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The Office of Ocean Resources Conservation and Assessment (ORCA) provides
decision makers with comprehensive scientific information on characteristics of the
oceans, coastal areas, and estuaries of the United States of America. The
information ranges from strategic, national assessments of coastal and estuarine
environmental quality to real-time information for navigation or hazardous
materials spill response. Through its National Status and Trends (NS&T)
Program, ORCA uses uniform techniques to monitor toxic chemical contamination
of bottom-feeding fish, mussels and oysters, and sediments at about 300 locations
throughout the United States. A related NS& T Program of directed research
examines the relationships between contaminant exposure and indicators of
biological responsesin fish and shellfish.

ORCA provides critical scientific support to the U.S. Coast Guard during spills of
oil or hazardous materials into marine or estuarine environments. This support
includes spill trgjectory predictions, chemical hazard analyses, and assessments of
the senditivity of marine and estuarine environments to spills. The program
provides similar support to the U.S. Environmental Protection Agency's Superfund
Program during emergency responses at, and for the cleanup of, abandoned
hazardous waste sites in coastal areas. To fulfill the responsibilities of the
Secretary of Commerce as a trustee for living marine resources, ORCA conducts
comprehensive assessments of damages to coastal and marine resources from
discharges of oil and hazardous materials.

ORCA collects, synthesizes, and distributes information on the use of the coastal
and oceanic resources of the United States to identify compatibilities and conflicts
and to determine research needs and priorities. It conducts comprehensive,
strategic assessments of multiple resource uses in coastal, estuarine, and oceanic
areas for decisonmaking by NOAA, other Federa agencies, state agencies,
Congress, industry, and public interest groups. It publishes a series of thematic
data atlases on mgor regions of the U.S. Exclusve Economic Zone and on
selected characteristics of mgor U.S. estuaries.

ORCA implements NOAA responsibilities under Title 11 of the Marine Protection,
Research, and Sanctuaries Act of 1972; Section 6 of the National Ocean Pollution
Planning Act of 1978; the Oil Pollution Act of 1990; the National Coastal
Monitoring Act of 1992; and other Federal laws. ORCA encompasses four major
line organizations. Coastal Monitoring and Bioeffects Assessment Division,
Hazardous Materials Response and Assessment Division, Strategic Environmental
Assessment Division, and the Damage A ssessment Center.
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Figure 7a. Total chromium concentration in tissues of clams deployed in Tannery Bay and
at reference stations.

Figure 7b. Total chromium content in clams deployed in Tannery Bay and at reference
stations.

Figure 8a. Lead concentration in tissues of clams deployed in Tannery Bay and at reference
stations.

Figure 8b. Lead content in clams deployed in Tannery Bay and at reference stations.

Figure 9a. Total mercury concentration in tissues of clams deployed in Tannery Bay and at
reference stations.

Figure 9b. Total mercury content in clams deployed in Tannery Bay and at reference
stations.

Figure 10a. Methylmercury concentration in tissues of clams deployed in Tannery Bay and
at reference stations.

Figure 10b. Methylmercury content in clams deployed in Tannery Bay and at reference
stations.

Figure 11. End-of-test whole-animal wet weight for clams deployed in Tannery Bay and at
reference stations.

Figure 12. Whole-animal wet-weight growth rates for clams deployed in Tannery Bay and
at reference stations.

Figure 13. End-of-test tissue weights for clams deployed in Tannery Bay and at reference
stations.

Figure 14. Percent lipids for clams deployed in Tannery Bay and at reference stations.

Figure 15. Percent solids for clams deployed in Tannery Bay and at reference stations.

Figure 16. Water temperatures in Tannery Bay and at reference stations.

Figure 17. Average daily temperatures in Tannery Bay and at reference stations.
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APPENDIX A
DRAFT STANDARD GUIDE FOR CONDUCTING FIELD BIOASSAY S
WITH MARINE, ESTUARINE AND FRESHWATER BIVALVES



DRAFT Standard Guide for
Conducting Field Bioassays with Marine, Estuarine and Freshwater
Bivalves

1.0 Scope

1.1 This guide describes procedures for obtaining field data concerning: a)
Bioaccumulation of chemicals in bivalve tissues; and b) Short- and long-term adverse
effects on bivalves associated with exposure to contaminated or:uncontaminated water
or sediment under natural conditions in the field. These procedures are useful for
testing most bivalves although modifications may be ' necessary for a particular species.
They could also be applied to testing other animal groups. The simultaneous, synoptic
measurement of bioaccumulation and bioeffects in the same organism permits the
calculation of dose-response relationships where the dose can be defined as either the
concentration of chemicals in water or sediment, and response is some biological effect
like survival or growth or a biochemical estimate of animal health such as percent lipids
or percent carbohydrates in bivalve tissues.

1.2 Other modifications of these procedures might by justified by special needs or
circumstances. Although using appropriate procedures is more important than
following prescribed procedures, results of tests conducted using unusual procedures
are not likely to be comparable to results of many other tests. Comparisons of results
obtained using modified and unmodified versions of these procedures might provide
useful information concerning new concepts and procedures for conducting field
bioassays with bivalves.

1.3 These procedures are applicable to water and sediment in marine, estuarine, and
freshwater environments with almost any combination of contaminants. The
procedures could be regarded as a guide to an exposure system to assess
bioconcentration and toxicity of chemicals and the effects of natural factors. Materials
either adhering to sediment particles or dissolved in water can be tested.

1.4 Bioconcentration results of these short- and long-term exposures can be reported in
terms of absolute concentrations of chemicals in bivalve tissues (e.g., ©g/g), mass of
chemical per animal (e.g., ng/animal), rate of bioaccumulation, or bioaccumulation
factors (if water or sediment concentrations are measured as well). Toxicity results can
be reported in terms of survival or growth rate after exposure for some defined period.
Most biochemical'indicators can probably be used only as indicators of exposure
although some may be used as indicators of effects (e.g., % lipids, carbohydrates,
water). Field surveys can be designed to provide either a qualitative reconnaissance of
the distribution of bioconcentration or toxicity in water or sediment or a quantitative
statistical comparison of toxicity and bioconcentration among stations or relative to a
reference or control site.
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1.5 This guide is arranged as follows:

2.0 Referenced documents
3.0 Terminology
4.0 Summary of Guide
5.0 Significance and Use
6.0 Interferences
7.0 Hazards
8.0 Experimental Design
9.0 Apparatus
9.1 Facilities
9.2 Construction Materials
9.3 Deployment Cages
10.0 Test Organisms
10.1 Species
10.2 Size and Age of Test Organisms
10.3 Source
11.0 Field Procedures
11.1 Collection
11.2 Handling
11.3 Holding
11.4 Animal Quality
11.5 Presort
11.6 Distribution
11.7 Attachmentto PVC Frame
11.8 Deployment
11.9 Retrieval and End-of-Test Measurements
11.10 Analysis of Tissues for Background Contamination
11.11 Collection and Preparation of Tissues for Analysis
11.12 Quality Assurance/Quality Control Procedures
11.13 Sample Containers, Handling, and Preservation
11.14 Logistics
12.0 Ancillary Methodology
12.1 Temperature
12.2 Food
13.0 Acceptability of Test
14.0 Interpretation of Results
15.0 Report
16.0 Keywords
17.0 Annexes

1.6 The values stated in the International System of Units (SI) (the Modernized Metric
System) units are to be regarded as standard.
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1.7 This standard may involve hazardous materials, operations, and equipment -
particularly during field operations in turbulent waters. This standard does not purport
to address all of the safety problems associated with its use. It is the responsibility of
the user of this standard to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to use. Specific hazard
statements are given in Section 7.

2.0 Referenced Documents

2.1 ASTM Standards:

D 1129 Terminology Relating to Water

D 3976 Practice for Preparation of Sediment Samples for Chemical Analysis

D 4447 Guide for Disposal of Laboratory Chemicals and Samples

E 380 Practice for Use of the International System of Units(Sl) (the Modernized Metric
System)

E 724 Guide for Conducting Static Acute Toxicity Tests Starting with Embryos of Four
Species of Saltwater Bivalve Molluscs

E 729 Guide for conducting Acute Toxicity Tests with Fishes, Macroinvertebrates and
Amphibians

E 943 Terminology Relating to Biological Effects and Environmental Fate

E 1023 Guide for Assessing the Hazard of a Material to Aquatic Organisms and Their
Uses

E 1192 Guide for Conducting Acute Toxicity Tests on Aqueous Effluents with Fishes,
Macroinvertebrates, and Amphibians

3.0 Descriptions of Terms Specific to This Standard

3.1 bioaccumulation - the net accumulation of a substance by an organism as a result
of uptake from all environmental sources

3.2 bioconcentration - the net accumulation of a substance by an aquatic organism as a
result of uptake directly from aqueous solution

3.3 apparent steady-state bioconcentration factor - a BCF that does not change
significantly over a period of days of weeks between sampling intervals, that is, the
BCEF that exists when uptake and depuration are equal and bioconcentration (net
accumulation) is zero over the measurement interval

3.4 bioconcentration factor (BCF) - the quotient, at any time during the uptake phase of
a bioconcentration test, of the concentration of a material in one or more tissues of an
aquatic organism at that time, divided by the effective average exposure concentration
at that time of the same material in the solution which contains the organism, units of
volume of solution per mass of organism. (BCFs are usually calculated so that the
volume of solution, for example 1 L, is about comparable to mass of tissue, for
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example, 1 kg, and the BCF is reported without units

3.5 bioaccumulation factor (BAF) - as above but including all environmental sources
such as food and suspended sediment

3.6 uptake - acquisition of a substance from the environment by an organism as a
result of any active or passive process

3.7 depuration - the loss of a material from an aquatic organism

3.8 growth dilution - process whereby the rate of accumulation’is exceeded by the rate
of tissue growth so that when the concentration is expressed on.mass of chemical per
mass of tissue over time, it appears as though depuration is occurring because the
concentration («g/g) is decreasing

3.9. degrowth magnification - process whereby the tissue mass is lost during the
exposure period and the chemical mass remains constant over time, so that when the
concentration is expressed on mass of chemical per mass of tissue over time, it
appears as though bioaccumulation is occurring because the concentration (..g/g) is
increasing

3.10. chemical concentration - mass of chemical per tissue mass (e.g., ©g/g)

3.11. chemical content - mass of ehemical per whole animal (e.g., xg/animal) can be
used to normalize the expression of chemical uptake per unit time by eliminating the
effects of growth on changing tissues masses

3.12. the words “must,”, “should,” “may,” *
meanings in this guide.

can,” and “might,” have very specific

3.12.1 “Must” is used to express an absolute requirement, that is, to state that a
test ought to be designed to satisfied the specified condition, unless the purpose of the
test requires a different design. “Must” is only used in connection with factors that
directly relate to the acceptability of the test.

3.12.2 “Should” Is used to state that a specified condition is recommended and
ought to be met if possible. Although violation of one “should” is rarely a serious
matter, violation of several will often render the results questionable. Terms such as “is
desirable” are used in connection with less important factors.

3.12.3 “May” is used to mean “is (are) allowed to,” “can” is used to mean “is (are)
able to,” and “might” is used to mean “could possibly.” Thus the classic distinction
between “may” and “can” is preserved and “might” is never used as a synonym for
either “may” or “can.”
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3.13 For definitions of other terms used in this guide, refer to Terminology D 1129,
guide E 729, Terminology E 943, and Guide E 1023. For an explanation of units and
symbols, refer to Practice E 380.

4.0 Summary of Guide

4.1 This guide describes procedures for exposing aquatic bivalves to contaminated and
uncontaminated water and sediment under natural in-situ conditions in the field.

4.2 Although the approach can be used in a variety of aquatic applications to
characterize exposure and effects over space and time, the primary assessment
endpoints are intended to be bioaccumulation of chemicals in bivalve tissues to assess
biological availability and the measurement of growth to assess sublethal effects.
Growth is determined from changes in whole-animal wet-weight, shell length, tissue
weight, and shell weight.

4.3 Bioaccumulation and growth are compared among test sites for ranking purposes,
among reference and treatment sites, or among sites for temporal and spatial
variability.

4.4 The toxicity of the water or sedimentis indicated by the relative differences in
growth among sites or over time. Bioavailability is assessed in the same way by
comparing tissue concentrations. Itis also possible to use the data to construct dose-
response relationships and for source identification of point and non-point discharges
by comparing bioaccumulation‘and bioeffects at various distances away from
suspected sources of contamination.

4.5 1t is highly recommended that the concentration of chemicals in water and sediment
be made to support establishing the relationship between chemicals in various
compartments in a preponderance-of-evidence approach.

5.0 Significance and Use

5.1 The test procedure in this guide is intended to simulate the exposure of bivalves
under “natural, ” site-specific conditions. It is important to acknowledge that a number
of “natural” factors can affect bivalve growth and the accumulation of chemicals in their
tissues. For this reason, it is highly recommended that supplementary measurements
be made on those factors most likely to affect bioaccumulation and growth such as
temperature, food, suspended sediment, salinity, dissolved oxygen, pH, and the
velocity of water currents. These field exposures can also be conducted in conjunction
with laboratory bioassays to help answer questions raised in the field exposures. The
field exposures can also be used to validate the results of laboratory bioassays.

5.2 Protection of a community of organisms requires averting detrimental contaminant-
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related effects on the number and health of individuals and species within that
population. These field exposures provide information on the toxicity and bioavailability
of chemicals in water and sediment. Protection of the most sensitive species within a
community will theoretically protect the community as a whole. Although bivalves
generally are not the most sensitive species with respect to acute toxicity, sublethal
endpoints such as growth are often more sensitive than mortality endpoints measured
in most acute laboratory bioassays. Furthermore, their ability to concentrate chemicals
in their tissues and survive collection, handling and deployment make them an
excellent surrogate species. Other sensitive endpoints (e.g., reproduction and
biochemical markers such as metallothioneins and DNA strand breaks) are currently
being developed for a variety of bivalve species. In situ field bioassays with caged
bivalves provide a convenient method for measuring bioaccumulation and growth in the
same organism at the same time.

5.3 Bivalves are an abundant component of many soft bottom marine, estuarine, and
freshwater environments. A number of freshwater species have become extinct over
the past few decades and they may be an indicator-of exposure to chemical
contamination and associated biological effects. ‘Intertidal marine bivalves make up a
significant portion of many habitats and provide-habitats for many additional species.
They exhibit a variety of feeding modes such as filter-feeding and deposit feeding. As
such, they are capable of integrating exposure to chemicals dissolved in water and
sorbed on sediment particles on the bottom or in suspension. Freshwater bivalves are
among the first taxa to disappear from benthic communities impacted by chemical
pollution and have been shown to be more sensitive to than several other major taxa.
The ecological importance of bivalves, their wide geographic distribution, ease of
handling in the laboratory and the field and their ability to filter and ingest large
volumes of water and sediment particles make them appropriate species for conducting
field bioassays for bioaccumulation and bioeffects.

5.4 There'is a very large database in the U.S. that already exists for field monitoring
such as the NOAA Status and Trends Program, the California Mussel watch, California
Toxics Monitoring Program (freshwater). Similar field monitoring programs exist in
other countries. Numerous laboratory studies throughout the world have examined
bioaccumulation and bioeffects in bivalves.

5.5 Field bioassays are conducted to obtain information concerning the bioavailability
and bioeffects on bivalves after short- and long-term exposure to water and sediment
under site-specific.conditions. These bioassays do not necessarily provide information
about whether delayed effects will occur, although a post-exposure observation period
could provide such information if the bivalves were transplanted to a clean control or
reference site after the exposure period. The test animals could also be brought into
the laboratory under more controlled conditions to make other sublethal measurements
such as gonad development, spawning, and an evaluation of the gametes and resulting
embryos using other commonly accepted protocols such as the bivalve embryo tests.
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This is one approach for establishing links between traditional laboratory bioassays
and field monitoring.

5.6 Growth is one of the simplest sublethal endpoints to measure and should be done
routinely as part of this test. It is more sensitive than mortality and reductions in growth
have been related to adverse effects on bivalve populations. As many growth
endpoints as are practical should be measured to provide a preponderance-of-
evidence approach for assessing growth. For example, it has been shown that shell
growth and tissue growth are decoupled and measuring only one of these endpoints
could give a spurious interpretation to environmental effects on growth. Growth
endpoints include but are not limited to: whole-animal' wet weight, shell length, tissue
weight, shell weight. Whole animal wet weights and lengths are non-destructive
measurements and can be made multiple times over the course of the exposure period.
At a minimum, whole-animal wet weights and lengths should be measured at the
beginning and end of the test. Since tissue weights and shell weights provide a
different perspective on animal health and may be related to different stressors they
should also be measured at the beginning and end.of the test. Since these
measurements are destructive however, a surrogate sample should be used for the T,
measurements. As many animals as are measured in chemical replicates at one site
should be measured for tissue and shell weights at T,. In other words, if there are
three chemical replicates of 100 animals‘each per station, three chemical replicates of
100 animals each should be measured at T,. Although tissue dry weights have less
variability than wet weights, this approach is not recommended for the following
reasons: 1) it is more time-consuming to dry all the tissues and make the weight
measurements; 2) if it is a combined bioaccumulation and bioeffects test, the same
tissues can be used for chemical analysis as in the wet weight measurements; and 3)
this approach has been successful on numerous occasions and has never failed.
Nevertheless, if additional testing clearly demonstrates an advantage to measuring dry
weights, it would be relatively simple to alter the procedures accordingly.

5.7 Since bivalves are known for their ability to survive high concentrations of
chemicals in water and sediment and accumulate high concentrations of those
chemicals in their tissues, survival is not a very sensitive indicator of health.
Nevertheless, since other factors such as mishandling can also affect survival, and
caging the test animals in individual compartments facilitates those measurements, the
total number alive and dead should be recorded at the beginning and end of the test.
The sum of these numbers may be less than the number of bivalves at T, because of
shell decomposition or predation. The total number of bivalves could also increase if
larval stages have attached to the shells of test animals during the course of the test.
Nevertheless, it should be relatively easy to identify the newly attached organisms and
remove them from the shells before weighing. Bivalves that are not obviously dead or
gaping should be probed to determine if they are still alive. Even then shells may stick
together due to mucilaginous material or sediment clumps within the shells. Sometimes
dead animals are not identified until the tissues are removed for chemical analysis.
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This is another QA/QC check on the survival endpoint measurements.

5.8 Results of the bivalve bioassay can be used to predict bioaccumulation and
bioeffects likely to occur on aquatic organisms under comparable field conditions in the
assessment area or in other areas except that (a) motile organisms might avoid
exposure when possible, and (b) bioaccumulation and bioeffects can be dependent on
water or sediment characteristics, dynamics of equilibrium partitioning, and the route of
exposure.

5.9 The bivalve field bioassay might be used to determine the temporal or spatial
distribution of bioavailability and bioeffects in water and sediment. Test methods can
be used to detect horizontal and vertical gradients in bioaccumulation in the water
column and in sediments. Response criteria indicating possible toxicity include
mortality and sublethal effects. Sublethal effects include, growth, scope for growth,
filtration rate, and byssal thread production. Although scope for growth is potentially
more powerful than growth, it requires specialized equipment and training for
measuring and is not as straightforward to interpretssince the physiological
measurements at the end of the exposure period‘@re not'necessarily related to the
entire exposure period as are the growth measurements. Byssal thread production has
also been shown to be a sensitive indicator0f animal health but it Is extremely time
consuming to measure and has the same problem of interpretation and relating the
measurement endpoint to the entire eXposure period. Growth is the most easily
measured endpoint in bivalves that iS clearly selated to the entire exposure period when
measurements are made at the beginning and end of the test.

5.10 Relative bioaccumulation and bioeffects using different species can be compared
by exposing them in the field at the same time and to help explain the effects of various
environmental factors on results of such tests.

5.11 Results of combined bioaccumulation and bioeffects are useful for studying
biological availability of, and structure-activity relationships among sites.

5.12 Caged bivalve bioassay surveys are often part of more comprehensive analyses
of biological, chemical, geological, and hydrographic conditions. A useful summary of
field sampling design is presented by Green (28). Statistical correlation can be
increased and costs reduced if additional samples are collected or additional in-situ
monitors are deployed at the same time as the caged bivalves.

5.13 Results of bivalve field bioassays might be an important consideration when
assessing the hazards of materials to aquatic organisms (see Guide E 1023) or when
deriving water or sediment quality criteria for aquatic organisms (MacDonald et al;
CANMET). They might also be useful for determining tissue residue criteria. Bivalve
field bioassays might be useful in making decisions regarding the extent of remedial
action needed for contaminated sites. They also provide a convenient method for
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manipulative field experiments, hypothesis testing, and monitoring specific sites before,
during, and after cleanup operations.

6.0 Interferences

6.1 This refined protocol has only been applied to field bioassays with caged bivalves
for a few years; the methodology continues to develop and evolve over time as
additional refinements are identified and with emergence of new research results.
Because of the developmental nature of bivalve field bioassays, there are limitations to
the methods described in this guide. Strictly speaking, the same can be said of any
laboratory bioassay and this limitation should not be considered as a reason for not
using the methods described in this guide.

6.2 Results of bivalve field bioassays will depend, in part, on the temperature, water
and sediment quality, food supply, physical and chemical properties of the test
environment, condition of the test organisms, exposure technique, handling and other
unmeasured factors. Other factors potentially affecting results from bivalve field
bioassays might include:

6.3 Temperature of the test environment may be either outside the normal range of a
particular species or may be near the limit of tolerance which could affect both
bioaccumulation and bioeffects. This.may be most important in intertidal transplants
where air temperatures, particularly in the summer may be unsuitable. Extremely low
temperatures could also be problematic.

6.4 Food supply is extremely important because it obviously affects both biological
availability and associated biological effects.

6.5 Current speed is extremely important for filter-feeding bivalves because it delivers
the food supply to the test organisms. It could also be important for benthic deposit
feeders because flushing may reduce the potential effects of chemicals by dilution with
clean water from outside the assessment area.

6.6 Salinity is particularly important in estuarine areas where a large river system
extending from O ppt at the head of a river can have a gradient extending all the way to
33/ppt at the other end. In this particular case, it may be necessary to select several
bivalve species for the assessment since no single species could tolerate such a range
of salinities.

6.7 Testing at temperatures or salinities other than those at which they were collected
might affect contaminant solubility, partitioning coefficients, and other physical and
chemical properties.

6.8 Interactions between the sediment particles, overlying water, interstitial water, and
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humic substances, and the sediment to overlying water ratio.
6.9 Interactions among chemicals that might be present in water and/or sediment.
6.10 Sediment grain size and organic content

6.11 Photolysis and other processes degrading chemicals during the course of the
exposure.

6.12 Intermittent releases of chemicals at the test site based on‘plant operations
6.13 Maintaining acceptable quality of overlying water

6.14 Excess or inadequate food might change sediment partitioning and water quality
parameters.

6.15 Resuspension or intermittent resuspension of sediment during the field bioassay

6.16 Changes in exposure to air during intertidal-exposures or flushing with clean
offsite water during tidal exchanges.

6.17 Limited opportunity for biological-observations during the test because test
organisms are in remote locations or because they are too deep or have buried in the
sediment.

6.18 Natural chemical properties of the water or sediment that might not be within the
tolerance limits of the test organisms

6.19 Recovery of test organisms from the field. Possible interferences include
deployment arrays being washed away from storms, buried by underwater sediment
shifts, theft, vandalism, or consumption by predators.

7.0 Hazards

7.1 Many materials can affect humans adversely if precautions are inadequate.
Therefore, skin contact with all potentially toxic sediments and overlying water should
be minimized by such means as wearing appropriate protective gloves (especially
when washing equipment or placing hands into test water, effluents, sediment or
cleaning solutions, laboratory coats, aprons, and glasses. Respirators may also be
necessary in some hazardous waste sites or during oil spills.

7.2 Water and sediment, particularly in effluent areas, might contain organisms that
can be pathogenic to humans. Special precautions when working in these areas might
include immunization prior to deployments and the use of bactericidal soaps after
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working in the water and the sediments.

7.3 Water and sediment might be contaminated with unknown concentrations of many
potentially toxic materials. Any potentially contaminated water or sediment should be
handled in a manner to minimize exposure of personnel to toxic compounds.

7.4 Use of ground fault systems is strongly recommended during measurements at the
beginning and end of the tests where electronic equipment such as portable computers
are used to record data electronically to help prevent electrical shocks because water
is a good conductor of electricity.

7.5 Unwanted Introductions—With the current invasion of unwanted exotic species
such as zebra mussels (Dreissena polymorpha) in freshwaters and clams
(Potamocorbula) in marine waters it is important to verify that these species are already
found in the area of concern before such transplants should be considered. Planning
for regional and local permits sometimes takes considerable periods of time and the
planning process should therefore begin early. Other unwanted introductions include
parasites or diseases from infected bivalves such as oysters (Vibrio marinus).

Similarly, unwanted pests could be introduced from microscopic attached forms on the
shells of transplanted bivalves such as the freshwater weed Hydrilla hydrilla. The other
potential problem that is unique to freshwater bivalves is the introduction of glochidia
stages that are parasitic on fish for a portion of their life cycle. Although this is common
in areas where the freshwater bivalves naturally reside, those interested in preserving
fish stocks and their habitats may consider this an unnecessary threat.

8.0 Experimental Design

8.1 Decisions concerning such aspects of experimental design as number of test sites,
number of cages per site, number of animals per cage should be based on the purpose
of the test and the type of procedure used to calculate the results. The bivalve
bioaccumulation/toxicity test can be used to test biological availability of chemicals in
water and sediment as well as associated biological effects or to address the relative
effects of different water and sediment quality parameters in the field at particular sites.
The use of the term “reference” or “control” may be problematic in the field bioassay
since true field controls may be impossible. The term reference site may be more
acceptable. It should be acknowledged that bivalves transplanted in the overlying
water above sediment or transplanted directly on or in sediment may not exclusively
accumulate or be affected by contaminants in a particular medium. That is, bivalves in
or on sedimentmay still filter and accumulate contaminants from overlying water.
Conversely, bivalves transplanted in the water column may filter suspended sediment
and accumulate contaminants from that sediment.

8.2 Reference/Control Site—Every field bioassay should have a reference or control
site even if it does not fit the standard definition of the term. This site should be that
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site in closest proximity without elevated concentrations of chemicals or physical
chemical factors known to adversely affect bioaccumulation and growth of bivalves. A
natural population of bivalves could also be used for comparative purposes, but these
comparisons also should be treated with caution because there is evidence that caged
bivalves have different growth rates and different rates of accumulation than natural
populations. The reference/control site should represent an area with no contamination
and physical conditions similar to the test sites. Many investigators are now inclined to
use multiple reference sites to allow for differences among sites that may be'most
similar to the treatment sites in other ways.

8.3 Field Survey Design—Field bioassays can be designed to provide either a
gualitative reconnaissance of the distribution of chemicals and their effects on
bioaccumulation and growth in the caged bivalves or a qualitative statistical comparison
of bioaccumulation and growth among stations. This is theprimary advantage of the
caged bivalve approach; the animals can be distributed along physical and chemical
gradients to investigate any relevant factor that cannot be controlled. The experimental
control is gained by placing the animals in these different environments and using that
to develop the experimental design for specific factors. Station locations might be
distributed along a known physical or chemical gradient in relation to the boundary of a
disposal site, sewage outfall, or effluent pipe, or at sites identified as containing
elevated concentrations of chemicals in.water or sediment as identified in a
reconnaissance survey. Comparisons can be made in both space and time. In pre-
dredging studies, pre-effluent reduction, or pre-remedial action, a sampling design can
be prepared to assess the bioaccumulation‘potential and associated effects of the area
to be altered. This lends itself to a before-and-after.type comparison. Such a design
must include the appropriate number of stations the characterize the area.

The object of a qualitative reconnaissance survey is to identify sites with the potential
for bioaccumulation and associated biological effects like growth. It is often conducted
in areas where little is known about.contamination patterns. To allow for maximum
spatial coverage, the survey design might include only one cage of bivalves at each
station. The lack of replication precludes statistical comparisons, but samples from
sites where bioaccumulation of chemicals is elevated and growth rates are reduced can
be identified for further study.

The object of a quantitative comparison is to test for statistically significant differences
in effects among sites or between contaminated and uncontaminated sites.

8.4 Statistical Design—The exposure and effects data should be used to determine
statistical differences among stations. The null hypotheses appropriate for this design
are:

Null Hypothesis #1: There is no difference in growth (as estimated by changes
in whole-animal wet-weight, shell length, or end-of-test tissue weight) between
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sites and reference station,

Null Hypothesis #2: There is no difference is accumulation of chemicals of
concern (as determined by tissue burdens) between sites and reference station,
and

Null Hypothesis #3: There is no relationship between other measurement
endpoints in bivalves and exposure to sediments containing COCs.

The number of cages per site, as well as the number of . animals per cage is a function
of 1) statistical requirements, and 2) chemical analysis requirements. To satisfy the
exposure and effects assessments, the bivalves will be groupedby cages prior to
deployment. For the effects endpoints, each individual bivalve represents a replicate.
For the exposure endpoint (i.e, bioaccumulation), all individuals of a cages are
composited and thus represent a chemical replicate. Therefore, the number of cages
created for each station depends on the level of replication desired for the chemical
analysis. A commonly used approach is to create three cages for each station, each
consisting of 50 to 100 individuals. Three cages; each consisting of 100 individuals (5
bags of 20 bivalves each) will be tied to the PVC frames at each site. However, the
final number of individuals is a function of the tissue requirements for the chemical
analyses being performed and the tissue mass of the individual bivalves. For example,
given three cages each consisting of 100 bivalves, the “n” for the effects assessment =
300, and the “n” for the exposure assessment = 3.

All test parameters measured at the end of the test (i.e., whole-animal wet-weight, shell
length, tissue weight, shell weight and possibly, contaminant concentrations in tissues)
will be statistically analyzed. Summary statistics (e.g., mean and standard deviation)
will be calculated for each of these parameters on a station-by-station basis. The
growth<and tissue residue data should be assessed for normality and common
variances before continuing with hypothesis testing. The null hypotheses should be
assessed by conducting an ANOVA, or its non-parametric counterpart. If statistical
differences are found, Dunnetts multiple range test, or its non-parametric counterpart,
should be used to determine which stations are different from the reference(s).

The large “n” and detailed process used to ensure a very close, even size distribution
of bivalves at the start of the test (see Section 11.6) results in a high degree of
statistical power. It is possible to detect statistically significant differences between
reference and test.stations at the 0.2 g level what is this?. An environmental
significance, orlikely adverse effect to the community, is expected when both a
statistically significant difference is observed (a = 0.05) and there is a 10 to 25 percent
absolute difference between the test and reference station (need citation here).

The minimum desirable number of cages and organisms per cage should be calculated
from (a) the expected variance within cages, (b) the expected variance between cages,
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and (c) either the maximum acceptable width of the confidence interval on a point
estimate or the minimum difference that is desired to be detectable using hypothesis
testing (30). As the number of cages (that is, experimental units) per station increases,
the number of degrees of freedom increases, and therefore, the width of the confidence
interval on a point estimate decreases, and the power of a significance test increases.

At a minimum, each deployment cage should consist of one frame and five bags. The
separate bags help to subdivide the test animals into similar groups without having one
bag containing all the animals which may become too long and unwieldy. The number
of animals per bag varies depending on the experimental design and the amount of
tissue needed for chemical analyses. If replication for chemical analyses is required,
tissues from all individuals of an cage will be compaosited to form 'one chemical
replicate.

8.5 Test Duration—The caged bivalve bioassay begins when test organisms are
placed in the water at a particular station. Bivalves should be exposed to site-specific
conditions for a minimum of 30 days. An exposureperiod of less than 30 days is not
generally recommended, particularly if metals are among the chemicals of concern.
Chemical equilibrium for most chemicals is generally achieved in marine and
freshwater bivalves within a period of approximately 60 - 90 days. However, if both
exposure and effects endpoints are being measured, it may beradvantageous to
continue the test for 60-90 days to facilitate chemical equilibrium and allow adverse
effects like growth an opportunity to-manifest themselves.

9.0 Apparatus

9.1 Facilities—Sources of water and power and the ability to be protected from rain,
snow, and wind can be of considerable help in sorting the animals at the beginning of
the test and making the appropriate measurements and removing tissues for chemical
analysis at the end of the test. Preparations can be made outdoors, but inclement
weather can interfere with making accurate measurements. The portable analytical
balance is particularly sensitive to winds although some protection can be provided by
a wind barrier such as a lean-to. Making these measurements aboard boats or floating
piers is' not recommended.

9.2 Construction Materials—Equipment and facilities that contact the test water,
sediment, and organisms should not contain substances that can be leached or
dissolved by aqueous solutions in amounts that can adversely affect test organisms or
add to the accumulation in their tissues. In addition, equipment and facilities that
contact test water, sediment, and organisms should be chosen to minimize sorption of
test materials from water. Glass, Type 316 stainless steel, nylon, high-density
polyethylene, polycarbonate and fluorocarbon plastics should be used whenever
possible to minimize dissolution, leaching, and sorption, except that stainless steel
should not be used in saltwater. Concrete and rigid plastics may be used for weights,
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and for cages, but they should be soaked, preferably in flowing seawater, for a week or
more before use (9). Brass, copper, lead, cast iron pipe, galvanized metal, and natural
rubber should not contact water, sediment, or test organisms before, or during the test.

9.3 Deployment Cages

9.3.1 The basic concept behind bivalve cages for field deployments is to
maximize mesh size to maximize water flow to the test animals yet maintain a mesh
size small enough to contain the test animals. Cages should be constructed of non-
toxic materials as specified above and should be allowed to leach as described.
Although many investigators have used non-compartmentalized cages with large
numbers of animals in a clump, a number of studies have shown that such clumping
can affect bioaccumulation and growth. The experimental control is enhanced with
equal exposure to each bivalve and this can be accomplished with compartmentalized
cages so that an accurate record can be maintained on individuals. This also
increases the statistical power of the test, and permits multiple growth measurements
on individuals which can be paired with individuals measurements of tissue residues
although there is usually not sufficient tissue in one animal with standard chemical
analysis.

9.3.2 Cages can be rigid with fixed compartments, as in plastic trays, or they
can be flexible with compartments, as-with mesh tubing attached to a rigid frame
(Figure XX). The most versatile system combines a rigid framework constructed from
Schedule 40 PVC pipe to which flexible mesh bags, created from mesh netting, are
attached. The mesh netting used for these bags is similar to that used in bivalve
aquaculture (i.e., oyster cultch net). The mesh bags are securely fastened to the PVC
frame with knots and/or plastic cable ties (note: do not use cable ties with metal stop).
Individual'compartments in each bag are formed by securing a plastic cable tie around
the mesh material in between individual bivalves. This method facilitates tracking
individuals throughout the test and eliminates the need to mark or notch individuals.
This design maximizes the experimental control of the test by allowing caged animals
to be positioned at almost any point in the water column or on the sediments. Care
should be taken so that the cable ties are not so tight that they constrict the mesh to the
point that it does not allow the shell to open during respiration or to allow for bivalve
respiration during the exposure period.

9.3.3 The final dimensions of the deployment cages depend on the size of the
individual test organisms. Adequate space should be provided in each compartment to
allow test animals to grow during the exposure period. For rigid cages, it is
recommended that the individual compartments be at least twice the actual length,
width, and height of the test animals. Because the flexible mesh is tubular in form
(usually a 6" diameter material is used), it is not necessary to adjust the width/height
dimensions. The length of each compartment in the mesh bag (i.e., the distance
between constricting cable ties) should be approximately twice the length of the
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individual within the compartment. The mesh bag should be long enough to
accommodate the desired number of animals per bag (usually 10 to 20 depending on
length of bivalve) plus sufficient material to allow secure attachment to the PVC frame.
It is recommended that 12" of netting be available on either end of the bag for
attachment. [Example: to accommodate 20 mussels 1" in length, the mesh tube should
be 40" (2 x 20) + 24" (to attach to the PVC frame) = 64"] The PVC frame should be
approximately 2" longer than the space occupied by the bivalves (in this example, a 42"
long frame would be appropriate). The width of the frame should be about 2" greater
than the distance occupied by all mesh bags to be attached to the frame when laid
side-by-side (in this example, if 10 mesh bags are to be attached, each being 1" wide,
then the PVC frame should be about 12" wide). (SeeFigure XX for example details)

9.3.4 Deployment cages should be constructed at least one week prior to
initiation of the field study to allow sufficient time for soaking and leaching of volatile
compounds associated with the PVC and the gluing compounds. Drill the PVC pipe
approximately every 9 inches with a 1/4" hole to allow water to enter the pipe and
maintain neutral buoyancy. Do NOT drill corners. The appropriate primer and glue
should be used during construction of the deployment cages.

