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GUIDELINES FOR STUDIES OF CONTAMINANTS
IN BIOLOGICAL TISSUES
FOR THE NATIONAL WATER-QUALITY ASSESSMENT PROGRAM

By J. Kent Crawford and Samuel N. Luoma

ABSTRACT

This report explains the concepts and field methods to be used by the U.S. Geological Survey’s National
Water-Quality Assessment (NAWQA) Program for evaluating contaminants in tissues of biological
organisms. Laboratory methods for analysis of these contaminants will be detailed in a future report. Part
1 explains the rationale for analyzing contaminants in tissues and gives an overview of the approach. Part
2 describes the tissue-contaminant strategies of other agencies and compares them to the strategy used in
NAWQA. Part 3 details the approach for the use of tissue analysis as an aid to interpreting quality of water
in NAWQA study units. Concentrations of contaminants in tissues will complement measures of water and
sediment chemistry, and ecological surveys in NAWQA, providing multiple lines of evidence for water-
quality assessments. Individual sections in Part 3 provide detailed discussions of target contaminants,
target taxa, and field procedures. Suggestions for interpretation of data are presented to facilitate
consistency among NAWQA study units.

INTRODUCTION

Beginning in 1986, Congress annually appropriated funds for the U.S. Geological Survey (USGS) to test
and refine concepts for a National Water-Quality Assessment (NAWQA) Program. The goals for a full-scale
program are to:

(1) Provide a nationally consistent description of current water-quality conditions for a large part
of the Nation’s water resources;

(2) Define long-term trends (or lack of trends) in water quality; and

(3) Identify, describe, and explain, as possible, the major factors that affect observed water-quality
conditions and trends.

This information, which will be obtained on a continuing basis, would be made available to water
managers, policy makers, and the public to provide an improved scientific basis for evaluating the
effectiveness of water-quality management programs and for predicting the likely effects of contemplated
changes in land- and water-management practices. Concepts for a full-scale NAWQA Program are
described by Hirsch and others (1988).

At present (1992), a pilot phase of the program is complete in seven project areas (study units)
throughout the country that represent diverse hydrologic environments and water-quality conditions. Four
pilot projects focused primarily on surface water, and three projects focused primarily on ground water. The
surface-water pilot project areas were the Yakima River basin in Washington, the lower Kansas River basin
in Kansas and Nebraska, the Kentucky River basin in Kentucky, and the Upper Illinois River basin in
Nllinois, Indiana, and Wisconsin. Now that the pilot phase is completed, surface-water and ground-water
components will be integrated in each study unit for implementation of a full-scale NAWQA.

Biological measurements will be used in the surface-water component of NAWQA to assist in

(1) determining the occurrence and distribution of waters contaminated by fecal material; (2) determining
the occurrence of potentially toxic substances, including trace elements and organic compounds, through
the use of tissue analyses; (3) assessing the relations between the physical and the chemical characteristics
of streams and the functional or structural aspects of the biological community through ecological surveys;
and (4) defining and quantifying biological processes that affect the physical and chemical aspects of water
quality. Specific approaches to address these objectives have been developed and tested in the pilot
program.



Purpose and Scope

This document describes the rationale, objectives, approach, and procedures to be used in the NAWQA
Program for determining the occurrence, distribution, and trends in concentrations of trace elements and
synthetic organic compounds in tissues (termed here tissue-contaminant studies). It is recognized that at
least some of these approaches will evolve as additional experience is gained and as measurement and
analysis techniques advance.
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Part 1: TISSUE ANALYSIS IN THE NATIONAL WATER-QUALITY
ASSESSMENT PROGRAM

Determination of contaminant concentrations in biological tissues is widely used as a method to
monitor and assess contaminant distributions and bioavailability in space and time (Phillips, 1980;
Farrington and others, 1983; Bryan and others, 1985; Campbell and others, 1988; Schmitt and others, 1990).
Phillips (1980) has identified three benefits of employing tissue analysis. Firstly, concentrations of
contaminants may be greater in tissues than in water because of bioconcentration, bioaccumulation, or
biomagnification. Therefore, tissue analysis increases the probability of detecting trace amounts of some
contaminants in the environment. Secondly, measurements of contaminant concentrations in organisms
provide a time-averaged assessment of the contaminant in question. Thirdly, concentrations of
contaminants in tissues provide direct measurement of bioavailability of those toxicants that accumulate in
biological tissues. Direct determination of bioavailability is especially important because the effects of
contaminants on biota are not necessarily a simple function of their total concentrations in water and
sediments (Sunda and Guillard, 1976; Phillips, 1980; Campbell and others, 1988; Luoma, 1989). A fourth
benefit, not mentioned by Phillips, is that, where they are used together, tissue, water, and sediment analysis
provide complementary lines of evidence in understanding the complexities of contaminant fate,
distribution, and effects.

Several difficulties are inherent in any study of contaminants in biological organisms. However,
successful tissue analysis programs have been conducted, most frequently in marine and brackish water
environments, and conceptual methodologies for such programs are well established (Phillips, 1980;
Farrington and others, 1983; Bryan and others, 1985; Campbell and others, 1988). These works have shown
that, with rare exceptions, contaminant concentrations are comparable only within the same species at the
same lifestage, reproductive condition, size, weight, and sex. Appropriate sample size (number of
individuals), sample mass, and animal size and weight also must be considered. For most surveillance
studies, relatively sedentary organisms whose exposure can be linked to a particular site are preferable to
those that move or migrate. All these principles learned from marine and brackish-water environments
appear to apply to freshwater environments, but they have not been thoroughly studied for freshwater
species other than fish.

Establishing a national tissue analysis program that includes a variety of freshwater rivers and streams
presents special challenges. Individual components of freshwater communities, such as fish, have
limitations for many assessment applications when used alone (Weiner and Giesy, 1979). The diversity of
the biological communities of freshwater streams and rivers also presents a challenge. No single taxon may
occur everywhere, and the taxa of a locality can vary seasonally. Taxa can be very different in small, lower
order streams than in large, higher order streams. Within a single river basin, distributions of taxa may be
complex and taxa may vary in size.

In addition, the number of potential chemical contaminants is large and analytical costs are high. The
contaminants of interest may vary from place to place. Decisions are required concerning which
contaminants to target for analysis and whether to test for contamination in whole organisms or part of
organisms.

Although a study of contaminants in biota presents special study design challenges, it is a logical
component of an integrated assessment of existing water-quality conditions. As a data base develops
describing the range of contaminant concentrations in specific taxa, comparisons of contamination among
study units will be enhanced. Through careful sampling design, studies of contaminants in biological
organisms will be employed to help explain what contaminants occur in each study unit, and how the
important contaminants are distributed. These studies include an explicitly designed trend analysis
component. Tissue analysis also can help explain how land use or other environmental factors influence
contaminant bioaccumulation in selected biota. Finally, studies of tissue contaminants in NAWQA will
advance the scientific understanding of water quality by helping development of this useful technique in
fresh waters and by increasing understanding of how contaminants affect ecosystems in the nation’s surface
waters.



Dverview of the National Water-Quality Assessment Program je Analysi
The specific objectives for the use of tissue analysis in the NAWQA Program include:

(1) Contaminant occurrence. Determine which potentially toxic trace elements and synthetic organic
compounds occur in NAWQA study units.

(2) Long-term trends. Define long-term trends in the concentrations of selected contaminants in
biological tissues at key locations within NAWQA study units and in a manner that will
facilitate a national understanding of trends.

(3) Spatial distribution of contaminants. Assist in defining the spatial distribution of trace elements
and synthetic organic compounds within study units and across broad geographic scales
among the national set of study basins.

(4) Develop biological data base. Systematically develop a national, internally comparable data base
on contaminant concentrations in a suite of common freshwater organisms.

(5) Compare land use inputs. Compare contaminant concentrations in biota from waters draining
areas having different land uses or in gradients away from specific inputs.

(6) Baseline concentrations. Systematically develop an understanding of concentrations of
contaminants in biota collected from waters of pristine or near-pristine quality in study units
and regions of different geology.

(7) Eate and bioavailability. Increase knowledge of the fate, bioaccumulation, and biological
availability of selected contaminants across study units with different geologic, hydrologic
and human influences, in order to aid assessment of the potential for adverse biological
effects.

(8) Potential for human health effects. Contribute information useful in assessing the levels of
contamination in edible portions of selected game fish species.

(9) Develop bioassessment procedures. The experience gained in the use of tissue analyses in NAWQA
will aid in the general development of freshwater bioassessment procedures.

Each of the above objectives has explicit requirements for choosing sampling stations, choosing what
kinds of taxa to collect, and choosing which chemicals to analyze. The design required to meet each
objective will yield specific predefined products. The objectives also are prioritized as listed, with the
proviso that individual study units may alter this prioritization to meet local needs.

The overall NAWQA plan calls for a 9-year cycle of study in each study unit. Years 1and 2 are reserved
for staffing, planning, and gathering historical and background information. Years 3, 4, and 5 are for
intensive data collection. Years 6-9 are for report writing and low-level data collection. Study units may
differ in the number of objectives they achieve (or pursue) depending upon local issues and available
expertise. However, all study units will undertake the first three objectives of the tissue bioassessment.
Thus, every study unit will first do an exhaustive chemical analysis on samples from selected stations to
assess what chemical contaminants are important in a study unit. Then, every study unit will establish and
maintain sampling at a suite of stations for long-term trend analysis. Finally, in every study unit a spatial
description of contaminant concentrations within main stem rivers and at the mouths of major tributaries
will be conducted. If all nine objectives are not approached in the first cycle of intensive data collection, they
will be accomplished in later cycles as understanding of the basin progresses.

An important product of tissue analysis in NAWQA is data that are comparable on local, regional, and
national scales. Resident taxa will be collected for the NAWQA tissue bioassessment. In order to assure that
analyses of taxa are comparable over the broadest areas possible, a NAtional Target Taxa (NATT) list will
define the taxa that local teams should target in most collection efforts. The choice of NATT to be analyzed
from each site will depend upon occurrence and abundance of resident taxa, whether the sample is to be
analyzed for organics or trace elements, the objective being satisfied, the ability to obtain adequate mass for
analysis, and whether samples of comparable taxa are being collected elsewhere within the basin (or in the



nation). The local study team will make the specific choices, within the national guidelines contained in this
document. Although the details of the NATT list may change as experience increases, it will provide a
national tissue contaminant data base for selected species widespread in freshwater environments.

