with the personnel performing the study, both
subsampling procedures yielded comparable results.

Probably of greatest interest to those using bio-
logical collection methods and their results is the sensi-
tivity or discriminatory power of the method; that is,
how well does a given method detect marginally or
moderately impaired sites? The suggested test design
does not adequately address this question because only
a few impaired sites are sampled for each region. How-
ever, if the test sites are carefully chosen (by using the
second and third criteria discussed above), then one
may have some indications of relative method sensitiv-
ity. A method that yields a larger ratio of test-site score
to reference score would indicate less discriminatory
power or sensitivity; that is, the test site is perceived to
be similar to or better than the reference condition and,
therefore, not impaired. If, however, the intent is to
screen many sites to prioritize "hot" spots or significant
impairment problems in need of corrective manage-
ment action, then a method that is inexpensive and
quick and tends to show impairment when significant
impairment is actually present would be used. In this
case, the DQO’s dictate a low priority for discrimina-
tory power and a high priority for accuracy in the
decision; that is, a purportedly impaired site is truly
impaired.

Applicable performance range and bias are two
other important performance parameters that relate

Table 8. Calculation of differences in Relative percent difference between two different subsample sizes from the same sample

[A, 100-organism subsample; B, 300-organism subsample. Data from unpublished U.S. Environmental Protection Agency study in southern

New Hampshire]

Metric Subsample Relative percent
A B difference

Numberof taxa . ........ ... it 25 31 214
Hilsenhoff bioticindex .......... ... ... . ... .. i 44 45 0.2
Ratio of scrapers to filtercollectors. ... ........ ... ... it 36.7 324 12.4
Ephemeroptera, plecoptera, trichoptera/chironomidae .................... 759 80.8 6.3
Percent of contribution of dominenttaxon ............................. 27.5 28.1 22
Ephermeroptera, plecoptera, trichopteraindex .......................... 9 11 20

Shredders/total . . . ... .. ...t e 9.3 7.7 18.8
Hydropsychidae/total trichoptera. . . ........................oiiieean. 923 94.1 19
TOtal SCOTE . ..ottt i i i e e e e 34 34 0
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directly to the overall utility of a given method and its
comparability to other methods. These two parameters
are characterized by sampling in different ecoregions
that, by definition, have different physical habitat char-
acteristics. The results of a comparison of a method that
shows a higher precision among reference sites in one
ecoregion or hydrogeomorphic basin/watershed com-
pared with another similar biological method may be
useful information for deciding where or when a given
method should or should not be used. Similarly, a met-
ric or score that exhibits a consistent bias related to cer-
tain measured habitat features would help the user
decide the types of sampling situations in which a par-
ticular method may be appropriate. Clearly, the true
performance range of a given method is complicated by
the fact that several subprocedures or methods com-
pose a field protocol (fig. 1; tables 1, 4). Each subpro-
cedure has its own performance range. In principle, the
performance range of a collection method is best char-
acterized by examining the results over a range of hab-
itat types appropriate to the sampling device being
used. Such an examination also would be more likely
to reveal method biases that could affect method preci-
sion and sensitivity.

References

American Society for Testing and Materials, 1993, Biologi-
cal effects, 11.04 in Annual book of standards: Amer-
ican Society'of Testing and Materials, 1598 p.

Bryan, C., 1984, Warmwater streams techniques manual in
fishes: Baton Rouge, La., American Fisheries Society,
Southern Division, 117 p.

Burton, A., 1992, Sediment toxicity assessment: Boca
Raton, Fla., Lewis Publishers, Inc., p. 37-66.

Peckarsky, B., 1984, Sampling the stream benthos, in
Downing, J., and Regler, F., eds., A manual on meth-
ods for the assessment of secondary productivity in
freshwater (2d ed.): Oxford, United Kingdom, Black-
well Scientific Publications, IBP Handbook 19, 501 p.

U.S. Environmental Protection Agency, 1989, Short-term
methods for estimating the chronic toxicity of efflu-
ents and receiving waters to freshwater organisms (2d
ed.): Cincinnati, Ohio, U.S. Environmental Protection
Agency, Office of Research and Development, EPA-
600—4-89-001, 334 p.

1990, Methods for measuring the acute toxicity of
effluents and receiving waters to aquatic organisms
(4th ed.): Cincinnati, Ohio, U.S. Environmental Pro-
tection Agency, Office of Research and Development,
EPA-600-4-90-027, 293 p.

U.S. Geological Survey, 1993, Methods for sampling fish
communities as a part of the National Water-Quality
Assessment Program: U.S. Geological Survey Report
93-104, 40 p.