9.3.5 The final cage design should be appropriate for the environmental
conditions, test duration, and test hypotheses. Table XX summarizes the more
commonly used designs and provides application examples.

Insert Table XX:

Flat cage: suspend from floating piers, deploy directly on sediments

Table design: intertidal areas; legs used to stabilize unit and maintain position in high
energy areas

Box design: mid-water deployments; deploy directly on sediments.

Use of predator/snow-shoe material

10.0 Test Organisms

10.1 Species—The environmental requirements and sensitivity of a prospective test
species of bivalve should be established before it is widely used in field tests. The
sensitivity and bioaccumulation potential of a prospective new test species should be
compared with a reference species such as Mytilus, Crassostrea, Corbicula, Dreissena,
Elliptio, or Rangia before the new species is used in routine field transplants. This is
most commonly established in side-by-side transplants. The tolerance of a test species
to variations in water quality parameters (temperature, salinity, dissolved oxygen, pH)
and sediment characteristics (particle size, organic enrichment, sulfides) should be
established before responses can be ascribed to contaminant effects. Choice of test
species may have to be modified to accommodate conditions at different test sites and
the question that is being asked in the experiment. Test species selection should be
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based on conditions at the natural habitat of the species. The bivalve species to be
used in the field bioassays should be selected on availability, sensitivity to chemicals of
concern, tolerance to site-specific conditions (for example, temperature, salinity, food,
water currents, grain size), and ease of handling in the field. Collectively, these criteria
might dictate selection of a particular species. Ideally, species or genera with wide
geographic distributions should be selected, so that test results can be compared
among different sites and different test conditions. Depending on the particular
guestion that is being asked, it may be most important to select species that are found,
have been found, or could be found in the assessment area. Species used should be
identified with an appropriate taxonomic key, and identifications'should be verified by a
taxonomic authority. It may be a good idea to conduct a small pilot study to ensure that
the test animals can survive under the particular environmental conditions at a
particular site. Tables XX and XY identify bivalve species previously used in transplant
studies to assess the bioaccumulation and toxicity of contaminated water and sediment,
respectively. The more commonly used species include:

10.1.2 Mytilus sp. is an intertidal bivalve that has been successfully used in
transplant studies since the late 1970's (REF). The sensitivity of this species to
salinities less than 10 g/kg limits its use to testing marine/estuarine areas, but the large
data base that has been developed for the response of Mytilus sp. to a variety of
habitats and chemicals establishes its usefulness as a test species as well as a
reference species for comparing the sensitivity of other species. Species of the genus
Mytilus are widely distributed on the'West Coasts of North America (REF).

10.1.3 Corbicula fluminea is a freshwater bivalve (clam) that has been used
extensively in field transplants and laboratory studies (REF). Their sediment burrowing
ability, ease of handling, abundance in freshwater environments, and importance as
probable prey (REF) make them good candidates for freshwater environments.
Numerous laboratory studies have also been conducted on this species and several
symposia have been conducted on its biology and ecology.

10.1.4 Elliptio complanata and Anodonta grandis are freshwater unionid mussels
that have been used extensively for monitoring water column and sediment exposures
in northern parts of the US and in Canada. Their burrowing ability, ease of handling,
abundance in freshwater environments, and importance as probable prey (REF) make
them good candidates for freshwater environments. They can be transplanted in the
water column, into test sediments in containers or simply placed in bags on the bottom.
Numerous laboratory studies have also been conducted on these species.

10.1.5 Dreissena polymorpha is a relative newcomer to bivalve field bioassays,
but the rapid proliferation of this nuisance species has rapidly increased the number of
laboratory and field studies that have been conducted on bioaccumulation and growth,
among other things. It this species in particular, and with the others, it is important to
limit unwanted introductions where the species are not already found.
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10.1.6 Macoma nasuta is a marine clam that has been used extensively in
laboratory and field studies to assess bioaccumulation and growth. Itis a
marine/estuarine species that is commonly found in many environments on several
coasts. It has been successfully transplanted in many different areas, and there are a
number of supporting laboratory studies.

10.1.7 Rangia cuneata is an estuarine species that is quite tolerant of freshwater
conditions. It has been used in a number of field transplants as well as laboratory
studies.

10.1.8 Crassostrea sp. has been used extensively in transplant studies in
marine and estuarine studies. Oysters survive and grow better than marine mussels at
lower salinities and accumulate many contaminants such as TBT and copper by about
a factor of two above mussels. They are also more difficultto measure because of the
irregular shell shape.

10.2 Size and Age of Test Organisms— All organisms should be as uniform as
possible in age and size. The age or size class for a particular species should be
chosen so that sensitivity to or bioaccumulation-potential is not affected by state of
maturity or reproduction. It is recommended that specimens in a sub-adult age class
be used because this age class has the greatest potential for growth of somatic tissue,
reproductive tissue, and shell. If adult'specimens are used, the study should not be
conducted during active spawning to preventloss of accumulated lipophilic chemicals.

Shell length should be used to.select bivalves. Shell length (for mussels = longest
axis, generally from the anterior end near the beak to the leading posterior end; for
clams = ) should be determined with vernier calipers. The final size ranged used
in the field study should be based on the maximum number of animals in the minimum
size range. Itis recommended that all test animals fall within a 5-mm range in shell
length at the start of the test.

Bivalves can be counted and sorted according to size to determine whether sufficient
numbers have been collected in the appropriate size range. To minimize variability in
bioaccumulation and growth (or other bioeffects measurements), it is more important to
minimize the size range rather than select a particular size. It should be remembered,
however, that there is‘a tendency among many bivalves for the smallest animals to
grow at the greatest rates and accumulate the highest concentrations of contaminants.

10.3 Source—All individuals used in a field study should be from the same population,
because different populations of the same species might have different sensitivities to
or bioaccumulation capacities of the same contaminant. Bivalves are usually collected
from wild populations in an uncontaminated area although it may be easier to purchase
species commonly used in aquaculture from field grow-out facilities or laboratory
culture facilities. The advantages of using aquaculture animals is that the genetic and
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environmental history of the test animals is well-documented and the assurances of
being uncontaminated are greater. If animals are collected from the wild (or even
collected from aquaculture) they should be measured for contamination in their tissues,
particularly for the contaminants of concern. Collecting permits for field-collected
bivalves might be required by some local and state agencies.

11.0 Field Procedures

11.1 Collection—Bivalves can be obtained from either natural populations or from
culturing facilities. Natural populations should be sampled with.methods appropriate to
the tidal range. Intertidal populations can be sampled by hand; subtidal populations by
SCUBA or with a small biological dredge or grab. Infaunal bivalves can be separated
from sediment by gentle sieving. Sieves and containers used to collect and transport
bivalves should be marked “live only” and should never be used for working with
formalin or any other toxic materials. Water used for sieving should be at the same
temperature and salinity as bottom water at the collection site. Particular care should
be used when removing mussels from substrates to' which they have attached to avoid
damage to the byssal gland. Damage or removal of the byssal gland can lead to
mortality. A knife or scissors should be used to-sever the byssal mass and reduce the
possibility of injury.

11.2 Handling—Bivalves should be handled as little as possible. When handling is
necessary, it should be done carefully, gently, and quickly so that organisms are not
unnecessarily stressed. Every effort should be made to maintain bivalves in well-
aerated, flowing water for as long as possible between collection, sorting, and
deployment procedures. When transporting bivalves over great distances that require
extended periods of timeyit is better to keep them moist and cold than to maintain them
in water that could become stagnant and low in dissolved oxygen. This is best
accomplished by keeping them in moist towels in an ice chest with cooling material.

The care of test organisms should be considered of paramount importance in
conducting the field bioassay. If transport from the collection site to the measurement
facility requires several hours, bivalves should be transported in moist paper, kelp, or
other suitable non-toxic material. They should also be maintained at a temperature
similar to that from which they were collected or slightly lower. Lower temperatures will
reduce their metabolic rate and minimize energy requirements. During the rough sort,
animals should also be kept out of water if sorting will take several hours but again they
should be kept cool and moist. During the final sort when the most accurate weight and
length measurements are taken animals should be completely submerged in water for
at least 10 minutes to allow them to purge air from within their shells. Since the density
of animals has been reduced by this time and the shells have been cleaned it is easier
to maintain them in clean water. Nevertheless, water temperature should be checked
regularly, it is usually a good idea to keep double-plastic bags filled with ice,
particularly in temperate regions if the holding water starts to approach room
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temperature. A rapid rise in temperature of adult organisms close to the spawning
season could even induce spawning which would add another unwanted variable to the
test.

11.3 Holding—Bivalves should be fully acclimated to the test temperature and salinity
by holding them in the laboratory or in the field at conditions most similar to their
deployment conditions. This also accomplishes another purpose in that in larger
studies it is almost impossible to collect, sort, and deploy large numbers of animals in
the same day. Bivalves should be collected the day before sorting to maximize the
sorting time available during the next day and then the animals can be held overnight
before transport to the deployment sites. Field-collected animals should be held for the
minimum time period before deployment to avoid passible effects from holding either in
field cages or laboratory tanks.

If test organisms are cultured or held for an extended period of time in the laboratory or
at field control sites, the affect of this holding should be compared to that of animals
freshly collected from the field to assure that holding stresses do not affect
bioaccumulation or bioeffects.

During counting and sorting, the temperature of the water containing the bivalves
should be held near or below the temperature at which they were collected, and should
remain close to the holding temperature. The holding containers should be provided
with flowing or aerated water at or near the collection/deployment temperature and
salinity. If changes in temperature and salinity are necessary to bring bivalves from the
collection site conditions to test site conditions, adjustments should be made gradually
to allow the bivalves to acclimate. Infaunal bivalves will usually remain in the holding
sediment until the sorting phase of the test and can be easily retrieved. Supplementary
feeding should not be necessary since the holding period will be minimized in the
laboratory and animals being held in the field will continue to feed.

11.4 Animal Quality—All bivalves used in a test must be of the same species and
acceptable quality. A qualified bivalve taxonomist should be consulted to ensure that
the animals in the test population are all of the same species. This is particularly
important with some freshwater bivalves where species differences may be extremely
difficult to determine based on shell morphology. Even in the genus Mytilus there are
subtle differences that may not be obvious, particularly in areas where the two species
could be found side-by-side.

Although it is extremely difficult to determine healthy animals when the shell is closed,
gaping animals that close very slowly or do not close at all should not be used.
Animals that smell putrefied should be pulled by the valves to determine if they are
really alive. Enough bivalves should be collected to provide at least 20 percent more
individuals than are required for the test.
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Bivalves in holding containers should be checked repeatedly before the initiation of the
test. Dead animals or animals that will not close easily should be discarded and
replaced with some of the “extra animals” collected during the original “rough-sort”
procedure. If greater than 5 percent of the bivalves appear unhealthy during the 48
hours preceding the test, the entire group should be discarded and not used in the test.

11.5 Presort—All bivalves collected will be presorted into 1 mm size groups to
determine the narrowest size range with the maximum number of specimens. All
bivalves in the predetermined sub-adult size class should be initially retained. After the
pre-sort, the number of bivalves per each size category.should be determined. The
minimum range representing the greatest number of animals between X and Y mm will
be used.

11.6 Distribution— A randomized distribution process (Salazar and Salazar, 1995)
should be used to ensure an even distribution of bivalves across stations based on
size. Once the final size range has been identified, the animals will be remeasured for
length, weighed for the first time, and distributed to the mesh tubes as shown in Figure
X. All animals in a 1-mm grouping are distributed among the mesh tubes before using
animals from a larger size group. This process.is repeated for the remaining size
groups until the mesh tubes are filled; each station then has approximately the same
number of individuals from the each size‘group.

Prepare the mesh bags that will be used to hold the bivalves during deployment. The
mesh size should be just small enoeugh to retain the bivalves within their “cage” yet
large enough to permit adequate passage of water. .The mesh bags (approximately 6
feet in length) should be knotted 1 foot from the end; an identification tag is attached to
the mesh bag at the knotwith a plastic cable tie. Identification tags should be made of
durable plastic material. A water indelible, permanent marker should be used to label
tags with cage number and bag number: 2—3, indicates Cage 2, Bag #3. Color coded
beads strung through a plastic cable tie and fastened to the mesh bag can also be
used for purposes of identification.

Bivalves must be maintained in water during the measurement and distribution process,
and the temperature must be maintained as close as possible to ambient. In most
temperate latitudes this is accomplished by using plastic bags of ice and monitoring
temperature with an agquarium thermometer that remains in the holding tray. Itis
essential that the bivalves be submerged prior to measurement. They must NOT
contain any air between their valves. Do not use individuals that float, are buoyant at
one end, or do.not close upon stimulation. Bivalves that float contain air which must be
released prior to use. Floating individuals can be transferred to a separate container,
where, if left undisturbed, they will purge the trapped air.

The distribution process is based on bag number; all bags of a common number are
filled at a given time. To initiate the distribution process, gather all bags that have a
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“—1" on the label; there should be one for each cage number. Attach these bags to
the PVC distribution frame in cage number sequence. Using the largest size class first,
randomly take one specimen from the holding container, make sure it is alive and
shells tightly closed, blot excess water from exterior of individual, and measure its
length and weight. Record this data electronically to the Excel spreadsheet created for
summarizing the data. Also record this information manually on the hard copy data
sheets. Drop this individual into the first mesh bag on the distribution rack; affix a 4"
cable tie around the mesh material above this individual; DO NOT OVER-TIGHTEN
THE CABLE TIE, it should only be tight enough to prevent the animal from passing
through. Randomly take another specimen from the holding container and measure its
length and weight. Record data electronically and manually, drop individual into next
mesh tube and affix cable tie. Repeat process until'one individual has been placed into
each mesh tube. Continue adding bivalves, one at a time to mesh tubes, completing
one “row” before another is started. Use the averages generated on the Excel
spreadsheet to compare cages and ensure a close, even distribution. There should be
sufficient space between individuals to permit movement; total space between cable
ties should be about 2X the length of the individual.inside the “compartment.” The
spreadsheet can be customized to keep a running tally of mean weights and lengths to
help identify outliers that could actually be dead with shells stuck together, animals that
have not been purged of air, or animals that do not fit. the norm of the weight length
relationship established for the majority.

Note: use the compartmentalized trays for the bivalves to be sacrificed for the T,, or
initial, chemical measurements. Keep animals in order. At the end of the distribution
process, remove the tissues for chemicalanalysis (see following section for
procedures).

When all of the “Bags —1" have beenfilled, knot or cable tie the open end, leaving a
tail length of approximately 1 foot. Place completed bags into cooler lined with ice and
moist paper towels.

Repeat process, until all bags are filled. Sort bags by Cage Number, and using a cable
tie, group these bags together. Transport bivalves to holding area (usually the
reference site) and place in water overnight, or until ready to attach bags to the PVC
cages.

To ensure statistical similarity among stations, an Analysis of Variance (ANOVA) is run
on both length and‘whole-animal wet-weight data. Use the data in Excel spreadsheet,
and the Excel statistical package to conduct an ANOVA. If the means are statistically
different, redistribute test animals to bring eliminate this difference.

11.7 Attachment to PVC Frames—Attach the mesh bags to the PVC frame by knotting
the tail ends of the mesh directly to the PVC. If there is insufficient material to make a
secure knot, use 6" cable ties to firmly attach mesh to the PVC frame. Allow a little
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slack in the mesh bag during attachment; the mesh should not be stretched so tightly
that it restricts bivalve movement. If using a temperature recording devices, which is
highly recommended since they are relatively inexpensive and help quantify one of the
major factors affecting bivalve growth, attach to the frame at this time. If predators are
of concern, wrap the PVC frame with a heavy duty plastic mesh (approximately 2.5 cm
mesh size).

It may be necessary to adjust the length of the mesh bags so that they can be attached
to the PVC frame without being too taught or too loose. During the attachment process,
slide the cable ties as necessary to increase the over all length of the mesh bag without
compromising the space available for each individual(i.e., do not decrease the space
between animals so that there is insufficient space for them to open their valves during
respiration).

11.8 Deployment—Deploy caged bivalves at sites. Use appropriate weights, anchors,
and line to ensure the cage remains at the desired location.

11.9 Retrieval and End-of-Test Measurements—At each station, the PVC frames will
be returned to the shore where they will be rinsed with site water to remove any foreign
material. The exterior of the shells and the-mesh bags will be wiped with paper towels
if a sheen or other coating is present. ASeparate ice chest lined with ice and moist
paper towels will be used to transport.the bivalves to the processing site.

At the processing site, all bags constitutingan cage will be processed together.
Starting with Bag—1, remove the bivalves, starting at the end of the bag with the plastic
label. Place bivalves into a compartmentalized plastic tray that has been drilled with
holes to allow water circulation. RETAIN ORDER OF Bivalves. Place Bag—2
individuals in the same tray, starting with individual number 1 of Bag—2 following
individual number 20 of Bag—1. Repeat with remaining bags until all bivalves are
transferred from the mesh bags to the compartmentalized tray. Set this tray of bivalves
into a tub containing clean water. It is-essential that the bivalves be submerged prior to
measurement: They must NOT contain any air between their valves. Begin the length
and weight measurements, measuring one individual at a time and recording the data
both electronically and manually. After the individual is measured, place it into a
compartmentalized tray; this tray is not placed in a tub containing clean water. Again,
retain order of individuals. For dead or missing individuals, the cell for that individual
on the Excel spreadsheet is left blank; note on the hard copy data sheets “M” or “D” for
these individuals. It is important to make the distinction between missing and dead for
the percent survival calculations.

After all animals of an care are measured and weighed, begin the tissue removal
process as described above. Shuck the tissues and then weigh the soft tissues for
each individual. Place empty shells, in order, on the foil-lined tray. After all tissues
have been weighed and transferred to the appropriate sample container, weigh each of
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the shells, recording data both electronically and manually to the data sheets. Discard
shells after weight measurements are complete. Additional endpoints could be gained
by measuring the thickness of the shell and relating that to other metrics but this is a
very time-consuming process and may not be very cost-effective.

11.10 Analysis of Tissues for Background Contamination— Analysis of the test
organisms for the contaminants of concern as well as other chemicals to which they
may have been exposed should be conducted. Bivalves may be used without analysis
of chemical concentration if the bivalves are obtained from an area that.is monitored for
chemical contamination and known to be free of toxicants or if the tissues of those
bivalves have been monitored regularly as in culture facilities. “Bivalves from
contaminated areas should not be used in field bioassays unless the experimental
design specifically requires use of that population.’ This is mast likely to occur where
the purpose of the study is to rank sites with respect to relative exposure and
bioeffects.

11.11 Collection and Preparation of Bivalve Tissues for Chemical Analysis—All
equipment used in sample collection should be thoroughly cleaned before each sample
(i.e., chemical replicate) is processed. All instruments should be of corrosion resistant
stainless steel, anodized aluminum, or borosilicate glass. If corrosion resistant
stainless steel is unavailable, use regular stainless steel products, carefully checking
gear before each use for signs of rust; pitting, or corrosion. Do not use gear if rust,
pitting, or corrosion is evident. Before each use, all instruments should be cleaned
according to the following process: wash with Alconox, hot tap water rinse,
deionized/distilled water rinse.

Upon retrieval of caged bivalves from the collection site, inspect outside of shells for
sediment; oily sheen, or other debris. ‘While still in their mesh netting, rinse bivalves
several'times with clean water (i.e., the same water to be used for holding bivalves
during growth measurements). If foreign material is still present, blot shells with clean
paper towels to remove.

During tissue collection, the order of bivalves must be maintained; tissue weights are
recorded by individual and will-be paired with whole-animal wet-weights and other size
metrics. Use the compartmentalized trays for holding bivalves prior to shucking, and
maintain order after tissues are removed.

It is not necessary.to keep bivalves in water once the growth measurements are made.
Therefore, after performing the growth measurements, place bivalves in
compartmentalized trays; do not put these compartmentalized trays in larger tubs
containing water. It may be necessary to use a grid, or other device, to aid in
maintaining order of tissues and shells during the shucking and weighing process.

Cover cutting boards with aluminum foil; rinse work surface of foil with 95% ethanol,
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allow to air dry.

If gloves are worn during the shucking process, ensure that they are powder free.
Wash hands thoroughly with Alconox or replace gloves between chemical replicates.

Take first individual of the chemical replicate and place on covered cutting board. Slide
the knife blade between bivalve shells, severing posterior and anterior adductor
muscles. Spread the shells apart to reveal soft tissues.

If preparing bivalve tissues, it may be necessary to notch the shell prior to inserting
knife blade between bivalve shells. Use a separate knife.designated only for the
purposes of shell notching. Be sure that none of this shell material is combined with
the soft tissue material.

Using tip of knife blade, separate tissue from shell, scraping as much of adductor
muscle from points of attachment as possible.

Holding tissues to shell, tip shell to drain excess liquid . (Note: it may be necessary to
use paper towels to dam a work space on the foil-covered cutting board to prevent
bivalve fluids from flooding work area.)

Keep tissues in shell after complete separation. Use shell as a “holding dish” until
tissue weights are made. Place shucked bivalve on a tray lined with aluminum foil,
keeping bivalves in order and sufficient space between individuals to prevent the shell
of one from touching the soft tissue of another. Minimize exposure of tissue to hands,
aluminum foil, and any other surface other than the interior of the specimen’s original
shell.

Repeat process until all bivalves constituting a “chemical replicate” are shucked.

Prepare a weighing pan from aluminum foil, rinse with 95% ethanol, and place on
electronic balance. Tare balance.

Pick up first specimen, and using shucking knife blade tip, slide tissue onto weigh pan.
Allow balance to stabilize. Record weight electronically to Excel spreadsheet and by
hand to hard copy. Tare material on balance.

Continue adding tissues, one at a time, recording weights of each individual. Tare after
each addition.

When all tissues of a “chemical replicate” have been weighed, transfer tissues from
weigh pan to prepared sample jar by gently sliding them off the foil. Tightly cap sample
jar, affix prepared label, and place collected tissues in freezer.
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Discard foil from cutting board and weigh pan. Decon all sampling equipment before
proceeding to next sample.

11.12 Quality Assurance/Quality Control Procedures—The quality assurance/quality
control (QA/QC) procedures for the bivalve measurements will involve remeasuring 5
percent animals These QA/QC measurements are performed during the initial
measurement process. QA/QC length measurements and whole-animal wet-weight
measurements within +5 percent of the original measurements will be considered to be
within acceptable error measurements.

Precision and accuracy are fundamental to obtaining reliable, usable data. Precision is
a measure of the reproducibility among individual measurements under similar
conditions; it is the ability of the same measurements to be made time after time.
Precision is assessed by performing multiple measurements for the parameters. The
following approach will be used to determine the precision of the measurements made
on the individual animals. At test initiation, 5 percent of the bivalves will be
remeasured for shell length and whole animal wet-weight. The remeasuring of animal
length and weight occurs throughout the measurement process as each series of bags
is processed to ensure that all measurements are within the acceptable limits. A 1.0
mm (0.5 mm) variance in length and a 0.5 (£0.25 g) variance in'weight are the
recommended limits. If the results of the remeasurements fall outside of these limits,
the previous batch of 100 individuals will be remeasured. The hard copy data sheets
contain a separate row for the QA/QC data. These QA/QC measurements should be
made on the last “row” of bivalves to be entered into a series of bags.

Accuracy is an expression of the degree to which-a measured or computed value
represents the true value; the ability of the measuring device to provide the true value.
The accuracy of the measuring devices will be determined according to the standard
operating procedures for each measuring device. For the balance, this involves
calibrating the instrument with a standard weight (200 g). After every 100
measurements made on the balance, the standard weight will be applied to the
balance. If the balance is off by more than 1 percent (2 g), the balance will be
recalibrated and the previous batch of 100 individuals reweighed. The accuracy of the
calipers will be checked by completely closing the device and recording the displayed
measurement, which should be 0.000 mm. If the caliper displays a value greater than
0.5 mm, the unit will be re-zeroed and the previous batch of 100 individuals
remeasured.

As part of the standard methodology, bivalve weight and length measurements are
recorded both electronically onto a computer disk and by hand into a laboratory
notebook. This serves two purposes: 1) the electronic data are cross-checked later for
accuracy; and 2) as a backup for the electronic record.

The primary procedure used to assess the condition of the test animals is complete
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closure of the shell upon light stimulation. Bivalves that do not completely close their
shells upon movement or light touching of the shell are considered unhealthy and will
not be used in the study. In addition, animals that have broken shells or holes in their
shells will not be used. If, during the measurement and distribution process, individual
bivalves are "floating," these individuals will not be measured and weighed until they
have purged the air trapped between their shells.

11.13 Sample Containers, Handling, and Preservation—Precleaned sample containers
will be purchased from a supplier or provided by the analytical laboratories. Each jar
will be sealed, affixed with a completed label, assigned.a unique tag number, and
stored under appropriate conditions. Sample labels will be made of waterproof material
and will be self-adhering; an indelible pen will be used to fill out each label. Each
sample label will contain the project number, sample identification, preservation
technique, analyses, date and time of collection, and initials of the person(s) preparing
the sample. A completed sample label will be affixed to each sample container. In
addition, a unique numbered tag will be affixed to each sample container. Tissue
samples will be frozen prior to analysis.

11.14 Logistics—Weather and time of year can-have a major impact of a successful
study. The logistics of obtaining test animals, reaching the field stations, and safely
conducting the study should be carefully‘addressed prior to the onset of any field work.
All options for reducing travel time (i.e:, air, boat, or auto travel) should be considered;
the final decision should have a contingency plan to ensure meeting project schedules.

12.0 Ancillary Measurements

12.1 Temperature—Marine and freshwater species should be selected to match the
site-specific temperatures in the area of concern. Ideally, if species are naturally found
in the area or have been found in the area in the past, it is a good indication that
temperature tolerances are appropriate. Since temperature could influence
bioaccumulation and growth, it is important to monitor temperature during the course of
the test using in-situ temperature monitors.

12.2 Food —As with temperature, if indigenous populations of the bivalves of choice
are found in the area of concern, it is a good indication that there is adequate food to
support caged bivalves in the area. Since food could also influence bioaccumulation
and growth, it is'helpful to measure parameters such as chlorophyll a, particulate
organic carbon and suspended solids during the course of the test.

13.0 Acceptability of Test
13.1 Survival of bivalves at the control site during the test is an indication of the health
of the population and other factors. If a mean or greater than 20% mortality occurs in
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the controls, or if individual replicate control mortality values exceed 30%, test results
must be interpreted with caution. Similarly if significant growth is not measured during
the exposure period, it could suggest that animals were unhealthy and the relative
concentration of contaminants should also be interpreted with caution.

13.2 Mean survival among all stations should be 80 percent or greater.
14.0 Interpretation of Results
15.0 Report

15.1. Arecord of the results of an acceptable caged bivalve exposure and effects test
should include the following information either directly or by reference to existing
publications.

15.1.1 Names of test and investigator(s), name and location of laboratory, and dates of
initiation and termination of test;

15.1.1 Source of test animals, scientific name _and-how verified, initial whole-animal
wet-weights, lengths, and estimates of tissue weights as well as end-of-test whole
animal wet-weights, lengths, and estimates of tissue weights. Means, ranges, and
standard deviations of all measurements will be included. Length is measured as the
distance from the tip of the umbo to.the distal valve edge.

15.1.2 Description of the experimental design and cages, including any attached
instrumentation and predator deterring devices, water depth and depth of cages, the
number of animals per test site, station coordinates, and any other outstanding features
of the area to assist in-station-finding.

15.1.3 Mean, range and standard deviation of dissolved oxygen and how it was
measured.

15.1.4 Averages and ranges of the acclimation temperature during the measurement
and distribution process as well as the time spent out of water while in transit to the
measurement location at the beginning of the test and while in transit to the deployment
locations at the beginning and end of the test.

15.1.5 Percentage of test animals that died, showed signs of disease, stress, or other
adverse effects:

15.1.6 Reproductive state of the test animals including degree of gonad development
or if any animals spawned either during the measurement or deployment phases of the
test.

DRAFT Standard Guide for Conducting Field Bioassays with Marine, Estuarine & Freshwater Bivalves
Prepared by M. Salazar, Applied Biomonitoring, and S. Salazar, EVS Consultants

October 25, 1998

Page 28



15.1.7 Description of water, tissue and sediment samples analyzed, and methods used
to obtain, prepare, and store them.

15.1.8. Methods used for, and results (with standard deviations or confidence limits) of,
chemical analyses of water quality and concentration of chemicals in water, sediment,
and tissues, including validation studies and reagent blanks.

15.1.9. Methods used for, and results of, measurements of lipids or fats.

15.1.10 A table of data on concentrations of chemicals (and lipids or fats if available) in
water, sediment, and tissues in sufficient detail to allow independent statistical
analyses.

15.1.11 A table of data on growth rate and survival data in sufficient detail to allow
independent statistical analyses.

15.1.12 Ratio of wet to dry tissue weights to allow more accurate conversions of wet
versus dry weights and provide comparability with other data.

15.1.13 Anything unusual about the test, any deviation from these procedures, and any
other relevant information.

15.1.14 Published reports should contain enough information to clearly identify the
methodology used and the quality of the results.

16.0 Keywords
field bioassay in-situ exposure effects bivalve bioaccumulation growth

17.0 Annexes
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Group 2, Group 3, , Group 5, Group "n",
Bag 1

Figure 1. Distribution process used to ensure similar
treatments.
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APPENDIX B
TISSUE CHEMISTRY LABORATORY REPORTS



TOTAL MERCURY



EBR ID Number

9TBR135-02
97BR135-03
97BR135-04
$TBR135-05
STBR165-01
97BR185-02
ATBR165-03
S7TBR185-04
ATBR1B5-05
9TBR1856-06
97BR185-07
STBR185-08
STER185-09
STER185-10
9TBR185-11
STBR185-12
97BR186-13
97BR185-14
8TBR185-15
STBR185-16
8TBR185-17
STBR185-18
8TBR185-10
STBR1BS-20
§TBR185-21
87TBR165-22
STBR185-23
9TBR185-24
STBR185-25
STBR185-26
aTeR185-27
97TBR185-28
9TER185-29
97BR185-30
8TBR185-31
97TBR185-32
STER185-23
STBR185-34
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97TBR185-39
STBR165-40
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BRL Date Summary Batch #: 97-258
Analyte: Hy
Matris: biota, Tl Prep. Data: BranaT
Eathod: BR-0OO2 Analysis Dale: ivamy
QA RESULTS
Cafibration Data
Imitial Calibration
(1] Pa
100 174
500 841 Comr. Cosf,;  0,8583
2500 L4177 Calip. Cosl,;  0.5990
TEO0 12284 RS0 1.7% _
Calibration Wesilcalion
kot P mas. p) % recowery
530 25 104, 8%
Q0 & 1085.3%
500 £33 106, 6%
Cortifed Roferance Matorial
D units Knman measursd 9 recovery
DORM-2 ugly 464 4.51 67.3%
Method Blanks
o refblank
KE-1 0,140
Malnx Spike Recovery
] urls Ko measured % recovery
BTER1EG-0MMS ngfy - 405 445 91.2%
Meatihod Duplicato
Mative Duplicata Averagea RPD
D ngg (wel)  ngfg(wel)  nofg (wet) %
BTBR185401 155 133 144 15.3%

B
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BRL Data Summary Batch #: 97-258
Analyte: Hg
Matrix: biota, fillar Prap. Date:
KMethod: ER-0002 Analysis Date:
SAMPLE RESULTS
BRL Result Result
Sample |D uglg (wet) % solids ugfg (dry)
HTER135-02 0,159 15.0% 1.06
BTER135-03 0,258 15.5% 1.66
gTER135-04 0,204 15.3% 1.34
gTER135-05 0,149 15.0% 0,283
BTER185-01 0,155 15.0% 1.03
STER185D1 0133 15.0% 0,887
S7ER185-02 0.124 16.7% 0.782
ETER185-03 0.110 16.3% 0675
ETER1BS04 0111 16.4% 0678
ETER1BSD5 0128 15.4% 0,830
ETER185-06 0126 14.6% 0862
ETER1B50T 0,143 14.0% 1.02
E7ER185-08 0,160 15.6% 1.038
OYER185-00 0113 14.7% 0.771
OTER185-10 0132 16.1% 0.877
OTER185-11 0.141 16.1% 0.eaz
OTBR186-12 0.178 14.2%5 1.28
BTBR185-13 0,151 15.2% 0.e95
ETER1B5-14 0,159 16.2% 0,881
STER185-15 0475 14.5% 1.21
rugifilter

BTER135-01 0,718
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¢ 152

L Dath Sty Batch #: 97-258
Analyte: Hg
Matrix: biota, filter Prep. Dato: |aeT
Method: BR-0002 Analysis Data: 1002097
QA RESULTS
Calibration Dala
initial Calibration
M P
100 178
500 841 Cor. Coef.:  0.8999
2500 4177 Calib, Coaf.:  0.5580
7500 12284 RSD: 1.T%
Calibration Verfication
known pa meas, pg % recoveny
500 525 104 8%
500 531 106.3%
500 £33 106.6%
Ceartified Referance Matarial
] units K measured % recovery
DORM-2 ughg 4 64 451 q7.3%
Method Blanks
D ng/olank
MB-1 0.140
Matrix Spike Rocovaery
([0} units Known measured % recovery
O7BR18501MS g - -489 445 91.2%
Method Duplicate
Mative Duplicate Average RPD
D ngfg (wet)  nofg (wet)  ngfg (wet) %
9TBR18501 1585 133 144 16.3%
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BRL Data Summary Batch #: 87-259
Analyt: Hg
Mabrlx: bloba Prep, Dale, 105387
Meihvwod: BR-DO02 Analysis Dade; 1NTAET
QA RESULTS
Calibvation Data
Initial Catibration
PO Pa
100 184
B0 BrE Cor, Conf ;. 0.6599
2500 43065 Calib, Coef.: 0.5857
B0 13278 RS0 200
Calibration Verfication
known pa meas. pg % recovery
&0 &g 103,65
00 87 103 4%
500 58 105,65
Certified Reforance Mataral
0 Lnils Knosn measeed % recovery
DORM-2 uyig 484 462 £9.6%
Melhod Blanks
[[8] ngitilank
WB-1 0,181

Matrix Spike Recovery
10 [T k3 Frrwm m&asured i recowery
OTERIBSTME gl -488 540 110.8%

Method Duplicats
Duplicale  Average RFD
%

Madive
o rgfg (wet)  npfg (wet)  ngig (wet)
ETER185-17 128 128 128 0.2%
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BRL Data Summary Batch #: 97-260
Amalyte: Hyg
Matrix: bicta, filler Prep. Date: 10787
Methed: DR-0002 Analysls Datp: 10/8ET
SAMPLE RESULTS
BRL Result Resull
Sample ID  ugig(wel) Sosclids  ugfg(dry)  Cualifier
O7ER185-36 0149 17.4% O.EER
B7ER 18537 0,105 16,95 E44
S7ER185-38 0,130 17.2% QLE1D
H7RR185-35 0115 168,5% EGT
BYBR185-40 0,188 15.4% 1.08
B7BR185-40 0.135 15.4% O.ETT o
nafiier
BTBER185-41 1.61
BTBR185-42 0,342
QA RESULTS
Calibration Data
Initial Calibration
21| P&
100 178
500 BYD Coer. Coal.: 1.0000
2500 4178 Calit. Coafl.; 0.5683
7500 12501 Ral: 2.0%
Calibralion Vedilcation
krenat p meas. pg % recovery
500 518 103.0%
&00 BOE 104.0%
500 526 105.2%
Certifiod Roferance Matardal
I units Kinown maasred ¥ reotnery
CORM-2 ugfg 4 64 451 3%
Method Blanks
[n] ngilank
MB-1 ER R
MB-2Z o122
Matix Spike Recovary
i units Korinsn maasured % recovery
STER185-40ME nga 485 520 07.0%
Method Duplicats
Hative Duplicata Avaraie RPD
o i (wot) il (wet) gl (wet) %
G7BR1AS-40 168 135 152 21.8%
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BRL Data Summary Batch #: 97-261
Analyte: Hy
Maalrine: wWaalsr (hamagsniration Bani] Prep. Dala: w247
ktethod: EPAIE3N Anglyzls Data: Ar25aT
SAMPLE RESULTS
BRL Rasull
Sample ID gL Cualifier  ngfequipment rinse
ETBR165-43 0.14 T 0.035
GTBR165-44 0.05 K. 0012
BTBR1B5-45 0.04 K 0.020
QA RESULTS
Calbration Data
Indliad Calibration
[l P&
=0 By
100 174
500 817 Ienwsld. recoveny:  107%
2500 4045 Colib, Gocf.: 06023
8000 13128 RED:  3.0%
Calibration Verdflcation
krcnan pg meas. pg % recoveny
500 483 BEEY
500 453 B8.6%
Cartified Reference Matodal -
[[¥] units Krnawn measured % recovery
1641c ngfL* T35 685 B45%
"after BRL dilution
Method Blanks
o ridank
MB-1 0,015
Matrix Splie Recovery and Precision - ofher cienis’ sampies
[n] wsnits Hrnonan measwad % rocoveory
B7BR1T3-D1ME ngeL 200 18.8 £4.5%
BYBR1TI0IMED o 10.8 1.5 8 5%
Average:  B6.5%
RPD:  41%
BTER1TT-06ME rgfl 20.0 0.7 103.5%
BTER1TT-05MSD ngi. 19,8 0.0 101,05
Average:  102.3%
RED:  24%
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BRL Data Summary Batch #: 97-247 oisk 160
Analyte: MMHg
Matrix: water fhemegsniztion blans) Prep, Date: LT a s
Kethod: BR-0O11 Aralysis Dale; el bt
SAMPLE RESULTS
BEL Fesull
Sample 1D gl Creafiior  nglequipment rinse
ATER 18543 G042 T 0.041
BTER1B5-44 0,003 1 K 0001
aTaR 18546 QU083 T 0.0
QA RESULTS
Calibration Data
Initial Calibeation
B Ph
& 33
10 &7
50 247 Cor. Coafl.: 099098
100 525 Callb. Coef.. 0.1788
&0 2e87 RED:  10.1%
Cafibration \acfication
krvaTl P mess, pg Yo recoveny
£0.0 44,6 BO.2%
500 £2.1 104.3%
50.0 50.3 100, T4
50,0 453 B0.6%%
0.0 457 B3.5%
80,0 £5.4 11008%
500 458 81.7%
Muothod Blanks
o ngiL
ME-1 Q.013
ME-2 o3t