The chemicals considered in the tissue contaminant studies are those for which analytical methodology
exists, chemicals that are not rapidly metabolized to undetectable metabolites, and chemicals with high
bioconcentration factors. NAWQA will use a two stage procedure to select chemicals that satisfy the above
criteria. A comprehensive list of organic contaminants and trace elements will be targeted for analysis
during the initial sampling effort associated with objective 1 (occurrence). Chemicals not detected during
this reconnaissance, not found in water and sediment analyses, and not expected in the basin will not be
analyzed during later sampling efforts. The goal of this procedure is to first ensure that all chemicals are
considered in all study units, then to reduce costs of the more detailed study efforts eliminating analyses
for chemicals whose concentrations are below detection limits. Examples of suites of chemicals that might
be eliminated when approaching higher level objectives in the tissue analysis might include polynuclear
aromatic hydrocarbons in some basins, dioxin-like chemicals in other basins, or the mercury-arsenic-
selenium suite of trace elements that require special analytical procedures.

Table 1 summarizes the tissue bioassessment program planned for each NAWQA study unit.

Table 1.--Summary of tissue bioassessment sampling, by objective, pianned for
each study unit of the National Water-Quality Assessment Program

Objective Nolfl:;tl:r Taxa Year of sampling Co:;z;;:;nts
1. Contaminant 15-20 NATT !, one 3 Organochlorines,
occurrence taxon per station PAH’s, PCB’s
trace elements
2. Long-term 4-8 NATT, one 3-9 Local targets,
trend analysis taxon per 1,2 National synthesis
study unit
3. Spatial distribution 20 -40 NATT, two taxa 4,5 Local targets
of contaminants at 50 percent
of stations
4. Biological data All NATT 3,4,5 Local targets
base
5. Compare land use Variable Comparable 5 Local targets
inputs (NATT or local)
6. Baseline 4 NATT 3,4,5 Organochlorines,
concentrations PAH’s, PCB’s,
trace elements,
and local targets
7. Fateand Variable NATT or 4,5 Local targeted
bioavailability food web
8. Contamination of 3-4 Game fish 5 Human health
fish flesh threats
9. Bioassessment All All 3-9 All
procedures

! NATT - National Target Taxa.



Part 2: TISSUE-ANALYSIS ACTIVITIES OF OTHER AGENCIES

Biomonitoring has become an integral part of water-quality assessment programs in the United States.
Since the implementation of the Federal Water Pollution Control Act of 1972 and the Toxic Substances
Control Act (1976), large quantities of ambient water-quality data have been collected. Several Federal and
many State agencies analyze tissues for concentrations of trace elements and synthetic organic compounds
as part of their biomonitoring programs to assess the water quality and general health of aquatic
ecosystems. The Federal agencies include the FWS, USEPA, NOAA, and the Tennessee Valley Authority
(TVA). Tissue analysis programs of the FWS, USEPA, and NOAA are national in scope and thus, have
requirements similar to the tissue analysis component of NAWQA. The experiences of these programs
contributed to the development of the tissue analysis component of NAWQA. All are examined and
compared below and in table 2.

The U.S. Fish an idlif rvice’s Natlonal Contaminant Blomonlitoring Program

Since 1967, the FWS has maintained a biomonitoring network now known as the National Contaminant
Biomonitoring Program (NCBP). The two major objectives of the NCBP are to assess differences in
contaminant levels in fish and wildlife (birds) among geographic regions and to determine the changes
occurring over time (Jacknow and others, 1986). Although the Program includes analyses of both fish and
birds, only the fish component will be addressed here.

Originally referred to as the National Pesticide Monitoring Program, the early network consisted of 50
sampling stations located in the Great Lakes and in major rivers throughout the United States. Samples of
three species of fish were collected twice annually, spring and autumn. In 1969, the frequency of sampling
was reduced to once per year (autumn) and in 1970 the number of stations was increased to 100. In 1976,
FWS added 17 new stations to the network and continued to collect samples annually. In 1984, sampling
was reduced to even-numbered years.

In 1984, the program included 112 stations located on the Nation’s major rivers and in the Great Lakes
(fig. 1) (Schmitt and others, 1990). Most of these stations are near the downstream terminus of rivers and
many of them are co-located with stations that are part of the National Stream Quality Accounting Network
(NASQAN)(a fixed-station, fixed-interval, water-quality monitoring network of the USGS, established in
1973).

At each sampling site, the goal of FWS is to collect duplicate, composite samples of a representative
bottom feeding fish and one composite sample of a predator fish species. These whole-fish samples are
analyzed at the FWS National Fisheries Contaminant Research Center in Columbia, Mo. Originally, only
organochlorine pesticides were analyzed. Now, the list of analytes is expanded to include a group of
predefined organochlorine chemicals (both pesticides and industrial-related compounds) and seven
inorganic trace elements (arsenic, cadmium, copper, lead, mercury, selenium, and zinc).

This is the only program of national scope that has monitored contamination in freshwater animals for
any substantial length of time. Aside from presenting data in tabular form, the program interprets means,
maxima, minima, and incidences of occurrence for selected contaminants. It has determined useful
geographic rankings and temporal differences employing careful statistical analysis, and its products are
published in the scientific literature. This program has set a high analytical standard and its methodological
studies have helped advance the science of biomonitoring with fish. It provides a base of data that others
can employ in comparative analyses, especially for a few of the more abundant fish species.

The NCBP has some limitations, mostly associated with the choice of geographic scales and the choice
of only fish to study contamination in large river environments (Schmitt and others, 1983). The most
important limitation is that the dispersal of stations limits differentiation of sources and understanding of
the geographic scale of contamination. The NCBP monitors on a regional scale contamination that may
commonly occur on sub-regional scales. Another important problem is that physical data, water chemistry

6



and sediment chemistry are not considered in NCBP publications. This limits explanatory capabilities. The
NCBP data have geographic and temporal discontinuities because of the difficulty of collecting the same
species of fish at every station and every time (Schmitt and others, 1983), but this problem is difficult to
avoid in freshwater environments. Interpretations of space and time trends from NCBP have been limited

to a large subset of the original stations. Finally, sensitivity of interpretations is limited for trace elements
because whole fish are employed for analysis.

120° 100° 80°
507 / \ —
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Figure 1.—Location of sampling sites for the National Contaminant Biomonitoring Program.




Table 2.--Overview of the tissue analysis component of the National Water-Quality Assessment Program

compared to other tissue analysis programs of national scope in the United States

[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmental

Protection Agency; NIST, National Institute of Standards and Technology; NFCRC, National Fisheries

Contaminant Research Center; X, included in the program; -, not included]

Program
National Status and Trends
Program !
Environmental
National Monitoring National
Water- Benthic National Study and Confaminant
Element Quality Surveillance Mussel Watch of Chemical Assessment - -
. T 3 Biomonitoring
Assessment Program Residues in Fish Program, Program 5
Program 2 Surface Waters BT
Component 4
Objectives
Establish data base X X X - - -
Create specimen bank - X X - - X
Develop new techniques - X X - - -
Estimate environmental quality - - X - X -
Determine prevalence of X - - X - X
contaminants
Identify chemicals of concern - - - X - -
Describe spatial variability X X X - X
Identify regional variability X - - - X
Identify areas needing more - b X X - -
study
Evaluate contamination in - - - - X -
vicinity of sources
Establish baseline X - - - b -
concentrations
Detect temporal change b b b - b b
Determine contaminant fate X - - - - -
Determine contaminant x x - - - -
bioavailability
Evaluate human health effects - - - X -
Evaluate contaminants in game X - - X X -
fish flesh
Resources targeted Freshwater =~ Coastal and Coastal and Freshwater Freshwater Large rivers
streams estuarine estuarine streams streams and Great
and lakes and lakes Lakes
Geographic coverage Nationwide Nationwide Nationwide Nationwide Nationwide Nationwide
Number of sampling stations ~600 ~50 ~150 400 Subset of 112
6,400
Sampling frequency Annual® Annual Annual One-time only Annual? Bi-annual
Duration of program - 1984 - 1986 - 1988 - 1967 -
present present present



Table 2.--Overview of the tissue analysis component of the National Water-Quality Assessment Program
compared to other tissue analysis programs of national scope in the United States--Continued
[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmental
Protection Agency; NIST, National Institute of Standards and Technology; NFCRGC, National Fisheries
Contaminant Research Center; x, included in the program; -, not included]

Program
National Status and Trends
Program !
Environmental
National Monitoring National
Water- Benthic National Study and Contaminant
Element Quality Surveillance Mussel Watch of Chemical Assessment Bi o
: o1 3 iomonitoring
Assessment Program Residues in Fish Program, Pro 5
P 2 Surface Wat gram
rogram urface Waters
Component 4
Target organisms
Bivalve mollusks X - X - - -
Bottom-feeding fish X X - X X x®
Sport/commercial /game fish X - - X X x 6
Crayfish - - - - - -
Insects X - - - - -
Aquatic plants X - - - - -
Organs tested Whole Fish livers, Whole Whole Whole Whole
organism, plus bile mollusk fish, fish fish
fish livers, fish fillets
fish flesh
Target variables
Chlorinated organic
compounds
Organochlorine pesticides X X X X X X
PCB’s X X X X X X
Dioxins X - - X - -
Polynuclear aromatic X X X - - -
compounds
Trace elements X X X - X X
Additional data collected
Water chemistry X X X - X -
Sediment chemistry X X X - X -
Sediment grain size X X X - X -
Fecal sterol - X X - - -
Coprostanol - X X - - -
Clostridium - X - - - -
Fish disorders X X - - - X
Lipid content X X - X X X



Table 2.--Overview of the tissue analysis component of the National Water-Quality Assessment Program
compared to other tissue analysis programs of national scope in the United States~Continued
[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmental
Protection Agency; NIST, National Institute of Standards and Technology; NFCRC, National Fisheries
Contaminant Research Center; x, included in the program; -, not included]

Program
National Status and Trends
Program !
Environmental
National Monitoring National
Water- Benthic National Study and Contaminant
Element Quality Surveillance Mussel Watch of Chemical Assessment Bi ..
. . et 3 iomonitoring
Assessment  Program Residues in Fish Program, Program >
Program 2 Surface Waters 8
Component 4
Additional data collected
-Continued

Histopathology - X X - X -
Age X X - - X X
Gonadal index - - X - - -

Data storage In-house In-house In-house SAS data set Unknown U. of Missouri
distribu- micro- microcom- and STORET mainframe
ted infor- computer puter as SAS data
mation set and

NFCRC

Sample archival In-house NIST NIST USEPA lab, Unknown NFCRC

Duluth
1 National Oceanic and Atmospheric Administration (See Robertson and O’Connor, 1988, for an overview
of the program).