Technical Appendix O 117



ACRONYMS USED IN THESE TECHNICAL APPENDIXES

ACWDPU
ACWI
AMSA
AMWA
ASTM

AWWA
BCI
BEST

CD-ROM
CERCLA

CNAEL

CWA
DMIS

DMR

DQO
EMAP

EMMC
EPA
FGDC

FIFRA
FIPS
GAO
GIS
GWFG

HUC
IACWD
IBI

ICI

ISO

ITFM
MDCB

NAWQA
NBS

Advisory Committee on Water Data for Public Use
Advisory Committee on Water Information
Association of Metropolitan Sewerage Agencies
Association of Municipal Water Administrators
American Society for Testing and Materials

American Water Works Association

Biotic Condition Index

Biomonitoring of Environmental Status and
Trends Program (NBS)

Compact Disc-Read Only Memory

Comprehensive Environmental Response,
Compensation and Liability Act

Committee on National Accreditation of Environ-
mental Laboratories

Clean Water Act

Data Management and Information Sharing Task
Group

Discharge Monthly Report

Data Quality Objective

Environmental Monitoring and Assessment
Program (USEPA)

Environmental Monitoring Management Council

Environmental Protection Agency

Federal Geographic Data Committee

Federal Insecticide, Fungicide and Rodenticide Act
Federal Information Processing Standard
Government Accounting Office

geographic information system

Ground Water Focus Group

Hydrologic Unit Codes

Interagency Advisory Committee on Water Data
Index of Biologic Integrity

Invertebrate Community Index

International Standards Organization Guide

Intergovernmental Task Force on Monitoring
Water Quality

Methods and Data Comparability Board

National Water Quality Assessment (USGS)

National Biological Service

NOAA
NPDES

NRCS

NRDC
NWIS
OMB
OPPE

OST

OwWDC
PBMS

QA/QC

RCRA

STORET

TSCA
TVA
USACE
USDA
USDOI
USEPA

USFS
USFWS
USGS
WATSTORE
WDNR

WEF
WICP

National Oceanic and Atmospheric Administration
National Pollutant Discharge Elimination System
National Research Council

National Resources Conservation Service

National Resources Defense Council
National Water Information System
Office of Management and Budget

Office of Policy, Planning, and Evaluation
(USEPA)
Office of Science and Technology (USEPA)

Office of Water Data Coordination (USGS)
performance-based methods system

quality assurance/quality control

Rapid Bioassessment Protocol

Resource Conservation and Recovery Act

river reach file
relative percent difference
Science Advisory Board

Soil Conservation Service (Note: In 1994, the SCS
became the National Resources Conservation
Service)

STOrage and RETrieval System (USEPA)

Toxic Substances Control Act
Tennessee Valley Authori

U.S. Army Corps of Engineers

U.S. Department of Agriculture

U.S. Department of the Interior

U.S. Environmental Protection Agency

U.S. Forest Service

U.S. Fish and Wildlife Service

U.S. Geological Survey

National WATer Data STOrage and REtrieval
Wisconsin Department of Natural Resources

Water Environment Federation
Water Information Coordination Program



ACRONYMS USED IN THIS REPORT

ARS
ASCS

ASTM
BEST

BIA

BM

BLM
BOR

BPA
CD-ROM
DMIS
DOE
DOD
EMAP

EROS
FERC
FGDC

GAP
GIS
ITFM
M-92-01

MDCB
MOSAIC

Agricultural Research Service

Agricultural Stabilization and Conservation
Service

American Society for Testing and Materials

Biomonitoring of Environmental Status and
Trends Program

Bureau of Indian Affairs

Bureau of Mines

Bureau of Land Management

Bureau of Reclamation

Bonnevile Power Administration

Compact Disc-Read Only Memory

Data Management and Information System

U.S. Department of Energy

U.S. Department of Defense

Environmental Monitoring and Assessment
Program (USEPA)

Earth Resources Observation System

Federal Energy Regulatory Commission

Federal Geographic Data Committee

Fiscal Year

Gap Analysis Program (NBS)

geographic information system

Intergovernmental Task Force on Monitoring

Water Quality

Office of Management and Budget
Memorandum No. 92-01

Methods and Data Comparability Board

A software package for Local World Wide Web
on the X-Window system

NASQAN

NAWQA
NBS
NMFS
NOAA

NOS
NPS
NRCS
NS&T
NWI
NWIS-II
OMB
OSM
PBMS
QA/QC
RE3
STORET
TVA
USACE
USCG
USEPA
USFS
USFWS
USGS
WAIS
WICP

National Stream Quality Accounting Network
(USGS)

National Water-Quality Assessment (USGS)

National Biological Service

National Marine Fisheries Service

National Oceanic and Atmospheric
Administration

National Ocean Service

National Park Service

Natural Resources Conservation Service

National Status and Trends Program (NOAA)

National Wetlands Inventory (USFWS)

National Water Information System (USGS)

Office of Management and Budget

Office of Surface Mining

performance-based methods system

Quality Assurance/Quality Control

River Reach File 3

STOrage and RETrieval System (USEPA)

Tennessee Valley Authority

U.S. Army Corps of Engineers

U.S. Coast Guard

U.S. Environmental Protection Agency

U.S. Forest Service

U.S. Fish and Wildlife Service

U.S. Geological Survey

wide-area information server

Water Information Coordination Program