B-9
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BRL Data Summary Batch #: 97-255
Analyte: MMHg
Matriz: Hoka Prep. Date: SRNET
Method: BR-0O11 Analysis Date:  1001/87
SAMPLE RESULTS
BRL Resull Resuil
Sample 1D upfg(wel) %soids  uplgidy)  Qualifier

OTBR135-02 0.0400 15.0% 0.267
OTBR135-03 0.0378 15.6% 0.243
ETBR135-04 0.0410 15.3% 0.260
ETBR135-05 0.0382 15.0% 0.255
STRR 18501 0.0185 15, 0% 0,123
ETBR185-02 0.0158 15.7% 0.102
ETBR185-02 0.0188 15.7% 0.121 ¥
9TBR185-03 0.0163 16.3% 0.100
GTBER185-04 0.0185 16.4% 0.113
BTBR185-05 00235 15.4% 0.153
O7TBR18506  0.0180 14.6% 0.138
STBR185-07 g.0211 14.0% 0.151
S7BR185-08 0.0184 15.6% 0.124
STBR185-0%9 0.0113 14.7% 0.0771
9TBR185-10 0.0140 15.1% 0.0830
BIBR185-11 0231 15.1% 0153
STBR185-12 0.0278 14.2% 0.187
STBR185-13 0.0273 15.2% 0.180
GTER185-14 0.0264 10.2% 0.157
B7BER1B5-15 o.e217 14.6% 0.148

B-10
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BRL Data Summary Batch #: 087-255
Analyte: MMHg
Blatrbe: bota Prep. Date: AT
Methed:; BR-0011 FAoalysis Date: 1imaT
QA RESULTS
Calibration Data
Inifia! Calibralion
Bl P
10 &5 Corr. Conf + 00008
50 260 Cality, Coaf: 01733
100 553 RSD: 6 8%
500 3142
1000 GEE
Calibration Vedicalion
known pg meas. pg %
54 432 £5.3%
&0 435 E7.08
&0 44 4 &8 T4
Gaertiffed Refergnoe Matanal
[i] Lindts Firiman measred % recovery
DORM-2 ugfg 4,47 3,43 TE.6%
Method Blanks
L[] Faas, fg
ME=1 0,58
Matrix Splke Recovary
[u] urits - Krean rreasured % re0oVEery
BTER185-02MS naf e52 856 100%
Mathod Duplicata
Mative Duplicale Averags RPFD
L[¥] ngfp (wel]  npf(vel)  npfo (eet) L]

ErER18502 %8 168 7.4 17.2%

B-11



Batch #: 97-256

BRL Data Summary
Analyte: MMHg
Mairi: biola
Method: BRO3{1
SAMPLE RESULTS
BRL Result
Sample 1D uglg (wet)

OTBR1ES-16 00220
BTBR1E5-16 00274
ATBR165-17 0.0186
OTBR165-18 00202
O7TBR185-18 0.0158
BTER165-20 U017
GBTBR1685-21 00246
BTBR185-22 00228
OTBR185-23 o224
OTER185-24 Duozat
GTER185-25 0uo200
BTER185-26 DuO193
HTER185-27 ouozaz2
OTBR185-28 D.0328
ETER185-20 QuO273
STBR185-30 0.0283
STBR185-31 0.,0229
YTER1E5-32 0.0237
OTBR1ES-33 0.0227
HTER1ES-34 0.e219
HTBRI165-34 00267

%% solids
14, 4%
14.4%
15.0%
15.0%
15.0%
14.5%
15.5%
15.06%
16.1%
16.1%;
14,654
15.5%:
16.5%
14,79
16.9%
16.1%
16.0%
16.2%
16.1%
15. 7%
14.4%

Frop. Date:
Analysiz Date:

Riesadl
L (dry)
0.201
0.180
ER BB
0,135
0.105
2121
a.159
0,140
o137
0143
0,134
0,125
0T
0223
0.162
0.i7e
0.143
0148
0.141
0.139
0,785

102487
10mma7

Chalifier

o

096
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BRL Data Summary Batch #: 97-256
Analyte: MMHg
Maotrize blota Frop, Data: 10T
Mothod: ER-0011 Analysls Date: ousaT
QA RESULTS
Calibrartiaon Data
Initial Calibration
(i8] BA
10 ] Com. Coef: 00945
50 283 Calib. Coaf.: 01818
100 &55 RS5O 4. 8%
00 2780
1000 000
Calibration Verification
kv g meas. pg % recovery
20 548 109.6%
&0 533 106.6%
50 509 101.8%
Cortiffed Raforence Malerial
[n] units Foreown moameed % recoeory
DORM-2 ugfg 44T 4,30 85.1%
Maothod Blanks
[ MBS, M
ME-1 Q.80
Malrix Spike Recovery
[[n} units . Ervowin measured %% recovery
STER 1851805 g 896 112.0 112%
Mathod Duplicate
Mative  Duplicata  Aversge RPD
ID g peet)  ngR i) ngig heet) %
STER 185-18 20.0 274 202 5%
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BRL Data Summary Batch#: 97-257
Analyte: MMHg
Malrx; Hola Prep. Date: 2T
Melnod: BR-D011 Analysis Date: Q2587
SAMPLE RESULTS
ERL Feasull Fesull
Samgple ID uplg (wel) % solids ug (dry) Qualifier
OTBR185-35 00183 17.4% 0,105
STBR1EG-1E 00192 17.4% 0111 D
STBR18EIT Qoae7 16.8% 0.116
STER 185-38 00ATE 17.2% 0.103
ETER165-30 0.0141 16.5% 0.0E55
STER1EL=LD 00149 15.4% QuOses
QA RESULTS
Calibration Data
Iritial Calibeation
1] P
] 3z
10 a7 Cowr. Coel Queas
£0 204 Calib, Coef.: QL1844
100 531 RE0: B.6%
&0 2350
1000 4580
Calibration Vedficallon
ke i Fbls, ] % FECOVEry
&0 456 81.5%
Cortified Reforonco Material
[w] umilts - K measured Yo recoviery
DORM-2 ugig 4.47 3z T2 0%
DORM-2 upfa 4.47 3.23 TE3%
Mothed Blanks
o meas. ng
MB-1 =1
MB-2 =1
Matrix Splke Recovery
{8 uriits Kricwn misasered % recovony
STBR185-36ME Ly 1)1 ] 8.9 953 " O
Maothead Duplicats
Mativa Dupdicale Average RPD &
D npfp (wel}  nofg wet)  nofg (wet) %
STER180-36 i8.3 182 8.8 4.8%

B-14
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BRL Data Summary Bateh #: 97-271

Analyta: MMHg
Matrix: filters Prep. Date:. 10777
Method: BR-0011 Analysls Date: 1007

SAMPLE RESULTS

BRL Resad|
Sample 10 ngfilter Cualifier
STBR135-01 D147
BTOR185-41 000481
GTER185-42 000801

QA RESULTS
Calibration Data
Initial Calibration
o P
10 54 Cor, Coel.: 08990
&0 253 Calib. Coel.:  0.178
800 2820 RSD: 7.0%
1000 g118
Callbration Veriflcaticn
knavn pg meas. pg % recovery
&0 45.9 81.8%
S0 47.0 B4.0%
Certiffed Reference Materal
o unils Frvoen meaired Yo recoleny
IAEA-355 rglg 5.46 5.40 68 8%
LAEA-266 g E.46 6.82 106.6%
Mathod Blanks
L[] pyl=ampe
ME-1 0.7
Me-2 14

Method Duplicats -other chanl's Sampla
Malive Dupdicats AN BIaE RPD
10 ngfp (wet]  npfg (wet) gl (wet) %
STER1BT-13 0320 0.2a2 0.306 B

B-15
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BRL Data Summary Batch #: 97-273
Analyte: Pb
Mot blota Prop, Dade:
Malhvod: EFA 2008 Analysls Dale!
SAMPLE RESULTS
BRL Rasult Rasadl
Sample 10 uaf (wat) % solids uglp (dry)
STBR135-02 <005 165.0%% =033
BTBR135-02 <005 15.0% <033
STER135-03 0,00 15.5% 0.026
ATER135-04 <. 05 15.3% <33
87TBR135-05 .03 15.0% 0.620
G7BR185-01 0.230 15.0% 1.52
aBTER185402 0.354 16.7% 226
BTBR185-03 0,180 16.3% 1.17
HIBR18504 0144 16.4% ETE
BTER 18505 0120 15.4% 0T
STBR 18500 0.0810 14.6% 0,554
HSIBR18507T 0180 14.0% 1,30
aroR105-0a8 0270 16.6% 1.73
QTER185-00 0130 14. 7% Q.EBT
arER1B5-10 0,153 161% 0687
BTER1ES-11 0220 15.1% 1.45
HTER185-12 0,810 14. 3% 18
H7ER185-13 0420 15.2% 2T
BTBR185-14 0150 16.2% 08525
ETBR185-15 0.130 14.5% 0.895
ughilter Qualifier

OTER 13504 <0.3 U

B-17

[msmeT
10T

Cualifier
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SR Sy Batch # 97-273
Analyte: Ph
Matrisz bloia Prop, Cate:
Method: EPA 2000 Analysis Cate:
QA RESULTS
Calibration Data
Inilinl Calibrstion
ugiL Atsarbance
Q =0, 001
& 0013 Cour. Coal.;
10 0,027 Slope;
25 0.060 Iriercept:
50 0.118
100 0.228
Calibralion Verification
Krown uu.rl. meas. ugil Yo recovery
358 &7.0%
-l.tl 3609 B2 3%
40 34.1 B0, 3%
#0 5.6 #1.5%
Cortified Reference Malenal
| ¥ unils Hinicwean measured
ERA 6070 uglL G6.0 64.8
TORT-1 uglg 10.4 13.0
*1:2 dillion of 132 ugfL cerlified concentration
Mothod Blanks
D maas. ugl
LRB-1 <1
LR8-2 |
Hﬂﬁ:&p-’keﬁmw
units g MeasUned
'EI-?EREE-'.'I-EME wg 2.37 2.33
Method Duplicate .
Nalive Duplicale Average
i ugly (vl wpfg el ugfp (wel)
GTER 13502 =0,08 =005 =005

LY EEE

QEsRT
107R7

0.98987TT
i0. 03
0.002

082
125.0%

% FECDVENY
£8.5%



BRL Data Summary

Batch #: 097-274

Analyte: Pb
Matrix: biota
Method: EPA 2009

SAMPLE RESULTS

BRL
Sample I
OTER1B5-10
BTER1ES-16
07BR185-17
o7BR185-18
BTER185-10
STRR185-20
BTBR185-21
BTBR185-22
O7BR185-23
OTER185-24
G7TBR185-25
STBR185-26
OTER185-2Y
CTER185-28
S7TER185-29
YTHR1B5-30
S7BR185-31
S7TBR 18532
aTBR185-23
S7BR185-34
O7BR185-25

Foesull
Lagfg (wet)
0.110
0114
o460
0148
0,138
0227
0,140
0.138
0160
0.158
Q.10
0.128
0.132
0.154
0072
0130
0233
ouaz
o113
0128
o080

% solids
14, 4%
14,45
16.0%,
15.0%
15.0%5
14_5%
15.5%
16.6%
16.1%
16.1%
14.8%
15.5%
16.5%
14. 7%
16.5%
16, 1%
16.0%
16.2%
16, 1%
15.7%
1445

Prep. Date:
Analysis Date:

Result
upg (dry)
0,704
0, rad
1.07
0.873
0,520
1587
0.803
0.872
0.834
0.948
0805
0.826
0.800
1.05
0.426
0.e07
1.40
0.558
0,702
Haz2
0625

BrEaraT
00T

Gualifier

_|
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BRL Data Summary Batch #: 97-274
Analyte: P
halriz: blota Priap, Dale, granaT
Mecthod: ERA 2005 Analysis Date: 104087
Q4 RESULTS
Callbration Data
Indtind Calibration
gL Abhsorfancs
o 0,000
& 0013 Coer. Coel.:  0.99205
10 0.025 Slopa: 00024
25 0,053 Irercapl: i0.001
50 0124
100 0243
Calibration Vedlication
Ko gl meas, ugil % recovery
0 8.8 B7.3%
40 0.0 BO.5%
A 2.7 £9.3%
40 350 BT.E%  ‘“ropoursd and reanalyred
40 - - 055
Certiffed Referanco Material
ic Lits Kreawn measmred % recovery
ERA, 9370° ugiL 65 65.4 09,1%
TORT- uwfg 10,4 133 128%
*1:2 diludion of 132 g/l cerlifiod concenlralion
Method Blanks
10 meas. ugl
LRB-1 <]
. LRB-2 =1
I alrix Spllke Recovery
W] s Kniown measured % recovery
87BR185-16MS uglg 2 45 251 102 4%
Method Duplicate
Native  Duplicate Average RPD
1D ugfg (wet)  ugfg(weat)  ugip (wel) %
STER185-18 o1 0114 0112 T 3.6%

B-20



GRL Daw Summery Batch # 97-275
Analyts: Pb
kaln=: blola Prep. Dale: 10/8/87
Wethod: EPA 2000 Analysls Date: 10132067
SAMPLE RESULTS
BRL Rasul Femull
Sample ID ugfg (wal) % sofids wg {dry) Ceualifier
HTER 18535 OLCED 17.4% 0,460 T
BTER1ES535 ouoTo 17.4% .402 T.0O
HTBR185-AT 0112 16, 5% 0,653 T
GBTER 185348 Q120 17.2% 0,598 T
BTBR18533 0,145 16.5% 08789 T
STER185-40 0120 15.4%; 0.7 T
upfiiter  Qualifier
STER185-41 <03 1)
STBR185-42 .3 U
w3l Cualifier  upfeqspment fAnse

STBR18543 <i u <,25
GTER1B5-44 =1 u 4,25
GTER1E5-45 <1 u .26

B-21



BRL Data Summary Batch #: 97-275
Analyts: Ph
Mabrix: biota Prop. Dafo:
Mothod: EPA 2000 Analysis Date:
QA RESULTS
Calibrafion Dala
Initial Calihration
ugit Absorhanss
1] 0,018
5 0011 Corr. Coafl,;
10 02z Slope:
25 0,055 Irlarcapl:
&0 &,108
100 0.206
Calibration Varificalion
Enownupl  meas ugil % recovery
A0 40,7 101.8%
40 1.0 102.5%
40 400 100 1%
Certiffed Reference Matedal
0 LEikE Krram reasieed
ERA &870" ugiL BE0 B3
TORT-1 wuglg 10.4 800
*1-2 dilition of 132 uwg/L cerified concentration
Maifod Blanks
o meas, ugil
LRB-1 =1
Matrix Splke Recovery
ic Lnits Kiricrem maasired
OTER1B5-36MS5 Ul 2.58 2.53

Method Duplicate
Matlive  Dupfcale Average

10 uglp (wel]  uglg (wel)  uglg (wat)
HTER1E5-3E OaES 0.4%70 0.075

B-22

o 326

10T
101 387T

0.8a5E0
0.0021
0.002

88 9%
T6.5%

¥ recovery
BE, 0%

RPD

13.3%
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Batch #: 97-276

ugffilter  CQuealifier

BRL Data Surnmary
HAnalyte: CrF
Miatriz: Blotn
Method: EPA 20009
SAMPILE RESULTS
BRL Resul!
Sample D L (wed)

ATBR135-02 0426
ATBR135-02 0430
BTER135-03 D430
BTBR13L-04 0443
STER135-05 0.357
B7ER 185-01 6.77
HBR1E5-02 16.8
STBRI165-03 369
HTBR185-04 321
87BR185-05 274
STRRI05-00 250
grER1a507 8.060
B7ER135-08 124
S7BR18509 0uEEL
GTER185-10 D.BsY
BTBR185-11 a1
B7BR 18512 1.7
grBR1BL-13 4.93
8TBR185-14 1.48
BTBR1B5-15 0.945
STER13501 0.717

% solids
15.0%
15,0%
15.5%
15.3%
15.0%
15,0%
15, 7%
16.4%
T0.4%
15454
14.0%
14.0%
15.6%%
14, 7%
18,19
15, 1%
14, 2%
15,29
16, 2%
14.5%

B-24

Prep, Date:

Analysis Cate:

Rezull
Ui (dry)
2.92
288
277
2.90
2.38
45,1
101
226
18.6
17.0
i75
E7.3
702
4.68
£.69
622
827
328
8.10
6,51

257
1001507

Cruafifiar

o

3

r
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AL Duts Sy Batch #: 97-276
Analyte: Cr
Mairixc biota Frep. Date:
Methodk: EPA 2009 Analysis Date:
QA RESULTS
Calibration Data
Initial Calibration
ugiL Absorbance
o D00
1 o3 Coer. Coaf.:
5 0068 Siope:
10 0157 Intercepl:
25 0334
ED 0626
Calibration Verification
Enown ugy®.  meas. ugll % recoveny
20 20,66 1028%
20 2082 104 6%
20 21.06 105.3%
20 20.82 104.1%
20 07T 03.8%
il 21.03 105.2%
Carlified Refarance Matarial
[ units Fneean maasured
ERA 29707 LEL 241 242
TORT=1 [ Ty} 240 201
“4:10 dilution of 241 upiL cerified concantration
Mothod Blanks
[ maas. upl
LRB-1 n&x
LRB-2 D&z
Matrix Splke Recovery
o unils K ricne miEasured
8TER 135-02M5 Ui 237 23T
Mathod Duplicate
Halive Cuplicate Aerags
- ufp (wel)  ugdp (wel) Ly (veell)
OTBR135-02 0,435 0,430 0433

B-25

e 33l

10587

0.85941
0.0126
0.000

% racovary
100, 6%
B3.5%

% recovery
100.3%;

RPD

4%
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BRL Data Summary Batch #: 97-277a
Analyte: Cr
Matrix: biata Prep, Date: Q2007
Meolhod: EPA 200.8 Analyss Dale: eET
SAMPLE RESULTS
BEL Fesuit Rasull
Sample 1D U (vt} % Solids ugig (dry) Cualifier
g7TBR185-18 1.68 14.4% 13.0
S7ERIBS10 1,78 14.4% 124 B
GTER 185617 220 16.0% 14.7
OTER185-18 1.07 15.0%4 T.42
QA RESULTS
Callbration Data
Initial Catiibeation
wpL AbsorDars
1] 0008
1 0.0 Comr, Coef.:  0.BBEEG
B 0.063 Slopa: 0122
10 0123 IMarcapi: 0.0
25 0313
50 0606
Calbration Verfication
Known ugil.  meas, ugil. % recovery
20 19,60 B0.3%
20 19.27 B4
Certified Reforence Malorial
[o] uniis Frdnnn rrddakured o PSn By
ERA BOT0* ugiL R 231 B5.0%
TORT-1 L5 24 202 B4 2%
*1:10 dilution of 241 wup/L cerified concantralion
Method Bianks
i meas, ugiL
LRB-1 <02
LRE-2 0.2
Matrix Spika Recovery
[n] uriis | messuned % necovery
STER185-16MS ugfpy 245 214 OT.3%
Mothod Duplicofe
Hallve Duplicaloe Awrbrage R
[ik] ugdy (emd)  ugfg (wet) LI ) L
HTBER185-16 .83 1.748 1.B3 4.8%

B-?6



BRL Data Summary

Batch # 97-277b

Analyte: Gr
Katix: biola
Maothod: EPA 20005

QA RESULTS

Calfbration Dato
|natial Cafibration

L

L]
.1
5
10
25
50

Absortiare
0002
DO
0.051
OL105
0268
Q516

Cafbration Vedfication

Knownugl.  meas. g/l 9% recovery

20
20
20

20062
19,26
1908

Cortiffed Reforenge Matorial

]
ERA saTo

units
uglL

103.2%
B5.3%
83.3%

Hnown
241

Prap, Data:
Analyss Date:

Corr. Coaf.:
Slope;
Irlercapl:

maasured
2407

110 dilidion of 249 ugh. esrified sonseniralion

Method Blanks

sew S7-277a

Matrix Spike Recovery

soe 8F-2FTa

Mathod Duplicahs

So8 9T-27Ta

B-27

BE2asT
10097

0.9998
0.0104
0.000

% roctnary
o=KL

J86
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BRL Dt Suciwary Batch #: 97-278
FAnalyte; Gr
Bmirizc blodn Prop. Date; 10T
Melhod: EPA 2000 Analysls Date: 104387
SAMPLE RESULTS
ERL Reasdl Rasull
Sample D ugkp (wet) % zolids iy [dry) Qualifiar
STBR1B5-35 0.7Te 17.4% 4,48
HTER185-35 0.B0G 17.4% 485 B
ATBR1B5-37 4.43 16.8% 5.2
STER185-33 304 17.2% LI
BTBR1B5-33 LET 16.8% 4.3
B7TBR185-40 2.96 15,4% 18.2
ugffiltar Cualifiar
HIBR18-41 0546
BTEBR185-42 0414
ugiL Gualifier ugfequipment Anse

BTER185-43 =002 u <0005
BTBR1E5-44 <02 u <0005
BrER1B5-45 =002 L =), 005

B-28



BRL Data Summary

Batch #: 97-278
Analyte: Cr
Baliix; biola Frep. Datla:
Method; EFPA 2008 Analysis Dala:
QA RESULTS
Calibrafion Data
Initial Sallbration
gL Absnrbance
i) £.028
1 0,006 Coar, Coef.:
& 0.053 Slope:
10 0115 Intercepl:
25 0,310
&0 0612
Calibration Verfication
Enosnugll.  meas. upl % recovery
20 19.6 a7.a%
20 20,1 100.65%
20 18.5 a7.0%
Certified Reforence Materfal
(8] uniis Kinown measurad
LFB ugiL 0.0 456
TORT-1 T 240 1.90
Method Blanks
] meas. ugil
LRB-1 013
Matrix Spike Recovery
] unlis dy's ] maasymad
BTBR165-35M5 g 258 268
Method Duplicato
HMative Dusplicate Average
I ugig (wet)  ugfg (wet) ugg (wet)
OTBR185-36 0772 0809 0. 784

B-28

1087
101307

059386
0024
0,005

S reconrory
a3.2%
TH.1%

%% FOCOVErY
102.9%

RPD
%

L

426
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BRL Data Surmmary Batch #: 97-279a
al Analyto: Cd
3‘5_?5_1-5? R hMatrix: blota Prop, Dot BR2EAT
sk P Mothod: EPA 2008 Analysls Date: 10197
SAMPLE RESULTS
BRL Result Rzl
Sample 10 upfp feet) % solids wafg (dnyl Qualifier
STER1A505 d472 15.0% 319
GTER185-01 0522 16.0% 3458
BTBR165-02 0621 15.7% 3857
STER18503 0,650 16.4% 387
HTER165-04 0.461 16.4%: 281
BTER185-05 0478 15.4% 3.10
A7BR185-06 0,440 14.6% 3m
BTER1BEOT L4400 14,05 315
STER 18504 0411 15.6% 263
ITER 16500 0481 14.7% S35
S$TER1E5-10 0,549 15.1% A64
HTER18511 0,363 15.1% 244
E7ER18512 0.413 14.2% 201
GTER185-12 0.384 15.2% 260
A7ER185-14 0,364 16248 235
AYAR1AE.16 0.a7a 14.5% 261
QA RESULTS
Calitiration Data
Inétial Calibration
gL Absarbance
0.00 -0.01
0.50 0.013 G, Cooel: 05331
1.00 0.0%7 Slopa: 00217
200 0.053 Intercepd: 0.005
8.00 122
10.00 0.218

Calibration Verificalion
Krerar ufil fheas, il % recovery

4,00 4.10 102 B3%
4,00 4.00 100 A
400 360 - BT 6B%
Cartiffed Reforonce Materal
so¢ 97-3T8h
Mathod Blanks
zog| 9F-2rah
Malrix Spike Recovary Melfod Duplicate
sege GT=-2T80 e §r-276D

B-31
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BRL Data Sumimary Batch #: 97-279b
Analyte: Cd
Malri: Blota Prep, Do QREmaT
Method: ERA 3006 Analysis Data: 10187
SAMPLE RESULTS
BRL Fesull Fesull
Sample ID g (weld % solids LA (dry) Glusalifber
STBR13502 0410 160% 274
STER13502 0 460 15.0% a.07 D
BTER135-03 0.490 15.5% < |-]
HTER135-04 0.450 15.3% 418

ugfider Qualifier
ATER135-1 <003 u

B-32
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BRL Data Surmmary Batch # 97-279b
Analyia: Cd
Matix: bloia Prep. Date: [r2aET
Melhod: EPA 2009 Analysis Date; 1011 1&7
QA RESULTS
Calbratian Data
Initial Calibration
Ll Absorbancs
0.00 0.000
0.80 o112 Cor. Coef.: 009854
1.00 Q.03 Glopa: 002048
2.00 0.047 IMercapl, 0.002
5,00 0,104
Calibration Vedfication
Enownugl  meas ogl 9% recovery
4.00 4,00 100.0%
4.00 .80 B7.5%
400 £.10 102.5%
Cortiffed Reforence Matarial
iD wnits Ko maasegd %o recovery
ERA, BOTO" gl 4,80 460 #5.8%
TORT-1 ui 233 PAD a5 1%
=1:20 diludion of 85 8 gl cerdified concentation
Method Blanks
1] meas. ugiL
LRE-1 <0,1
LRE-2 =0,1
Matrix Eplke Recovery
o units Fanan measured Yo reOOVERyY
STER135-02015 ugK 237 2,79 118%
Metiod Duplicale
Hative Duplicata Avorago RPD
I ugla wet)  wafa (wetl  uglp (wot) %

WTBR125-02 2.410 0,480 0435 11.5%
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Batch #: 97-280

BRL Dala Suanmary
Analyte: Cd
Makis: hiala
Method: ERA 3005
SAMPLE RESULTS
BRL Rasult
Sample D ugl (wel)

STBR185-16 0.351
HTER1B5-14 0337
STER185-17 0.478
STBR185-18 0423
HYBR185-19 0,435
STER185-20 0.407
BYBR185-21 0,350
HTBR1A5-22 0,385
BYBER185-23 0.410
BYBR185-24 0,400
BYOR165-25 0405
BYBR185-25 0,438
O7BR185-27 0316
BYER185-28 0,336
BTER185-28 L339
GYBR185-30 0380
8TER185-31 0,335
BTER185-32 0322
ETER1G5-33 0345
STER185-34 0,348
STER1B5-35 0,300

o solids
14.4%
14.4%
15.0%
1800
15.0%
14.6%
18.5%
15.6%
16 1%
16.1%
14.5%
15.5%
16.6%
)
16.5%
16.1%:
16.0%
16.2%
16.1%
15.7%
14,4%

B-34

Prap. Dafe:
Analysis Date:

Resul
Lpfg (dry)
244
.34
318
282
253
281
2.52
247
255
453
2TE
2,82
1.81
228
201
236
204
189
217
P )
208

BT
foram?

Quealifigr

o

308



BRL Data Summary

Batch #: 97-280
Analyte: Cd
Matrix: bea Prap. Dabe;
hellwel: EPA 2008 Andlysis Dalbe:
QA RESULTS
Calitration Date
Initial Calibration
ugl Absorbance
1] 0000
0.5 Qo4 Corr, Coel,:
i 0028 Slopat
2 Q057 Intencepd:
5 0131
10 0223
Calibration Vernfcalion
Erown upl  meas, upl % recovery
4.00 430 107.5%
4.00 3.80 B5.0%
o 00 3.80 BT S5%
4,00 3.80 B5.0%
cerlified Reforence Material
({8 wnits Ko measured
ERA G870 ugil 4 B0 500
TORT-1 ugiy 263 26,8
*1:20 dilvlicn of 858 wyfL cadified concentration
Method Blanks
o mizas. upl
LRE-1 =0,01
LRE-2 <0.01
Matrlx Spike Recovery
ic wnils Ko measurad
STBER1EG-1GMS g 245 249
Meathod Duplicato
Hatiwe Duplicala Average
1D upi (et} wafgiwet)  wpfg (wet)
G7BR185-16 0351 0.F37 0344

B-35

e 209

BRERRT
10vaaT

04201
0.0224
0,007

4% recovary
104%
1025

%% recovery
101.7%

RPD

4.1%
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BRL Dala Summary Batch #: 97-281
fnakyte: Cd
Mairix- blota Frep, Date: 1varaT
hethod: EPA 2008 Analysls Date: 100387
SAMPLE RESULTS
BRL Result Resull
Sample 10 ugly (wel) % sollda g (dry) Gusalifeer
B7ER1EE-36 0.310 17.4% 1.78
A7BR185-36 0.310 17.4% 1.78 &)
a78R185-37 0430 1668 254
OYER1A5-35 0 440 17.2% 258
97BR185-34 0482 16.5% 202
a7BR185-40 0,456 15.4% 3322
ugfiller Qualifiar
a7ER185-41 0,03 u
STBR185-42 =003 L
ug/L Quialifier uglequiprnend finse
ATBR185-43 =0 1 L <0025
GTER185-44 L u 0025

ST7BR185-45 =0.1 L =005

B-306



BRL Data Summary Batch &: 97-281
Analyte: Cd
Matrix blola Prep. Date 10/araT
Method: EPA 2008 Analysls Date: 101387
@A RESULTS
Calibration Data
Initial Cadibwation
ugfl Absorbance
1] 0,000
0.5 0.011 Car, Coel: 00008
1 0022 Elope: 00233
2 0043 non-lineese fit wesed
& 004
10 0156
Calibration Vedficalion
Enownugfll,  meas. ogl % neodvery
4 4.2 105.0%
4 4.3 107.5%
4 4.4 110,066
Certifed Reference Matarial
i units Ko measured 36 recovery
ERA 8970 upil 4.80 a8 10Z2.2%
TORT-1 [P T 263 25.8 85, 2%
=1:20 ditution of 860 gl certified concentrtion
Mathod Blanks
5] moas. ugl
LRE-1 =01
Matrix Spike Rocovery
I uirilts Ko measaured % recovary
HTER185-36M5 (13 Tia] 258 254 BE.4%
Method Duplicale
Hative Duglicate Average RPO
n} uglg (wet)  upig (wel)  uglg (wel] %
S78R185-28 0210 0.310 0310 0.0

B-37
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Batch #: 97-282

BRL Dxla Swmmary
Analyle; As
Mafrix: bioda
Method: EFA 2006
SAMPLE RESULTS
BRL Resull
Bample 1D uipig (e
BTER136-02 08402
A7BER135-02 0891
OvBR135-03 o.aT
OVHR 13504 0,534
AYBR135-05 0.810
B7ER1B501 0,839
B7YBR1B502 1.02
G7BR1B503 0,854
BYBR185-04 0.880
GTBRI18505 0887
S7BR 18506 0,875
BYBR 18507 0810
STBR18503 0855
STER185-04 0,880
978R185-10 0.837
STER18511 0.7
STBR185-12 oa1r
9TBR18513 0.821
STER1EE-14 0.EN
STBR18515 0584
LgTiller
BTOR135-01 =03

¥ solids
18.0%
15.0%
15.5%
15.3%
15.0%
18.0%
157%
16.4%
16.4%
15.4%
14.6%
14.00%
15.6%
14.7%
15.1%
15.1%
14.2%
16.2%
16.2%
T4.6%

Quealiligr
L

e-39

Prop. Dale:

Analysis Dale.