2.S. Geological Survey.

3U.S. Environmental Protection Agency (See U.S. Environmental Protection Agency, 1986, for an overview
of the program).

4 US. Environmental Protection Agency (See Whittier and Paulsen, 1992, for an overview of the program).

5USS. Fish and Wildlife Service (See Jacknow and others, 1986, for an overview of the program).

¢ NAWQA will sample annually during a 3-year intensive phase, then reduce sampling for a 6-year non-intensive
phase.

7 EMAP will sample one-quarter of the 6,400 sites annually, rotating sites on a 4-year schedule.

8 The National Contaminant Biomonitoring Program also targets birds for analysis.
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I ion’
National Status and Trends Program

In 1984, NOAA began the National Status and Trends Program (NS&T) for Marine Environmental
Quality. The objectives of this program are to define geographic distribution of contaminant concentrations
in biological tissues and sediments in coastal settings. The scale is regional and the goals are to determine
trends, and to document biological responses to contamination (National Oceanic and Atmospheric
Administration, 1987b). The program establishes a national contaminant data base by use of state-of-the-art
sampling, preservation, and analysis methodologies. These data will be used to estimate environmental
quality and develop a statistical basis for detecting spatial and temporal changes. The program consists of
two components: (1) the Benthic Surveillance Project, and (2) the Mussel Watch Project. In contrast to the
NCBP and the National Study of Chemical Residues in Fish (NSCRF)(discussed in the next section), which
include only freshwater sampling sites, the NS&T sampling sites are located in estuarine and near shore
areas of the Atlantic, Pacific, and Gulf coasts.

The Benthic Surveillance Project began in 1984. Bottom-dwelling fish are collected annually at about
50 sites and the livers are excised and analyzed for 16 elements, 18 aromatic hydrocarbons, and 15
chlorinated pesticides (Shigenaka and Lauenstein, 1988). The livers are composited for analysis of organic
compounds, but are analyzed individually for trace elements (National Oceanic and Atmospheric
Administration, 1987a). Sediment chemistry data are collected at both Benthic Surveillance sites and Mussel
Watch sites.

The Mussel Watch Project was established in 1985 as an outgrowth of two previous “Mussel Watch”
studies. The first national Mussel Watch study was coordinated by the Gulf Breeze Laboratory of the Bureau
of Commercial Fisheries and operated from 1965 until 1972. The second Mussel Watch study was
coordinated by USEPA from 1976 to 1978. The present NS&T Mussel Watch Project involves the annual
collection of native bivalve mollusks at about 150 sites (fig. 2) and analysis of composites of the soft tissues
for the same chemicals as in the Benthic Surveillance Project. Each collection consists of six separate
composite samples. Composites consist of 30 mussels or 20 oysters (National Oceanic and Atmospheric
Administration, 1987a).

Sampling sites for the NS&T are selected “at points known or expected to be depositional environments
for sediments and habitats for the target bottom-feeding fish or bivalve mollusks.” Sites are deliberately
located away from known point sources and authorized dump zones. They are selected to represent
accumulations of contaminants from multiple sources. This strategy is purported to lead to
“characterization of entire estuaries or coastal regions” (National Oceanic and Atmospheric
Administration, 1987a).

The NS&T program has only a limited explanatory component, and, like the NCBP, interpretations are
limited by the dispersal of stations on a regional scale. The NS&T program should be successful in
providing interpretable data on broad geographic trends in contaminants that bioaccumulate. However,
sub-regional characterizations, delineation of specific sources of contamination, and understanding of
transport or deposition are examples of problems that have proven difficult to understand from these data.
Because estuaries and coastal zones commonly are characterized by multiple sub-regional scale
contamination problems (Luoma and Phillips, 1988), these are important limitations. Important approaches
developed in the older studies were designed into NS&T (sample size is large; animal size considered;
sessile species employed as well as fish) and thus, the data base should be reliable and internally
comparable. The older data base was employed in rankings to identify distributions and severity of
contamination on regional scales in the coastal United States and provided a basis for setting priorities for
management action. The broad set of national data also was useful to more spatially intensive state
programs employing similar methodology (Hayes and others, 1986). Data from the older program were
published in peer-reviewed scientific literature and provided a global standard.
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Figure 2.—Location of sampling sites for the National Status and Trends Program.

The U.S. Environmental P lon Agency’
Nation f Chemical Resi Fish

The NSCREF is a follow-up to the National Dioxin Study that was conducted in 1984 by the USEPA to
examine the extent of contamination of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in soil, water,
sediment, and fish tissue. The NSCRF was conducted because of concern that other pollutants with similar
properties as dioxin might bioaccumulate in the aquatic food chain (U.S. Environmental Protection Agency,
1986). The major objectives of the NSCRF were to determine the prevalence and concentrations of selected
contaminants in fish from undisturbed areas and from areas expected to have elevated concentrations of
contaminants, and to correlate these concentrations with sources of these contaminants. A secondary
objective was to identify areas that could have potential human health risks as a result of contaminated fish.

Approximately 400 sites across the Nation have been sampled in the NSCRF (fig. 3). The sites included
50 NASQAN and Hydrologic Benchmark Network stations operated by the USGS, potential problem sites
near point and nonpoint sources, and other background sites.

Two samples were collected at each site, one a composite of whole bottom-feeding fish and the second
a composite of sport/commercial fish fillets. Analysis was for a set of 60 organic chemicals selected by their
bioaccumulation potential and threat to human health. The list included 15 chlorinated dioxins and furans,
total PCB’s and 10 PCB congeners, several chlorinated organic pesticides, and mercury.
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Figure 3.—Location of sampling sites for the National Study of Chemical Residues in Fish.

The final report for this project was published late in 1992 (U.S. Environmental Protection Agency,
1992). Upon evaluation of human health effects, chemicals warranting closer scrutiny will be identified and
follow-up studies conducted (U.S. Environmental Protection Agency, 1986).

In contrast to the NCBP and the NS&T, the NSCRF is a one-time screening program oriented toward
identifying concentrations of selected contaminants in fish tissue, their potential sources, and evaluating
potential human health impacts. The NSCRF has a limited explanatory component (source correlation).
While not part of the original design of the study, information will be evaluated for developing a data base
for individual fish species.

he U.S. Environmental Pr lon Agency’
Environmental Monitoring an m P

In 1988, the Science Advisory Board of the USEPA recommended that a program be developed and
implemented “. . . to monitor ecological status and trends, and to develop innovative methods for
anticipating emerging environmental problems . . .”(U.S. Environmental Protection Agency, 1991). The
Environmental Monitoring and Assessment Program (EMAP) is, in part, a response to that recommen-
dation. EMAP will consist of an integrated monitoring network covering seven ecological resource groups:
agroecosystems, arid lands, forests, Great Lakes, near coastal systems, inland surface waters, and wetlands.
The inland surface waters component of EMAP most closely corresponds to the coverage of NAWQA;
therefore, only the inland surface waters component of EMAP (EMAP-SW) will be reviewed here.
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Objectives for EMAP-SW are to:
(1) estimate the current extent of inland surface waters;
(2) estimate the status and trends of indicators of the conditions of surface waters;

(3) monitor indicators of pollutant exposure and habitat condition and seek to identify causes of
adverse effects; and

(4) report the findings.

To achieve these objectives, EMAP-SW will evaluate a number of indicators of ecosystem health
(Whittier and Paulsen, 1992). One indicator to be examined in EMAP-SW is fish tissue contaminants.

Target analytes in fish tissues for EM AP-SW include several chlorinated insecticides, 17 PCB congeners
and 12 trace elements. Analyses will be done on whole fish. Target fish are top predators, with largemouth
bass being the first priority. Bottom-feeding fish are a secondary target group. Sixty-four hundred sampling
sites for EMAP-SW will be randomly selected from a 40 km? grid covering the entire conterminous United
States. One quarter of these will be sampled per year, giving a 4-year resampling cycle. Of the 6,400
sampling sites, only those exhibiting impaired ecological conditions will be selected for evaluations of fish
tissue contaminants (U.S. Environmental Protection Agency, 1991).

EMAP-SW currently is in its infancy. Pilot studies are scheduled for 1992-93. Details of the program
have not all been formulated and those that have been proposed will likely evolve as results from the pilot
studies become available. However, the conceptual framework for the EMAP-SW is in place and, in many
respects, is similar to the plans for NAWQA.

Regional and State Programs

In 1986, the Tennessee Valley Authority (TVA) began the Valley-Wide Fish Tissue Study to screen for
potentially toxic levels of priority pollutant metals, pesticides, and PCB'’s in fish fillets (Dycus, 1989). The
program coordinates tissue monitoring activities of the TVA and State agencies. State agencies collect fish
from about half of the 83 sampling sites located throughout the Tennessee River Valley and parts of the
Cumberland River Valley; the TVA collects samples from the others. The TVA does the laboratory analyses
on composites of the collected fish fillets and places the data in USEPA’s computerized data Storage and
Retrieval (STORET) system. Frequency of sampling for each station is based on the type of station and on
the results of analyses. Tributaries to reservoirs are sampled annually. Reservoir sites where the
concentrations of contaminants in tissues are judged to be low are sampled every 3 years. Reservoir sites
where the concentrations of contaminants in tissues are high undergo more intensive study. Channel catfish
is the target species for the reservoir sampling. Game fish, catfish, and rough fish are all sampled in the
inflows to the reservoirs. The TVA has conducted tissue analyses on selected reservoirs since the early
1970’s, but this is the first attempt to establish a valley-wide, long-term monitoring program.