Rzl
uafp (dry)
655
585
B.25
612
.07
G2
6.52
§5.00
6.8
- ]
508
G.52
548
6.01
6.56
467
6,47
5.41
6500
6.08

BratmEY
LT

Crualifier

(n]
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BRL Data Summary Batch #: 97-282
Analyte: As
Malrix biota Frep. Date;
Method: EFA 20008 Amalysis Date:
QA RESULTS
Calilwation Data
indfial Calibration
ugfl Absorbanico
(1) 0000
5 0,014 Com, Coel.:
10 0.024 Sloae:
25 0.064 Intercepd:
50 0123
100 0232
Calibration Wedfication
Enownugl,  meas ugl % recovery
&0 e o045
&0 3956 8,45
40 38,46 06.2%
&0 3T7.65 294.1%
Certified Reference Materfal
[} unls Fran measured
ERA GET0 ugifl T8.6 Al
DORM-2 L 8.0 128
Method Blanks
i mEas. ugie
LRE-1 <1
LRB-2 <1
Matrix Spike Recovary
i unlts Kncnan measured
BTER 135-02M5 g 237 1,684
Mothod Duplicalo
Mathee Duplicate Awnarage
D uglg (wet)  uglg (wet])  upf (wet)
STBR135-02 0582 0881 0837

B-4C

TOfaraT

0.85333
0, 00S
0.0

103.6%
TL.1%

o resnveny
684.2%

RPD

BT



BRL Data Summary Batch #: 97-283
Analyte: As
Malrizc biota Prep, Data:
Method: EFA 200.9 Anglysis Dale:
SAMPLE RESULTS
BRL Resull Resul
Sample 1D ugdg (wel) % solids Ly (dry)

B7BR185-16 0839 14, 4% 5.0z
GTER185-16 0808 14 4% .61
YTER185-17 f.805 15.0%: 5.37
aTBR1AS-18 0.7ag 15.0% £33
a7BR1E5-1G 0812 150 541
A7BR185-20 0.678 14 5% 4 64
B7BR185-21 0.8 15.5% £.30
BTBR185-22 0.738 15.6% 4,73
B7BR185-23 0,840 16. 1% 528
BTBR185-24 0.874 16.1% 5.43
HTBR185-25 0.767 14.5% 515
BYER185-25 0,846 155% £.45
aYER185-27 0,763 16.5% 4.53
OTBR185-28 0,760 14. 7% LR
HTBR185-28 0. 765 16.8% 4,53
BTBR185-30 0.788 18. 1% 4 839
a7aR165-31 0,782 10.0% 5.00
OTER 18622 0781 16.2% 4.0
oTBR165-533 0.7i8 16186 #4,45
OTER185-54 0,781 15 7% S04
STBER185-35 0834 14,456 &

B-41

EEOAT
TOFIQraT

Chualifier

)
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BRL Datx Summary Batch #: 97-283
Analyta: As
Blatix: biota Prep. Date:
Method: EPA 20008 fnalysis Date;
@A RESULTS
Calbration Data
imitial Calibration
gL Absorbancs
1] 0001
5 oy G, Coel.:
10 0037 Slope.
25 0088 Intercepl:
D 0176
100 0,304
Cafbralion Verficalian
Knownugl  mess upl % recovery
A0 3551 51.3%
40 718 E O
40 3364 #1.6%
40 55,08 80.2%
Certifled Reference Matarial
[ uils Prean measured
ERA &370 ugiL. 78,5 m.r
TORT-1 iy 24.6 22.1
Method Blanks
[} moas. gl
LRB=1 =1
LRB-2 =1
Malrix Spike Recovery
[n] ks Ko measwrad
STER185-16MS ugla 245 201
Method Duplicate
MNative  Cupicate  Average
(8] uply {wel)  ughgwel)  udfg (wel)
ATER1A5-16 0.835 O.808 0,023

B-42
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s2ae’?
10M1 a7

0.884953

00032

% recovery
H3. 7%
88.8%

% recovery
B1.8%

RPLx

3.7
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BRL Data Summary Batch #: 97-284
Analyte: Ao
Rialsix: Biola Priap. Drale: 10muay
Melhad: ERA 200.8 Analysis Date: 10014197
QA RESULTS
Calibration Data
Initial Calibration
gl Absorbance
a 0000
2 o1F Com, Coef.: 088975
id 0033 Shope: 0.003
25 QuovE Intercapt: 0003
&0 0154
100 0284
Callbration Verificatian
Fnownugl.  moas. ugl. %% reoovery
40 3006 5. 1%
40 40.G 101.6%
40 41.0 102.4%
Cavtified Reference Material
[ uniis Kinoan measured S rnecovery
ERA 8570 ugil T6.5 a0 BE.3%
TORT-1 s P 24.6 24.3 B4 T
Method Blanks
IC rveas. ugiL
LRE-1 0.53
Mairlx Spike Rocovary
[n] uridls Kirman maasured % racovary
HTER185-3605 ugfy 258 249 83.4%
Meathod Duplicata
hiative Duplicale Average RPD
ID ugig (wet)  ugfg (wet)  ugl (wet] e
BTBR185-35 0,831 0834 0833 L%

B-43
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BRL Data Summary
Batch #: 07-268a s ==
o
Analyte: % Lipids Dk e
Elati= blota Vided WAL Date: AT
Method: Bligh-Dyer Dy V. Date;  10/100%7
S5AMPLE RESULTS
BHEL
Sample |0 % Lipids  Quallfier
STER135-0:2 1.08%
ETER 13503 1.40%
BTOR135-04 1.42%6
BTER135-05 1.23%
OTER185-01 1.21%
OTER185-0F 1.868%
ETER185-02 1.61% (]
STER 18503 1.49%
STER 18504 1.34%
SYER 18505 1.55%
GTER 18505 1.46% (¥ ]
OTER 18506 1.41%
STERIE5-0T 1.24%
ATERIE5-08 1.30%
GTER 18509 1.22%
BTER185-10 0,623 R
BYER185=11 1.34%
HS7YBR185-12 1.72%
STER185-13 1.05%
BYHR 18514 1,823
STER185-15 1.11%
QA RESULTS
fethod Blanks Tt
s} wolwi (g} doy wi (g) diff. (g}
MB-1 0.8433 0.0430 00001
MB-2 0,635 08363 =}, 000 1
Mathod Duplicats
kativi Duplicate Average RFD
[a] % lipids % Eplds % liplds L
HTBER185-02 1.68% 1.615% 1.65% 4 5%
HTER185-05 1.55% 1.465% 1.51% a8

B-45



BRL. Data Sucmary Batch # 97-268b
Analyte: % Lipids
Matrx: bicla Wel W Dale: 1001487
Method: Bligh-Oyer Dry WA Date: 100407
SAMPLE RESULTS
BHL
Sample ID % Lipids  Qualifier
ETER 18510 1.21%
ETER185-21 1.455%
HrBRTES-11 1275 Cr
ETER185-25 1.24% W]
HTBR145-30 1.44% ]
STBR185-38 1.38% o
QA RESULTS
infer-Oateh Method Dupliicaes
Mative Duplicate  Average
| 9 Epids  from Balch W %% lipids %6 liplds
HTER185-11 134% o7-268a 1.27% 1.31%
BTER 18525 1.16% BF-2650 1.24% 1,205
BTERRE-S0 1.56% A7-260 1.44% 4 B0
STBER185-3E 1.668% 87270 1.368% 1.52%

B-45

RPD

5.d%%
7.6%
E.0%
1845
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BRL Data Summary Batch #: 97-265 ©241

Analyte: % Sollds

hiatn= biota Wied VAL Duabe: BEET
Method: BR-1201 Dry W1, Date: 11487
SAMPLE RESULTS
BEL
Sample ID % solids Qualifier
H7ER135-02 15.0%
G7ER135-03 15.6%
G7ER13504 15.3%
GYER13505 15.0%
ETER 18501 15.0%
STBR 18502 15.7%
ETER 18503 16.1%
STER18503 16.6% D

ETER 18504 16.4%
FTER185-04G 15.4%
ETER185-02 14.85%
ETER185-07 14.0%
STER185-08 15.6%
BTER1B5-00 14.T%
BTER1ESI0 15.1%
BTER1EE11 15. 1%
STERIES-12 14.2%
BYER1G3-13 15.2%
BYER10Z-14 16.2%
STER1A5-15 14.5%

QA RESULTS
Motlhind Bisnks
o wetwl (o) divwi (o) diff. (g}
MBE-1 0843 0843 0.000
MB-2 0840 0835 <000
Method Duplicate
Native  Duplicate  Average RPD
[ S5 solids a5 solids % eolids %%
STBR188-03 16, 1% 18.5% 16.3% L%

B-48



Batch #: 97-266

ERL Data Swmmary
Analyta: % Selids
tAairix: biofa
Method: BR-1501
SAMPLE RESULTS
BRL
Sample D i solicEs
STaR165-16 14.4%
aTaR1B5-17 15,056
S70R105-18 15.0%
aTaR185-19 14.9%
gTER185-10 15.1%
BTER185-20 14.5%
gTaR185-21 15.6%
BTBER1B522 15.6%
STER185-23 16.1%
ATER185-24 16. 1%
STEBR185-25 14.8%%
STBR185-26 15.5%
S7ER185-2T 16.6%
G7ER185-28 14.73%
A7BER185-20 16,836
S7BER185-30 16.1%
B7ER186-31 16.0%%
BTER185-32 16.2%
BTER185-33 16, 1%
DTBR1E5-34 16.7%
OTER185-35 14.4%
QA RESULTS
Method Blnks
o wel wil {g)
MIB-1 0L.ea7
ME-2 C.0a8
Eothod Dupiicsto
Fative
D % solids
A7ER185-18 14.8%%

Chualifier

dry wi. (g)
0.637

Dupicatn
%5 solids
15.1%

B-43

Wetl Wi, Data:

Dy Wt Diale;

difr. ()
< (3F
<0601

Averagn
% solids
15,086

12T
103m7

RPO

1.3%
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BRL Data Summary Batch #: 97-267
Analyte: % Golida
Matdx: biota Wt v Date:
Kathad: BR-1501 Dy WA, Date;
SAMPLE RESULTS
ERL
Sampla ID %4 solds Qualifier
OTBR185-36 7. 4%
GTBRIBE-ST 16.8%
STER1B5-38 17. 2%
STER 18538 16,5%
STBR185-40 15.3%
SGTER185-40 15.5% D
QA RESULTS
Method Blanks
1D welwd (g)  dry vA. (@) difl, (g)
MB-1 0Le3a 05332 R ]
MB-2 0.0 0044 0.000
Maflhod Duplicate
HNative Duplicate Average
[[n] %% solids % solids % solids
STER185-40 15.3% 15.5% 15.4%

B-50

10507
1T

RPD
1.6%
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Determination of Methylmercury by Aqueous Phase Ethylation, Trapping Pre-
Collection, Isothermal GC Separation, and CVAFS Detection

1. DESCRIPTION

1.1. Mono-methylmercury (MMHg) iz determinsd by an improved method (Liang, Bloom,
and Horvat 1994). The MMHg is first ethylated with sodium tetraethylborate (BE14) and
collected by purging with dry, Hg free Nitrogen onto a column filled with either
Carbotrap™™ or Tenax. The ethyl mercury dervatives arc then thermally desorbed and
transferred to a GC column held in an oven at 96° C, and the species are
chromatographically separated by the GC column. The organo-Hg compounds are
decomposed at 900° C to Hg?, then quantified by a cold vapor atomic fluorescence
spectrometer (CVAFS), The detection limits (DI, as Hg) for the technique are sbout 0.6
pe for MMHg. The method can be applied for the determination of MMHg in a variety of
samples and it has been demonstrated as being a very semsitive, precise, and accurate
method. Very good results were obtained for the determination of MMIg in reference
standard materials and hair, blood, and brain intercalibration samples (Liang, Bloom, and
Horvat 1994)

2. APPARATUS AND MATERIAL

2.1. Cold vapor atomic fluorescence spectrometer (CVAFS) made at Brooks Rand, Lad.
2.2, Chromatographic peak integrator (Lab Data Costrol [-400)

2.3. Reaction and purge vesszls: A 150 ml flat bottom bottle with 24/40 tapered fitting is
used as the reaction vessel A special 4-way valve sparging-tube cap-assembly is used.
This vabve assembly allows the water sample to react initially with the ethylating reapent,
without bubbling, then to be purged ontp the trapping column, and finally to be bypassed,
50 that water vapor adsorbed onto the column may be evaporated by the direct flow of dry
CAITicr gas.

2.4. Trapping column: A column for the collsction of purged organomercury specics is
constructed from a 10 cm length of 6.4 mm outside diameter x 4.0 mm inside diameter
silanized quartz tubing with a coarse quartz frit 2.5 cm from one ead. The colunm is
prepared by packing either 180 mg of Carbotrep™ or 80 mg of Tenax TA, using silanized
glass wool to hold the packing in place (see figure 1). The layer of glass wool to the end
A ghould be thin, just for blocking up grains of filling material, while the layer to the end B
should be packed in a manner that makes a plass wool stopper about
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2 ¢m length, and then placed into the quanz tubing as tightly as possible. Compress the
packing again, carcfully making filling grains tight, but do not crush them. Figure 1 also
shiows the coaneclion of the colunm and a reaction vessel

2.5, Isothermal gas chromatography system: Iustrated in figure 2 is a schematic diagram.
A GC column is prepared by packing 65 cm length of preconditioned 15% OV-3 on
chromasorh W-AW-DMCS, 60/80 mesh into a silanized 80 cm total length 6.4 mm
outside diameter x 4.0 mm inside diameter borosilicats glass chromatography U-tube
within & sealsd plass gheath, and the OV-3 column is held in place with silanized glass
wool plugs. Under a 50 mi/min flow of high purity helium, organomercury species
desorbed from a trapping column were carried by gas passing through a GC column held
at 96° C in a cylindrical oven and eluted. Separated species were decomposed in a
thermal decomposition tube and finally detected by CVAFS,

3. REAGENTS, GASES, AND WATER
3.1. MMHp Standard sohitions

a) Stock solution: 1 mg/ml. MMHg, as Hz. Dissolve 0.1252 g CH3HgCl (95%+) in
100 mL of isopropanal.

b) [ntermediate stock solution: 1 pp/mL MMHg, as Hg. Dilute 1.00 mg/ml. stock

solution in isopropanol This solution is stable at least for oae year if stored in
refrigerator.
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¢) Working solution. 1 ng/mL MMHg, as Hg. Dilute 1.00 ng/mL stock solution in
1% HCL This solution is stable for at least 3 weeks when stored out of direct light
al room temperatung,

3.2. Sodium tetracthylborate (NaBEt4) solution: Dissolve one gram of NaBEty in 100
mL of 2% NaOH solution stored previously in refrigerator. The solution is then divided
into several smaller Teflon small mouth bottles. These small bottles are stored frozen.
Since this reagent is extremely air sensitive, the preparation must be performed quickly,
Defrost the solution prior to use. Frozen aliquots may lose effectiveness after 2 weeks.

3.3, Sodium acctate buffer: A 2M acctate buffer is prepared by dissolving 272 g of
reagent grade sodium acetate and 115 mL of glacial acetic acid in DDW 1o a final volume
of 1 L. This solution is purified of trace mercury by the addition of 5 g of 1 N HCl-rinsed
sulthydoxyl chelating resin { Sumitomo (- 10R) to the bottle and agitation. The solution is
stored in a Teflon FEP bottle and filtered prior to use.

3.4. Potassium hydroxide methanol solution: Dissolve 250 g of reagemt grade KOH
pellets in high purity methanol to & final volume of 1 L. The solution 15 stored i a Teflon
FEP bottle.

3.5, Gases: Helium used as a GC camicr gas is laboratory grade, Nitrogen used as a
purge gas for sweeping derivatives from a bubbler is alse laboratory grade. Both are
passed through a gold-coated sand trap to remove traces of mercury prior Lo use.

3.6, Waterr Double Deionized Water (DDW) from a Millipore System was used

throughout.
4. ANALYSIS

Standards, typically 0, 10, 50, 100, 500 pg for MMHg, and samples (for sample
preparation see section 6) to be enalyzed are added into reaction vessels containing 50-
100 mL of DDW and 200 pl of ZM acctatc bufler.  An aliquot of 50 pl of NaBEly is
added, the 4-way valve-cap inserted and the vessel swirled to rinse. The mixture is
allowed to react without purging for 12 minutes A trapping column is placed in an
oricntation shown in Figure 1, and then is purged with N7 at a flow rate of 250 mL-min~1
for 12 minutes The organomercury compounds are swept and collected onto the trapping
column. Then the valve is switched to pass dry gas over the column for 5 minutes, to
removie residual water condensation from the trap. The trapping column is then connected
in-line with the GC column (Fip. 2)
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VAR

FIGURE 2: A schematic diagram of isothermal
gas chromatograph system

v
895°C

When a carbotrap is used, special attention must be paid to the orientation of the trap
ghown in Figure 2. The trap iz placed so that the end facing the bubbler output is now
facing the GC column input to avoid the crganomercury gpesies passing through the eatire
length of the heating trap column and decomposing to Hp® (Liang, Bloom, and Bloom
1994). Under a helivm flow rate of 30 mL-min the colunm is heated to reach 200° C from
room temperature within 30 seconds, controlled by switching on a timer connected in-line,
while tuming on the itegrator or chart recorder. The organomercury species were
desorbed and carried to pass through the GC column held in an oven at %6° C. The
gpecizs are eluted in an order of increasing molecular weight and carried through the
thermal (900° C) decomposition tube where all organomercury species are converted into
Hg® and detected by CVAFS, and fuorescence signals are recorded by an integrator 25
pedk area or by a chan recorder as peak heights, and are measured manually with a

millimeter ruler.
5. CALCULATIONS

Calculations may be made by reading off the (linear) standard curve, or by the following
method, which is functionally the same.

Calculate a mean (B) “peak height (mm) of the calibration (bubbler) blank®,
Celculate a mean coefficient (C)

peHg

C=
PH -B
where PH is a peak height of aliquot of standard in mm.

Calculate the concentration of each species in sample by the following formula:
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For aqueous samplas:
ng of Hg/L = ([CA8-B)V,/V,]-MB}/V,

where 5 is the peak height of sample aliguot in mm, V| is the analyzed sample aliquot size
in mL, ¥V, is the final dilution volume of the distillate in mL, MB is the total picograms of
the method blank and Vy is the original sample volume distilled in mL.

MB = C{8-B)“Va/V,

where 5 is the peak height of method blank in mm, V, is the analyzed method blank
aliquot size in mL, and V, is the final dilution volume of the method blank distillate in mL.

For solid samples:

Solid samples are cakulated in the same manner as above except that V' is the original
sample weight digested or distillad in mg, with the result being in ng/g

6. 3AMPLE PREPARATION

Depending on the purposes and definitions of mvestigations of mercury biogeochemistry
cycling, samples are prepared in the following methods prior to analysis

6.1. The following two isolation methods, distillation and solvent extraction, have been
used in our lshs for the determinstion of MMHg in aqueous samples, Good agreement
was obtained in the comparison of the two methods for most water samples studied: for
organic rich and/or high level sulfide containing samples, the distillation showed some
advantages over the solvent extraction method with higher recoveries (85 = 4%, Horval,
Bloom, and Liang, 1993). In addition, extraction consumes a lot of organic solvent and
results in environmental contamination. Therefore, distillation is prefermed.

6.1.1. Distillation:
Reagents: 20% KClin L-Cysteine, 8M H,80., 0.05% NHyOH-HCI

Digtillation devices: Vials and caps for distillation and distillate collection are
made of Teflon obtained by Savillex Corporation, USA. Caps have 1/8" ports for
friction fit 1/8" Teflon tubing. Insteed of Teflon, a glass distillation still may also
be used (Horvat and Stoeppler, 1958).

Distillation procedures: Axn aliguot of water sampls, typicelly 45 mL, is transfierred
mto a 60 mL Teflon vial (for high MMHg concentration samples, small sample size
should be used, but bring the final volume to a known volume with DDW). Add
0.2 ml of 20% KCl and 0.5 mL of 8M H;804. Start the distillation immediately

after addition of reagents st 2 nitrogen flow rate of 60 mL-min"] and at a beating
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block tempersiure of 145° C. The distillate is collected into a 60 mL Tellon wial
containing 3-5 mL of 0.05% NH;OH'HC] in DDW, which is cooled in an ice-water
bath, The distillation is Guished when approximately 85% of distillate is colleded
after taking 3-4 hours, Bring the final volume to 58 mL with DDW in receiving
vial Depending on its MMHg concentration, the whole or an aliquot of the
distillate is added into the methylation reaction vessel for analysis as deseribed in
section 4. Some acid can be carried over during distillation. Adjust pH in the
bubbler to 3.5-5.5 by adding 20% KOH and/or 1:1 HAC solutions before adding
buffer.

4.1.2, Solvent extmaciion

Beageat: 30% KO (saturated), methylens chloride (large blanks in MMHg
determination occasionally result frem this solvent. Therefore, different brands
and lot numbers should be examined to minimize this contamination. )

Extraction procedure: An extraction procedure described by Bloom (1989) was
used. Depending on its concentration, weigh an approximate volume of the
sanuple acidificd to a pH of 2-5, typically 30 mL into a 125 mL Teflon boule, Ifa
smaller sample gize is used, bring the final volume to 30 mL with DDW. Add 5
ml. of 30% KCI, and swirl the bottle to mix. Add 40 mL of methyleae chloride,
Shake the bottle for 1-2 h with a mechanical shaker to reach 2 distribution
equilibrium of MMHz between aqueous and solvent phases, then allow the two
phases to separate. Remove the upper phase (aqueous phase) by pipetting.  Add
about 50 ml. of DDW to the methylene chloride, and place the bottle in a hot
water bath at 60° C until all of the CIIFCII has boiled away. The water is thea
purged for 2-3 minutes at 250 mL-min"" with N7 to remove any residual solvent.
‘The MMHg is transferred to the DDW matrix, which is ready for ethylation as
described above. At least 2 reagent blanks and 2 spikes are run each day of

extraction/analysis. Usually, 10% of samples are used for spike recovery
evaluation. The mean recovery-is caleulated, which is used to correct all sample
resulis,

6.2. Determmation of MMIHg and Hg(II) in biological materials and sediments

0.2.1. Alksline dipestion: About one gram of biological materials or sadiments

{wet, homogenous) is weighed into a 30 mL Teflon vial 10 ml of 25% KOH

methanol solution is then added to the vial, which is then tightly closed with a cap.

The sample is digested in an oven at 65° C for 3-4 hours.  After digestion, bring

the final volume to 25.6 ml with methanol prior to analysic.  Analyze an

;r;(rupr‘ute aliguot, depending on the sample's concentration of MMHg and
I} '

6.2.2. Distillation: If the MMHg concentration compared to Hg(II) is low, matrix
interference on ethylation reaction caused by using large volumes of alkaline
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digestate will occur.  This interference is avoided by distillation (Horvat, Bloom,
end Liang, 1993). A sediment sample can be distilled directly by weighing an
sppropriate amount into a 30 mL Teflon vial and adding 10 mL of DDW, followed
by the distillation procedure mentioned above (6.1.1). For biclogical samples
(Liang, Bloom, and Horvat 1994) the MMHg bound on protein must be distilled
out completely: therefore, a sample should be distilled after alkaline dipestion by
taking 0.5 mlL of alkalinc digestion, adding 10 mL DDW into a 30 ml vial, and
following seclion 6.2.1.

7. SAMPLE COLLECTION, STORAGE, AND HANDLING, AQUEQUS, SEDIMENTS, AND
BIOLOGICAL MATERIALS.

1.0 Water

T.1.1. Samples should be collzcted only into rigorously cleaned Teflon botiles,
Under no circumstances should ordinary plastic (Le.; polyethylene, polypropylene,
or vinyl) containers be used, as they are very diffusive to gaszous Hg” from the air.
Ashed or rigorously acid cleaned Borosilicate or quantz glass bottles with Teflon
caps may be used as well It is critical that the bottles have very tightly sealing
caps to avoid diffusion of stmospheric Hg through the threads (Gill and Fitzgerald,
1985). As an added precaution, clean bottles are filled with high purity 1% HCI
solution and dried, capped, and double-bagped in mew zip-loc bags in the clean-
room, and stored in wooden or plastic boxes until use.

7.1.2. Samples are collected using rigorous ultra-clean protocols (Gill and
Fitzgerald, 1985, and EPA Method 1669 “Sampling Ambient Water for Trace

Metals At EPA Water Quality Criteria Levels™, April 1993) which are summarized
as follows:

2) At least two persons wearing fresh clean-room gloves ot all times, are

required on a sampling crew.

b) OCne person ("dirty hands") pulls & bagged botile from the box, and
opens the outer, dinty bag, avoiding touching inside that bag.

¢) The other person ("clean hands®) reaches in, opens the moer bag, and
pulls aut the sample bottle

d) The boitle is opened with a plastic shrouded dedicated wrench, and the
acidified water is discarded downstream of the sampling site.

¢) The bottle is rinsed once with sample water, and thea filed.
f) Preservative (i.e.; 0.8% by volums of kigh purity HCI) may be added st

this time, or within several hours after receipt at the clean laboratory.
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B) The cap is replaced with the wrench, and the bottls rebagged in the
opposite order from which it was removed.

h) Clean-room gloves are changed between samples and wheaever
something not known to be clean is touched.

i) Water samples are best chtained by surface grab, using gloved hands,
and facing into a fowing body of water (ie; booking uwpstream or of the
bow of a moving boat). If samples are to be taken from depth, the only
non-contaminating method pencrally available is pumping. Two metheds
have been found to work in (his regard. The first is (o use rigorously acid-
cleaned Teflon tubing, and a peristalic pump with freshly cleaned (heating
to 70° C in 5% HCI + CH3COOH) silicon tubing. Beware that once
cleaned, silicon tubing quickly absorbs Hg from the air The other mathod
invohves high-volume pumping (ie.; 50 L-min-1) through neoprene hose.
[f this method is used, it is best to clean the system first by pumping several
hundred liters of 5% HCI solution. and then pumping clean water for
geveral hours. This second technique works largely because the rate of
flow is 50 fast that the contamination becomes imperceptibly diluted.

j) DISCRETE SAMPLERS, ie.; Niskin, GoFlo, and Kemerer BOTTLES,
ARE TO BE AVOIDED, AS EVEN UNDER THE BEST OF
CONDITIONS THEY ARE OFTEN FOUND TO GROSSLY
CONTAMINATE SAMPLES AT THE ng-L-! LEVEL,

7.1.3. Samples may be preserved by adding 8 mL-L-! of conzentrated HCI {if only
total methylmercury is to be analyzed), or frozen if labile and methylmercury are to
be analyzed. Samples may also be seat back to the laborstory unpreserved if they
are 1) collected in Teflon bottles, 2) filled to the top with no head space, and 3)
scat at 1° C by ovemnigit mail - The samples should be preserved and analyzed
goon alter arrival at the laborstory (within 24 hours). FREEZING IS NOT AN
ACCEPTABLE TECHNIQUE FOR TOTAL INORGANIC Hg, AS UPON
THAWING, MUCH Hg(Il) IS CONVERTED TO VOLATILE Hz®,

7.1.4. All handlmg of the samples in the lab is to occur by clean-room ploved
personnel in a cliss-100 clzan room station with mercury removal filters, afier
ringing the outsids of the bottles in low Hz water, and drying in the clean air hood.

7.2, Solids

T.2.1. Semples should be collected only into rigorously cleaned Teflon containers
or glass containers with Teflon Bned lids. Under no eircumstances should
polyethylzne, polypropylene, or vinyl containers be used,
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7.2.2. Bamplzs are to be frozen at <-10°C (gtandard freezsr on coldest setting)
wntil use. A holding time of 1 year at <-10°C is recommended.

7.2.3.  All dissection, homogenization, and other handling of the samples is to
ogcur by clean-room gloved persomnel in a class-100 clean room station with
mercury removal filters,

8. QUALITY CONTROL

1. All quality control data should be maintained and available for casy reference or
mspeotion.

£.2. Calibration data must be composed of a minimum of 3 calibration (or bubbler) blanks
&nd 3 standards (preferably four of each). Such a calibration should be run at lcast once
per day, or every 20 samples, whichever comes first. If work performed is rescarch level,
more than 20 samples may be analyzed in a batch at the discretion of the lab director.

8.3 Ramples containmy high analyte concentrations may be mun either following dilution,
or on 4 separate run at lower instrumental sensitivity providad the instrumeat is calibrated
at this sensitivity, All peak arcas obtained for samples must ultimately fall below the peak
area obtained from the highest standard analyzed in the calibration curve and above the
lowest standard if possible.

8.4, Calibration checks must be apalyzed afler instrument calibration, after every ten
samples and 2t the end of the analytical batch, Calibration checks shall consist of a mid-
level standard and a bubbler blank. The calibration check standard must be within 20% of
the calibration and the calibration check blank must be within 100% of the calibration
blanks.

8.5. A minimum of 2 method blanks per batch of 20 samples must be mun. To obiain a
meaningful value for the reporting limits of detection, the standard devistion must be
estimated from at least 7 sets of method blanks, Method blanks should consist of all
reagents used for a sample and should be carried through the eatire method a5 & sample.
To estimate the standard deviation from multiple sets of duplicate method blanks, the
following formula is used:

Estimated Standard Deviation = (5 (d-d))/ 2m

where d is the difference between within batch determinations nt‘lhe: method blanks and m
is the number of duplicate blank determinations.

B.6. Analysis of split samples chould be run once every 10 samples or once per batch,
whichever comes first. Split samples are defined as a homogeneous sample that is split
nto two aliquots, and then cach aliguot is carried through the entire preparstion and
analytical procedure. Criteria for split sample results are determined by control charts. I
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control charts are not available then the split sample results must have a relative percent
difference of 25% or less for water and 35% or less for solids for the analysis to be

considered valid, Sample results not meeting this criteria shall be reprepared and analyzed
or qualified at the discretion of the lab director.

£.7. NRC or NBS certified reference materials for mercury in tissues and sediments should
bec analyzed at a frequency of once per 10 samples or once per batch, whichever comes
first. Criteria for CEMs are determine by control charts  If control charts are not
available then CRM results should be within 25% of the centified value for the gnalysis 10
be considered valid. CRM sample resulis not meeting this criteria shall be reprepared and
analyzed or qualified at the discretion of the lab director

8.8. Procedural spike recoveries are analyzed at the request of the client, or in the abssnce
of a suitable certificd sample as determined by the lab director.
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Total Mercury In Solids By Cold Vapor Atomic Fluorescence
Spectrophotometry

1. SCOPE AND APPLICATION

1.1, Method BR-O02 is a peer-reviewed, published procedure for the determination of
total mercury in a wide range of biological and geological matrices. All samples must be
subject to an appropriate digestion step prior 1o analysis

2. SUMMARY OF METHOD

2.1. Prior to analysis, the solid samples must be prepared according to the procedure
discussed in this method

22, Method BR-0002 is a cold vapor atomic fluorescence technique, based upon the
emission of 253.7 nm radiation by excitved Hg® atoms in an inert gas stream. Mercuric
ions in the oxidized sample are reduced to Hg? with SnCly, and then purged onto gold-
coated sand traps as a means of preconcentration,  Mercury vapor is thermally desorbed
into the fluorescence cell. Fluorsscence (peak beight or area) is measured as a function of
total mercury collected, which is converted to concentration by the size of the aliquot
purped.

2 3. The typical detection limit for this method is 1 ng-g-! as Hg (or 1 ppb) caleulated as 3
times the standard deviation of complete method blanks.

3. INTERFERENCES
3.1. Due to the strong oxidation step there are no observed interferences with this method.

3.2, The potential exists for destruction of the gold traps (and consequently, low values) if
free halogens are purged onto them, or if they are overheated (>500° C). When these
instructions are followed accurately, neither of these outcomes is likely.

31.3. Water vapor may collect in the gold traps, and be released into the fluorescence cell
where it condenses, giving a {alse peak due to scattering of the excitation rediation, This
can be avoided with the use of a soda lime pre trap.

3.4. As always with atomic fluorescence, the fluorescent intensity is strongly dependent
upon the inertness of the carrier gas. It is the analyst's regponsibility to ensure high purity
inert carrier gas and a leak-free analytical train '
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4, APPARATUS AND MATERIALS

] p:3 alent To achieve the low detection
leuels and sma!l mlerﬁre.nce I'ree nl1quuts -:lalmed by thiz method, a very sensitive
CWVAFS detector is required.  Such systems are built et Brooks Rand, Lid, (BRL Model 11
and Model IIT) based on the principals discussed by Bloom and Fitzgerald{1988). Othes
mercury specific detectors such a5 atomic absorption or plasma emission may be used, but

detection limits would be 10-100 times higher. The CVAFS detector contains the four
MAJOr COMPONEnLS:

4.1.1. Four watt low pressure mercury vapor lamp

4.1.2. nartz flomw- fluares 1L 12 mn x 12 ram x 45 mm
long, with a 10 mm path length,

4.1.3. UV Visible photomultiplier. Sensitive to <230 nm.  This PMT is isolated
from outside light with 2 254 nm interference filter,

4.1.4, Flowmeter: flowmeter with needle valve capable of reproducibly kesping
carrier gas flow a1 30 mL-min-1

4.2. Flow meter/neadls valve: Capable of controlling and measuring gas flow to the purge
wessel at 200-500 mL-min=!,

4.3, Teflon® fittings: Connections between components and traps are made using 3.2 mm

O.D. precleansd Teflon® FEP twbing, and Teflon® fictionfit or threaded tubing
connectors.

4.4. Acid-fume and moisture pretrap: A 10 cm x 0.9 em diameter Tellon® tube
containing 2-3 grams of reagent grade, non-indicating 8-12 mesh soda lime, packed in
between wads of silanized glass wool. This trap is purged of Hg by placing on the output
of & clean cold vapor generator, filled with double delonized water (DDW), and purging
for 20 minutes with My et 100 mL-min-1,

4.5, Cold vapor generater: A 250 mL or 125 mL flacence flask with standard taper 24/40

neck, fitted with a spurging stopper having a coarse plass fit which extends to within 0.2
cm of the flask bottom.

4.6. Gold-coated sand traps: Made from 10 em lengths of 6.5 mm O.D. x 4 mm LD.
quartz tubing, with a circular indentation 2.0 cm from one end.  The tube is filled with 2.5
em of gold-coated ashed (804" C for 6 hours) quartz sand {60/30 mesh). The end is then
plugged with quartz weol. Gold 5 applied to the sand 85 2 coating severzl atoms thick
using an ion discharge gilding apparatus such as is employed to coat electron microscopy
samples. Traps are heated to 450°-500% C (a barely visible red glow when the room is
darkened) with a coil eonsisting of 78.75 em of 22 ga nichrome wire &t & potential of 10



BR-0002-4
Revision 003

VAC. Potential is applied and finely adjusted with an autotransformer. Traps should be
heated for 5 minutes and cooled, after construction and before their first uze

4.7. Recorder.  Any integrator with 0.1-5.000 mV input.

4.8, Pipetters: All plastic pneumatic ficed volume and vanzble pipetters in the range of 10
ul to 5.0 mL.
49 Refluxing digestion flask 100 mL volumetric flasks with acid-cleaned 1 inch

diameter glass marbles over the mouth. When the flagks are placed on a hot plate (about
125%-150° C) the contents will refluee, the marbles acting as pressure relief valves. Loosely
capped Teflon® vials can be used instead of volumetric flasks

5. REAGENTS

5.1. Water: 18 megohm ultrapure deionized water (ASTM type 1) starting from a pre-
purified (distilled, RO, ete) source. As a final mercury and organic removal step, the
activated carbon certridge on the 18 megohm system is placed batween the final ion
exchange bed and the 0.2 pM filler. Water should be monitored for Hg - especially after
ion exchange beds are changed.

5.2, Mitrie/sulfuric acid: Carefully 2dd 300 mL of pre-analyzed low mereury (<10 ng-L-1
Hg) concentrated sulfuric acid to 700 mlL pre-analyzed, low mercury (<10 ng-L-1 Hp)
concentrated nitric acid in a Teflon bottle, with constant stirring.

Caution: This mixiure geis hot and emits caustic fumes!
53. Slannous Chloride: A solution comtaining 200 g of 35nCly2H20 and 200 mlL

concentrated HCI 15 brought to 1.0 L with high purity water. This solution is purged
overnight with mercury-free No at 500 mL-min-! to remove all traces of Hg.

5.4, Bromine monochloride: 27 g of KBr ere added to 2 2.5 L bottle of concentrated pre-
analyzed HCI found to be low in Hg (<5 ng"1 Hg). A clean magnetic stir bar is placed
in the bottle, and it is stirred for 1 hour in & fume hood. Next, 38 g of pre-analyzed, low
Hg KBrO3 are slowly added to the acid with stirring,

Caution: This process gencrates coplous quaniities of free Cla which are released from the
bonle. Add the KBrQ 3 slowly and in a well operating fume hood! The fumes
[from this reageni, like chlorine or bromine, are very irritaling and corrosive,

When all of the KBrO3 has been added, the solution should have gone from yellow to red
to orange. Loossly cap the bottle, and allow to stir another hour before tightening the lid.
Store tightly capped, and in the dark. This reagent usually has a Hg concentration in the
range of 25-40 ng/L.

GC-15
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5.5. Stock mercury standard: A commercizlly available 1000 mgL-! mercury atomic
absorption standard that is traceable to NIST is used. Altermatively, 0.1354 g of high
purity HgCls may be dissolved in 75 mL of water, 5 mL of bromine monochloride
solution edded, and the volume brought to 100.0 mL in a class A volumetnic flask. This
stock standard should be replaced by the manufacturer’s expiration date,

5.6. [ntermediate mercury standard solution: 0.100 mL of the stock solution is diluted 1o
100.0 mL of water containing 5 mL of bromine monochloride. This solution contains 1.00
ue-mlL-! He, Keep in a tightly closed Teflon® bottle. This solution should be replaced
yearly.

5.7. Mercury working standards: 1.00 mL of the intermediate mercury standard is diluted
to 100.0 mL with high purnity water containing 1% by volume bromine monochlonde
solution, o make a 100 n,g;-mL:1 working solution. Also, & 1.00 ng,-mL" working
standard should be made with 0,100 mL of the intermediate mercury standard diluted 1o
100.0 mL with high purity water containing 1% by volume BrCl solution. Both working
standards should be replaced monthly.

5.8. Mitrogen: Grade 4.5 (standard laboratory grade) nitrogen which has been further
purtfied by the removal of Hg using a gold-coated sand trap.

5.9, Helium or argon: Grade 5.0 {ultra high purity, G.C. grade) inert gas which has been
funther purified by the removal of He using a gold-coated sand trap.

6. SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1. Samples should be collected into acid-cleaned Teflon® contziner or glass containers
with Teflon® lids. Under no circumstances should polyethylene, polypropylene, or vinyl
coniainers be used.

6.2. Samples are to be frozen at <-10°  (standard freezer on coldest setting) until use. A
maximum holding time of 1 year at <-10° C is recommended.

6.3. All dissection, homogenization, and other handling of the samples is to occur by

clean-room gloved personnel in either a cless-100 clean station with mercury removal
filters or in a clean room atmosphere.