Other state and regional entities also maintain environmental monitoring programs that generally are
consistent with Federal programs. California Department of Fish and Game, Illinois Environmental
Protection Agency, the Ohio River Valley Water Sanitation Commission, and studies conducted through the
Great Lakes Water Quality Agreement are examples. USEPA’s Guidance for State Water Monitoring and
Wasteload Allocation Program (U.S. Environmental Protection Agency, 1985) encouraged all states to scan
fish and other tissue to detect local human health or environmental damages. Many states have established
programs to study levels of specific pesticides and other contaminants in fish and other tissues, as well as
in sediments and water. The state and regional programs tend to sample with more spatial intensity than
Federal programs, and the data from some (Hayes and others, 1986) have been successful in identifying
sources (some previously unsuspected) and geographic trends in contamination. However, individual
programs tend to follow individual designs. Lack of continuity limits interpretations in many data sets, and
comparability among programs is often difficult. Furthermore, results are not broadly disseminated, nor
interpreted within a national context. In many cases, no serious attempts at interpretation have been made.
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in the National Water-Quality Assessment Program
In total, currently existing and previous tissue monitoring programs have provided a bank of data,
parts of which will be comparable to NAWQA data. While none of these programs used methodology
exactly like any of the other programs, some of the data from the individual programs will be useful for
preliminary identification of some geographical and temporal variations. Furthermore, the existing

programs have been useful in refining the development of a tissue analysis programs such as that proposed
for NAWQA.

NAWQA will differ from other national scope programs for tissue analysis in several ways. Firstly,
some successful programs (for example, the NS&T Program) monitored exclusively marine and brackish
water environments. NAWQA will employ tissue analyses in freshwater environments. Although it must
target a larger set of species than NS&T Program, systematic development of a national data base will
provide necessary comparability. The complexity of freshwater environments makes the design of a
coherent program challenging, but the proposed plan is designed to develop information previously
unavailable in a systematic fashion.

Secondly, existing national freshwater studies have been successful in broad regional monitoring, but
cannot resolve contamination distributions on spatial scales smaller than thousands of kilometers. Existing
freshwater programs do not include a component that seeks to explain the effects of specific processes on
water quality; most are limited to one type of organism (NCBP and NSCRF employ only fish; Hayes and
others (1986) employed one species of clam); and none have overtly set out to systematically develop a
comparable national data base for individual species. By including a broader suite of organisms, and by
including analyses of water and sediments, NAWQA's results will be applicable to a broad array of
freshwater environments. The spatially intensive design, careful designation of objectives, and
coordination with physical, chemical and ecological assessments will aid spatial, cause/effect and process
interpretations.

Thirdly, among programs of national scope, only the NCBP is designed to monitor trends at the same
freshwater stations over long periods of time. However, those stations are at the downstream end of rivers
and are widely separated from one another. The dispersed nature of these sites adds greatly to difficulties
in interpretation. NAWQA will assess trends at several stations located throughout 60 study units. This
greater replication will allow a more sensitive, scientific determination of whether trends are single station
anomalies compared to basinwide, regional, or national phenomena.

Fourthly, NAWQA should complement the NCBP. NAWQA will assess species other than fish in many
basins, and its assessments will add information from a number of localities at a more detailed spatial scale
in the study unit to complement the widely distributed spatial network of NCBP. Interpretations of data
from each program will be improved by the existence of the other. Furthermore, the two together will
provide a solid base of data and methodology from which local, state, or regional studies of specific
problems (or assessment programs) can be developed.

Fifthly, none of the other national programs combine explanatory goals within individual basins with
broader national goals for data interpretation. Furthermore, interpretation of tissue analyses within the
context of other physical, chemical, and biological data gathered by the program is a fundamental goal of
NAWQA. These unique aspects make tissue analyses in NAWQA part of an overall water-quality
assessment rather than an isolated monitoring program.

One program, the surface waters component of EM AP, has many features similar to NAWQA. The
major distinction between the two is the intensive river basin sampling approach proposed for NAWQA
compared to the statistically-based sampling scheme for EMAP-SW.
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Part 3: APPROACH OF TISSUE-ANALYSIS SURVEYS

General Approach

A systematic tissue analysis program involves the following steps. The objectives stated in this
document must be clearly defined for the specific study unit. Those objectives will then be prioritized for
the study unit and the timeline established for accomplishing specific objectives. A sampling strategy will
be developed that will allow a rigorous consideration of each objective. Stations will be selected following
the criteria established in this document with consideration given to the stratification scheme for the study
unit and to national synthesis criteria. Goals will be established for the number of replicate samples
necessary to implement the strategy and to achieve the stated objectives. Specific site selection for all tissue
analyses will be made by the project chief of each study unit in consultation with study unit staff, regional
staff and representatives of other agencies. The project chief will attempt to eliminate overlaps in sampling
effort so that multiple objectives can be accomplished with optimal efficiency. Accomplishing each objective
also will necessitate specific decisions about what chemicals to determine and what taxa to collect. Again,
guidelines are established in the following discussion. Coordination among study units will be provided by
regional and national coordinators. They will help adjust study designs to satisfy objectives and will help
interpret data at scales larger than the individual study unit.

ives, Prioriti nd Timelin

The general objectives of the tissue bioassessment in NAWQA are described below in order of priority.
Each study unit will, as a minimum, accomplish the first three objectives, which are: (1) defining which
contaminants are present in biological tissues (occurrence) in each study unit; (2) establishing a data set
from which long-term temporal trends in contaminant concentrations can be determined locally and
nationally; and (3) defining how contamination is distributed (spatial distribution) through individual
NAWQA study units. As these immediate objectives are satisfied in individual basins, data will be
aggregated to achieve objective 4: development of a comparative, national data base of contaminant
concentrations in the tissues of a priority list of taxa (termed the NAtional Target Taxa list or NATT). This
data base will allow determination of contaminant distribution among the nationwide collection of study
units.

As study units proceed beyond the first set of objectives, additional goals will include (5) a comparison
of contaminants in biota among waters draining areas having different land uses, or along gradients away
from sources of contamination; (6) development of statistically rigorous data on background concentrations
of contaminants in “unaffected” reference areas; (7) a comparison of partitioning of contaminants in water,
sediment, and biota to give a measure of comparative bioavailability for those contaminants that
bioaccumulate. Where appropriate, the program will (8) determine levels of contaminants in edible parts of
selected game fish species. Knowledge gained from tissue analyses in NAWQA also is expected to (9)
contribute to the refinement of existing and the development of new bioassessment procedures. The
priority for these objectives may be altered to meet local study unit needs. Efficiencies will be sought in
satisfying the nine objectives. For example, data to satisfy objectives 4, 6, and 7 will accumulate as the other
higher priority objectives are satisfied. Aspects of objective 5 can be accomplished by embedding designs
within aspects of the first three objectives, or by supplementing the design for the first three objectives.
However, the design for every objective will be explicitly described in the workplan of every study unit.

The overall NAWQA plan calls for a 9-year cycle of study in each study unit. Years 1 and 2 are reserved
for staffing, planning, and gathering historical and background information. Years 3, 4, and 5 are for
intensive data collection. Years 6-9 are for report writing and low-level data collection. The tissue sampling
effort will start in the third year with the reconnaissance for contaminant occurrence at selected stations.
After that, fewer chemicals will be analyzed at more stations during the rest of the 3-year intensive data
collection effort. In the second year of intensive study (year 4 of the NAWQA cycle) assessment of the spatial
distribution of contaminants will begin in most study units. Every study unit will sample several stations
on main stem rivers. Samples from major tributaries near their mouths also will be collected. Every study
unit will develop a data base that can be used for long-term trend detection. This effort will begin in the
third year of the NAWQA cycle at a subset of the sites used for the spatial distribution assessment. Where
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feasible, the initial spatial characterization will be followed in year 5 of the NAWQA cycle by a more
detailed spatial assessment, which will be tied in with the testing of explanatory hypotheses, such as the
effects of land use or specified sources of contaminants. In many, but not all study units, the detailed spatial
assessment and testing explanatory hypotheses will begin in the first cycle of intensive data collection. This
is especially likely where pre-NAWQA data are available to help satisfy objectives 1-3.

Within any 1 year, all tissue sampling will be conducted during low flow, in the late summer or early
fall. Because concentrations of contaminants in tissues may change seasonally (Phillips, 1980), it is
important that sampling from year to year in a basin be conducted as near as possible to the time when
samples were collected in previous years. Most objectives will require collection of comparable taxa among
stations. Some later objectives will require collection of replicate composite samples of NATT taxa. The cost
trade-offs between number of stations, level of sampling effort per station, and the number of analyses will
be considered in determining the objectives each study unit will pursue. Ultimately, however,
understanding of tissue contamination will develop in every study unit as objectives are progressively
satisfied.

Table 3 shows examples of timelines for tissue analysis for a typical study unit. Some differences in pace
of accomplishment are expected, depending upon availability of previous data, water-quality problems of
interest in the study units, and the capabilities of the study teams. Thus, a high and a low level of
accomplishment are shown. Tissue sampling will be coordinated with ecological survey sampling and will
be concurrent with synoptic surveys for organic compounds and trace elements in bed material. Table 3 also
shows an example of links with other components of NAWQA that must be considered when designing the
tissue bioassessment. The table indicates that the most desirable sequence of events in most study units
would have tissue sampling following a field reconnaissance. Experience gained in the field reconnaissance
will aid station selection for the contaminant-occurrence, spatial distribution, and trends objectives of the
tissue analysis. Table 3 implicitly assumes that sampling for the same objective can be done in more than
1 year. Some year-to-year variability is expected in chronically contaminated rivers and streams, but
experience to date suggests that overall distributions and trends are consistent from year-to-year (Schmitt
and others, 1990; Moore and others, 1991).
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Table 3.--Suggested sequence for accomplishments of the tissue analysis
component of the National Water-Quality Assessment Program

Year Sequence Accomplishment
1 Staffing, workplan
2 Retrospective literature review.

High Level of Accomplishment
3 A Field reconnaissance

B Select and sample contaminant occurrence and trend
stations using experience gained in reconnaissance.

1

4 A Trend samples from four to eight stations.
B Complete spatial distribution survey (add necessary
stations to initial “Occurrence” stations).
C Spatial characterization stations include stations to be

employed in testing explanatory hypotheses.