7. PROCEDURE

7.1. Sample Preparation: Dissect and/or homogenize the sample or o greater than 10 g
aliquot (if available) with acid-washed stainless stecl tools, An approximately 1.0 gram
gliquot of the homogenized sample is weighed directly into the volumetric flask. If
necessary, up to 2-3 mL of high purity water may be used to rinse the sample down to the
bottom.  10.0 mL of the HNO+/H, 504 mixture are pipetted in, and the sample swirled.
The marble 15 placed over the mouth, and the samples are allowed to predigest at room
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temperature for about 1 hour. Samples are next placed on 2 hot plate, and brought up to a
refluxing boil in temperature increments. This i3 1o avoid exeessive foaming, especially
common with tissuc samples. Samples are digested at 105° C (hot plate temperature) for
ar hour and then refluxed at a hot plate tempergture 150° € for 2 hours, or until all
organic matter is dissolved, the solution looks substantially colorless or light yellow, and
the brown gas above the liquid has almost disappeared. Sediment samples, especially
sandy ones, may take less time. The samples are allowed to cool on the hot plate, and the
marbles collected and rinsed in a beaker of water. Samples are diluted to the 100.0 mL
mark with high purity water containing 1.0% BrCl, The onginal volumetric flask caps are
replaced, and the samples thoroughly homogenized prior to analysis. Expeneénce and
numerous intercelibrations show that undigested rock matenial or animal fat does not
affect the accuracy of this digestion for Hg, because these fractions are both very low in
initial Hg content, and are effectively leached by the boiling acid. As a substitute, 23.0
TeAon® vials may be used instead. If Teflon® vials are used the caps should be loosenad
about 1/4 turn after the threads make good contact before heating, to allow the samples to
vent  After digestion the vials should be allowed to cool, and 0.5 ml. of BrCl should be
added and the volume brought up to 25.6 mL.

7.2, Analysis: The sequence of steps for analyss is shown graplucally in Figure 1. 100
mL of water is placed in the bubblers, and 1.0 mL of 5nCly solution added. The bubbler
is purged with N7 at 300 mL-min-! for 20 minutes, and thea 2 gold-coated sand trap is
connected 1o the soda lime pretrap and purged for another 12 minutes. This value is the
bubbler blank or calibration blank used for calibration. To analyze samples, 0.5 mL of
SnCls and an aliquot of the dipesiate, usually in the range of 0.25-1.0 ml., are pipetted
into each bubbler. The caps are replaced, the vessel geatly swirled, and gold-coated sand
traps placed onto the soda lime pretrap outlet, and the sample bubbled for 12 minutes.
New samples may then be added 1o the bubblers, with additional aliquots of SnClz. Afier
10 samples standards should be analyzed and then bubbler blanks should be measured
‘Then the water in the bubblers is replaced with fresh ultrapure water, and the zbove
sequence is repeated.

To analyze the mercury contained on a gold trap, the nichrome wire coll is placed around
the trap, and the trap is inseried in between the incoming Hg-free argon (or helium) and
the analyzer, Electrical current (10 YAC) is then epplied to the coil for 2.5 minutes (or 1
minute after returning o the base ling), thermally desorbing the Hg as Hg®, which is
cammied by the He to the snalyzer. Ai the szme time the data acquisition device
(integrator) is turned on.

Following the recording of the peak, the coil on the gold trap is wmed off, and the cooling
fan directed at it. The gold trap is now removed from the gas stream, and the Teflon®
end plugs replaced until it is neaded to collect anather sample. “The next sample trap is
placed in line, and the procedure repeated.
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Peaks generated using this technique should be very sharp and almost symmetrical. The
peak comes off at approximately 1 minute, and has a half-height width of about 5 seconds.
Broad or asymmetrical peaks are indicative of an analytical problem, possibly including:
low gas flow, water vapor on the trap, or the trap being damaged by chemical fumes or
overheating. The last possibility is definitely the case if following a sharp peak, a
secondary small broad peak is observed. If the gold trap has been damaged, it and the
Teflon® tubing downstream from it should be discarded, due to the possibility of gold
migration on downstream surfaces.

7.3. Cold Vapor Atomic Fluorescence for mercury is linear over at least 5 orders of
magnitude (Bloom and Fitzgerald, 1988). However, it is required that at least a 3 point
calibration curve be prepared each day prior to analysis to verify linearity. Standards to be

analyzed for calibration should include one standard at 100 pg, one at 500 or 1000 pg and -
one at 5000 pg. ; s

7.4. To run standards, aliquots of working standard solution are injected into a purged
bubbler containing a fresh 0.5 mL aliquot of SnCly, and the analysis run as a sample.

7.5. Gold-coated sand traps should be tracked by unique identifiers, so that any trap
producing poor results can be quickly recognized and discarded. A log book should be
maintained documenting initial trap testing and any questionable trap behavior.
Occasionally due to inadvertent contact with halogen fumes, bubbler solution, organic
fumes, or overheating, a sampling trap will become damaged, giving low and
irreproducible results. Suspect traps should be checked with at least two consecutive
standard runs before continued use. 3

7.6. The major cause of analytical problems with this method is from using the soda lime
pretraps too long. These traps should be purged for at least 20 minutes as described and
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then used for only one day's analytical work. Longer use risks irmeproducibility, as the
traps may begin retarding the flow of Hp®  Also, as they become very wet, there is a risk
of NaOH-saturated water drops coming out onto the gold trap. If sample aliquots wath
much acid (i.e. 5 mL) are being analyzed, it is recommended that the soda lime pretraps
are changed every two or three samples. The ecid fumes in combination with water vapor,

when trapped in soda lime pretraps seem to start trapping Hg® and therefore low
recoveries may result

1.7. Duplicates, spiked samples, method blanks and check standards should be routinely
analyzed, as discussed in section 8.

1.8. Caleulations are made by the following method:

a) Divide each standard amount (pg of Hg) by each net standard result (peak area
of standard minus mean peak area of bubbler blanks or CB) in the calibration, to
yield the "pg Hp/peak area™ Pool all of the "pg Hg/peak area™ values for a given
calibration, to obtain a mean "pg Hg'pcak arca” velue called the calibration
cocilicient (C). (C) is also functionally the equal 1o the slope of the regression of
the standard curve. Linear regression is used to calculate a correlation coefficient
(r}. The rvalue should be greater than 0.995 for sample analysis to commence.

b) Pool the calibration blank values to obtain a mean "calibration blank peak area”
(CB).

c) To calculate the amount of total mercury measured in the sample aliquot
analyzed (P), employ the following formula:

P = Hg (in pg) = C(A-CB)

Where A is the gross sample area, Ifblank correction is not desired by a customer,
CB is not subtracted out,

d} To determine the concentration of total mercury in a sample, the czlculation is
performed as follows:

Hg (in ng/g or ppb) = [(FA)V - p}/M

Where V is the finzl dilution volume of the digestate in mL (in this case, 100 mL) v
i5 the volume of digestate analyzed in mL, M is the digested sample mass, in
milligrams and p is the mean pg from the preparation of the method blanks. [If
blank carrection is not desired by & customer, p is not subtracted out.

¢} To determine the pg from the preparation of the method blanks (p), use the .
following formula for each method blank:

p = [(ME - CE)Cs V]
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Where MB 15 the peak area of the method blank, % 15 the final dilution volume of
the method blank and v is the volume of the method blank analyzed.

d) The limit of detection is considered to be 3 times the standard deviation of the
picoprams in the entire method blanks. The picograms in the method blanks is
calculated in the following manner:

Hg in method blank (in pg) = (MB+C* Vv

To determine if & sample is detectable, the limit of detection should be multiplied
bv V and divided by v usang volume amounts specific for that sample. If a sample
is below the detection limit it should be qualificd as such

8. QUALITY CONTROL

B.1. All quality control data should be maintained and available for easy reference or
inspection.

82 Calibration data must be composed of a minimum of 3 calibration (or bubbler) blanks
and 3 standards (preferably four of each). Such a calibration should be run at least once
per day, or every 20 samples, whichever comes first. If work performed is research level,
morc than 20 samples may be analyzed in 2 batch et the diseretion of the lab direcror.

£.3. Samples containing high analyte concentrations may be run either following dilution,
of on a separate run at lower instrumental sensitivity provided the instrument is calibrated
at this sensitivity. All peak areas obtained for samples must ultimately fall below the peak
area obtained from the highest standard analyzed in the calibration curve.

8.4. Calibration checks must be analyzed after instrument calibration, afier every ten
samples and at the end of the analytical batch. Calibration checks shall consist of a mid-
level standard (500 or 1000 pg) and 2 bubbler blank. The calibration check standard must
be within 20% of the calibration and the, calibration check blank must be within 100% of
the calibration blanks.

B.5. A minimum of 2 method blanks per batch of 20 samples must be run. To obtain 2
meaningful value for the reporting limits of detection, the standard deviation must be
estimated from at least 7 sets of method blanks Method blanks should consist of all
reagents used for & sample and should be carried through the entire method as a sample
To estimate the standard deviation from multiple sets of duplicate method blanks, the
following formula is used:

Estimated Standard Deviation = ,f[Z(aﬂ d))i 2m

where d is the difference between within batch determinations of the method blanks and m
i5 the number of duplicate blank determinations
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8.6, Analysis of split samples should be run once every 10 samples or once per batch,
whichever comes first. Split samples are defined as a homogeneous sample that is split
into two aliguots, and then each sliquot is caried through the entire preparation and
analytical procedure. Criteria for split sample resulis are determined by control charts, If
coatrol charts arc not aveilable then the sphit sample results must have a relative percent
difierence of 35% or less for the analysis to be considered valid. Sample results not
rmeeting this criteria shall be reprepared and analyzed or qualified at the discretion of the
lab director,

8.7. NRC or NBS certified reference materials for mercury in tissues and sediments should
be analvzed at a frequency of once per 10 samples or once per batch, whichever comes
first. Criteria for CRMs are determine by control charts. If control charts are not
available then CRM results should be within 25% of the certified value for the analysis to
be considered valid. CRM sample results not meeting this criteria shall be reprepared and
antlyzed or qualificd at the diseretion of the lab director,

8.8. Procedural spike recoveries are analyzed at the request of the client, or in the absence
of a suitable certifiad sample as determined by the lab director.
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Dry Weight Determination

1. DESCRIPTION
A. Definition: Dry weight determination (defined ask determining the percent
dry weight of the gross weight solid sample.
B. Scope: The scope of dry weight determination is to determine the contribution
of any mercury or contaminate due to the moisture content of a sample.
C. Summary: A solid sample is mixed to a homogenous state and an aliquot is
measured into a vessel (gross), dried in an oven overnight, weighed again and a
dry welght is recorded.

2. MATERIALS
21  Needed: samples in labeled containers, disposable weighing dishes, top-
loading balance with accuracy to 0.001 g, thermostatically controlled drying

oven capable of temperature of at least 110°C, and data entry sheets to record
weights (Exhibit A).

3. PROCEDURE

3.1  First, record the current date, name of operator, and project name onto the
data entry sheet (Exhibit A). With an indelible marker, write the number or tag
letters of the labeled sample vessel onto the tab of the dispasable weighing dish
and also into the entry sheet. Place the dish on the balance and record the dish
weight as the tare weight. At this point, tare the dish and place an aliquot of
homogenous sample (preferably 9.8-10.2 grams of stirred sample) onto the dish
trying as best as possible to obtain uniform composition. Record this weight as
the wet weight (net wt). Place the dish with sample into the drying oven at a
temperature of 100-110°C overnight.

32  The following day, the samples can be removed from the oven and re-
weighed. This weight is recorded as the dry weight. Subtract the tare weight
(dish weight) from the dry weight and record this weight as the net dry weight.
You can now calculate the percent moisture of the solid sample and record It into
the data entry sheet. Sign or initial the entry upon completion of calculations.

4. QUALITY ASSURANCE

4.1 For every set of ten samples a triplicate should be done. Also each day the
balance and oven should be checked and calibrated as referred to in BR-1200.



Exhibit A
Dry Weight Determination

[ WetWt. | DryWt | DryWt | Drywt

Tag No. | Dish No. | Tare Wt. (Net) (Gross) | (Netf) (%)
—

|

|

!

|

|

!

|

I

I
Scale

Owven Customer/Froject

Timefdata in
Time/date oul

Performed by
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Appendix D
Statistical Results

Chemistry
Tissue Chemistry Concentration Data, Including Reference
Stations 1 and 2 D-1
Tissue Chemistry Concentration Data, Excluding Reference
Station 1 D-16
Tissue Chemistry Content Data, Including Reference
Stations 1 and 2 D-31
Tissue Chemistry Content Data, Excluding Reference
Station 1 D-47
Growth
Beginning-of-Test (Tg) ANOVA: By Cage and Station D-62
Binomia Multiple Comparison on Percent Survival D-64
Clam Growth Metrics: Tissue Weight, Whole-anima Wet-Weight
and Growth Rate D-66
Percent Solids and Percent Lipids D-72

Water, Sediment and Tissue Chemistry Correlations D-77



STATISTICAL RESULTS
TISSUE CHEMISTRY CONCENTRATION DATA
INCLUDING REFERENCE STATIONS 1 AND 2



Tissue Chemisiry Concentration Statistical Results (including both Reference

stations 1 and 2)
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Dunmets s contrasts - all sations v initial corcentrations - arsenic
If the value of g is greater than 2.878 then the P value is less than (.05,
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Bonferrond rm:rg;f: - cadmiem (with both Beference stafons)
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Dunnett's contrasts - all stations vs, inifal concentraiions - log-iransformed chromium
If the value of g 15 greater than 2.8T8 then the P value is ks then (.05
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Ducnreett s confrasts - all stations vs. initial concentrations - log-fransformed lead
If ik value of q is greater than 2878 then the P value ig less than (U0S.
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Bonferroat contrasts - methplmercury (with boih Reference siations)

MoHg

Feals 1 ang & va:

4 1.87exiar
JG6T 1538
1841TTEE
CuEFRIEST
LU 24544
A D0TFIED
LTI
01196364

OO0 i

1

ertial yaluo = 1807

Mewwnan-Rewls tesr - methylmercicry
3 4 5 & 7 &

L5496 ODOAES 012729 120663 138031
A00263 036357 IB020G TSRTTT BIS107 103081

LR = P S ]

[

8 10

085930 ST3I2T5 308626 423546 01550% 500263 329013
SEG30 JS0TA 01073 01939% 00035 03536 01444°
973275 19474 SISG4G5 33708 00273 280006 FiS0ds
S0E626 010730 I564465 STLIESE 120665 TSETIT 019554
AZIRAG OIFFET JITI06E TIIE5E J3B031 BL510T7 SR6GTH

A030EY 215745
S5T5TH

S20013 014437 225046 Q10554 DEGETH Z1ST4E 557576

Dinrnetr's confrasis - all stations vi initial concentrations - metylmereury
Il ke value of q is grester than 2878 thes the P value is less than 0,05,

Mean
Comparison Difference g P value

Initial vs Station 1 (LaEs 6,083 ** Pal
Initial ws Statsom 2 {1505 9EAG == Pl

Inictial vs Statiom 3 QL1018 6.284  ** Pl
Initisl ws Swtkon 4 QuFsT 4678 ** P
Initiel ws Siation 5 01023 6,315 =% Pl
Initial we Station B L1330 EXl4  w» Pl

Tnitial vy Seation T 01275 TET4 v Pl
Initial vs Seatiom B M156T DETG " Pl
[nitial vs Statiom B 01185 T318 = Pl
Initial vs Station 10 01273 1358 == PO
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STATISTICAL RESULTS
TISSUE CHEMISTRY CONCENTRATION DATA
EXCLUDING REFERENCE STATION 1



Tissue Chemistry Concentration Statistical Resulls (excluding Reference Station 1)

Means

ARSEMNIC CADMILI CHROMIUM LEAD MERCURY METHMERC
T 5.4 15000 EREFSICH L RET S0 | LAES0 BTSN AHRR S
1 5. 290000 2 620000 1730004 AL 1250 RS S0 ASETEN
4 5052500 2. 262500 25 20000 1 BG5S TS0 JA82750
5 5. TRS00D 2. TE2500 TO 22500 168250 1060500 JA56250
f 5425000 2. T15000 1855000 1019250 STEG000 N 2SSO0
T 3, LS TEN) 2522500 154500 < TEA0HD B13T50 RENLEY
i S 5200 S 397500 A4 G0 1363000 250 L ERS
9 SOAF000 2.4 30000 1485750 ATES00 LOSSTs0 NEL L
(L4} 5 325000 2 ECW DA5T50 LRS00 BER250 31250

Arsenic concentration

Nownal Protability Plot of Assdusls
variabh; AS
yu-1, 9208640 45 1 103

Within-Call Aosidualy

Expacted Mermsl Vilea

Correlzrion

MRS X ARSY
ARS X 1OMKER LEIETS - normal
ARSY  9RI876 1. CHNN00
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Effoct  3.085600 & SAFT0 1.284291 LASDG30
Error 4. 108675 27 i |

Dienrietr"s contrasts « reclmen! stations vs. weference fwio Reference 1) - arrenic
If the value of q is greater than 2,840 then the P value is less than 005,
Mean

Companson Difference g P value

——= EEEEE———

Station 2 ve Station 3 {.1250 03226 ns P05
Snatioa 2 v Station 4 03625 0.9355 ns P05
Statlon 2 vs Station 5 -QL3TOD 09548 ns P05
Statlon 2 vs Station & (U0 D.0258 ns P=0.0%
Seation 2 va Statson T 031060 08000 ns P05
Swntion 2 vs Strion § (L5050 1303 ns P05
Statioa 2 ve Station @ 0. 3800 00806 ns P05
Station  ve Seation 10 (00 03323 ms P05

Newman-Kewls ter - arsenfe
3 4 5 & T g q ik
B14270 SB4ETA G35425 A3TIEE 495301 911500 S2EELS
B12ZT0 AMBGR] BORIZG B9337E 311900 0631 04614
SBLETS 43069 A0lE12 420563 THMG2 476045 471481
BAS4T5 BOYII6 361812 LR 382 A2055T WA | TUEA ]
BITIES B93374 420663 B41352 S179ER SRX23T L3RI
A05301 311926 T2 420587 J31T9HE 340647 432F2R
S11501 064431 476045 DI0HG0 DE2237 340642 B 24 B
SIEELS BOdG1d ATI4E] CTIRAR0 BIRIT] A222E G4I4EG

— s o -] S L e L

=
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Dt s conerasty = Reference srarion 2 and ereamment fanons e, mitial concertralions - arrenic
If the valoo of q is greater than 2850 then the F valee is Jess than 0105,

bean
Camparsas Differenze 1 P value
EEEEN
[natial v Station 2 0835 2151 @z PaOU0S
[natial v Sraton 3 0.960 2588 mu P05
[nitial v& Sration 4 1,198 32129 ¢ P<OAS
Inatial v& Station 5 (465 1.254 ns P=005%
Initial v& Scation 6 0825 2224 no P=005
Lnpbal vs Station 7 1. 145 3087 = Pl
Inral vs Station 8 035 0LA90 s P0.05
Inptial vs Station 9 1L.2IS 3276 = P05
Inttial vs Stmtion 10 [ 2494 s P=0.0%
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Crdminm concentrution
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LDuwnelt's confrasiy - ireciment siaions va. reference wio Reference 1) - cadmium
If the value of q is greater than 2,840 then the P value ig less than 00038,
bfzan

Comparison Difference g P valus
Station 2 va Station 3 10,5625 1.828 ns P=005
Station 2 vs Station 4 0,520 2000 = Pe0s
Station 2 vs Stafios § .40 1300 ne P=005
Station 2 vs Sation 6 04675 1.519  nma P0.08
Stadion 2 vs Station 7 0, 65600 2045 s Po0.08
Station 2 vs Statioa 8 -2 15D 0699 ns Pe0.08
Sistion 2 vs Satioa 9 00,7523 2446 s Pe005
Statbem 2 v Slatpon 10 00,2925 095l ns Pa005

Newman-Keuls fesl » codmipm
3 4 3 L 7 8 G L]
HESG6L BE0FD TEIF2N JTETEE 126046 B16730 822549
G365 L65403 G02081 HRGAE4 02436 506451 433798
BEHESY 265405 BI0ER3 B30 141201 TR0 733573
JTAIS GRS BI0GRI _E12403 (155535 TOTOT 441606
JSTS03 6R6EES B3RN0 _BIZ403 A91184 THU555 63650
J260:6 024361 141201 (155535 001054 TH33363 1 1MS
SLET30 S5 TENTE TITI9T TE0555 063363 GR35
A2T545 433708 TIFFTI BALG0RG6 TEREE0 NIT045 G23023

i " L T P

=]

Dunne’s contrasts - Befereace siclion 2 and frealment gations vi, indtial concenfrarions - cadmmie
I ke walie af g is greater than 2 860 then the P valee is less then 005,

Mean
Compariscn Difference g P valuz
Initia] vs Siation 2 013250 (2731 nz P=NA0S
Initig]l w3 Siation 3 04375 1479 ns P=0.05
Imitiz] w5 Station 4 07550 2688 ns P=D05
Imitie] %5 Station 5 0:2750 0930 ns P=D05
Imtial %5 Station & 0.3425 1.158  ns P=D.05
Imitial vs Station 7 L5350 LE0% ns P=D05
Initsal w5 Station 8 13400 1.150  ns P=05
Initizl %5 Sation 9 0LG2TH 2.122 oz P=D0S
Initizl vs Station 10 01675 0367 ns P=D03
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Cliromniiom
Momal Probak ity Plol o Regiden's
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e, FEEE-He ) 1 05" menpy

Within-Cell Prsiduat

2.3 =13 2.8 13 LE 2.5
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Squanes df Sguarg F p-lewe]
Effecs 17 46519 i FREEE 14. 05670 Rkl
Errar 419335 n A5

Dunmett's contrasis - (reatment statfont v reference fwio Reference ) - log-trargformed chre
If the value of q is greaier than 2.840 then the P value is lzss than 005,
Mean
Comparison Difference q P value

—==== BEES
Suation ¥ v Sation 3 A6 1E58 v PN
Stanon T vi Siation 4 LL5TOL 472 ** Pl
Swanon 2 vs Station 5 «1.076 B.88% = PO
Station 2 vs Station & (49T 4008 ** PO
Station 2 ws Station 7 D5154 4350w Pl
Station T ve Siation B - RS3T TA54 v PO
Seatinn } vs Station 9 03747 1096 * P=0OS
Station ¥ v Station 10 L1916 1.58%  ns P=0.05

Newunan-Kewls e - log chroniion
£] 4 5 & 7 B 9 1)
BAGTS0 00100* B12555 QT2308 D4041% ATETTE D920
AAETH) JMNEGG* BRA5S 602G DASHET 545003 03544
HERIL R EEs AMZES 00013 093405 00032 Q00]Se
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Dumreent's conrrasts « Reference station 2 and freatsent statiore wi Tnittal coveentrations -

derp-rransformead chromim
If the value of q is greater than 2,860 then the P value is less tham 0.05.
hiean
Cemparion Difference q P waluz

—meesaaaE EEE—ae
Iniuial vs Searion 2 «0.3280 2B55 ns P>D.O0S
Tnitial va Station 3 -0 TA55 G808 = Paull

Initial v& Seation 4 -0 E951 TEQG == Pugli
Initial v& Seation 5 1405 12,195 *% Pa)i0l
Initial vs Searion & A1 R2E0 7171 Pl
Initial vs Scation 7 A1 H441 T30 Pl
Initial vs Seation 4 -1.183% 10267 == Pl

Tnitial ws Scation ¢ 07036 6108 ** Pl
Initial vs Seation |k -0.5204 45018 == POl
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Kesmul Prebakiity Pled of Resduls

varahis: PR

ye=d 56040, 30" 240pd

25 A8 E T 15 25
Exppeded Noesmal Viles
Correlntion
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LEAD Y BIRTIR FA ]
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Heemal Prababiiiy Pies of Reakiuals
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ol A5 R0 2R D
1B .
o0 [— ——.— st |
0.6 j——r I S TR |
a"fﬁ’
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LGLD Y oTT602 1 AKHEH)
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Ducarett's contrasts - treatment siarions ve. reference {wip Reference 1) - log-transformed leas

If the value of q is greater than 2.840 thee the P valus i3 Jegs than 0,05,

Mean
Comparsson Difference g P valus

TREE
Station 2 vs Sation 3 02339 2ET8  ms P20A5
Swtion 2 v Station 4 DO56E 0252 as P=0005
Siaion 2 ve Station 5 L1918 1868  me P=0005
Sration 2 ve Station 6 04En 0427 as P=0U05
Statiea 2 v Staton 7 01362 1326 e P=DUs
Statbea 2 v Station B LUDETH 0.653 s P=0U0S
St=tbon 2 v Station 9 00882 0359 s P05
Stabon 2 vs Statioa 10 00665 0.648  ns Po0is

Newrnan-Kenls el - lag dead
3 4 ¥ Li} T B 9 1
JGBEES (DPI5T 391ET4 361751 I02810 IGIETE 400105
AODESS4 ALGA05 348370 377600 021308 SII052 450650
OSAS0 416405 40419 060503 2454678 119046 134218
91874 348370 140419 SISTE0 S50QTS Q06T4T RI122R
361751 3TT600 060593 815750 407034 652333 TEGEOR
JOER10 92308 MA6TE 550375 407054 SBS05E SEGA5Y
63673 STI05D 119944 D0674T 652333 555058 £3IT0B6
AN 95 ABDGS0 134218 B31X28 TEGR0E SEHS50 BITORS
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Dunrer!'s cortracts « Reference stator 3 and freaintent shations v el comppnrrations -

brg-transformed lead
17 thez value of g 1% greater than 2,860 then the P valse & loss than 005,
Miean
Comparison Difference q P valus
T TREE=

Imitial vs Station 2 {1, B0 5422 4= PO
Initial vs Statson 3 16321 3657 4% Pef 0
Initial va Station 4 -.9226 arra v P00
Initizal vs Siation 5 -1.05% H6FF 4% PO
Initial vs Station & 08221 5147 4% Pl
Imitial va Siatien 7 -0.7298 4569 % Pl
Imitial ve Station 8 -0.0350 SR == P
Imitial ve Starion 9 SLFTTE 4866 9 P
Imirial ve Starion 160 <7905 3005 T Pei)

D-26



Mercury

Wormal Probability Pl of Resduls
LT
yu-E 2008 Led. 1 LT weapa
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Enpiciand Harmal ¥aun

Carrelation
MERC X MBRC_Y
MERC_X 1000000 424063 . ot normal
MERC_Y . B24063 (R EAL L]
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Rank-it transformed Mercury

ANOVA

Sum of Mean
—  Squares  df  Sguare F p-level
Effect 1324614 ] 165577 2740183 023643
Emor 1631486 27 060425

Dhenmeit’s contrasts - reatment stations vi, reference (whe Refereace 1) - rankstransformed m
If the value of g is greater than 2 840 then the P value is less than 0,05,
Mean

Comparison Difference g P walue

B
Station 2 vs Station 3 -1.3554 05884 ns PaLDS
Siation I vs Station 4 -0.94076 1.652 ns P=0.05
Station 2 vs Station § 13462 22388 s P08
Seation 2 vs Station & 05880 059736 ns P05
Station 2 ve Station 7 02615 04320 ns P=005
Station 2 vs Station § {1, 35594 0.5951 ns P>D05
Station 2 vs Station 9 A.5T67 0.59547 ns P>0.05
Station 2 vs Statlen 10 1580 0.2616 ns P05

Mewman-Keuls desr - ranked mercury
3 4 5 6 7 B o n
J2ETIT 44554 435258 SRS208 9594971 932098 752390
T28TTT SEDATY AB1I86 352135 554255 S02584 G5E0ES
AQ4554 SE00TT JGOBTS (162117 ABSTED 424950 390490
AZEISE 1B1286 JO698TS LGO2263 552301 4315230 460747
SESTSE 351135 162117 60263 4B 660360 504001
94571 564255 IBST6O 552391 T45399 JERA5] 43358
A32008 S02584 424959 435230 600360 T2H451 S04760
LOSEYR] GSBOES 309450 AG0T4T 504001 S43308 904760

I I AT

k=]

Dunnett's contrasts - Reference starion 2 and Ireatment $tations vs, inilial concentrafions -

rank-trangformed mercary
If the valge of q is greater than 2.860 then the P valus is less than 0.05.

Mean
Comparison Difference q P valoe
b ey =]
Initial vs Station 2 1.691 2943 % PoDOS
Imitial vt Station 3 1.352 23531 ns P»005
Iniidal v& Station 4 755 15314 ns P»0.05
Initial v& Station § hdd) 07664 ns P=005
Initial v& Station & 22481 1917 * P00
Imitinl vs Seation 7 1.9%2 3306 v P20U05
Initinl v Station B 1.343 23316 ns P=0U05
Inbual vs Staton 9 1.075% 1571 ns P>D.0S
Iniial vs Station 10 1.542 2682 ns P=DDS
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Methyl Mercury
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Dunnell’s contrasts - (reatment sarions ve. reference (wio Reference 1) - methvlmereury
I the wieluz of q is greater than 2840 then the P valoe is less than 0,05,
Mean
Comparison Differcnce g P value

Stntion 7 ve Station 1 DT AT % pannl
Station 2 v Station 4 -N0EITY TSR v pANOl
Station 2 ws Station 5 005723 3635 = Palil
Staton 2 v Staion 6 - 02648 LEZI  nz P05
Sraton ¥ v Stamon 7 -3 03|98 219 ns P05
Statioe 2 ve Stabon 8 (L HI2E0 0193  ns P008
Statdor 2 vs Slaton 9 0 4098 ZR1E s P008
Stanon 2 ve Stawon 10 <OD3223 2216  ns P>00%

MNevman-Eeuls test - methylmercury
3 4 5 & 7 f 9 1
JNECEO0 OTI2TE 308626 223346 01550% SO0263 330013
ARTIN JOET D107A DT9309 (030% D3G1ET 014440
ST3ITS 1974 256465 337308 O12T3% JR0296 2250946
SJO8626 DIOT30 23465 ST11838 100665 T5RTTT 919554
A23346 019387 337308 711838 138031 815107 286674
SA5496 00320 012719 1204665 (138031 JA030EL X15748
500263 036357 280296 758777 815107 .103081 551576
A29013 014437 TI5h4G 919552 SE66T4 215748 357576

— A S =] S L P b

[=]

Durnen’s contrasts - Reference staiion I and ireaiment siaions va. iniviel concenmrations - methylmerciry
If the value of q is greater than 2,800 then the P value is less than 0,05,

Meon
Comiparison Drifference q P walua
I -
Imitinl v& Station 2 0.1595 [1346  ** Palol
Initial vs Station 3 0. 108 13 ** Pl
Initial vs Station 4 007575 5380 ¢ PaoDdAi
Initial vs Station 5 0.1023 T.X75 = Pl
Initial vs Station 6 0.1330 9463 ** PoDOI
Initial vs Station 7 01275 g7l = Pl
Iminial ¥s Station & 0, 1567 L1147 == P<aM
Imitial vs Station 9 0LIIES 431 = Pl
Initial vs Station 10 01273 S0+ Paldi
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STATISTICAL RESULTS
TISSUE CHEMISTRY CONTENT DATA
INCLUDING REFERENCE STATIONS 1 AND 2



Tissue Chemistry Content Statistical Results (including both Reference stations 1
and 2}

Means
AS ch LR _FB HG MEHG
| H24777 SM6354 A93318 TS84 119008 il il
) ATA566 56493 JAB0E6 J361TY Rt JH2330
3 JT6329E 376461 2.520446 A0 125976 JTIETH
4 LESI2E MGH08 3313383 184683 132399 024677
5 AEI6I0 18R4T B.356044 L99543 125534 L18445
6 JRESRS 3G0658 2682707 147712 110264 018343
r 134344 63007 2H14T2 12101 16259 O1ETG
B EZ2T9d44 ATHIA 60960159 J1E8501 24610 01 a0
] 068 SHIGED 2073355 A229%6 1557 L1965]
10 AT06A4 AB3TEA 1. 190756 JA1535%8 logpaT 16526
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Mormal Probabissy Plal ol Raskduels
wirlakia: &S
Fod 260106005 e
iz
nm S——
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i Bubed
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z
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Expaciad hormal Walea
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AS_ X 10000 S993642 - pormul
ALY 903542 1. D000
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6 4,008EF06
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3 AGDTE 204806 SETOLT 4TUR23 329379 356165 232615
4 HGLTE GASSE] NAITOE AGARE Q3GTIY S05210 SI4(ME
5 29496 935554 J402T9 SEI656 0Z9sY RHIT43 THRTIS
& SETO1T 123708 (140279 AQ2dE Go0h03 23636 (0445
T ATOE2T 463480 SRIG36 409248 JHR0ET S SRS S5TXTE]
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Drunsent's contrasty - all stadions we initial contents = areenie
If the valse of q is greater than 2878 then the P value is bees than 0005

Mean
Comparison Drifference q I value
Iminial w2 Staniasa 1 0.0065 0,173  ns P=00S
Imitial vs Station 2 D32 1.138  ns P05
Imitial vs Station 3 1519 l47a ¢ PAS
Iminial vs Siation 4 1546 1.437  ns P=00S
Imitial vs Siation § 00513 1380 ns P05
Ieitial vs Sation 6 01553 405K Pl
Ieitial v= Stafion 7 3, | 03 2,712 nms P=00S
Ieitial vs Seation B -1 90 5018 = Pl
Iritial ve Scation & (FT 55 1088 ns P=0.05
Iratial v Seation 10 o Tt 134 me Ps000%
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S QIA52ER
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3 d - o 7 ] @ 10
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Lrumneit's conlrasts - all stations vs. inittal contents - log-transformed cadmium
If the valus of q is greater than 2.878 then the P valie i less than 0.05,

Mean
Compasison Differencs q P value
Imitizl w5 Sianion 1 (e 2436  na P=0.05
Initial vz Stiation 2 0L 100 2873 na P=005
Iminial v Station 3 =y M | 2261  ns P=D0OS
Imitizl vs Station 4 K0 L1077 ns P»D05
Imitiad va Stationm 5 00275 0340 ns P=0S
Iritial v Station & -, CARHD 2419  ns P=00S
Iritial vz Seation 7 A, LEBE ns P=Du05
Iratizd v& Station 3§ 1828 4913 " P21
Imitial vs Swtion % -0, 1.154  ns P=005
Tmicial vs Station LD .0713 1916 ns P=D0%
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Chromium
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Dunneie's comdrases - all saions ve infdal conterts - log-transformed chromsum
If the valee of q is greater than 2.878 thea the P value is Jess than 0.05.
Mezn
Comparizon Difference q P value
TEEE ==
Iritial v= Szation 1 14871 4,141  *% P2l
Iritial vs Station 2 041959 3742 =* P<0]

Iritial vs Scation 3 059526 g.490 =" Pl
Initial ve Station 4 =102 Q5% = Pehi]
[nitial vs Swmtion 3 -147T4 13,130 =& poil]
[nitial vs Station & [LOE0 B89 "% Pl
Initial v& Station 7 5T B.A88 == Pl
Initial vs Station A 1322 1L.777  ** POl

Intial s Station 9 ALLB453 T842 =W P
Initial v Station 10 AL6162 5491 == P00
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wilriable: PR
=1, PR G- 018l M5 neegs

Within-Col Pegiduals
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Dunneit’s contrasts - all stadions ve. Inidal contents - log-frangformed lead
If the value of q is greater than 2.875 then the I* value is less than 0.05,

Flean
Comparison Dhfference q P value
Iritizd ws Station | -0 T6] 4,719 ** Pl

[matial v Station 2 AT 6,395+ Pl
[matial v Searion 3 L TEYE 5374 ** POl

[ndtial vs Station 4 -1.051 T.025 == poy0]
[narial vi Station 5§ L1 7.534 = PAOI
Initial vs Searion & SR | 6,549 % Pl
Initial vs Station ? -[LEREE 3EEY T Pl
Initial vs Stalion & 1072 A6 = POl
Tnrtial vs Seabion @ 09205 G151 T PO

Initial we Seation 1 08052 5682 = Pl
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Mereury
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Correlafion
HG X HG Y
HG_X  1.000000 Baasiz « nt normal
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Correlation
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Rank-it trapsformed Mercury

AN

Sum of Moan

Sguares df Seuare F p-level
Effect 1x42416 4 1 IR 1.70T4223 11228
Brror 231.03430 30 JTeIR10

Borferroni contrass -rank mercury (with bath Reference stations)
srk-if Hy
Fals 1 and 2 w2
18498871
2 A04BEET
1. 5006748
QAR
QGOGENT
1 S00IGES
1441 201
-0 AFTARE

-
L R T ]

erfical value = 1,697

Mewrmmzn-Kewls dest - ranked mercury
3 4 & & T B O [ LH]
S92114 961570 A4TIZ0 BOSEY1 O0O1RD 907002 630697
S92 14 BI5T43 3E44RT TMOXET Q50687 923465 52021
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AOT01T GrS46% O7OTEY SHAIG TI06ES Q5TR0R ARI2 16
AI069T IRHET SE5E5A OF1914 495380 3433181 4612718

i — - B B LI T

L

Drirnen’s contrasts - gl fofions ve inffal contends - rank-rangformed mercury
If the: value of q is greater than 2ETE then the P vabue 15 bess than 0,05,

Mean
Comiparison Difference q P walus
Initial w2 Station 1 01577 0.23% ns P05
Initial vs Station 2 1242 LERY  ns P=O04
Initial vs Station 3 01795 0273 ns P=D05

Imitial w8 Station 4 15445 0828 ns P=DU0S
Initinl ¥5 Station 5 00| A 0223 ns P=0U05

Initaal w8 Sttaon & 1.536% 1423  ns Pes
Inltial vs S@don 7 04043 0614  ns P05
Initial vs Swtion B -0 8% 136 ns P=0U05
Imitial vs Stotion 9 .1203 019G ns P=0uDS
Ininial & Station 10 08702 1.322  ns P05



Methylmercury
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Borferrani contrasis - methylmercury fwith botk Reference rlations)
MaHg
Feds 1 and 2 va:
4 BB49TH
950515
21435453

23095711
-0EAEXET
2 EG2A054
k=i N

D & o~ g i Al

x
=]

enhea v = 7.637

Newman-Keuls tesf - methylmeronry
3 4 5 L] 7 ] k. L
J3E006 102657 133255 050469 00140% 091543 02270%
38506 LOIS33® 02323% 00710 00027 03042% O0%05e
D097 018831 LS0651 BERTO3 102302 791600 S58411
J33255 023231 856451 ST0007 OT4222 291308 331662
AOB04EG 017105 BBRTIA G707 123403 G12687 6473834
01397 000274 112302 074222 173403 OEEETS 150608
OUI543 OMMIT TIE00 BI2I08 612662 055875 AFAGT
1] L22650 003050 558412 33662 642834 199605 4546T0

== ol e o] Sl R

Dherneil"s cowtrests - oll statioes s, inifial corfends - metkylmercury
I the: walies of q s greaver than 2878 thon the I value is bess than 005,

bean
Camparison Differancs q P value
Ea EEE——
Initiad v& Station 1 000850 4603 " Pl
[ratiad vz Station 2 001377 TH0L ** P
Imitiad vz Seacion 3 .03 L7977  ns P=DD%
Inatiad vz Station 4 0.00142 (L784  ns P05
Imitiad vi Seation § 0, ras 4,825 " P<il
Imitiad v= Suacion & D.007TS 4281 ** Pl
Iricisd s Seacion T DA 4081 == Pl
Imitiad vz Suntion £ 0,00 200 G826 "0 Pl
Imitiad vz Station 9 0, D5 35580 v P
fririad v& Station 10 0.O09ST 5784 %= PeD]
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STATISTICAL RESULTS
TISSUE CHEMISTRY CONTENT DATA
EXCLUDING REFERENCE STATION 1
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ANOVA
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dquares df Squar E polev]
Effect [REERs g 011953 AAR45E3 A
Frror TRRAIG 27 R340

[hinmetl's ontrasis - [reafmens siations vi. réference (wi'o Reference 1) - arsenic contént
If the value of q is greater than 2840 then the P valise i less then 0005,
Mean

Comparison Drifference g P value

Staton 2 vs Station 3 -L8ET 2043  ns P05
Station 2 vi Station 4 0.01 14 0274 ns P05
Station 2 vs Station 5 (LR 0095 ns P=005
Station 2 vs Station § 011 2N ns P=OOS
Slation 2 vs Siation 7 -fuseg 1443  ps P=005
Statton 2 vs Station 8 01474 3550w P
Station 2 vs Stwtion 9 00323 0780 ne P=005
Hation 2 vs Stadion 10 0,059 009 ms P=006

Newrmaen-Kewls ferf - @reenic conferi
3 4 5 & T g 9 1]
AAGLTE ICMEDG SGTOLT ATHIIZ I203TH 356160 232615
ME17E D3I5554 | |23T0E S63488 (2673 G0E11F S14048
CERA RS FR5554 JA02T9 SR 163G 02005% R20TAY TRRTIS
SET01T 123708 140279 A9248 300303 222626 000445
ATR323 A63EE SB1636 409248 JA58ET S01585F S22TR1
JE03TO 026TIS 0055 390003 15987 JG0453 01858
56169 SO0 BXT4I 232626 SH1SRS (653 05475
232615 92ME THETES 099445 512781 OI8585 805475

Y RN AL

L=}
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Dumnent's consrasis - Reference stenion 2 and regiment stalions v initial comiens - greemde
If the value of q is greater than 2.860 then the P value is ks than .05,
Meaa
Comparison Difference q P valuz

S=ESFEEREAEEC
Initial vs Station 2 00432 104 ns P05
Imitipl vs Staiion 3 -0 131 3327 * PO
Imitiel vs Suwtion 4 (L0540 13768 ns P=D0S
Inmitizl w5 Swtion 5 QL0513 1293 gz P=D.0S
Initial vs Sintion & L1533 3917 = PO
Initinl vs Station 7 - 1030 2507 ne P=0U0S
Imitial vs Station & -1 1 95 4 8 T Pl
Initial w5 Station 9 -Q0755 L9042  ns P=0U0S
Irnitial vs Station 10 00333 0591  ns P=DA0S
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Cadmiom content
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Dunneil's conlrasts - treatmenl slations vs, reference (wip Reference 1) - cadmium contenr
If the valee of q is greater than 2 840 thea the P value is less than 0.05.
Mean

Comparison Differeace g F value
—=m= SESTEEERER
Station 2 vs Station 3 002003 0350 ns P05
Hation 2 vs Sistion 4 05958 2466 ns P=005
Sation 2 vs Stetion 5 [LOGTES 1LESG ns P=0.05
Sation 2 vs Stetion 6 000583 0160  ns P=0.05
Station 2 vs Station 7 D035 0521 ne P=00S
Station 2 vs Station § A07552 2072 ns P=DAOS
Station 2 v Seation § MmOs54 1 1320 ne P=d08
Station 2 vs Station 10 003271 0.3%7  nz P=0U08

Newman- Kenls fest - cadmium contenr
K| 4 5 i T & G 106
ALFPIE 604952 TORIR4 91TEIT (AFET* TTOGLE TI1840
STA03R S50284 288414 433541 00319* 21038 536677
SRE0EY S5[7TH4 SSA06T G790 D104%* T4I608 TTIISS
JUZEES JRES 14 A54067T ST308Y 03642% 66062 T46033
GATEYY 453541 627993 ATI0E9 JATIE* 557576 981203
O39ETI 005189 010481 036422 04T 165 JAITIEE Q3ANEE
TG G21133 T41698 O63062 557570 017254 A11EF2
JTALEAD B36ETT FTTISS 146933 951203 O334E 811352

— s B0 =8 O LA B T

k=]

Dirarert 8 coRIFEE « Hij"trem:l srafion 2 and freatmend stafions v faifiad camenp - cadmiuns
If the walue of q iz greater than 2 260 then the P value is kess than 005,
hfean
Comparison Difference q P vl

NErEEE—— ==

Instial v Seation 2 -DOBT4R 2498 s P=005

Instial v Seation 3 DUMGTAS 1826 ns P=008

Initial v Station 4 0241 08 ns P05

Inatial vi Szation 3 L0193 (L3606  ns P05

Initial v Scation 6 (0% | G4 2332 s 008

Initial ws Seation 7 005389 15389 ns P=0.08

Initial v= Scation B (L1630 4655  ** P01

Initial vs Scation & 03207 0916 s P=0.05

Initial we Seation 10 Q5477 1564  na =005
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Chromium Content
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Drurnent's contrasty - treatment stardon vi reference (wio Reference 1) - bog-transformed chromium
coniar]
If the walue of q 15 greater than 2840 then the P valwes is less than 005,
Mean

Crmparison Difference g P value
I ———
Statbom 2 vs Station 3 A£),5328 4,523 " Pl
Statiom 2 vs Staton 4 A,6078 5.060 " Pl
Staclon 2 v Staton 5 =154 g.952 %% Polidl
Sacioa 2 vE Station 6 4, 5540 4 TRE  ** P<ihib
Stacion I vs Station T A, 5774 4503 == Pkl
Statiom 2 vs Station B 10006 T.654 ** Pl
Suwios 2 ve Station 9 04265 1620 v Py
Staciom 2 ve Station 10 4, 1963 1666 ms Pal0F

Newman-Keuls rest - log chrominm content
3 4 5 [ 7 B o 1]
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Ropat i EE] AD305= Q33628 BOR0LS OZI08* 593180 02991
03750 AR50 LSS 00E04% 225600 000TZF 00015
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Dennets’s contrasis - Reference station 2 and treatment nakions vs, mifigl canfens -
log-transformed chromitm
If the value of q is preaxter than 2,850 then the P value is legs than U005,

Mean
Campanson Differcnce q P valie
e
Inirial vs Seation 2 L4200 147 = Pe0D)
Initial v= 3tation 3 =(L053 8502  ** P00l
Initial v= Station 4 S Kt 917 ** P01
Initial vs Stntion 5 = 1474 13156 == pefn]
Initial vs Station & =ik 2,781  ** P00
Initial vs Station 7 00497 800 ** Paflon
Instial v Station B 1.3 11.Td 2 P
Ininal vs Station @ {846 7553 *® Paidil
Inttial v Station 10 Lh16 5400 *= Bl
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Lead Content
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Expesiac Wome Veue
Carrelarion MNalb
LGrD_X LOPR Y

LGPE_X 1. KRR AT - normal
LGPE_Y 877419 1 OCHCHCHR
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Dumnelt's contrasts - treatmend stations ve. reference (ws Reference 1) - log-transformed lrad content

If the walue of q % greater than 2840 then the P value is kess than 0035,

Wean
Comparsar Dnfference g F value
——m
Station 2 va Stafiea 3 0.1677 1.727 s P=0.05
Station 2 vs Station & Ul LAT0 s P=0.05
Station 2 vs Siafioa 5 L1706 1755 ns P=005
Statson 2 vs Statioa 6 231 23K ns P=005
Stmiion 2 vs Sqatlon 7 00742 0764 a3 P=005
Sieteon 2 vs Station & 1144 1.183  as P=0.05
Stmion 2 va Statloa 9 00365 0576 ns P=0.05
Station 2 va Suntioa 10 DOGIE 0.636 na P=0.08

Newrmun-Keuls rerr - log lead conteat
3 4 5 [ ) B 2 10
J24241 03979 330086 324030 104362 555812 S40024
STRAR40 ATOZRD 451652 BIS0E0 307TOR AN1206
A39243 213493 SBOIIE 56272 214810
OO 623120 5520991 ET15T0
A19832 923403 00421
AX55TE 40435y
00440

24241
JEFTH) T24440
AB01EG ATHIER 459243
Ad026 431651 21393 THIIN
0363 EIFOED SE0128 628120 419632
S5ER1T 30701 ISA2TI 552991 923403 435976
SAC0EG 410206 214R19 ATISTO 01421 404338 BO0AA0

W ] S L e

=



Lhunnett's contrases - Reference starion I and treatment stavions vs. inirial content -
dog-traneformed Tead
If the value of g is greater than 2,860 then the P value is bess than 0.05.

Mean
Comparison Dhffercnce q P value
L} e
[ninial vs Station 7 -HG57 6131 =* puefip]
Initial v& Station 3 -0UTED S055  *% Pl
Initial v& Stabon 4 -1.051 6736 *v PalOl
Initial v& Station 5 =1.127 1235 % PG
Initial v& Siatson & {0 G280 % Paldl
Initial va Statson 7 1553 5657 * Palui
Imltial w2 Station & -1.072 6269 = Pl
Tsitaal vs Siation 9 {930 5809 =& padu|
Isitaal v= Siation 10 -, 855 5737 = peni]

D-57



Mereary Content
Hzamal Pregability Pl of Ansidunls
varfable: HE
ya | EETa 0. 003 Sed
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Within-Call Rasiously

(306
2.5 L& L1 ] (1] 143 25

Espeiad Raimil Vilge

Corredarion k]
HG X HG Y
HG_X  1.000000 B4T530 - mof mormal
HG.Y 847530 1. 00
Lag-transformed Mercury Content
MNotma' Prebbiliy Plal ol Radduala
wiHakla: LOG_HG
Fo2 25 e Bl 18 memps
oA v -
| i
Of f-——— — e e

i “ n B r | B
il | |
,z i co o
£ |1, ' — Ir e
A, S |
|
TP ot : - i .
24 -1.4 3.5 0.5 1.% 2.5
Enpacted Nermal Yalse
Correladion =36
LOiHCG X LGiHG: Y
LGHG_X 1000000 914645
LOHG_Y 148G 1 CHHER M
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Rank-it transformed Merairy Confend

ANGVA

Sum of Mean

s g uate F p-lzvel
Effsct 12.38452 ] 15480065 1824603 J15942
Error 22.97EG 27 B4E430

Prunneis’s conrrasis - Ireciment stattons vs, reference (wio Reference [) - rank-rroasformed mercury
Lewilent

If the value of g is greater than 2840 then the P valuc is kess then 4.05,

Mean
Camparisos Difforemce g P vl
FEE== L ——— 3

Station 2 vs Ststion 3 «1.457 2I1TE  ns P=0.05
Station 2 vs Statios 4 1568 2792 ns P=0.05
Station 2 vs Statioa 5 «1.4F3 212 nz P=005
Station 2 vs Siatioa & 01350 0524  ns P=005
Stmion 2 vs Siatioa T -0.E82 L2318 nz P=0.05
Station 2 vs Siation 8 -1.375 2054 ns P=000S
Stateon 2 vs Siation 9 -1.343 2008 ns P=DOS
Staion 2 vs Station 10 4,37 058  ns P=D0S

MNeweman-Keuls feal - ranbed mercury
3 4 5 ] 7 ] 9 10
ARAL1E DGL5T0 SATI20 DOSER] DOBED 80T012 £30597
5214 B2ET4T ARLART TIO22T DSMGET 02L468 IRAMNAT
SGLSTD E25T43 SO0T12 844018 995174 OTITEY SE5254
BATIZO IB448T SR0TI2 TG40 438136 520610 921014
SOSE31 720227 B44918 TII64S A6ATEE TI0685 495380
SOUIES G5ORET 906174 438136 A60TES A51R08 34335]
SOI012 G25465 OTOTED S20610 TIOGES D53508 AG1216
BI0E0T FEI022 S65254 OXI014 495380 343351 461216

o B ok S LA e L

=

Dunretd"s contrasts « Reference siation & ard freadmeny stations s indtial covtenr -

rark-rrangformed mercury
1f the value of q is greater than 2860 then the P value is less than 0.03.

Meas
Ceomparisan Drifference q P value
T E—— — .
Imdcial vi Seation 2 1,245 1.8 nx P=0U0S

Initial vs Sarion 3 2132 0,31 as P08
Imatial vs Station 4 L6232 0885 ns P=0008
Inatial vs Staticn 5 01773 0,252 ns P=0005

Imatial v Station 6 L8046 L2700 ns P=0.05
[ndtial ws Seation 7 03634 0516 ns P=0005
Imatial vs Seation & 1), 12%7 0.184 ns P=0005
Indidal vs Seation 9 00975 0,038  ns P=0005
[mitial vs Sexticn 10 08784 1.247  ms P=0005
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Methyl Mercury Content

Nermad Probabifivy Plod of Aesldusly

nniidkla: MEHG
o2, 200001 140, 09 2e i
b.O6g v T
! .
Q04 |- —1;- —
j Y1) S— ‘
£ goon =
=
2,004 -
2,006 "f
B ik
Expectag Harmal Vakia
Carrelarion M=35
MEHG X MEHG Y
MEHG X 1O SRBOTS
MEHG_Y AEEOTS 1. G0
Eeutbmplct [ AenLSTA T8 0de]
a2 :
a2 !
] H
1434 : . 3
- ]
(3
§ == . 3
& i " i n
| & 4 i~ I 5 I
oRE = ; = - & - — |
& | . :
Bgg I
B i ! i
4 2 i ] ] ie it
ETRTION
ANOYA
Sum of Miean
Squarcs df Squarg E pleve]
Effes1 000480 % D0 QLO7TT0TR [HO00G
Emar AETE 27 R -
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Llunnelt’'s conirasis - redtment sations vs. reference (wio Reference 1) - methylmercury congeny
I the walae of q |5 greater itkan 2840 thes the P value is less than 0,05,
hdean
Comparison Difference g P valuc
Siaticn ? ve Sation 3 00055 5803 0 P
Staticn 2 vs Station 4 000235 6.797 %= P
Station 2 vs Station § 0.00611 34 ¢ PallOS
Station 2 vs Station 6 0.0 1 3IE o+ PaDAS
Swation 2 vs Station 7 -0 3R s ¢ paAS
Sratian 2w Station § 00077 0972 ps P=005
Station 2 vs Statson 9 000732 4027 == pehil
Station Xvs Station 10 0000400 2308  ns P05

Mewwman-Keuls rear - methylmercary corienr
] 4 ] s 7 ] G 10

3 S3E606 102697 (133255 Q0469 00040* 092543 02270
4 EELES ] OIB03F 02313 01710% 00027 03041% 0305
5 02697 018931 SSE651 BEETOS 112302 TO1600 558412
& 33255 023231 056651 STROT 074222 BRI308 333663
T [E0468 017105 BEST0E 9TH007 A23403 612652 642834
£ 00397 OD0ETE 112302 OT4232 123403 DO3BETS 1959608
E JFI543 030432 91600 SF08 612082 O5EETS A5a670
1] JEEI690 DO3050 S5E412 33662 641834 190605 454670

Duenmett’s contrasis - Reference station 2 and trearment statlons ve. (aitial content - metiyimercrry
W ike valus of g is grester than 2860 then the P vales is less than 0008,

Mean
Ciomparisan Difference q P valpe
HEE
Initial ws Station 2 001377 T.O51 =% Pl
Initial ve Statiom 3 000322 1859 ns P=006

Initial vs Scation 4 .00142 0820 ns PS0.06
nitial vs Station 5 000765 4419 = Pe]
Inetial vs Sation 6 LTS 4478 = B0

Initial vs Scatlon 7 aT39 4269 =% Pe0]
Initial vs Sation & (1 200 G031 =+ P01
Initial vs Station & R 3723 *+ Po0]
Initial vg Sraclon 10 OUERST 5527  ** P00
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STATISTICAL RESULTS
CLAM GROWTH DATA



Cannalinn CLm Sludy

Anovi Sisgla Facior

Resuls of Statistical Analysis on Initisl Dats

SIABARY

— T T
Caga 1 5 41773 S5E3T 1
Gage 2 75 404,12 S454033 0736533
Cage 3 T5 40208 53512 Q623872
Cage 4 s 41258 SEO054T 0T24p85
Cage & Te 4163 S04 QTHGAZY
Cage & s 4028 S3ITSET Q710663
Cage 7 5 £10.55 H4Td QUBETIE
Cage £ b 43pd SE05X3Y QUGTRSIE
Cage § A 41834 BSTTSAT 0.73M658
Cage 10 T L0805 BADDEST O.TT30DES
Cage 11 Fi] 214,73 BEXTIY QTO25L%
Cage 12 ] a15.44 SE3  O8IT
Cage 13 T 1297 S505457 0.76THES
Cage 14 [ 221,78 BGIIINT  QLTONGID
Coge 15 T 41772 EEEDE L ETL334L
Cage 16 Th 207 TE B 4358 0 G38TE2
Cage 17 5 41678 S540AET G olh3d
Cage 18 75 40567 BACESRY O EIDMEY
Cage 13 h 418.84 5584553 0.5B0A03
Cage 20 4 42508 SO00MeaT  GTENIAT
Eage 31 Th 41753 GBETORT 0.TLE146
Cage 22 i 41585 554EST (.EIT4T4
Cage 23 T5  4¥0F S8%aBGT  OUTTGEI
age 74 TS M21B 5454TXY  0.TOETES
Gage 35 -] 4181 585087 0.TC20BET
Coga 35 75 4197 AR EMTIT
Cage 27 -} 41699 5555857 0.571318
Cage 28 T5 41785 BATIAST OTEEa
Cage 339 T4 a04.47 BASTIET 0. TINEEE
Cage 20 Ta 42077 S003AT QT4
Eage 1 75 AN00F GAGEGII 0.7
Cage 32 T 41002 54EESEY  0.B9145T
Gage 13 Th 41665 BBSLBET 0.B00TE1
Cage 34 5 41782 BETIGXY 0. EIELBES
Cage 25 -] A58 S.e808 0.6FrESG
Coge 37 5 1261 550457 0.80R0DE
Cage 34 5 41279 HS0GEET 0.7IT420
Cage 3 b 40306 53T4IX  0.BSETET
Cagas 4 T 42518 QGER0ET  QUMRETS
Coge 41 -] 40513 54NMTXY  0.ESWE
Cage 42 TS 41047 S4TIEN 0.606TT0
Cage 43 5 41808 BETISEXY 0.T{74&0
Cage & TS MaS11 SRR (ATO4TA
AMNDYVA Rasulls

Hy Mo Significant dffersnces ening cages

TEoTe of Vanavon 53 o MEF | Paeer | P
Bakween Groups 322434 A47 JETT  1.0E3IEE 0.34455 1387343
WWidhin Groups 2224 158 ez DT

Tirtal 2208411 A22a




Carrafion Cham Shdy Frasista ef Satistioal Analyale on inftial Data

fnova: Single Facto!

SUALARY

T Groups Cowel | Gam  Average  vanaace

Station 1 30 188858 & ﬁ‘l T e

Stalion 2 30 165403 SSM8ERY CTOLES

Station 2 30 1ESTEd 55341 OUTETH34

Sintlan 4 0 167T4.TT SSEsEr O77Es42

Stalion 5 300 1EAG6R SENSE U610

Station 6 0 155547 BRI 0 ER3IAS

Shatlon 7 0 167345 SSTEIET 0TTHAY

Stalion @ B0 18T 45 ESSRET QBT

Shalicn 9 300 18a0.04 488 0TITIT

Shalion 10 00 1653 44 EE1145T7 0866571

Irsliad (TT 0 163455 SAE35  DGRSO42

ANOVA Redls

.PE iz Siyndficant: ol (Mevmnces among ?I.ﬂum s

“Souwrve of Vanaton &% & 05 E Fiyabe  FoX
Betesen Gioups EA51184 10 QEBSTIE OB31173 O5SE4Es 1.E30S7T3
Wyilhin Groups s T A0 OUTOASET

Telal HEii% Adan
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Statistics for Clam Growth Metrics
Tiszue Weight

Means

E

Bk ERTH
E4 1650
S21E25
E6GE51
BT
SO0040
AH25E2
A900aT
AT7429
A34043

O e RO B B R =

=

ANOVA fincliding both Reference stations)

Sumn of Mezan
g df Square _F p-lavel
Effect  7.01611 9 T79568 3549254 11
Ermor  §0.55554 2757 A29ad
Flarred Comparizons
Reference stations 1 & 2 vs Station 3
bcan sgr Mcan sqr
Effac Esrar r p-leve]
TISSLIES 1T 21603 143025 O QD000
Belerence stations 1 & 2 vs Station 4
Mean sqr Bean sqr
Effect |
TISSUES 1.14T08% M216%3 SLETR0R RLL L
Eeference statons | & 2 vs Station §
Mean sgr Blean sgr
Edfeat Errot F sl
TISSUES dos02 Rirh|c] .25 129E2H
Eeference stations 1 & 2 vs Station 6
Meansqr  Meansgr
Effez! Earor E pleve]
TISSUES 2.220723 A2 1659 1023720 RLLLLICH
Eeference stations 1 & 2 vs Station 7
Mean s Mean sgr
Effeet Errer r prlevel
TISSUES 1563956 21683 TE09605 00000
Feference stations 1 & 2 vs Station §
Mlean sqr Mlean sqr
Eifect Emor E p-level
TISSUES 1.905975 21693 B7.BGHY 00000
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Kefereace stations 1 & 2 v Station §
bean sqr Mean sqr

Bffect P F prlevel
TISSUES 1.410672 Ar21E9 05086 J00000
Reference stations 1 & X ve Station 10
Mean sqr Mean sqr
Efifiecy Errar F p-level
TISSUES 351251 A2 1695 1619213 JO54

Beference stations 1 & 2 ws Initial Mepsuremenis
Mean sgr Mean sagr
Effect B E prleval
TISSUES 3091628 LZL693 1425650 U000

Dhumret! Mulhple Comparisons Tear for Riference station 2 versus treatment siafions
I ths wvalue of g 1% greater than 2.7 then the P walae iz lese than 005,
Mean

Comparison Differance q F value
— L= rm
Station 2 v Staton 1 01023 g1TT . Pt
Station 2 vs Station 3 003013 5355 e Faih0l
Station 2 vs StaGon 4 Q0EE 2336 os Fah05
Station 2 vs Station 5 003445 LTl ¢ P05
Station 2 ve Staon & Q05736 4612 Pacinif
Siation 2 v Station T H0ES 3261 e P01
Slation T v Station § 04935 3064 e P=0101
Siation T ve Station @ 03574 RBAY ¢ P05
Station X vz Statton 10 000765 06ll  es F=0105

Nevman-Kewls test for significance betwesn Ireatment stelions

3 4 5 ] i) B b 10

JHOTZY O0003® OTS583 O1181* H4229* 00485~ 00000~
O00TE LOTEE 1319594 SEILTE 351835 554438 00515~
0032 000024 S00003* QOE02* BR002E 00000 03653
LTSSED 151994 00002RG A03TaL F27I2F FR0G04 00002
LJT1EL3 SELDTE 00000T A03761 S13972 687048 00090%
O42HA ASREIR 000020 517323 511972 S42321 00010
O0EESS 554438 DGOOOR 30604 ARTHE 542333 Jl2aTE
00026 OOSENG 0R052T 000025 O00RGE 00102 002066

= o] SN LA e L

=

Dunnenr Multiple Comparitons Test for End-of-Test Tiisue Weights versus Inttlal Tivswe Wetghts
If the value of q &5 greater thaa 2720 then the P value i less thaa 005,

Mean
Ciomparison Difference q P walge
—————— ] BEEEETT T DT
Initlal va Suadon 1 L0746 G080 o= =i T
Initial vs Station 2 -0LIT0 14.512 W= Pl
Initial vz Station 3 0.2571 HLARQ 4= Pl
Imitial vs Station 08051 16602 Paliii]
Initial vs Suadon 5 0.1425 11.43] = P
Initial vs Station 6 L2343 19215 o= Pl
Imitial v Station 7 LETE I7.717 = P11
Initial v§ Station & v 18.56% == Pl h]
Imitial va Sutdon 9 2127 L P
Initial v& Station 10 . 1603 13,7y a= P01
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Log-transformed End-of-Test Whole-Animal Wet-Welght

Maans
BEOT_WAWYW

| 556908
2 5617420
L] S TL¥TEL
F| 5.723530
5 5980766
L7 5. Tarey
1 5760691
| 5581444
9 5700204
10 5630413
ANOVA fincluding both Refererce sions)

Sum of Mean

Squares dr Squre E p-level
Eifect AS020 @ Q50022 2354045 J10587
Errer 57.72134 2751 Q20982
FPlanned Comparizons
Reference stations 1 & 2 vs Stalion 3

Sum of hean

5 df Squarg F p-level

Effect TG i T 4 577153 FHE ]
Error 5E.42231 Z755 D21204
Reference stations 1 & 2 vs Station 4

Sism of Mean
—_ Souus d Square i p-level
Effcct 11443 i 14428 5396005 D025
Brrar SEATIN 2755 021206
Eeference siations 1 & 2 ve Station 5

Sum of Mean

Squnares df __ Square F p=devel
Effect L0013 i A28 AE034 SIRORG
Errer 5g.42211 2755 21206
Reference stations 1 & 2 vs Stutlon 4

Sam of Mean

Bquarss df Squire F -level
Effact JHDi1iR 1 0% 9406341 0TS
Erroc 58427231 2758 A2 12046
Reference siations 1 & 2 ve Station 7

Sum of sdean
—_  Squaes daf Sguure F plevel
Effect 1TE2S i ATBEHG £404511 MaTT2
Errar 28 43731 2755 21206

Reference stations | & 2 vs Siation B

nD-68



Sum o Mlzan

—Gqares  df Square F pebevel
Effect G2.218 1 9,91 766 H. 59T e
Error 2216650 2755 o T1 ]
Reforence stationg 1 & 2 v Station 9

Sum of Mean

Squares af _____ Sguae F pebevel
Effect 232485 I 2324848 B8, 9463 000
Ermor 2216.660 2755 L6
Referenoe stations 1 & 2 vs Station 10

Bam of Mean
e SQUATCE df Square E plevel
Effect 55340 1 5534040 &L THITA TR
Ermar 2216, 660 2758 SO0

Drunnert Multiple Comparizons Test for Reference station 2 versus freaiment siarions
If the valus of g is greater than 2.690 then the P value 1% less than 0,05,

Mean
Comparisea Difference q P value
- el C A,
Sration 3 ve Station 1 QG518 f.66] == P01

Station F vs Station 3 L5061 G700 we P
Station 2 we Station 4 {2076 2741 = P05
Station 2 vs Station 5 03273 d 284 == Pl
Station 2 vs Station & -LES6G 1145 == Frcl) (01
Suatien 3 ve Slatiaa 7 (G20 B2l5 = POl
Statien 2 va Station 8 03039 4050 e Pz 1
Station 2 vs Swadon 9 -EX76 [1.027 ** Pl ]
ataticn 2 vs Suatlon 10 - E4ET 33 e P, 0]

NewmanKeuls fext for significance beiween freafmerd mailons
i “ 5 B 7 B q 1
SOOTE B 00004 150430 0ESEE O0012% 002664
L00725 AT 0003 00002 437545 00002F 5597145
OO O L0003 0002 00001 * 00303% DO00Z*
KO0 DOOORES DA J0GE3* 00z TOETEY O000Ze
139430 000016 000020 O0EETS JA0004* J00TEE® D00Ee
A3924 437565 G0O00E 00T 000143 L0001* ABSI04
00122 000020 Q002G PO8TEY (OTERE 000008 gz
002662 5070145 0000RE Q00N D000 T 485304 005017

= A S el £ LA b

=
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Hank-it iransformed Geowih Baote

Hrm

GROYTH
5. 162535
14404015
22 4B600
1792480
9 SEEED
2804358
24, 2000 3
19.24972
T 24404
18.35577

AT BE e L B b R e

=

ANOVA (including both Reference stations)

Sam of Mean

Squares df Squars E plevel
Effect 1353809 9 1504232 TLEITTE (.00
Error 5760400 2751 2539
PManred Comparizons
Heferemee stations 1 & 2 v Station 3

Sm of Mean

Squares dl Squere F p-leve]
Effect 117.803 i 117.8034 144132 0.0
Ercor FPUEEED XI55 G
Reference stathons 1 & 2 ve Siation 4

Sum of blean
icn Squases df Square F p-level
Eff=ci 46500 1 4680931 2B.17747 TR
Error 2216660 2755 B0
Reference statons 1 & 2 ve Statlon 5

Sum of Mean

Squares dif Square F plevel
Effzct 027 | JOETI00 D368 B5440)
Ermor 2216660 IT55 B 505
Reference stations 1 & I v Stabisn 6

* Sum of Mean

Squares df Square E p-leve]
Effact 245208 i 45,2081 I ETIS LG
Erros 2216660 X755 BlG
Reference stations 1 & 2 v Station T

Sum of Mhean

Squares df Square F p-level
Effact [53. 167 | 151 1665 1600, 3547 {0l
Brror 226,660 X755 Rl

Reference stations 1 & 2 vs Station §
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Sum of Mlean

SiEsren i Sqmare F pelzvel
Effect 20 1 03 : ED A22000
Error £E.41231 88 21206
Referemce stadions 1 & 2 vs Station #

Sum of Mean

Squaces df Squeare F p-level
Elfect L3105 1 R0 3.821453 J506ES
Error 58.4223] 755 021206
Referenes stations 1 & 2 vs Station 10

Sum of Mean

Sauares ol Bquare E p-level
Effect D17 1 Li] i) B1518T a1
Errog 3443231 2755 RV ek

Duimnent Muluple Comparizons Test for Reference riaiion 2 versws freztment stafions
If the walos of q iz greater than 2600 then the P value s bet chian 0005,

Mean
Comparison Difference q F value
—— e R p——————
Slatioa 2 vs Station 1 0.00852 07006 ns F=0.05
Hatioa 2 vs Station 3 0, (ME6E 1.514 mns P05
Stalioa 2 vs Sation 4 =0, 03075 167G ns P00

Datioa 2 va Statson § 0.00346 0.Z77] ns P05
Siatioa 2 ve Station & -0.03837 2312 ns =005
Station 7 ve Station T 003677 2073 mc P=1005
Statioa ? ve Station § 0.00327 0.2675 s P05
Slatioa 2 vs Stalion % 00652 1.7 ms P05
Station 2 ve Station 10 000535 04349 ns P05

Mewman-Leuls rest for sigrificance batween fradiment SIaicns
3 4 5 6 7 B @ 10
E6T246 ITTETD BRLIAT TEO735 284385 8601222 526517
E6TH6 AAS5TEO BI0GS1 625932 IQIREL ATSHD  SUT0LT
ATIETI 365780 A64355 179005 98TRTT 368545 T55TTT
B61547 B1065] (164255 SRGTIE 137959 873297 424607
TRUTIS 625032 179005 BIGT08 45318 B40497 412874
JB4385 (193BB4 OETGTT (1NTE50 (145318 244650 485447
A61ZX2 S3TH62 6E545 BTIIT B40MEFT 241659 JGS6GE
SZESIT S9TDOZ T55TTT 424007 412574 455442 3650608

WO e el TR LR B b

=
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Statistical Results for Percent Solids and Percent Lipids

Means
— % SOLIDS % LIPIDS
1 51730 1. 360000
2 DA HE 1330000
3 57500 1555000
Fl 56500 1. 39000
3 AT 250 1400000
& 61750 1 502500
T EI000 1. AB2S00
£ 156250 1 425000
9 TED000 1.720000
10 ASI000 1370000
Percent Solids
Firnal PoialiEy Sid o Pabivas
vrigd; %_S0UIDS
ool 3554 Tall 00 T Runpy
e
e

i
1=

Rl
R

e 11
&

Correlaiion pisln]

SOLID X SOLID %
SOLID_X 1 a0 571485 . pormal
SOy BT1485 1 0000
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STATEIN
ANCWA
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Squares df  Square E p-level
Effect  O0111F g R e 2 1M4TAR D5EG55
Ermmor 001753 30 JR0O05E
Borferroni confrasts = Percent Solids (with koth Reference Stations T and 2}
=% Sxlids
Fala 1 ard 2 v
a  1.83497186
4 1A20AET
& =0.00Z05R
G 254632067
T 28147054
B 13650435
B ZATIDETD
10 Q2462

eritical valim = 1657

Newman-EKeuls resi - Perceni Solidr
3 o4 ] i 7 i g 10
JE34347 225505 GA6070 A54E61 962322 A0I823 526351
E34347 L33 GEGA]Y 648647 9583TH T4T218 ARSTIS
S2EH0S 232043 JOGTERT 04TR5® 159345 (112709 435463
SAE0TE GEAS1S OSTERT TERATAN TTIA6AS 714562 242913
SE4E6] AR5 TG TN J10338 A02691 189968
SEXA2Y QSRITH (150345 TT1365 TIO%IE ASETR3 ZTTE00
SOTR23 742218 02700 T14552 BORG01 B56TE3 242190
L2635 485736 435463 242003 (IRSO6S 2TTEO0 342190

i L R L T
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Dpnrett s muliiple comparizons for imifial cpail fregimerd siattorns — Percent Salids
If the value of g is greater than 2. 878 then the P value is less than 0,05

Mean
Companson Differencs q P value
Inidiall vs Statéen 1 o, Ok 5 4  m Pe0.05
[nitinl vs Stason 2 0,000 71 na P005
[nstial vs Siatson 3 0SS0 1062 ne P=0.05
Initial v& Station 4 L] aA6%  ne P05
Initial v& Statdon 5 0.M75 07 na P=0.05
Initiall vs Statbon & QL0975 1.882 ns P=005

Tnial vs Statdon 7 <0000 10 2024 ns P=005
Initial v Stason & 000425 DEM  ns P=005
Inktial ws Statkon 9 =00 1544 na P05
Inktial vs Stwteom 10 QLCDI0Y I3 ns P05
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Percent Lipids

Heamal Prabapmp Ful ol A ietls
s % LIPEG
o A D R

ANV

Sum of Mean

Squarcs df Square B
Effsct 474640 G 051738 ETOTES S60B62
Brroe 1816950 30 DG0565
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Bonferroni conrasis - Percent Lipids (with both Reference Stattons | and 2)