5 A Trend samples from four to eight stations.

B Add replicate, repeat, multispecies samples as neces-
sary to complete statistically valid hypothesis test-
ing.

6-9 A Data analysis and report preparation.
B Trend samples from four to eight stations.

Minimum Level of Accomplishment

3 A Field reconnaissance.
B Collect samples for occurrence objective from approxi-
mately 10 stations.
C Select trend analysis stations.
4 A Trend samples from four stations.
B Add samples to determine occurrence.
c Add stations for beginning of spatial characterization

5 A Trend samples from four stations.
B Complete spatial coverage.

6 A Data analysis and report preparation.
B Trend samples from four stations.

TGee Cuffney, T.F., Gurtz, M.E., and Meador, M.R,, written commun.,
1991.
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Study Strategies

Study strategies for each component of the tissue analysis will involve selection of station locations,
selection of chemical analyses, selection of taxa to target, and determination of the product each objective
will produce. Trade-offs are inevitable among the number of stations sampled, the intensity of field activity
at each station, the number of chemical analyses and their cost, and the resources expended upon data
storage and analysis, quality assurance and quality control, and sample archival. These trade-offs will place
a ceiling on the number of sites sampled, the number of chemicals analyzed at each site, the number of
species collected from each site and the number of replicate samples of each species. These trade-offs must
be considered as the workplan for each study unit is developed. The present document provides guidance
as to how the study teams might balance the trade-offs; but it is recognized that the balance may differ
among study units with differences in resources, capabilities, and emphasis upon ecological problems.

Retrospective Analysis

The gathering of background information in the first 2 years is termed the retrospective analysis. The
retrospective analysis should accomplish several goals specific to the tissue bioassessment. It should seek
existing ecological data that will aid preliminary determinations of species to target for collection during
the tissue bioassessment and it should assess what contaminants might be expected in the basin. The
retrospective also should involve a thorough search for and interpretation of previous studies of
contaminants in water, sediment, and tissues conducted in the study unit. In addition to a compilation of
available data, the interpretation should include:

(1) A list of the contaminants that have been analyzed in tissues and those observed in enriched
concentrations in the study unit.

(2) Maps showing where tissue analyses have been conducted.

(3) Maps of available information on spatial distributions of contaminants in water, sediment, and
tissues. Spatial distributions should note localities where contamination was, and was not
observed. All tissue data employed in interpretive products must be comparable (same species,
similar size or age) and normalized for lipid content, if appropriate.

(4) Summaries of specific studies that assess influences of land use or point source inputs on
bioavailable contaminant concentrations. Instances where studies indicate contaminants might
influence ecological processes should also be noted, as should available data on partitioning of
contaminants or contamination of fish flesh that exceeds existing standards.

Intensive Sampling Period (Years 3-5)

The intensive sampling period will focus on field sampling and laboratory analyses needed for
addressing the objectives for the use of tissue analysis as part of NAWQA. Special strategies will be needed
for each objective. Guidance for each objective follows.

jective 1: What chemicals are present?

The primary objective of contaminant occurrence survey is to define what contaminants occur in the
tissues of biota in each study unit. Results from the occurrence sampling will aid in selection of
contaminants to be targeted in later samplings. The data collected in achieving this objective will contribute
to the overall bank of data available for meeting other objectives. This initial sampling experience also will
aid in selection of species to target for other objectives.

Samples will be collected from a limited number of sites (15-20) to satisfy this objective. Each sample
will be analyzed for a broad suite of trace elements and organic compounds. Site-selection criteria are as
follows. All sites should be contaminant occurrence sites for sediment analyses or fixed stations where trace
elements and synthetic organic compounds have been analyzed at least in bottom sediments. Sites also
should correspond to sites used for ecological survey sampling in NAWQA. Because the objective of
contaminant occurrence tissue analysis sampling is to define which contaminants occur in biota in the study
unit, most sampling sites (approximately 12-15) will be located where contamination is likely. The sites
should be dispersed so that streams draining each major land use in the basin are sampled, in order to
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obtain the widest view of the array of contaminants present. Enough stations should be sampled so the
study unit team feels comfortable in eliminating contaminants from further consideration. Specific sites
may be immediately downstream from large point sources, an urban area, an agricultural area, or wherever
contaminants are suspected of being added to the stream. In addition, three to five reference sites should be
selected where little or no contamination is expected. At least one reference site should be located in each
ecological region, as defined by Hughes and Larsen (1988), in the study unit. The reference sites will allow
detection of contaminants widely dispersed or naturally present in the study unit. Reference data also will
aid interpretation of whether contaminants are enriched at other sites. Site-selection considerations include
(a) knowledge of contaminant inputs; (b) maps of land use and basin management plans; (c) existing data
on water flow, river morphology, and regional ecological characteristics; (d) prior studies of water quality
and contaminant concentrations in biota, sediments, and water; and (e) aerial reconnaissance and on-site
field reconnaissance if necessary to aid species selection.

The 15 to 20 locations selected in each study unit for the contaminant occurrence survey will be strong
candidates for sites to be used to satisfy other objectives and will be chosen accordingly in the initial
workplan. All collections need not necessarily be of comparable taxa to satisfy the occurrence objective.
However, if the choice of species emphasizes NATT and comparability among stations is considered, the
data are more likely to be useful for more than one objective. Therefore, sampling should emphasize
collection of an abundant species from the NATT list. Replication of composite samples at each site is not
necessarily important to satisfying this objective.

The products of this objective include a list of locally important contaminants from which analytical
choices can be made for other objectives. Assessments of the presence or absence of contaminants in
biological tissues on a national or regional scale also will be an important product.

jective 2: Long-term-tr naiysi

In every study unit, sampling for trend analysis will be initiated at four to eight stations in the third year
of the first NAWQA cycle. The goal is to begin the data base necessary for long-term-trend detection. Long-
term trends are defined on decadal time scales (that is, differences between NAWQA intensive study
phases). Preliminary selection of trend stations will occur at the same time as stations are selected for
objective 1. Thus, most trend sites will be sampled in all 3 years of the intensive data-collection phase.
Samples from at least four stations also will be collected once per year through the nonintensive sampling
phase to provide a continuous time series of bioavailable tissue concentrations. Such a time series at a few
stations is essential for verifying and interpreting trends in contamination. That time series will be one
product of this objective. If resources are available, the study units will also establish discrete 3-year data
sets at additional stations (three to four). These data will be collected so that they can be statistically
compared to similar data collected in later NAWQA cycles. The design for both aspects of the trend study
must include enough replication so that trends on a 10- to 15-year time scale can be statistically verified. A
statistically valid design must include adequate replication of composite samples at each station.

The taxa chosen for trend studies must be from the NATT list, but collection can be limited to one taxon
per station. It is important that comparable taxa be collected every time a trend analysis station is re-
sampled (either the same species or species with empirically established similar bioaccumulation
capabilities). The individuals collected also should be comparable in size, age, and stage of reproductive
cycle to previous samples from a station. Thus, any chosen taxon must be abundant and a permanent
resident (as best as can be determined) of the trend analysis station. The station also should have a stable
habitat, so as to support abundant populations of the target species through the years.

It is imperative that sites to be employed for analysis of trends in tissues correspond to sites employed
to study trends in other aspects of water quality and ecological conditions. Thus, sediment sampling
stations, fixed stations, or stations where other chemical analyses are being conducted will receive high
priority. Some stations within the catchment-based trend analysis in the ecological survey component of
NAWOQA should also be given high priority. At least one uncontaminated or reference station from each
study unit and the downstream-most fixed station (where water and sediment also are being continuously
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monitored) will be included in the data collection effort for trends. If all of the above criteria can be met
with a subset of sites selected to meet other objectives, the trend studies will be most efficient.

A broad suite of analyses will be conducted on samples from trend stations in the third year of every
NAWQA cycle. In other years, analyses will be of chemicals initially chosen to be of interest in local or
national synthesis efforts. Discretion will be employed in adding or subtracting chemicals from the initial
list.

The products of this objective will be a perennial time series of contaminant concentrations in tissues at
several stations in every study unit, and regional and national assessments of trends in contaminants of
common biota.

ive 3: ial characterization

Sampling to determine the spatial distribution of contamination in each study unit will begin during
the field season following the contaminant occurrence survey. In most study units this effort will occur
during years 4 and 5 of the NAWQA cycle (years 2 and 3 of the intensive sampling effort). Most study units
will split the spatial description between the 2 years of study. The first year of such a staged effort might
involve partitioning more effort toward areal coverage of subbasins and less effort toward collecting from
main stem sites. The second year of sampling then could focus on main stem sampling locations. Replicate
sampling should be adequate to statistically differentiate critical reaches in the study unit after this stage of
study. Spatial sampling will allow every study unit to develop a minimal understanding of the spatial
distribution of contamination in tissues during the first round of intensive data collection. In most study
units this will be accomplished by sampling 20 to 40 stations. Distribution of contaminants among different
species (for example a fish and an invertebrate or invertebrates from different trophic levels) is built into the
spatial characterization at half the stations, where possible.

Two important guidelines define the minimum level of understanding that will be achieved in every
study unit:

(1) Important tributaries to larger, higher-order streams will be sampled at least near their
confluence. These samples will integrate the effects of activities within the basins of those
tributaries and the effects of those activities on the larger stream.

(2) “Indicator” streams that drain small basins of known or homogeneous land use areas will be
sampled near the downstream boundary of the basin.

The goal of the spatial study is an objective characterization of contaminant distributions in the study
unit. Thus identifying areas with little contamination is as important as identifying contaminated localities.
Site selection should not be dominated just by expectations of contamination. Ecological survey stations,
fixed stations, and sediment synoptic contaminant occurrence sites will be given priority in site selection.
Specific efforts should be made to identify perhaps five to eight areas where influence from human activities
is minimal. These references are necessary to determine baseline levels of contaminants in each taxon and
thus to provide a framework for interpreting observed differences among sites and changes over time,
especially with respect to natural biological variability. In order to maximize efficiency, the stations selected
for the spatial descriptions should complement those sampled during the contaminant occurrence survey.
Of course, some resampling of occurrence stations will be necessary if taxa collected in the first effort are
not comparable to those being employed in the spatial description. Similarly, stations, taxa and chemicals
selected to test specific hypotheses will be included in the spatial description.

Taxa for the spatial study will be selected to maximize comparability within the study unit and among
study units. Thus a strong preference will be given to organisms from the NATT list. More than one species
(preferably both a fish species and an invertebrate species) will be collected at least at 50 percent of the
stations. In many study units, no single taxon will occur in all streams and rivers. Spatial distributions in
those instances will be derived from comparisons of streams and river segments with similar or
overlapping taxa. Water and sediment data also can be considered in such comparisons.
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Chemicals selected for the spatial study will be those defined as locally important by the retrospective
literature survey, the tissue contaminant occurrence survey, and the sediment contaminant occurrence
surveys. Chemicals targeted nationally for study will be included.

One product of the first stage of the spatial sampling will be an overview of the distribution of locally
important contaminants in the study unit with a nationally consistent, minimum spatial scale of resolution.
As the spatial study becomes more detailed, a conceptual model of contaminant distributions should
progressively develop. Within and among basins, such models will take the form of reach comparisons,
maps, and quantitative or qualitative descriptions. The products of the spatial study will set the stage for
more intensive studies that explain contaminant problems and contaminant effects within the study unit.

jective 4: National distribution of bloavailabl ntaminan

As data on contaminant tissue concentrations progressively accumulate in each study unit, satisfaction
of regional and national objectives should begin to unfold with only minimal adjustment of study design.
For example, as objectives 1-3 are satisfied, a data base will develop describing contaminant concentrations
in a select group of species (the NATT list), each under a variety of conditions. From these data, comparisons
will be possible of contamination in the different streams where each NATT species resides. An analysis of
a NATT from any study unit can then be compared to analysis of the same taxon from other study units,
providing a national perspective (or ranking) for the former. Ultimately national or regional maps should
be possible showing the relative contamination of streams and rivers with similar fauna.

Some of the most interesting tissue analysis studies will be designed to evaluate and explain
bioavailable contaminant distributions and effects. These studies will build on the base of understanding
developed in the first four objectives. Local issues and regional or national comparisons (for example, the
effects of specific land uses) will determine the choice of questions, stations, and chemicals to be studied.
The first critical step in these studies is designation of a well-defined hypothesis. The statistical design for
these comparative studies will be carefully considered before the study begins. Designation of a reference
environment will be an important part of many comparisons. Most cases will require collecting replicate
samples of comparable taxa from replicated, paired stations (indicator sites) or along a gradient.
Comparability among sites is the most important criteria for the choice of species. Intensive sample
collection and relatively large numbers of analyses will be necessary to answer most questions. Because the
questions will be specific, most studies will involve analysis of only selected chemicals. Similar ecological
region, stream size, drainage area, riparian vegetation, habitat, and substrate are preferable for comparisons
between stations. However, the hydrologic similarity is less important in such comparisons than collection
of comparable taxa (in terms of species, size, age, and life stage). Data from analyses of water and sediment
will add to our understanding in these studies. Only a few hypotheses will be tested in each NAWQA basin
during each cycle. However, through time, understanding developed from these studies will progressively
increase and broad interpretations (within and among study units) will progressively develop. The
products of this objective will then include reports describing local, regional and national influences of land
use, effects of point sources, and effects of hydrologic processes or features on the distribution and effects
of bioavailable contaminants.

ive 6: Baselin ncentration

Determination of background, baseline, or reference concentrations of chemicals in tissues will be an
important part of interpreting the extent and significance of tissue contamination. Reference stations will
be explicitly selected for sampling in every NAWQA study unit as part of the contaminant occurrence
survey, the spatial characterization, and the studies testing hypotheses. A regional and national goal is to
develop a data base of reference concentrations for each contaminant and for each NATT as these reference
stations are sampled. Understanding variability in baseline concentrations will also be essential for many
statistical comparisons. Thus, it will be important in the early stages of NAWQA to identify the variance
associated with reference concentrations for widely dispersed contaminants or those contaminants that
occur naturally. Systematic study of sample variance within reference stations, within reference streams,
and among reference streams for NATT species will be carried out in at least some study units in the first
cycle of NAWQA.
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Stations selected as references for tissue analysis should coincide with ecological survey reference
stations wherever possible. One product of this objective then will be chemical verification of the reference
status of the ecological reference sites. Conversely, for stations having concentrations of contaminants
exceeding reference concentrations, influences of contaminants on communities of fish and invertebrates
must be considered. The reference concentrations will be critical for local, regional, and national
interpretation of the severity of contamination. A data base for such comparisons will be an important
product of this objective. The influence of land use changes (for example, logging) or hydrologic differences
on tissue concentrations of contaminants will also be assessed as reference data accumulates, providing
another product of this objective.

jective 7: Contaminant bioavaiiabiii

Contaminant concentrations in tissues will aid interpretations concerning the fate and bioavailability
of many contaminants. One way of assessing processes that determine contaminant bioavailability is to
determine partitioning between sediments, water, and tissues in different hydrologic regimes.
Comparisons of contaminant partitioning between different species within a food web also might enhance
such understanding. Objective 7 is an interpretive goal, in which such partitioning will be calculated where
the appropriate data are available at a station or series of stations. Some specific sampling to accomplish
this goal will occur, guided by explicit national synthesis questions. However, most data will come from
efforts directed toward other objectives. Fixed-station and sediment contaminant occurrence sites will be
good choices for tissue analysis sampling stations that will meet this objective. Use of taxa from the NATT
list will be essential for comparisons over broad geographic scales. At some stations more extensive
sampling of food webs may be undertaken. Some replication of composite samples will be necessary to
assure the statistical validity of the results.

Local, regional, or national comparisons of partitioning data can all contribute to the study of processes
controlling contaminant bioavailability. Thus the products of this objective will be local explanations of
contaminant partitioning and advances in general process understanding that will benefit regional and
national interpretations of water quality.

minan ible fish flesh

Samples of fish collected for analysis of organic compounds in NAWQA typically will consist of
composites of eight whole fish. Therefore, any sampling of game fish for objectives 1, 2, and 3 will not be
applicable for an assessment of contaminants in fish flesh. Samples from a limited number of stations (three
to four) will be needed to meet this objective. These stations will be sampled in the final year of intensive
data collection (the fifth year of the NAWQA cycle). Samples will be collected from stations where fish are
harvested in sport or commercial fishing and where prior study showed contamination is present or likely.
Contamination will be interpreted relative to state, national, and international criteria for toxicants in edible
tissues. Analyses will be restricted to those contaminants that concentrate in fish muscle and that have
potential effects on human health. Examples include the chlorinated pesticides or mercury. Samples for this
objective will not be collected in study units where local entities adequately assess human health threats in
fish flesh.

Nonintensive Sampling Period (Years 6-9)

During the nonintensive phase of a NAWQA cycle (years 6-9), study-unit activities will focus on data
management and analysis and report preparation. However, limited field sampling will continue, one time
per year and only at those four to eight stations selected for trend analysis. These data will be used to bolster
the existing trend data collected during the intensive sampling phase and to provide a means for detecting
step trends.

Factors Affecting Selection of Target Chemicals

NAWQA will use a two-stage procedure to select chemicals. Several bioaccumulative contaminants
including synthetic organic compounds and trace elements will be targeted for analysis during
contaminant occurrence sampling. The contaminants selected for this broad analysis will be determined by
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the availability of analytical methods, contaminant toxicity, and biocaccumulative potential; and the capacity
of target taxa to metabolize them. Chemicals not detected during the occurrence survey, not found in water
and sediment analyses, and not expected in the basin will not be analyzed during sampling for the later
objectives. The goal of this procedure is to first insure that all chemicals are considered in all study units,
then to reduce costs of the more detailed study efforts by eliminating analyses for contaminants occurring
at concentrations less than the limits of detection. Examples of suites of chemicals that might be eliminated
at some cost savings when approaching other objectives include polynuclear aromatic hydrocarbons,
dioxin-like chemicals, or the mercury-arsenic-selenium suite of trace elements that require separate samples
and analytical procedures different from other trace elements. Chemicals included in national synthesis
studies will be determined in all samples whether or not they are found during the reconnaissance. The
following discussion explains in detail how contaminants are selected for inclusion in the tissue analysis
studies.

Analysis of tissues in the NAWQA Program will include potentially toxic trace elements and synthetic
organic compounds. For purposes of this document, the term synthetic organic compounds includes a
variety of pesticides, polynuclear aromatic hydrocarbons, chlorinated dioxins and furans, and methyl
mercury, even though some of these also may be considered naturally occurring.

Does analytical NO
capability exist for P Do not determine. ﬁ
contaminant?
y ES +NO
NO Is contaminant
Is bioconcentration  jumsssssmiiie- widespread?
factor > 300? highly toxic?
YES
‘ YES
Is contaminant
rapidly metabolized? | yES
Is contaminant:
NO .
sdetected in occurrence
survey?
sexpected in basin? NO

Analyze in fmeel-]  ccommon in water? —l

contaminant . .
scommon in sediment?
occurrence survey.

i }-

YES
Is contaminant on > Analyze in spatial
national priority list? distribution surveys.

Figure 4.--Decision tree for selecting target synthetic organic compounds for analysis in
tissues collected in the National Water-Quality Assessment Program.
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Analysis of contaminants can be a major expense in a water-quality assessment program, especially
organic contaminants. Six principles have been defined to guide a cost-effective choice of contaminant
analysesin tissues for NAWQA. The process that guides that choice is outlined in figure 4 and the principles
are listed below.

(1) Analytical methodology must be available to detect the contaminant at biologically meaningful
concentrations.

(2) The compounds with highest priority for analysis are those with the greatest potential for
bioconcentration (that is, those with the highest hydrophobicity or octanol:water partition
coefficient).

(3) Targeted compounds will be toxic to biota or to humans.

(4) Biological factors will be considered in the choice of contaminants for analysis and the methods
of analysis. Compounds will not be determined in taxa that readily metabolize them although
the metabolic products are candidates for analysis. All tissue analyses of organic contaminants
will be accompanied by lipid analyses.

(5) Samples collected from the first year contaminant occurrence sampling will be analyzed for a
wide suite of compounds including all those on the national target list. Analyses in the
following years of spatial distribution, trends, and low-intensity sampling will be limited to
compounds shown important in either the contaminant occurrence tissue sampling, the
sediment/water sampling, or prior studies in the basin.