% Lipids
Fts 1 and 2 w:

= g

a4 & - & i1

1, 3ET000S
0.2300424
0.2985974
0.0707455

0.E4B026
0. Ae44E40
2. ATIGEET

1 068526

et witloe = T AFF

Mewman-Keuls fest - Percent Lipids

3 4
o6

L2552
B66T33 950793
iy EA L L e
L9365 93TEGE
L4325 STe10z
AL 405374
0 503733 S01736

& LA de L

mn SO O

b 6 7 L] & 10
B66T33 145944 BI3IGED BLE253 313136 903733
50793 853924 93TRGE 974102 ADS3T4 201736

SITET2 864730 BTTIZE ATRO00 DE0S3]
LTI SHTT36 BTO56 3TI010 S5M4ED
A64T30 901730 TLETAD ApRHET 953934
STTIRE ETOS0 TIXA0 JTIREG 9BSTE]
AT ITROI AGET 2738306 A03T14
ME0931 DEID D53924 DE5TE] 303714

Drannett’s malfiple comparizons for (il clems agamsr ireaiment shations
If the value of q is preater than 2,878 thea the P value is less than 0,05,

Mean
Companisos Difference q P value
——=h CEEIEETETN
Imitial s Seation 1 00GS 0367 ns P=005
Tmitial vs Station 2 Q0FEF 035  ns Pa003
Imitial vx Station 3 2575 L5314 ps P=005
Imdtial ve Seation 4 LS 0544 ps P=0.05
Imitial ve Sration 5 -0, 105 0602 pe P=0.05
Twitial ve Seatiop & 0030 1.2 e P=0.05
Imatial ws Station 7 11830 1.087  ns P=0.05
Iminial v Station 8 A0, 1275 0749  nps P=005
Tmitial ve Station 9 04215 2483 pe PR005
Imitisl ws Station 10 000725 0426 ns Po0.05
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Water, sediment, and tssue chemisiry correbations:
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APPENDIX E
CLAM MEASUREMENT DATA



1997 Cannelton Clam Biomonitoring Study
Initial Whole-Animal Wet-Weights (g) by Station

mean 5.53 5.52 5.52 5.58 5.49 5.55 5.58 5.46 5.49 551 5.45
min 4.02 4.04 4.01 4.02 4.1 4.07 4.04 4.02 4.01 4.02 4.01
max 7.9 7.93 7.92 7.95 7.79 7.89 7.91 7.75 7.75 7.85 7.79
stdev 0.84 0.84 0.88 0.88 0.79 0.83 0.88 0.80 0.85 0.82 0.83
N 300 300 300 300 300 300 300 300 300 300 300
Cage#'s: 13,22,2543 5,1524,35 2,11,30,37 3,17,23,34 4,1827,42 14,1926,41 19,2038 16,28,33,44 8,10,21,39 6,12,31,40 7,29,32,36
Stal Sta 2 Sta 3 Sta 4 Sta b5 Sta 6 Sta7 Sta 8 Sta9 Stal0 |[nitial (TO)

Rep1-1 4.87 5.62 6.02 6.46 7.79 6.61 7.54 4.72 6.22 5.78 6.50
2 5.99 6.30 4.15 5.27 7.33 5.28 4.77 5.96 5.68 4.90 4.67

3 491 5.54 4.90 5.09 5.83 4.85 5.96 7.15 5.75 6.45 4.92

4 6.00 541 6.34 6.90 6.20 6.12 4.76 4.35 5.45 4.82 5.66

5 5.34 4.38 5.84 6.54 5.04 4.64 452 4.95 5.61 5.83 5.22

6 4.56 6.04 4.66 4.32 5.39 4.62 4.40 5.69 4.02 7.47 6.62

7 6.36 4.46 7.04 5.17 6.37 6.59 6.17 4.24 6.52 4.68 5.79

8 7.90 4.34 4.50 5.27 5.20 6.39 4.28 5.84 4.87 5.40 4.59

9 4.10 4.65 6.07 4.14 5.47 491 4.99 5.09 5.71 4.73 6.42

10 5.94 5.61 4.82 4.29 5.60 5.00 5.03 6.10 7.75 4.80 4.90

11 454 5.40 4.86 4.75 5.94 491 5.40 6.49 6.26 5.61 5.40

12 6.02 5.17 4.47 4.56 4.10 457 7.66 5.97 4.63 4.31 5.70

13 4.63 5.90 4.36 5.01 4.62 5.86 4.37 5.02 5.43 4.41 4.64

14 4.16 5.42 5.86 4.39 4.87 4.87 5.26 5.49 4.71 5.05 4.25

15 5.40 5.31 5.18 5.28 454 4.68 4.80 4.30 6.02 5.14 4.47

16 6.18 4.49 7.11 6.23 6.27 4.32 5.23 4.20 5.79 4.81 5.92

17 5.79 5.60 4.86 511 4.65 6.43 5.03 5.48 4.79 6.12 4.68

18 5.73 5.08 4.44 4.46 5.04 5.04 4.08 4.78 452 5.47 4.64

19 6.57 7.48 6.83 6.88 7.51 6.54 6.15 6.43 5.50 7.17 6.20

20 4.80 4.37 4.25 4.46 4.58 5.29 4.96 5.18 5.88 4.85 457

21 5.86 5.89 5.05 6.12 5.84 5.35 5.34 5.17 4.95 5.12 5.39

22 4.77 5.79 5.80 5.77 5.33 5.66 5.13 457 4.98 4.92 5.73

23 6.01 5.96 5.08 5.37 4.70 5.69 5.83 6.05 5.44 5.46 4.74

24 5.47 5.79 4.85 5.60 4.45 5.62 551 4.76 5.78 4.19 4.39

25 4.59 7.11 5.16 5.23 6.46 4.77 5.77 5.62 5.26 4.24 5.64

26 6.74 511 7.55 5.62 5.65 541 7.09 6.23 5.12 4.44 4.78

27 6.27 5.14 5.28 5.31 6.11 5.65 4.94 5.54 6.32 5.94 5.07

28 7.07 5.71 6.64 6.91 6.60 5.44 7.36 6.43 5.64 5.87 7.08

29 4.04 5.59 5.28 4.68 6.09 4.24 5.62 491 4.87 551 5.60

30 5.34 6.94 6.39 5.56 5.40 5.16 5.57 5.90 4.84 6.23 7.04

31 4.73 4.64 4.72 5.62 6.27 452 6.65 413 5.06 5.52 4.58

32 4.46 4.16 5.79 4.68 4.60 4.19 6.24 5.24 511 4.49 5.28

33 4.74 6.78 4.16 5.23 4.61 5.09 4.36 4.61 4.62 4.76 5.34

34 4.71 4.07 4.17 451 4.38 4.44 4.49 541 412 4.06 4.61

35 5.64 5.24 5.01 4.44 5.34 6.68 4.81 4.48 6.81 7.16 5.53

36 5.07 5.55 6.48 5.01 7.53 7.32 6.40 4.78 5.87 4.58 6.14

37 5.01 5.28 4.62 6.10 4.66 4.47 5.46 5.40 4.09 4.67 6.16

38 4.68 4.20 6.18 5.49 5.84 5.95 5.36 4.75 5.05 453 4.75

39 4.33 5.55 551 5.40 6.90 6.32 6.50 511 5.46 6.53 5.14

40 5.68 5.43 5.86 5.75 6.00 5.30 6.05 6.06 5.50 5.77 4.22

41 6.07 491 6.11 4.97 4.30 5.35 7.26 6.22 4.06 5.04 452

42 5.75 6.51 6.09 6.21 5.33 6.57 5.74 5.16 5.82 4.49 5.77

43 6.06 6.18 5.32 5.23 491 4.07 5.29 6.78 6.49 4.34 4.68

44 457 4.27 4.98 4.15 4.67 6.49 5.21 4.23 5.78 5.72 6.44

45 4.40 5.20 4.62 5.80 5.57 7.39 6.10 4.37 5.19 6.68 6.33

46 6.05 5.37 541 5.39 4.10 4.70 6.55 5.06 4.68 5.14 453

47 6.43 5.46 6.15 4.48 5.20 4.83 5.63 6.04 6.69 4.94 4.88
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1997 Cannelton Clam Biomonitoring Study
Initial Whole-Animal Wet-Weights (g) by Station

48 5.15 4.68 5.30 4.50 5.01 6.79 4.48 4.46 6.95 4.45 6.95
49 4.88 4.77 5.26 6.41 571 5.09 5.55 5.85 6.04 5.68 4.50
50 5.39 5.17 5.04 4.35 5.34 6.35 4.57 5.77 5.68 6.38 4.25
51 4.70 6.31 5.44 6.29 5.80 6.23 7.35 6.24 4.39 5.85 4.94
52 6.35 5.86 4.29 5.85 5.88 6.18 4.61 6.67 6.03 5.86 7.79
53 5.34 5.38 4.77 5.36 4.47 5.98 5.35 4.46 5.83 5.05 4.90
54 5.51 6.46 5.58 5.53 5.32 4.69 5.93 5.48 7.71 6.01 6.81
55 4.04 4.98 6.21 4.80 5.19 6.90 4.24 6.59 6.18 4.63 4.61
56 5.35 5.36 4.67 4.68 5.04 5.36 571 4.65 4.90 4.81 4.83
57 4.23 6.41 5.69 5.98 6.11 6.25 6.02 5.60 5.32 4.73 5.12
58 5.37 4.66 4.79 6.13 5.92 5.32 4.91 6.39 7.21 4.34 5.03
59 6.33 7.12 5.66 5.73 6.70 6.55 5.27 6.67 5.72 4.53 6.27
60 6.24 4.96 6.14 5.02 5.51 6.88 5.68 6.72 6.69 4.80 6.23
61 5.36 5.39 4.84 4.27 4.55 7.00 4.43 4.25 6.56 5.98 5.77
62 5.85 5.77 4.98 4.48 5.12 6.37 6.83 4.19 6.53 5.83 6.13
63 6.26 6.17 6.62 6.82 5.86 5.76 6.76 5.28 5.49 6.36 5.30
64 6.77 5.19 6.92 4.84 5.08 6.12 6.30 5.50 6.25 5.46 6.18
65 7.16 6.15 4.74 5.95 4.43 4.17 6.27 5.24 4.44 5.15 5.24
66 5.06 5.42 4.31 4.16 5.03 6.55 4.55 5.30 5.49 511 5.64
67 7.17 6.70 6.84 5.42 5.93 6.43 6.99 6.02 4.93 5.98 5.78
68 7.27 7.91 7.64 7.29 7.03 5.62 7.82 5.46 6.06 7.85 5.69
69 6.69 5.72 6.42 541 4.18 6.00 5.34 6.23 5.92 5.51 5.25
70 5.46 6.25 5.89 6.69 5.83 4.97 5.75 7.28 6.03 5.27 6.98
71 4.19 4.55 4.40 4.35 5.49 6.21 4.50 4.88 4.88 4.02 6.27
72 5.79 7.83 5.87 5.47 5.96 5.83 4.47 4.43 5.54 5.93 6.45
73 6.25 4.57 5.83 6.30 6.34 6.11 5.13 5.72 6.86 6.41 5.43
74 4.96 4.81 5.13 4.74 4.68 5.77 5.52 6.11 5.53 6.26 6.20
75 5.46 6.58 5.03 6.06 5.86 6.08 5.28 5.88 6.53 6.42 5.89
Rep 2 4.70 5.52 5.23 4.48 5.12 6.31 5.88 5.70 6.96 4.91 5.29
1

2 5.52 6.61 5.40 6.44 5.10 5.17 5.80 5.05 6.06 6.39 4.01
3 5.78 5.55 6.33 6.54 6.80 4.63 5.25 4.42 4.81 5.63 6.28
4 4.85 5.26 6.46 4.25 4.61 6.12 4.33 7.75 5.03 6.34 7.33
5 5.63 7.62 6.57 7.74 5.85 5.05 6.16 6.61 4.72 5.91 4.24
6 4.95 4.49 5.66 5.03 4.85 4.67 5.89 5.79 5.26 5.26 571
7 6.00 5.73 7.13 4.47 5.86 4.65 6.02 6.64 5.70 4.84 5.36
8 5.44 4.82 5.90 5.84 4.59 5.81 5.27 4.73 4.80 4.48 4.97
9 5.33 5.47 5.87 5.06 4.89 5.32 6.25 4.04 4.59 4.66 4.92
10 4.39 6.05 6.92 4.49 4.58 6.37 6.08 5.79 5.52 6.21 4.80
11 5.67 6.42 5.77 4.38 4.28 5.52 4.25 4.68 5.12 5.79 5.54
12 5.32 4.48 6.63 4.17 5.98 6.42 5.12 6.74 4.74 5.10 4.70
13 5.19 6.56 4.93 7.45 4.97 5.22 6.12 5.68 6.36 5.24 4.41
14 4.59 5.19 4.56 4.13 4.75 6.63 4.23 4.52 4.68 5.68 6.76
15 4.84 4.77 571 5.42 4.58 4.88 6.98 5.53 5.42 4.73 4.76
16 5.43 6.07 5.07 5.35 6.37 5.52 4.11 5.37 4.31 4.59 5.15
17 5.29 6.10 4.39 5.57 4.51 5.91 4.68 4.09 4.45 4.29 5.29
18 5.91 4.88 4.06 4.62 4.15 4.59 4.58 4.58 4.56 4.85 5.77
19 5.54 7.10 5.72 5.63 6.75 7.18 6.62 6.14 7.58 6.43 5.12
20 4.85 5.74 4.56 5.35 4.18 5.45 4.16 4.43 5.09 5.01 4.29
21 4.67 5.83 6.16 4.18 4.35 5.42 571 4.37 5.86 4.78 5.06
22 5.90 4.25 4.66 5.60 4.26 6.03 6.13 4.65 4.49 5.09 6.45
23 4.70 4.32 4.30 541 4.60 4.35 6.25 4.76 4.82 6.29 5.72
24 5.91 6.36 5.33 5.14 5.34 5.52 5.69 7.28 4.16 5.27 6.60
25 5.35 6.11 4.55 4.10 4.81 4.11 6.11 4.36 4.83 5.90 5.57
26 6.94 5.31 7.11 7.35 5.48 5.61 5.27 4.98 5.46 6.38 6.70
27 5.77 5.66 5.84 4.97 4.74 6.61 5.74 5.07 5.38 6.46 4.83
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1997 Cannelton Clam Biomonitoring Study
Initial Whole-Animal Wet-Weights (g) by Station

28 6.90 6.54 7.03 5.58 5.96 5.26 5.62 5.65 5.26 5.86 4.92
29 5.03 4.61 4.92 4.44 4.50 4.21 4.77 5.94 4.94 5.26 4.17
30 541 6.46 6.37 4.68 6.51 7.22 5.88 4.63 6.50 5.02 4.71
31 6.27 5.09 5.30 7.01 5.28 5.40 7.30 5.68 5.22 5.00 4.27
32 5.17 571 4.01 4.33 4.99 5.91 6.38 6.64 4.13 4.89 6.18
33 4.21 4.15 5.15 4.59 5.36 5.09 5.07 4.55 6.35 5.75 4.06
34 5.12 5.96 5.15 5.19 5.20 6.32 4.51 5.95 4.38 6.16 5.08
35 5.23 6.67 5.32 511 7.15 5.69 5.03 5.56 6.57 6.58 5.62
36 4.17 5.72 5.22 4.06 511 5.31 5.72 5.36 7.14 6.47 4.32
37 6.65 5.10 5.23 7.83 5.69 4.81 5.37 5.09 5.07 5.46 5.32
38 6.71 5.15 5.86 5.00 5.76 4.33 5.38 6.07 5.50 4.50 4.86
39 6.01 4.36 5.06 5.29 6.69 4.84 4.96 6.47 5.35 5.52 4.96
40 5.14 6.32 5.63 6.59 4.89 6.13 6.02 4.57 6.26 6.65 5.40
41 4.53 5.64 4.43 5.67 4.37 4.41 6.55 4.91 5.69 6.94 6.91
42 5.86 6.67 5.91 6.10 541 5.63 6.13 4.92 4.21 5.63 4.59
43 6.38 5.87 6.05 4.87 5.20 4.91 5.51 5.61 4.94 6.78 5.18
44 4.74 6.26 4.52 6.15 5.83 4.75 5.87 4.62 5.21 5.83 5.58
45 4.98 4.92 5.30 6.02 4.63 5.53 4.63 5.15 4.92 5.66 5.33
46 4.02 4.80 5.33 5.16 5.38 5.73 4.78 5.59 4.01 4.17 5.73
47 5.73 6.22 4.07 4.85 4.83 5.74 5.97 6.39 4.33 4.39 4.48
48 4.90 4.21 4.49 5.57 5.76 5.09 5.12 7.12 6.13 4.71 4.29
49 6.94 6.42 4.43 5.15 4.91 5.64 4.07 6.42 5.04 5.14 4.79
50 4.71 4.96 5.45 6.07 5.02 7.22 4.13 4.24 4.27 5.99 5.52
51 571 5.37 6.18 5.02 5.45 6.41 4.99 6.56 4.90 5.85 541
52 5.26 4.77 6.29 6.57 5.70 5.39 6.78 5.43 6.22 6.69 4.99
53 5.03 5.18 5.75 6.41 5.91 7.11 7.37 5.60 6.64 6.14 5.01
54 4.76 6.51 7.00 6.51 6.06 5.34 6.65 4.68 6.57 5.18 5.19
55 6.40 5.65 5.04 5.10 5.59 4.99 4.72 6.89 6.14 7.02 541
56 6.59 5.00 4.69 5.46 5.75 6.52 5.22 5.80 4.79 4.70 6.21
57 6.94 6.53 6.41 6.95 7.52 6.71 5.49 5.75 5.07 6.48 6.18
58 6.15 4.27 5.07 5.49 4.90 4.78 6.59 6.69 6.90 5.98 7.54
59 6.63 4.81 5.20 4.50 5.94 6.70 6.34 5.03 4.34 5.31 4.48
60 5.19 5.22 6.36 6.97 6.37 5.87 7.43 5.60 5.98 7.12 7.01
61 5.34 6.18 5.92 5.18 5.88 6.31 5.43 6.06 5.40 5.12 4.08
62 5.59 4.59 4.55 4.41 5.30 5.73 7.36 6.03 4.45 5.25 4.73
63 4.05 6.53 5.24 6.31 5.57 5.83 6.25 4.99 5.31 5.54 4.04
64 5.81 5.28 5.20 5.59 5.32 6.29 5.61 6.65 5.24 5.56 6.71
65 4.61 6.85 5.88 6.14 5.63 5.09 5.62 6.02 5.06 6.23 6.71
66 5.50 4.84 5.08 5.79 5.03 5.12 5.01 6.11 7.25 5.30 5.59
67 5.63 5.62 4.65 6.60 5.74 5.56 5.07 5.52 5.96 6.38 5.58
68 4.80 5.57 7.02 6.00 6.05 4.56 6.48 5.00 6.03 5.26 5.57
69 6.67 4.48 7.11 7.38 5.84 5.28 5.99 5.09 6.24 5.87 6.30
70 5.92 6.54 5.72 5.98 6.64 6.58 4.97 7.26 5.44 5.64 5.61
71 4.31 4.74 4.40 6.29 5.10 5.07 4.11 6.25 4.32 4.30 6.44
72 7.24 5.43 6.89 5.13 4.91 5.35 4.11 5.93 6.62 5.18 5.49
73 6.23 4.83 6.47 7.11 5.56 5.60 6.20 5.83 5.43 4.59 5.89
74 7.16 5.56 5.59 5.29 5.72 5.61 5.35 5.81 7.61 4.93 7.02
75 6.06 7.29 5.97 5.14 7.41 6.80 5.75 6.43 4.96 4.95 5.33
Rep 3 4.92 5.08 4.39 5.79 5.42 5.84 5.08 6.02 4.68 6.68 6.33
1

2 6.29 5.40 5.18 5.55 6.11 4.65 5.22 5.47 5.60 4.60 4.75
3 4.72 4.87 5.19 6.63 4.85 4.44 5.49 5.65 7.47 5.19 5.18
4 4.66 5.36 4.25 5.25 4.78 4.27 5.49 7.41 4.46 6.54 5.77
5 4.40 4.79 5.76 4.85 5.22 5.46 4.82 4.85 5.94 5.65 4.36
6 4.59 5.47 5.17 4.27 4.99 4.83 6.18 4.92 4.94 5.32 4.42
7 5.10 5.08 4.79 4.31 5.03 7.08 5.38 7.28 5.78 5.03 7.05
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

4.76
5.01
5.93
5.03
4.45
6.09
5.39
5.31
4.54
5.02
6.93
4.98
4.33
6.20
5.65
5.79
5.37
5.62
5.06
5.54
6.22
5.05
4.54
4.29
5.01
6.76
4.79
6.32
7.36
5.79
5.62
4.71
5.44
5.19
4.37
4.69
6.17
4.72
5.00
5.12
7.18
5.61
4.70
5.55
7.45
4.64
571
4.84
4.73
6.22
5.83
5.70
4.51
5.67
6.39
5.25

1997 Cannelton Clam Biomonitoring Study

Initial Whole-Animal Wet-Weights (g) by Station

4.98
5.21
5.82
4.44
6.05
4.75
6.03
571
4.77
5.38
6.43
4.14
5.16
4.04
5.23
4.43
5.87
6.87
7.39
5.67
4.98
5.86
6.35
6.71
541
4.07
5.43
5.47
4.44
5.83
4.53
5.09
5.68
5.32
4.39
6.31
4.74
5.15
6.07
5.74
4.39
5.03
6.03
5.78
5.10
5.33
6.16
4.10
4.68
5.78
6.48
4.65
5.17
6.36
6.59
6.51

6.61
5.99
4.48
6.49
5.33
6.91
5.64
4.97
5.79
4.43
7.48
5.08
4.45
5.20
7.84
5.03
5.01
4.96
6.60
5.09
4.28
5.50
5.74
4.75
6.29
4.05
6.89
7.12
6.72
4.76
6.43
6.58
6.13
4.86
5.63
5.05
4.87
4.60
5.74
5.20
5.26
7.05
5.51
5.96
4.99
6.70
5.05
5.79
4.64
6.87
4.61
5.98
5.96
5.66
5.49
7.08

6.73
4.92
5.37
5.32
5.45
6.01
6.13
5.20
5.67
5.43
5.65
6.22
5.19
5.05
5.37
5.29
5.75
6.26
6.23
4.88
5.48
6.38
6.57
4.65
7.69
5.05
5.78
6.61
4.96
5.14
7.47
6.07
5.50
7.59
6.20
7.36
6.88
4.44
4.66
4.96
5.27
541
5.72
5.18
571
5.70
6.16
5.70
7.65
7.28
6.30
5.15
6.45
7.39
6.30
5.29

4.74
5.80
5.95
4.47
5.94
6.20
5.84
5.03
6.02
6.26
5.14
4.41
5.03
4.58
4.41
4.82
5.34
6.86
5.19
6.22
511
5.69
5.07
5.98
5.17
6.11
5.39
5.26
7.35
6.89
5.65
5.84
4.81
6.73
5.03
5.76
4.77
6.42
5.84
4.21
5.49
5.83
6.87
4.66
5.98
5.17
5.67
5.14
5.64
5.90
5.34
4.26
7.23
4.47
6.50
5.95

5.47
4.44
5.50
6.60
6.16
5.76
5.51
7.89
5.26
5.14
5.33
4.92
4.29
4.23
6.19
5.07
4.31
5.89
571
5.52
6.01
5.29
5.33
5.58
5.57
4.20
4.70
7.01
6.10
4.85
5.10
4.86
5.46
6.23
4.96
5.62
6.36
4.44
6.04
6.98
4.85
4.78
7.08
7.38
5.42
7.09
5.59
4.77
6.93
5.33
5.97
5.56
4.76
7.12
5.77
7.23
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5.60
5.15
5.60
5.59
4.32
5.73
4.28
5.02
4.95
5.13
5.48
6.75
4.79
4.45
6.06
4.52
5.04
5.77
6.72
6.79
6.95
4.63
5.47
6.08
6.24
4.31
6.95
6.34
7.82
7.24
5.65
4.70
4.24
4.28
5.02
5.34
4.25
7.91
5.06
5.63
6.13
5.17
5.45
6.29
7.14
5.51
5.05
7.19
6.31
6.58
5.61
5.81
5.63
6.07
5.81
6.17

5.83
4.46
4.27
5.10
4.21
4.41
4.84
6.15
5.43
4.71
4.45
5.19
4.11
5.67
5.70
4.81
4.48
6.65
5.89
5.87
6.39
4.60
4.86
5.82
5.15
6.15
4.81
6.73
6.17
5.96
5.18
4.66
5.34
5.36
5.31
5.98
5.05
6.67
5.31
6.26
6.19
5.36
5.92
5.26
5.23
4.71
6.91
6.64
5.38
5.53
5.56
4.46
6.14
5.81
6.95
6.29

4.09
5.67
4.96
5.67
5.08
5.52
4.05
5.98
4.37
6.31
4.64
7.05
6.08
5.58
5.82
5.22
5.95
6.09
6.11
6.07
5.77
4.60
6.73
6.08
6.04
4.39
5.63
6.50
6.55
4.95
6.28
6.23
5.85
4.26
4.46
5.28
5.07
5.09
4.76
6.48
6.15
7.41
4.53
5.46
4.91
5.56
4.68
5.47
6.69
5.12
5.58
6.19
4.61
5.99
4.28
5.28

5.83
4.50
4.71
4.71
6.92
4.76
4.34
5.78
5.37
5.16
6.07
6.36
4.86
4.84
6.78
4.32
5.40
4.31
4.98
5.80
5.91
5.80
4.67
4.33
5.45
4.40
4.79
5.96
541
6.29
5.46
5.60
5.21
5.22
6.18
5.90
7.64
4.89
4.48
5.43
4.65
5.63
4.89
5.68
4.71
5.35
6.23
4.88
7.62
5.25
4.56
5.09
6.61
6.34
6.14
6.53

6.09
4.73
5.70
5.97
5.56
5.02
4.87
5.02
4.70
4.92
4.34
4.58
6.28
5.79
5.88
5.77
511
4.46
6.69
4.06
5.29
6.59
4.58
5.28
6.05
4.80
4.94
4.46
6.12
4.49
4.92
6.57
6.69
5.56
6.84
5.99
541
6.91
4.40
4.55
4.63
6.48
5.05
6.59
4.50
6.41
4.89
5.68
4.35
5.51
5.64
4.94
5.52
6.43
5.60
5.95



1997 Cannelton Clam Biomonitoring Study
Initial Whole-Animal Wet-Weights (g) by Station

64 5.92 6.70 5.27 6.74 5.56 7.51 4.98 5.27 6.93 6.65 5.83
65 6.55 7.93 6.51 5.09 5.62 4.89 5.13 5.42 4.52 4.29 5.13
66 6.07 5.19 4.10 7.45 6.34 5.64 7.31 4.74 7.15 5.00 5.04
67 6.51 5.94 5.09 7.80 6.02 6.01 5.18 5.50 4.80 6.23 6.60
68 6.09 6.68 6.33 6.10 5.81 5.86 5.72 5.58 4.75 6.20 4.88
69 6.51 5.24 5.84 6.48 7.69 4.36 6.29 6.50 5.57 4.72 4.59
70 6.46 5.58 5.83 6.48 6.23 5.66 6.02 5.95 5.87 5.80 4.45
71 5.91 5.84 5.31 4.54 4.91 7.12 511 6.76 5.08 4.50 6.12
72 7.70 5.30 6.19 5.48 5.90 4.38 4.75 6.78 4.54 5.12 5.07
73 6.81 7.92 7.28 6.24 4.83 4.74 5.51 4.82 7.68 5.24 6.97
74 4.90 4.53 6.04 4.98 4.67 6.36 7.58 5.74 5.88 6.45 571
75 6.85 5.20 5.08 6.82 5.58 5.09 6.08 5.70 6.67 5.83 7.62
Rep4- 1 4.88 7.66 4.47 6.47 6.31 4.89 5.65 5.60 4.96 4.94 5.25
2 4.58 4.90 4.34 4.88 5.43 4.82 4.36 5.17 4.30 6.16 5.42
3 6.69 6.58 5.19 4.91 5.72 4.83 4.47 4.02 4.14 5.66 5.24
4 4.74 5.88 4.33 6.13 4.44 4.39 4.60 5.31 5.28 4.94 5.62
5 6.52 4.98 4.77 6.36 5.17 5.52 4.08 4.98 5.80 4.82 4.61
6 6.25 5.09 5.70 4.86 5.29 4.66 6.23 6.33 4.83 4.43 5.67
7 5.29 4.44 4.33 4.72 6.25 4.88 5.42 6.08 6.47 5.30 4.39
8 4.39 5.26 5.76 4.02 5.62 6.00 5.60 4.03 5.23 6.23 4.70
9 571 6.56 5.20 5.00 4.81 5.33 7.64 5.37 6.06 4.28 4.05
10 7.59 5.93 4.31 5.02 4.76 5.19 4.67 6.73 4.13 5.44 5.82
11 4.80 4.55 5.15 5.24 6.18 5.67 5.42 5.09 4.72 4.53 4.64
12 6.05 5.94 6.20 5.10 4.84 4.48 4.50 4.76 4.08 5.99 5.02
13 5.09 5.36 4.79 4.07 5.53 5.08 6.05 5.55 6.95 5.49 5.21
14 5.58 4.73 5.75 4.61 5.67 4.53 4.96 4.31 4.82 4.14 5.38
15 6.01 4.49 4.29 5.21 4.55 5.22 6.44 4.51 5.43 5.14 6.84
16 4.29 4.87 7.45 4.57 4.13 5.45 5.03 4.31 4.20 4.72 5.99
17 571 5.95 7.40 4.51 4.27 5.63 5.00 5.04 5.98 4.62 5.45
18 5.55 4.96 4.73 4.36 4.52 5.66 6.47 5.54 4.77 6.55 5.07
19 5.49 4.41 5.98 5.42 5.01 4.30 5.63 4.02 5.95 6.01 4.24
20 5.10 4.97 541 4.77 6.25 4.79 4.31 4.12 4.31 5.78 6.66
21 5.07 5.87 5.21 5.99 6.71 5.86 4.40 4.34 6.16 5.29 7.16
22 5.70 4.78 6.38 5.83 5.84 5.61 4.91 4.57 4.92 4.46 4.92
23 6.41 5.33 5.91 6.41 6.24 6.30 4.39 5.51 4.62 4.34 5.84
24 4.65 4.93 4.84 5.20 5.46 4.08 5.54 4.88 5.02 5.06 4.83
25 5.44 5.67 5.46 6.39 5.61 4.81 5.95 4.61 4.72 7.70 5.03
26 6.46 6.72 5.52 5.73 5.62 4.81 5.00 5.68 5.15 5.18 5.14
27 5.01 5.72 4.96 5.29 5.76 5.24 5.96 5.52 4.83 7.28 5.87
28 4.18 6.54 4.66 5.57 4.21 5.04 5.25 5.08 6.38 6.28 4.35
29 4.98 5.73 6.67 4.40 7.05 4.64 5.64 6.08 6.42 6.13 5.58
30 4.20 4.94 6.76 5.86 511 5.62 4.67 5.54 6.09 6.56 6.08
31 5.91 5.55 4.80 4.80 5.19 5.75 6.81 5.92 5.49 6.02 4.94
32 5.95 5.79 5.54 6.41 6.79 4.35 5.33 5.24 4.76 4.76 6.26
33 6.60 5.43 5.23 6.54 5.33 6.94 7.28 5.06 5.47 5.21 5.56
34 6.51 4.63 6.37 5.87 4.20 4.93 5.49 4.31 5.14 5.00 5.94
35 5.29 5.89 4.71 5.63 6.28 4.11 4.62 6.38 5.63 5.18 4.63
36 4.98 5.95 4.22 5.96 4.23 5.31 5.13 5.73 4.92 5.43 4.59
37 5.51 4.97 4.46 5.21 5.67 4.17 5.67 4.55 4.52 5.91 5.52
38 5.58 6.45 6.55 6.63 5.37 6.45 7.84 6.30 6.88 5.88 6.50
39 4.83 4.47 5.27 5.03 6.41 6.51 4.53 4.90 6.81 5.43 4.60
40 5.20 4.32 6.61 4.33 5.58 6.30 5.20 5.27 6.38 6.99 4.54
41 5.30 4.05 4.63 5.90 5.59 5.46 5.68 6.65 4.60 5.84 4.94
42 4.40 4.26 5.43 5.87 5.07 4.70 4.32 5.89 4.56 7.22 5.93
43 5.86 6.93 7.73 6.79 5.65 5.94 5.00 5.05 5.39 5.88 5.34
44 541 7.18 5.90 6.48 5.76 4.70 5.98 4.98 5.59 4.47 4.08
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

5.29
4.34
4.43
6.43
4.75
4.84
6.09
6.36
5.35
4.99
4.42
4.55
5.52
5.93
5.20
5.78
7.08
6.91
6.92
6.00
7.09
6.36
7.44
6.70
4.87
5.87
4.68
4.72
6.53
5.96
6.95

1997 Cannelton Clam Biomonitoring Study

Initial Whole-Animal Wet-Weights (g) by Station

5.26
4.97
5.47
5.96
6.82
4.64
5.38
4.31
4.27
4.75
5.30
571
4.60
5.05
6.37
6.50
5.90
5.80
4.58
5.40
5.88
5.12
5.58
4.63
4.38
5.15
4.63
6.87
6.03
7.81
6.83

5.82
4.15
511
5.78
4.27
6.74
5.27
4.57
6.05
4.88
5.03
5.24
4.74
6.00
5.01
5.10
7.56
5.89
6.96
7.17
4.68
6.59
5.35
7.92
6.11
5.57
4.36
5.56
5.60
5.29
4.87

7.04
4.77
4.98
4.83
6.84
5.53
6.88
4.57
5.45
6.06
6.62
7.95
4.98
5.16
5.02
6.40
6.85
4.67
5.57
5.89
5.79
7.27
5.64
5.24
5.89
5.26
5.70
6.27
6.58
4.49
5.28

4.22
4.64
4.64
5.83
4.81
5.24
6.33
6.04
6.39
6.08
4.37
7.64
5.08
5.07
4.74
4.67
6.03
4.60
6.11
5.98
7.13
5.06
4.94
5.97
5.74
6.56
4.84
5.74
5.95
4.70
5.85

5.59
5.12
4.59
6.22
6.60
4.72
6.46
4.90
6.24
4.40
7.13
7.10
6.03
6.05
6.55
6.36
7.13
6.50
4.49
5.03
5.60
5.90
5.17
7.12
5.24
5.48
4.51
5.53
4.53
4.71
5.18
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5.69
4.56
5.17
6.57
4.92
7.24
6.05
4.04
5.29
6.05
6.00
4.60
4.94
4.81
4.25
6.60
4.56
6.51
6.06
6.26
5.74
6.42
5.91
5.82
6.05
5.36
5.89
5.32
5.94
6.45
6.60

6.28
5.85
4.61
4.53
5.28
4.71
4.33
7.16
5.09
4.50
5.52
5.88
6.41
4.48
4.69
4.61
5.49
5.38
5.46
7.20
4.71
5.42
5.01
5.83
4.15
6.68
5.28
5.33
5.12
6.03
5.18

4.78
5.02
4.83
5.94
5.04
5.43
6.33
7.13
5.39
4.53
5.77
5.63
6.55
5.67
4.29
4.88
4.43
5.33
4.44
4.91
4.57
4.96
6.89
5.65
7.05
5.66
511
5.68
6.61
6.86
4.84

4.66
4.63
6.19
7.21
5.13
5.91
7.43
6.08
5.02
4.48
5.27
7.07
6.43
5.81
5.63
6.10
5.84
5.48
7.14
7.63
5.07
6.89
5.51
5.26
5.07
6.50
541
5.43
6.33
6.25
5.65

5.31
4.38
5.13
7.63
5.26
5.38
5.58
4.62
5.94
5.02
5.46
5.46
5.65
6.18
6.64
5.22
4.19
6.67
6.61
7.50
6.65
7.07
6.57
6.05
4.65
5.34
4.25
5.78
5.07
5.38
5.48



1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

mean 5.56 5.62 571 5.72 5.58 5.76 5.76 5.58 5.70 5.63
min 3.98 4.03 4.2 4.15 4.03 4.12 4.15 4.13 3.44 4.3
max 7.98 8.11 8.06 8.06 7.95 7.83 8.09 17.77 8.28 8.29
stdev 0.82 0.81 0.86 0.85 0.79 0.83 0.88 0.79 0.86 0.81
N 277 280 273 270 261 284 275 284 280 277