(6) Organic compounds chosen for analysis in tissue samples in the spatial distribution and trends
sampling should be a subset of those chosen for study in sediments within each basin, so the
data are complementary. Compounds that are important in the programs of other agencies also
will be given strong consideration.

Analytical Capablilties

Assurance of adequate methods and careful attention to the precision and accuracy of those methods
are essential. Interlaboratory comparisons in other programs have demonstrated the reliability of available
methods for analysis of many organochlorine pesticides, polychlorinated biphenyls, and some polynuclear
aromatic hydrocarbons in tissues (Farrington and others, 1988). Useful determinations of other halogenated
hydrocarbons also have been conducted in tissues (Pereira and others, 1988). The availability of reliable,
sensitive methods may be the ultimate limiting step for study of many new organic compounds in tissues.
If such methods are not available, a compound will not be determined in NAWQA. However, on-going
development of such analytical methods will part of research conducted complementary to the NAWQA
program.

Another analytical consideration is that limits of detection must be low enough to find biologically
meaningful concentrations in tissues. Limits of analytical detection are a function of the tissue mass
included in a sample, the ultimate volume into which that mass is dissolved, the extraction efficiency of the
solvent, and the detection capabilities of the instrumentation. Therefore, field collections will have as much
influence on whether a contaminant is detectable as laboratory processing. An important aspect of
interpreting occurrence data is determining whether sample mass has been adequate to achieve desired
detection limits. As general guidance, meaningful limits of detection should be 5 ug/kg for polynuclear
aromatic hydrocarbons, 5 ug/kg for chlorinated pesticides, 1.0 pug/kg for polychlorinated biphenyl
congeners, and 1.0 ug/kg for chlorinated dioxins and furans. Methods used for analysis of mercury should
be capable of detecting the compound at 0.1 pg/g. Another trace element that is often difficult to detect is
cadmium. In general, if sample mass for inductively coupled plasma (ICP) analysis is adequate to detect
cadmium at 0.1 ug/g, other trace elements also will be detectable. A sample mass of 5 g wet weight is
adequate if all trace elements are to be analyzed. One-half this mass can be employed if only ICP or only
arsenic, selenium, and mercury are to be analyzed (for example, in spatial distribution study).
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Bioconcentration

The concentration of an organic compound that may accumulate in an organism is determined by the
physical and chemical properties of the compound in question, its concentration in the environment, and
metabolism, excretion, and other physiological rates in the organism. An important characteristic is the
compound’s hydrophobicity--how strongly it is repelled by water. This characteristic typically is measured
by the n-octanol:water partition coefficient (K,,,) which measures the extent a compound dissolves in the
solvent n-octanol, compared to the extent the compound dissolves in water (Chiou and others, 1977;
Moriarty, 1983). In general, the higher the n-octanol:water partition coefficient, the more hydrophobic the
compound, and the more likely it is to partition into aquatic organisms. (The octanol:water partition
coefficient is a good predictor of accumulation potential up to a certain point; chemicals with high
coefficients (log K, > 6) tend not to accumulate because their large molecular size limits absorption.) Thus,
the hydrophobic compounds with bioconcentration factors greater than 300 will be the focus of organic
analyses for tissue studies in NAWQA.

Other Biologicai Factors

Biota have varying capabilities for metabolizing contaminants; therefore, consideration of these
capabilities is a prerequisite for selecting target organic compounds for analysis. Some organic compounds
are not bioaccumulated because they are rapidly metabolized. Chemicals will not be targeted if rapid
(within a month’s time) metabolism occurs in a species, or if analytical methodology is not available for
determination of metabolites. For example, fish have readily inducible mixed function oxidase systems that
oxidize polynuclear aromatic hydrocarbons (PAH’s). Because it is well established that PAH's do not
bioaccumulate in fish, analyses for these compounds will not be conducted in fish samples. On the other
hand, invertebrates also possess such enzymes but are generally less efficient in oxidizing PAH’s. Mollusks
have been successfully employed in studies of such compounds elsewhere (Pearson and others, 1980; Hale,
1988; Pereira and others, 1988). Therefore, PAH's will be analyzed in mollusks in NAWQA. Fish tissues and
invertebrate tissues both can be valuable in studies of refractory organics such as organochlorine pesticides,
polychlorinated biphenyls and other halogenated hydrocarbons. Because of the relation between lipid
content and concentrations of organic contaminants in tissues (Chiou, 1985), lipid analysis is essential on all
samples. Similarly, animal size and age are important in interpreting data for some types of refractory
organics and trace elements and these data will be collected for all fish in NAWQA tissue samples.

Tar nds for i rr

Organic Compounds

The NAWQA list of organic analytes will be similar to the analytes targeted by other programs. In the
NS&T, analyses are conducted for polynuclear aromatic hydrocarbons (PAH’s), chlorinated pesticides, and
polychlorinated biphenyls (PCB’s). In their NCBF, the FWS analyzes for chlorinated pesticides and
industrial chemicals. The NSCREF list includes dioxins and furans because of their extreme toxicity. From
these, a pattern emerges of measuring PAH’s, PCB’s, DDT and its derivatives, dioxins and furans, and an
array of chlorinated hydrocarbon pesticides.

Methods used by the USEPA to select the list of target chemicals for the NSCRF are a starting point for
selecting target organic compounds for tissue analysis in NAWQA. The approach was to assemble a list of
candidate compounds on the basis of their bioaccumulation potential and their effects on human health.
This resulted in a list of 403 compounds (U.S. Environmental Protection Agency, 1986). The list was
narrowed by dropping all compounds having bioconcentration factors (BCF's) less than 300 because the
projected human exposure from fish consumption for these compounds would be less than the projected
exposure from drinking water. Of the remaining compounds, some were eliminated from consideration
because they are quickly transformed in the environment. Others were removed because of potential
analytical problems or because they were judged to pose no threat to humans.
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The final NAWQA occurrence list (table 4) includes several chlorinated pesticides, total PCB’s and
several PCB congeners, 15 chlorinated dioxins and furans, and PAH’s (invertebrates only). Desirable PCB
congeners to be analyzed will include a combination of the most toxic ones and the ones most commonly
found in environmental samples, based primarily on the works of McFarland and Clarke (1989), Duinker
and others (1988), Jones (1988), Jones and others (1989), and Smith and others (1990). However, congener
analysis will be determined by available methodology. A few chemicals (for example, heptachlor epoxide,
hexachlorocyclohexanes (BHC), and oxychlordane) also are included on the NAWQA reconnaissance list
because of their toxicity, history of widespread usage, or because they have been frequently analyzed in
tissues collected in other programs, even though some have bioconcentration factors of less than 300. Some
dioxins and furans are included because of their extreme toxicity. However, because of the high cost of their
analysis, analyses for these compounds should be limited to selected stations in study units where USEPA
or other dioxin studies either were not conducted or showed dioxin to be present.
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Table 4.--Synthetic organic compounds targeted for analysis in tissues collected in the National Water-Quality
Assessment Program and currently analyzed In existing tIssue analysls programs of national scope
[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlife Servics; +, included
in the program)

Program

Environmental
National Water- National Status National Study Monitoring and National
Chemical name Quality and Trends of Chemical Assessment Contaminant
Assessment Program Residues in Program, Biomonitoring
Program (Ngz A) Fish Surface Waters Program
(USGS) (USEPA) Component (FWS)
(USEPA)

Polynuclear aromatic hydrocarbons’

Acenaphthene
Acenaphthylene
Anthracene
Benz(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Benzo(e)pyrene

Biphenyl

Chrysene
Dibenz(a,h)anthracene

2, 6-Dimethylnaphthalene
Fluoranthene

Fluorene
1-Methylnaphthalene
2-Methylnaphthalene
1-Methyliphenanthrene
Naphthalene +
Perylene

Phenanthrene +

Pyrene +

Organochlorine insecticides

+ + 4+ + 4+ + 4+
+

+ o+ + + +

+ 4+ ++ 4+ +++

Aldrin
Chlorbenzilate
Chlordane, cis + +
Chlordane, trans
Chlorpyrifos

o, p’-DDD
p.p’-DDD
o,p’-DDE

p, p’-DDE
o,p’-DDT
p.p’-DDT

Dicofol (Kelthane)
Dieldrin
Diethylhexylphthalate (DEHP) +

+
<+
+

+ 4+ 4+ + ++++ 4
+ o+ 4+ 4+ + o+
+ + + +
+ o+ + + 4+
+ o+ + 4+ 4+ 4+

+
<+
+
<+
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Table 4.--Synthetic organic compounds targeted for analysis In tissues collected In the National Water-Quality Assessment
Program and currently analyzed in existing tissue analysis programs of national scope--Continued
[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlife Service; +, included
in the program]

Program

Environmental
National Study Monitoring and National
of Chemical Assessment Contaminant
Residues in Program, Biomonitoring
Fish Surface Waters Program
(USEPA) Component (FWS)
(USEPA)

National Water- National Status

Chemical name Quality and Trends
Assessment
Program

Program
(USGS) (NOAA)

Organochlorine insecticides—Continued

Diphenyldisulfide
Endrin
Heptachlor
Heptachlor epoxide
Hexachlorocyclohexane(HCH), alpha
Hexachlorocyclohexane(HCH), beta
Hexachlorocyclohexane(HCH), delta
Hexachlorocyclohexane(HCH), gamma
(Lindane)
Hexachlorocyclopentadine
Kepone (Chlordecone)
o, p’-Methoxychlor
P, p’-Methoxychlor
Mirex
n-alkanes
Nitrofen
Nonachlor, cis
Nonachlor, trans
Oxychlordane
Pentachloroanisole
Perthane
Toxaphene
Trichloronate
Herbicides

+ 4+ 4+ + + +
+ 4+ 4+ 4+ + 4

+ 4+ 4+ 4+ + + 4
+ 4+ 4+ + + + + +

+ o+ + 4+ 4+

+ 4+ + +

+ 4+ + + + +

+ 4+ 4+
+ 4+ o+ 4

+

Butachlor +

Isopropalin + +

Trifluralin + + +
Fungicides

+

Hexachlorobenzene (HCB) + + + + +
Pentachloronitrobenzene (PCNB)
Miscellaneous industrial compounds

+
+
+

Octachlorostyrene
Pentachlorobenzene
Pentachlorophenol (PCP)
1,2,4,5-Tetrachlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3,5-Tetrachlorobenzene

+ o+ o+ + o+ o+
+ + + 4+ + o+
+ o+ o+ o+ o+ o+
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Table 4.--Synthetic organic compounds targeted for analysis in tissues collecited in the National Water-Quality
Assessment Program and currently analyzed in existing tissue analysis programs of national scope--Continued
[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlife Service; +, included
in the program]

Program
Environmental
National Water- Nati National Study Monitoring and National
: ational Status . ;
Chemical name Quality and Trends of Chexmc'al Assessment Cor\tan'una.nt
Assessment Program Residues in Program, Biomonitoring
Program (NOAA) Fish Surface Waters Program
(USGS) (USEPA) Component (FWS)
(USEPA)

Miscellaneous industrial compounds—Continued

1,2,3-Trichlorobenzene + +

1,2,4-Trichlorobenzene + + +

1,3,5-Trichlorobenzene + + +

Triphenyl phosphate + +
Polychlorinated biphenyls

Monochlorobiphenyls +

Dichlorobiphenyls + +

Trichlorobiphenyls + +

Tetrachlorobiphenyls + +

Pentachlorobiphenyls + +

Hexachlorobiphenyls + +

Heptachlorobiphenyls + +

Octachlorobiphenyls + +

Nonachlorobiphenyls + +

Decachlorobiphenyls +

Total PCBs + +

PCB congeners (selected) + +

Aroclor 1242 +

Aroclor 1248 +

Aroclor 1254 +

Aroclor 1260 +
Chlorinated Dioxins and Furans

2,3,7,8-TCDD + +

1,2,3,7,8-PeDD + +

1,2,3,6,7,8-HxDD + +

1,2,3,7,8,9-HxDD + +

1,2,3,7,8-HxDD + +

1,2,3,4,6,7,8-HpDD + +

2,3,7,8-TCDF + +

1,2,3,7,8-PeDF + +

2,3,4,7,8-PeDF + +

1,2,3,6,7,8-HxDF + +

1,2,3,7,8,9-HxDF + +

1,2,3,4,7,8-HxDF + +

2,3,4,6,7,8-HxDF + +

1,2,3,4,6,7,8-HpDF + +

1,2,3,4,7,8,9-HpDF + +

1 Not targeted for analysis in vertebrates.
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Trace Elements

Eighteen trace elements will be analyzed in tissues collected in NAWQA study basins during the
chemical reconnaissance (table 5). These constituents include 16 of the 20 major metals and trace elements
selected as target variables for the pilot phase of NAWQA (Hirsch and others, 1988, p. 18). Boron, iron, and
manganese do not normally pose toxic threats to aquatic animals or humans, and are therefore not
candidates for tissue analysis. However, iron and manganese can be used as normalization factors to
account for the amount of other elements that were found in the organism as a result of sediment in the gut.
Therefore, they are included in the target list. Fluoride has a low bioaccumulative potential (Wright, 1977),
eliminating it as a candidate for analysis in tissues.

Many inorganic elements are regulated by aquatic organisms. Several of these are required in
biochemical reactions or are required in enzymes, vitamins, or hemoglobin-like molecules. However, when
the ability of an organism to metabolize these elements is overwhelmed, the element can act as a toxicant.
Some are poorly bioaccumulated. For example, many trace elements that behave as cations (with the
exception of mercury) are not bioaccumulated in fish muscle. Thus, trace element analyses will be
conducted on fish livers, but not on fish muscle.

Table 5.--Major metals and trace elements targeted for analysis In tissues collected In the National
Water-Quality Assessment Program and currently analyzed in existing tissue analysis
programs of national scope

[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlife Service; +, included

in the program]
Program
. Environmental .
. Wal:gt-l(gziity National Status National Study Monitoring and Col:{:;?\?:;nt
Major metals and A and Trends of Chemical Assessment . o
ssessment . - Biomonitoring
trace elements Program Program Residues in Fish Program, Surface Program
(USGS) (NOAA) (USEPA) Waters Component (FWS)
(USEPA)
Aluminum + + +
Antimony + +
Arsenic + + + +
Barium +
Beryllium +
Cadmium + + + +
Chromium + + +
Copper + + + +
Iron + + +
Lead + + + +
Manganese + +
Mercury + + + + +
Molybdenum +
Nickel + + +
Selenium + + +
Silicon +
Silver + + +
Thallium +
Tin + +
Vanadium +
Zinc + + + +
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Only one tissue sample is needed to determine all the elements in table 5. The laboratory will split the
sample for the different analytical procedures. One part will be used exclusively for analysis of mercury by
cold vapor atomic absorption spectrophotometry with hydride analysis and one part for inductively
coupled plasma mass spectrometry and inductively coupled plasma emission analysis. Inorganic
constituents may be added to the target list to address specific problems in individual study units. Trace
elements targeted for analysis in tissues also should be analyzed in water and bottom sediments.

Tar hemi nal Following th nant- I

Chemicals may be eliminated from spatial distribution samples and trends samples if not found in the
contaminant occurrence phase samples. Little cost savings will be realized unless an entire suite of elements
(for example, those analyzed by ICP or those analyzed by hydride analysis, dioxins, or PCB’s) is eliminated,
however. Reducing the number of contaminants studied during the later phases of study raises a risk that
an important contaminant will be missed in the basin. This risk is more than offset by the possibility of
eliminating expensive “below detection” results that would take resources away from other aspects of
NAWQA. If a cost savings can be realized and there is no reason to suspect that a compound is of interest
in a particular study unit, then there will be no analysis for the compound in question during the more
detailed studies. Of course, compounds should not be eliminated from consideration if no cost savings is
realized. The results of the contaminant occurrence survey, results from water and sediment chemistry
studies in the first year of the NAWQA cycle, and prior studies in the study unit will be employed to define
the compounds selected for the more detailed sampling. However, all the compounds identified as
important by other components of NAWQA are not necessarily appropriate for tissue analysis. For
example, water samples will be analyzed for the more polar, hydrophilic compounds including the
chlorophenoxy acids and triazine herbicides, organophosphorus, and carbamate insecticides, and in some
cases, methylene-chloride-extractable and purgeable compounds. Analyses of most of these compounds in
tissues is not necessary because many are readily metabolized or poorly bioconcentrated. Thus, each
compound should be given careful scrutiny by the study unit team when targeting chemicals for each
objective. While there needs to be consistency in the list of target compounds from year to year, the list
should also be flexible. For example, a compound of concern should be added to the target list if its initial
use in the basin occurs following establishment of the list. The best opportunity for modifying the target
contaminant list will come in each NAWQA cycle when the results of the chemical reconnaissance are
available.

lection of Taxa for Anaiys!

Resident taxa will be collected for the NAWQA tissue bioassessment. The choice of taxa to be analyzed
from each site will depend upon occurrence and abundance of resident taxa, whether the sample is to be
analyzed for organics or trace elements, the objective being satisfied, and whether samples of comparable
taxa are being collected elsewhere within the basin (or in the nation). The local study team will make the
specific choices, within nationally consistent guidelines. The NATT list defines the taxa that local teams
should target in most collection efforts. A decision tree establishes priorities within the list. Although the
details of the NATT list may change as experience increases, it will provide a national tissue contaminant
data base for a limited number of species widespread in freshwater environments. Focusing on species on
the NATT list will help maximize the number of sites and basins across the nation that can be compared.

Bioassessments of contaminants in tissues can employ transplanted individuals of one species (Hayes
and others, 1986), or targeted taxa resident at each sampling site (National Oceanic and Atmospheric
Administration, 1989). The use of transplanted individuals involves moving individuals of the selected
species from a common site to each site of interest, and holding those individuals over a pre-determined
period of exposure. The most important advantage of this strategy is that all data are (in theory) directly
comparable, because the same species is used everywhere. The strategy also has inherent disadvantages:
deployment in a foreign environment may affect behavior of the organism and contaminant bio-
accumulation; results are dependent upon short-term biocaccumulation kinetics rather than an integrated
lifetime of exposure; the transplanted individuals may never reach tissue concentrations of contaminants
similar to those found in local resident populations (Cain and Luoma, 1985), and transplantation studies
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involve a risk that unwanted nonnative taxa will become established and be harmful to the resident taxa.
The disadvantages from the use of transplanted taxa to simulate contaminant bioaccumulation are
especially significant in freshwater environments because of the diversity of the environments that must be
studied. Successful transplantation of a single species over the range of habitats included in NAWQA is
highly improbable.

Given the limitations of transplanting organisms and because NAWQA is an assessment of actual
conditions in the nation’s freshwaters, resident taxa better fulfill the program’s objectives than do deployed
species. Only resident taxa will be employed in tissue biomonitoring in NAWQA.

The use of resident taxa in the study of contaminant bioaccumulation also has disadvantages. The same
taxa will not be present in all environments because of the diversity of freshwater systems included in
NAWQA. The availability of taxa for analysis may be additionally constrained in the most contaminated
environments because of toxicity. Nevertheless, those taxa collected will represent the integrated lifetime
exposure that is actually occurring in nature. Special design considerations will be included to aid
comparability among environments. The simultaneous consideration of contaminants in water, sediment,
and biota, and the option of conducting local intensive studies, should aid interpretations where biota are
totally absent because of extreme contamination. Additional special studies may be warranted when all
biota are absent from a site. Even when biota are present, but no target taxa are available, study-unit staff
may choose to omit biological sampling for contaminants in tissues (see section on “Target Organisms for
NAWQA Tissue Analysis,” page 42).

Criterla for Cholce of Taxa

Several authors (Butler and others, 1971; Haug and others, 1974; Phillips, 1976a, 1976b, 1980; Farrington
and others, 1983; Bryan and others, 1985; Campbell and others, 1988) have outlined important
characteristics for biological indicators that are employed in tissue analysis studies. A summary of these
characteristics, with some modifications appropriate for NAWQA, is shown below.

(1) Concentrations of chemicals in the test organism should be responsive to environmental
exposures.

(2) Uptake of contaminants by the test organism should be rapid re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>