Cage#‘S: 13,22,25,43 5,15,24,35 2,11,30,37 3,17,23,34 4,18,27,42 14,19,26,41 1,9,20,38 16,28,33,44 8,10,21,39 6,12,31,40

Stal Sta?2 Sta 3 Sta 4 Stab Sta 6 Sta7 Sta 8 Sta 9 Sta 10
Rep1-1 4.88 5.78 6.57 7.95 6.84 7.60 4.90 6.32 5.92
2 5.97 6.41 4.38 5.41 7.50 5.49 5.09 6.25 6.00 5.09
3 4.93 5.65 4.98 5.35 5.92 5.16 6.06 7.32 6.06 6.63
4 5.96 5.66 6.51 6.98 6.34 6.29 4.90 4.60 5.78 4.99
5 5.32 4.58 5.94 6.63 5.04 4.71 4.70 4.97 5.91 6.00
6 4.58 6.29 4.90 4.48 5.43 4.73 3.44 7.56
7 6.39 7.37 5.44 6.53 6.75 4.35 6.55 4.83
8 7.98 4.53 4.81 5.38 5.32 6.59 4.45 6.54 5.19 5.56
9 4.12 491 6.18 4.29 5.58 5.18 5.33 5.21 5.92 4.82
10 5.95 5.86 4.85 4.59 5.77 5.11 5.11 6.16 8.28 5.07
11 4.68 5.50 5.16 4.84 6.17 5.36 5.56 5.91 6.34 5.83
12 6.05 5.21 4.59 4.87 4.18 5.04 7.88 6.11 4.83 4.56
13 4.61 6.01 4.68 5.04 4.61 4.40 5.39 4.87
14 4.29 5.73 6.03 4.64 4.95 5.20 5.14 5.69 4.94 5.06
15 5.42 5.46 5.38 4.58 4.92 4.99 4.62 6.40 5.26
16 4.76 7.13 6.28 6.37 4.50 5.40 4.32 6.09 4.90
17 5.68 5.07 5.26 4.73 6.70 5.08 5.62 4.85 6.30
18 5.79 5.34 4.68 4.90 5.18 5.19 4.30 5.13 4.71 5.80
19 6.57 7.03 6.97 7.54 6.73 6.18 6.67 5.71 7.22
20 4.68 4.55 4.46 4.90 4.59 5.54 5.11 5.28 6.11 5.05
21 5.97 6.08 5.27 6.28 5.97 5.60 5.33 5.38 5.18 5.31
22 4.83 6.05 5.96 5.39 4.68 5.14 4.98
23 6.00 6.19 5.19 5.52 4.94 6.06 5.95 6.15 5.84 5.69
24 5.46 5.19 5.00 5.76 4.71 5.79 5.66 4.93 6.00 4.42
25 4.63 7.31 5.32 5.29 6.62 4.86 5.71 6.00 4.34
26 6.79 5.24 7.75 5.73 5.78 5.77 7.33 6.39 5.27 4.58
27 6.36 5.28 5.62 5.59 6.30 5.78 5.70 6.64 6.16
28 7.11 5.81 6.68 7.29 6.72 7.65 6.51 5.82 6.12
29 4.02 5.67 5.58 4.79 431 5.01 5.10 5.76
30 7.03 6.19 5.43 5.47 5.42 5.85 6.07 5.16 6.33
31 4.72 4.82 4.67 5.76 6.33 4.64 6.83 4.28 5.16 5.59
32 4.47 4.28 5.81 5.04 4.72 4.32 6.54 5.52 5.27 4.64
33 4.94 6.68 5.33 4.82 5.33 4.68 4.96 4.66 4.89
34 4.78 4.34 4.58 4.70 4.63 4.87 5.54 4.29 4.33
35 5.76 5.33 5.15 4.62 5.41 6.85 5.13 4.65 7.07 7.33
36 4.93 5.70 6.86 5.09 7.66 7.83 6.59 4.89 6.08 4.62
37 5.28 5.40 4.89 6.20 4.77 4.78 5.80 5.53 4.53 4.92
38 4.67 451 6.33 5.80 5.87 6.21 5.58 5.12 5.35 4.67
39 4.36 5.67 5.65 6.86 6.44 6.68 5.25 5.43 6.49
40 5.71 5.37 5.96 5.46 6.06 5.61 6.32 5.69 5.96
41 6.15 5.18 6.31 5.02 4.43 5.86 7.45 6.30 4.40 4.99
42 5.77 6.66 6.19 6.41 5.44 6.83 5.56 5.32 6.07 4.57
43 6.28 5.55 5.63 5.22 4.33 5.56 6.66 4.47
44 4.70 4.48 5.35 4.44 4.88 6.75 5.40 4.32 6.21 5.89
45 4.56 4.71 5.97 5.76 7.58 6.37 4.68 5.36 6.87
46 6.03 5.58 5.47 5.62 4.29 4.87 6.72 5.30 4.83 5.31
47 6.53 5.53 4.62 5.30 5.24 5.80 6.18 6.69
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1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

48 5.13 4.91 5.47 4.72 5.07 6.77 4.68 4.64 7.08 4.70
49 4.86 5.50 6.52 5.75 5.03 5.72 5.83 6.39 5.79
50 5.33 5.29 4.51 5.28 6.50 4.78 5.96 5.86
51 4.72 6.54 5.62 6.59 6.59 7.59 6.34 4.52
52 6.47 5.98 4.44 6.00 5.89 6.23 4.86 7.03 6.23 5.97
53 5.39 5.52 4.56 6.06 5.46 4.43 6.01 5.17
54 6.53 5.76 5.66 5.45 4.82 6.19 571 7.98 6.07
55 4.09 5.19 6.53 5.14 5.32 7.06 4.54 6.70 6.61 4.97
56 5.39 5.48 4.89 4.93 5.23 5.66 5.92 4.99 5.22 5.02
57 4.34 6.59 5.99 6.09 6.20 6.71 6.24 5.80 5.46 4.94
58 5.35 4.77 4.96 6.21 6.09 5.34 6.54 7.38 4.59
59 6.32 7.35 5.91 6.93 6.88 5.40 6.81 6.04 4.71
60 6.28 5.10 6.22 5.10 5.69 5.68 6.95 5.09
61 5.70 5.00 4.43 4.72 7.46 4.63 4.54 6.80 6.32
62 5.94 5.93 5.06 4.65 5.23 6.61 6.91 4.43 6.81 6.00
63 6.36 6.29 6.68 7.18 5.97 6.15 7.08 5.34 5.76 6.52
64 6.76 5.36 6.96 4.85 5.29 6.42 6.22 5.73 6.36 571
65 7.27 6.29 4.85 6.09 4.39 4.40 6.44 5.55 5.36
66 5.22 5.43 4.46 4.41 5.25 6.80 4.86 5.46 571 5.19
67 7.23 6.99 6.75 5.68 6.08 6.74 7.05 5.21 6.17
68 8.11 7.84 7.10 6.15 8.09 5.73 6.32 8.29
69 6.66 5.95 6.65 5.51 4.32 6.34 5.52 6.33 5.67
70 6.37 6.12 6.74 5.97 5.18 5.87 7.41 6.20 5.50
71 4.17 4.85 4.58 4.62 5.73 6.54 5.08 5.25 4.30
72 5.61 8.06 6.05 5.70 6.08 6.13 4.84 4.89 571 6.25
73 6.30 4.72 6.11 6.38 6.58 6.44 541 5.87 7.20 6.55
74 5.00 5.02 5.14 5.08 4.72 6.02 5.79 6.24 5.77 6.53
75 5.37 6.71 5.14 6.32 5.97 6.37 5.42 6.04 7.07 6.70
Rep2 1 4.85 5.75 5.36 4.61 6.60 6.07 6.01 7.01 5.02
2 5.68 6.60 5.52 6.62 5.17 5.47 5.86 5.18 6.25
3 5.78 5.54 6.48 6.54 6.98 4.67 5.40 4.53 5.89
4 4.95 5.37 6.81 4.41 4.80 6.31 4.49 7.77 5.08 6.49
5 5.63 7.51 6.63 5.88 5.28 6.21 6.68 4.88 5.97
6 5.15 4.62 5.80 4.95 4.87 5.93 5.83 5.43 5.34
7 5.94 5.89 7.29 6.01 5.03 6.24 6.67 5.98 4.92
8 5.60 4.88 6.22 5.97 4.78 6.00 5.52 4.94 5.09 4.67
9 5.49 5.51 6.01 5.16 5.13 5.61 6.47 4.22 4.98 4.95
10 4.54 6.23 7.18 4.73 4.70 6.64 6.37 571 6.37
11 5.69 6.62 5.92 4.33 5.70 4.44 5.04 5.45 5.94
12 5.34 4.63 4.24 6.20 6.68 5.35 7.03 4.94 5.27
13 5.22 6.65 5.29 7.46 5.38 6.17 6.08 6.54 541
14 4.70 5.37 4.90 4.32 4.88 6.82 4.74 4.80 4.80 5.85
15 4.99 4.89 5.55 4.74 5.05 7.22 5.72 5.69 4.94
16 5.43 6.22 5.35 5.43 6.45 5.76 4.41 5.64 4.37 4.67
17 5.34 6.31 4.74 5.59 4.60 6.27 5.03 4.38 4.68 4.54
18 5.01 4.52 4.77 4.54 4.90 4.67 4.91 4.87 4.99
19 5.55 7.11 5.70 7.34 6.79 7.74 6.53
20 4.73 5.91 5.46 4.27 5.63 4.35 4.52 5.35 5.15
21 4.70 5.96 6.64 4.38 4.59 5.58 4.66 6.09 4.92
22 5.91 4.52 4.75 5.90 4.33 6.26 4.80 4.91 5.31
23 4.86 4.53 4.57 5.64 4.75 4.48 6.50 5.14 4.96 6.45
24 5.93 6.41 5.68 5.31 5.44 571 6.12 7.18 5.37
25 5.39 6.33 4.86 4.22 5.13 4.23 6.30 4.73 5.13 6.01
26 7.04 5.27 7.29 7.44 5.53 5.79 5.38 4.99 5.70 6.23
27 6.02 5.49 5.82 4.51 6.78 5.99 5.34 5.56 6.63
28 7.07 6.66 7.11 5.62 6.02 5.37 5.69 5.32 5.98
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1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

29 5.31 4.69 5.09 4.50 4.62 4.48 5.02 6.09 5.24 5.47
30 5.46 6.43 6.17 4.71 6.65 7.43 6.12 4.72 4.96
31 6.53 5.12 5.15 7.20 5.34 5.36 7.39 5.81 5.43 4.95
32 5.79 4.20 4.47 6.02 6.60 6.71 4.26 5.03
33 4.47 4.32 5.27 4.71 5.56 5.21 5.29 4.63 6.56 5.86
34 5.21 6.04 5.46 5.19 5.44 6.47 4.79 6.01 4.59 6.29
35 5.22 6.40 5.38 5.17 7.33 5.84 5.16 5.62 6.91 6.72
36 4.25 5.75 5.35 5.34 5.46 5.91 5.29 7.36 6.59
37 6.62 5.40 7.91 6.03 5.12 5.69 5.46 5.28 5.47
38 6.77 5.27 6.10 5.10 5.79 5.50 6.33 5.76 4.77
39 6.03 4.49 5.10 5.39 6.78 4.96 4.98 6.80 5.62
40 5.21 6.40 5.81 6.68 4.91 6.27 6.54 4.63 6.41 6.92
41 4.62 5.72 4.82 5.89 4.59 4.81 6.69 4.90 5.99 7.06
42 5.91 6.77 6.24 6.26 5.58 6.13 6.27 5.16 4.43 5.73
43 6.40 5.99 5.50 5.08 5.80 5.02
44 4.74 5.09 6.28 6.05 4.90 6.19 4.76 5.53 6.02
45 5.09 4.96 5.48 5.94 4.65 5.76 4.74 5.18 5.22 5.85
46 4.91 5.48 5.30 5.51 5.98 4.86 5.80 4.14 4.37
47 5.85 4.42 4.87 5.08 5.86 6.14 6.60 4.58 4.48
48 5.05 4.42 4.76 5.59 5.69 5.28 5.19 7.45 6.20 4.78
49 7.01 6.66 4.55 5.16 4.95 5.84 4.23 6.64 5.27 5.27
50 4.77 5.04 6.13 511 7.54 4.32 4.34 4.20 6.09
51 5.84 5.46 6.34 5.69 6.73 5.15 6.67 511 6.01
52 5.32 4.86 6.58 6.70 5.81 571 7.00 5.43 6.31 6.82
53 5.02 5.26 6.39 5.84 7.30 7.57 5.79 6.82 6.19
54 4.78 6.40 7.23 6.56 6.15 5.48 4.74 6.67 5.27
55 6.40 5.70 5.44 5.05 5.72 5.05 4.92 6.29 6.96
56 6.59 5.06 4.98 5.61 5.68 6.00 5.00 4.92
57 6.88 6.55 6.38 7.62 6.82 5.77 5.88 5.28 6.70
58 6.16 4.23 5.16 5.55 4.91 5.06 6.71 6.60 7.18
59 6.70 5.42 4.77 5.97 6.87 5.30 4.50 5.46
60 5.22 5.24 6.59 7.17 6.40 6.17 7.98 5.74 6.17 7.21
61 5.26 6.32 6.26 5.28 5.91 6.50 5.59 6.24 5.58
62 571 4.67 4.76 4.78 5.51 5.85 7.65 5.93 4.63
63 3.98 6.29 5.62 6.43 5.39 6.17 6.43 5.22 5.68
64 5.83 5.36 5.21 5.70 5.37 6.67 5.86 6.87 5.57
65 4.64 6.98 6.18 6.26 5.65 5.38 5.89 6.02 5.39 6.43
66 5.58 5.08 5.16 5.93 5.15 5.30 5.50 6.30 7.25 5.35
67 5.62 5.73 5.09 6.74 5.87 5.70 5.27 5.66 6.05 6.53
68 4.90 5.77 7.22 6.15 4.65 4.98 6.18 541
69 6.65 4.52 7.32 7.24 5.97 541 6.14 5.22 6.38 5.98
70 5.95 6.62 6.13 6.38 6.61 5.13 7.33 5.54 5.80
71 4.35 4.93 6.38 5.22 5.15 4.33 6.39 4.58 4.52
72 7.47 5.53 7.06 5.19 5.06 5.62 4.29 6.01 6.82 5.26
73 6.14 4.94 6.68 7.22 5.68 5.76 6.41 5.94 5.65 4.76
74 7.31 5.70 5.69 5.38 5.81 5.82 5.60 5.88 7.65 5.06
75 6.21 7.49 6.29 5.21 7.33 7.18 5.92 6.45 5.17 5.02
Rep3 1 4.91 5.15 6.04 5.04 5.88 5.98 4.80 6.68
2 6.09 5.51 5.31 5.94 6.10 4.78 5.51 5.61 5.83 4.68
3 4.79 4.89 5.29 6.80 4.83 5.81 5.02 7.54 5.31
4 4.72 5.46 4.34 5.46 4.85 4.68 5.63 7.62 6.53
5 4.43 4.80 5.99 5.28 5.84 4.95 5.03 6.24 5.76
6 4.60 5.60 5.38 4.55 5.12 5.07 6.25 5.35 5.30 5.51
7 5.05 4.93 4.84 4.36 5.01 7.23 5.59 7.51 6.09 5.10
8 4.88 5.13 6.79 6.91 4.83 5.69 5.74 5.96 4.67 6.00
9 5.09 5.29 6.19 5.07 5.88 4.68 5.38 4.64 5.77
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

6.00
5.04
4.44
6.17
5.50
5.33
4.72
5.08
7.04
4.99
4.41

5.70

5.60
5.68
5.16
5.62
6.17
5.18
4.41
4.27
5.08
6.85
4.83
6.28

5.92
5.69

5.50
5.23
4.51
4.74
6.17
4.74
5.25
4.94
7.14
5.67
4.73
5.49
7.38
4.68
5.78
4.87
4.82
6.44
5.87
5.85
4.55
5.50
6.49
5.30
6.23
6.50

6.11
4.63
6.13
4.84
6.20
5.96
4.83
5.55
6.48
4.40
5.42
4.16
5.20
4.77
6.23
7.09

5.84
5.05
5.98

6.77
5.46
4.14
5.57
5.59
4.53
6.10
4.72
5.26
5.68
5.51
4.64
6.48
4.82
5.26
6.13
5.97
4.59
5.24
6.11
5.84
5.16
5.40
6.26
4.27
5.04
5.83
6.52
4.87
5.22
6.49

6.63
6.79
7.92

1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

4.72
6.83

7.08
5.79
5.28
5.91
4.77
7.53
5.05
4.53

5.27
5.39

6.81
5.28
4.47
5.77
5.84

6.43
4.37
7.08
7.27

4.92
6.59
6.70
6.48
5.15
5.70
5.30
4.93
4.98
5.87
5.40
5.46
7.23
571
6.04
5.15
6.93

5.82
4.97
7.02
4.98
6.11
6.08
5.72
5.55
7.38
5.47
6.71

5.64
5.50
5.66
6.30
6.28
5.18
5.64
5.51
5.82
6.45
5.37

5.60
5.44
5.90
6.42
6.34
5.17
5.68
6.50
6.86
4.86
7.87
5.09
5.88
6.83
5.14
5.42
7.73
6.31
5.63
7.72

7.51
7.01
4.69
4.93

5.51
5.59
5.90
5.27
5.81

6.34
5.76
7.79
7.26
6.43
5.22
6.00
7.45
6.42
5.47
6.73
5.23

6.10
4.63
5.94
6.25

5.00
5.93
5.97

5.03
4.53

4.84
5.38
6.59

6.19

5.09
5.97
5.12
6.15
5.37
5.25
7.43
6.98

6.12
4.76
6.71
4.99
5.67
4.63
6.57
5.84

5.58
5.83

6.12

5.65
5.34
5.87
6.10
5.42
4.27
7.20
4.45
6.60
5.79
541
5.57
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5.76
6.88
6.43
6.08
5.76

5.49
5.46
5.62
5.22
4.55
4.12
6.16
5.63

6.14
5.77
5.80
6.16
5.53
5.53
5.79
5.83
4.54
4.76
7.24
6.36

5.24
5.34

6.38
541
5.79
6.60
4.76
6.44
7.22
5.22
5.09
7.24
7.47
5.58
7.29

5.06
7.31
5.53
6.44
571
4.90
7.17
5.92
7.42
7.77
5.00

5.80
5.77
4.61
5.81
4.39

5.30
5.68
6.80
5.08

6.14

5.21
5.76

7.22
6.84
5.03
5.68
6.29
6.26
4.57
7.27

7.94
7.52
5.88
4.80
4.64
4.52
5.14
5.39
4.40
8.09
5.31
5.61
6.24
5.20
5.56

7.29
5.56
5.23
7.36
6.46
6.74
5.68
5.92
5.84
6.25
6.07
6.32
5.20
5.40

4.53
5.27
4.40
4.69
4.98
6.21
5.48
4.82
4.50
5.36
4.23
5.79
5.74
4.88
4.48
6.81
6.04
6.05
6.59
4.80
4.96
6.08
5.26
6.22
5.08
6.94
6.35
6.13
5.31
4.80
5.45
5.56
5.43
6.10
511
6.95
5.55

6.34
5.51
6.09
5.58
5.38
4.95
7.16
6.72
5.49
5.62
5.67
4.68
6.08
5.92
7.16
6.51
5.25
5.56

5.16
6.12
5.29
5.80
4.41
6.23
4.53
6.55
4.71
7.26
6.30
5.75
6.04
541
5.96
6.34

6.43

4.99

6.14
6.21
4.78
5.90
6.80
6.89
5.33
6.19
6.35
5.97
4.43
4.69
5.43
5.15
5.13
4.89

6.33
7.52
4.55
5.69
511
5.68
4.84
5.63
6.85
5.42
5.61
6.39
4.80

4.55
5.47
7.21
4.78

4.85
4.86

4.81
4.61
5.89
5.45
5.36
6.26
6.44
5.03
4.97
6.94
4.48
5.48
4.47
5.08
5.88

5.96
4.79
4.59
5.54
4.52
4.75
6.04
5.64
6.54
5.58
5.75
5.47
5.39
6.33
5.95
7.70
5.03
4.58
5.49
4.80
5.78
4.99
5.78
4.82
5.49
6.42
5.05
7.78

4.78
5.15
6.78
6.48
6.41
6.57
6.86



1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

66 6.08 5.18 4.32 7.62 7.61 4.94 7.46 5.30
67 6.43 5.87 4.84 7.88 6.16 5.30 5.47 4.93 6.28
68 5.94 6.76 6.47 6.13 6.10 5.78 5.70 4.88 6.33
69 6.37 5.39 5.99 6.55 7.76 4.56 6.81 5.75 4.91
70 6.13 5.70 5.84 6.24 5.82 6.31 6.09 6.02 6.04
71 6.05 5.99 541 4.80 4.96 7.33 5.39 6.94 5.39 4.69
72 7.72 5.54 6.34 5.44 5.84 4.54 4.68 5.35
73 6.79 8.05 7.38 6.33 4.93 511 5.56 4.93 7.93 5.34
74 4.96 4.67 6.05 5.08 4.69 6.62 7.75 5.92 5.98 6.51
75 6.80 7.00 5.20 6.36 5.76 6.86 5.87
Rep4- 1 4.96 7.54 6.56 6.13 5.13 5.70 5.67 5.15 4.86
2 4.60 511 4.57 5.01 5.65 5.03 4.62 5.32 4.55 6.46
3 6.69 5.34 5.69 5.69 5.18 4.69 4.15 4.51 5.84
4 4.81 6.00 4.47 4.56 4.70 4.86 5.64 4.90
5 6.46 5.20 5.19 6.28 5.34 5.84 4.15 5.14 5.95 4.88
6 6.03 5.23 5.88 4.96 5.48 5.10 6.40 6.34 5.01 4.76
7 5.26 4.49 4.82 6.25 5.17 5.53 6.23 6.64 541
8 4.52 5.35 6.13 4.15 5.67 6.38 5.76 4.39 5.48 6.36
9 5.78 6.53 5.63 4.98 4.99 5.35 7.76 5.65 6.19 4.40
10 7.60 5.93 4.56 5.16 5.44 5.01 4.33 5.65
11 4.91 4.72 5.40 5.39 6.17 5.63 5.39 4.90 4.82
12 6.01 6.04 6.47 5.50 4.75 4.88 4.85 4.31 6.08
13 5.09 5.55 4.35 4.98 5.43 6.09 5.68 7.10 5.54
14 5.61 5.04 5.95 5.04 5.87 4.94 5.28 4.69 5.00 4.35
15 5.94 4.52 4.59 5.57 4.63 5.63 6.69 4.63 5.61 5.25
16 4.33 4.99 7.66 4.77 4.03 5.68 5.26 4.54 4.39 4.86
17 5.73 6.07 7.55 4.74 4.33 5.83 5.30 5.14 6.25 4.83
18 5.66 5.03 5.00 4.57 5.83 6.63 5.79 5.08 6.57
19 5.53 4.56 6.12 5.56 5.12 4.55 571 4.13 6.18 6.09
20 5.09 5.01 5.60 4.87 6.35 4.94 4.80 4.18 4.44 5.90
21 5.23 5.82 5.54 6.75 6.27 4.43 4.46 6.18 5.30
22 5.72 5.03 6.56 6.09 5.93 5.09 4.81 5.24 4.54
23 6.23 5.35 5.99 6.58 6.46 4.79 5.51 4.77 4.43
24 4.86 4.95 511 5.29 5.58 4.30 5.98 5.12 5.10
25 5.78 5.68 6.35 5.18 5.74 4.65 4.96 7.78
26 6.58 6.83 5.45 5.78 5.74 5.19 5.20 5.70 5.24
27 5.03 5.92 5.13 5.43 5.84 541 5.97 5.66 4.98 7.35
28 4.21 6.64 4.58 4.27 5.07 5.50 5.09
29 4.95 5.95 6.72 4.78 7.05 4.61 5.91 6.21 6.52
30 4.27 4.96 6.87 5.98 5.20 5.91 4.77 5.80 6.26 6.62
31 5.84 5.00 5.03 5.22 5.87 7.27 6.06 5.61
32 5.97 5.78 5.69 6.53 6.93 4.47 5.46 5.37 4.98 4.95
33 6.64 5.50 5.35 6.55 5.40 7.04 7.47 5.19 5.59 5.30
34 4.73 6.43 6.04 4.10 5.04 5.66 4.39 541 5.31
35 5.36 6.01 4.85 5.74 4.40 4.97 6.48 5.99 5.17
36 5.13 5.99 4.33 6.08 5.62 5.44 5.24
37 5.64 5.07 4.86 5.55 5.78 4.34 5.97 4.80 4.83 6.15
38 5.63 6.53 6.80 5.48 6.70 8.02 6.72 7.12 6.02
39 4.94 4.64 5.31 5.17 6.52 6.63 4.68 5.16 7.16 5.55
40 5.17 4.40 6.74 6.41 5.47 5.43
41 5.29 4.03 4.91 6.06 5.37 6.17 6.77 5.04 5.95
42 4.51 4.51 5.47 5.06 4.89 4.33 6.05 4.88 7.44
43 5.89 7.10 7.90 6.83 5.64 6.07 5.28 5.17 5.73 6.01
44 5.52 6.79 5.90 5.81 5.18 6.26 5.16 5.89 4.56
45 5.42 5.48 5.91 7.22 4.32 6.03 6.03 6.65 5.06 4.93
46 4.37 5.19 4.32 5.02 4.63 5.29 4.66 5.99 5.21 4.83

E-5



47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

4.81
4.97
6.11
6.40
5.29
5.10
4.42
4.59
5.62
6.04
5.35
5.89
7.18
6.84
6.74
5.61
7.03

7.40
6.64
4.90
5.88
4.70
4.82
6.52
5.89
6.94

5.24
6.19
6.94
4.78

4.44

5.46
5.80
4.72
5.08
6.49
6.49
5.89
5.81
4.68
5.43
6.01
5.04
5.70
4.75
4.48
5.26
4.80

6.14
7.84
6.92

1997 Cannelton Clam Biomonitoring Study
End-of-Test Whole-Animal Wet-Weights (g) by Station

5.33
5.98
4.26
7.02
5.42
4.73
6.17
5.07
5.14
5.46
4.64
6.16
5.25
5.19
7.59
5.98
7.04
7.21

6.65
5.33
8.06

5.66
4.49
5.67
5.60
5.46
4.88

5.07
5.01
6.92
5.61
6.94
4.66
5.54

6.61
8.06
5.25

5.18
6.43
6.90
4.71

5.98
5.79
7.40
5.66
5.28
6.02
5.31
5.74

6.80
4.61
5.27

5.80

5.34
6.47
6.16
6.41
6.16
4.36
7.78
5.13

4.75
4.77
6.05
4.65
6.17
5.84
7.09
5.15
4.93
6.00

6.59
4.97
5.79
5.78

5.92

E-6

4.89
6.37
6.95
4.91
6.51
4.93
6.39
4.71
7.30

6.23
6.21
6.54
6.62
7.40
6.45
4.72
5.14
6.01
5.82
5.19
6.94
5.26
5.54
4.62

4.78
4.95
5.32

5.38
6.79
5.15

6.09
4.22
541
6.19
6.06
4.89
511
5.06
4.33
6.75
4.68
6.68
6.25
6.38
5.84
6.53

5.79
6.30
5.55
6.12
5.63
6.06
6.69
6.64

4.91
4.75
5.52
4.93

7.21

4.78
5.63
5.94
6.61
4.64
4.80
4.62
5.62

5.50
7.16
4.74
5.42
4.88
5.84
4.16
6.83
5.31
5.25
5.17
5.99
5.18

5.07
6.15

5.51
6.55
7.37
5.54
4.87
6.01
5.98
6.74
5.83
4.58
5.00
4.59
5.57
4.79

4.97
5.18
6.97
5.88
7.22
5.92
5.40
5.95
6.92
7.28

6.27

5.39
6.36
7.57
6.17
5.17
4.71
5.35
7.28
6.46
5.85
5.67
6.22
6.05
5.66
7.29
7.70
5.21
7.08
5.48
5.36
511
6.60
5.54
5.73

6.41
5.75



mean
min
max
stdev

Cage #'s:

Rep1l -1
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Change in Whole-Animal Wet-Weight (g) by Station

1997 Cannelton Clam Biomonitoring Study

0.04 0.11 0.18 0.14 0.08 0.22 0.19 0.15 0.21 0.15
-0.39 -0.6 -0.25 -0.45 -0.55 -0.18 -0.21 -0.63 -0.58 -0.15
0.31 0.36 0.57 0.78 0.39 0.56 0.55 0.7 0.58 0.46
0.09 0.11 0.12 0.12 0.11 0.12 0.12 0.13 0.11 0.09
277 280 273 270 261 284 275 284 280 277
13,22,25,43 5152435  211,30,37  3,17,23,34  4,1827,42 14,19,26,41 1,9,20,38 16,28,33,44  8,10,21,39  6,12,31,40
Stal Sta?2 Sta 3 Sta 4 Stab Sta 6 Sta7 Sta 8 Sta9 Sta 10

0.01 0.16 0.11 0.16 0.23 0.06 0.18 0.10 0.14

-0.02 0.11 0.23 0.14 0.17 0.21 0.32 0.29 0.32 0.19

0.02 0.11 0.08 0.26 0.09 0.31 0.10 0.17 0.31 0.18

-0.04 0.25 0.17 0.08 0.14 0.17 0.14 0.25 0.33 0.17
-0.02 0.20 0.10 0.09 0.00 0.07 0.18 0.02 0.30 0.17

0.02 0.25 0.24 0.16 0.04 0.33 -0.58 0.09

0.03 0.33 0.27 0.16 0.16 0.11 0.03 0.15

0.08 0.19 0.31 0.11 0.12 0.20 0.17 0.70 0.32 0.16

0.02 0.26 0.11 0.15 0.11 0.27 0.34 0.12 0.21 0.09

0.01 0.25 0.03 0.30 0.17 0.11 0.08 0.06 0.53 0.27

0.14 0.10 0.30 0.09 0.23 0.45 0.16 -0.58 0.08 0.22

0.03 0.04 0.12 0.31 0.08 0.47 0.22 0.14 0.20 0.25

-0.02 0.11 0.32 0.03 -0.01 0.03 0.37 0.46

0.13 0.31 0.17 0.25 0.08 0.33 -0.12 0.20 0.23 0.01

0.02 0.28 0.10 0.04 0.24 0.19 0.32 0.38 0.12

0.27 0.02 0.05 0.10 0.18 0.17 0.12 0.30 0.09

0.08 0.21 0.15 0.08 0.27 0.05 0.14 0.06 0.18

0.06 0.26 0.24 0.44 0.14 0.15 0.22 0.35 0.19 0.33

0.00 0.20 0.09 0.03 0.19 0.03 0.24 0.21 0.05

-0.12 0.18 0.21 0.44 0.01 0.25 0.15 0.10 0.23 0.20

0.11 0.19 0.22 0.16 0.13 0.25 -0.01 0.21 0.23 0.19

0.06 0.25 0.19 0.06 0.11 0.16 0.06

-0.01 0.23 0.11 0.15 0.24 0.37 0.12 0.10 0.40 0.23
-0.01 -0.60 0.15 0.16 0.26 0.17 0.15 0.17 0.22 0.23

0.04 0.20 0.16 0.06 0.16 0.09 -0.06 0.38 0.10

0.05 0.13 0.20 0.11 0.13 0.36 0.24 0.16 0.15 0.14

0.09 0.14 0.34 0.28 0.19 0.13 0.16 0.32 0.22

0.04 0.10 0.04 0.38 0.12 0.29 0.08 0.18 0.25

-0.02 0.08 0.30 0.11 0.07 0.10 0.23 0.25

0.09 -0.20 -0.13 0.07 0.26 0.28 0.17 0.32 0.10

-0.01 0.18 -0.05 0.14 0.06 0.12 0.18 0.15 0.10 0.07

0.01 0.12 0.02 0.36 0.12 0.13 0.30 0.28 0.16 0.15

0.20 -0.10 0.10 0.21 0.24 0.32 0.35 0.04 0.13

0.07 0.27 0.41 0.19 0.19 0.38 0.13 0.17 0.27

0.12 0.09 0.14 0.18 0.07 0.17 0.32 0.17 0.26 0.17

-0.14 0.15 0.38 0.08 0.13 0.51 0.19 0.11 0.21 0.04

0.27 0.12 0.27 0.10 0.11 0.31 0.34 0.13 0.44 0.25

-0.01 0.31 0.15 0.31 0.03 0.26 0.22 0.37 0.30 0.14

0.03 0.12 0.14 -0.04 0.12 0.18 0.14 -0.03 -0.04

0.03 -0.06 0.10 -0.29 0.06 0.31 0.26 0.19 0.19

0.08 0.27 0.20 0.05 0.13 0.51 0.19 0.08 0.34 -0.05

0.02 0.15 0.10 0.20 0.11 0.26 -0.18 0.16 0.25 0.08

0.10 0.23 0.40 0.31 0.26 0.27 0.17 0.13

0.13 0.21 0.37 0.29 0.21 0.26 0.19 0.09 0.43 0.17

0.16 0.09 0.17 0.19 0.19 0.27 0.31 0.17 0.19

-0.02 0.21 0.06 0.23 0.19 0.17 0.17 0.24 0.15 0.17

E-1



1997 Cannelton Clam Biomonitoring Study
Change in Whole-Animal Wet-Weight (g) by Station

47 0.10 0.07 0.14 0.10 0.41 0.17 0.14 0.00
48 -0.02 0.23 0.17 0.22 0.06 -0.02 0.20 0.18 0.13 0.25
49 0.09 0.24 0.11 0.04 -0.06 0.17 -0.02 0.35 0.11
50 0.16 0.25 0.16 -0.06 0.15 0.21 0.19 0.18
51 0.02 0.23 0.18 0.30 0.36 0.24 0.10 0.13
52 0.12 0.12 0.15 0.15 0.01 0.05 0.25 0.36 0.20 0.11
53 0.01 0.16 0.09 0.08 0.11 -0.03 0.18 0.12
54 0.07 0.18 0.13 0.13 0.13 0.26 0.23 0.27 0.06
55 0.05 0.21 0.32 0.34 0.13 0.16 0.30 0.11 0.43 0.34
56 0.04 0.12 0.22 0.25 0.19 0.30 0.21 0.34 0.32 0.21
57 0.11 0.18 0.30 0.11 0.09 0.46 0.22 0.20 0.14 0.21
58 -0.02 0.11 0.17 0.08 0.17 0.02 0.15 0.17 0.25
59 -0.01 0.23 0.25 0.23 0.33 0.13 0.14 0.32 0.18
60 0.04 0.14 0.08 0.08 0.18 0.00 0.26 0.29
61 0.31 0.16 0.16 0.17 0.46 0.20 0.29 0.24 0.34
62 0.09 0.16 0.08 0.17 0.11 0.24 0.08 0.24 0.28 0.17
63 0.10 0.12 0.06 0.36 0.11 0.39 0.32 0.06 0.27 0.16
64 -0.01 0.17 0.04 0.01 0.21 0.30 -0.08 0.23 0.11 0.25
65 0.11 0.14 0.11 0.14 -0.04 0.23 0.17 0.31 0.21
66 0.16 0.01 0.15 0.25 0.22 0.25 0.31 0.16 0.22 0.08
67 0.06 0.29 -0.09 0.26 0.15 0.31 0.06 0.28 0.19
68 0.20 0.20 0.07 0.53 0.27 0.27 0.26 0.44
69 -0.03 0.23 0.23 0.10 0.14 0.34 0.18 0.10 0.16
70 0.12 0.23 0.05 0.14 0.21 0.12 0.13 0.17 0.23
71 -0.02 0.30 0.18 0.27 0.24 0.33 0.20 0.37 0.28
72 -0.18 0.23 0.18 0.23 0.12 0.30 0.37 0.46 0.17 0.32
73 0.05 0.15 0.28 0.08 0.24 0.33 0.28 0.15 0.34 0.14
74 0.04 0.21 0.01 0.34 0.04 0.25 0.27 0.13 0.24 0.27
75 -0.09 0.13 0.11 0.26 0.11 0.29 0.14 0.16 0.54 0.28
Rep2 -1 0.15 0.23 0.13 0.13 0.29 0.19 0.31 0.05 0.11
2 0.16 -0.01 0.12 0.18 0.07 0.30 0.06 0.13 0.19
3 0.00 -0.01 0.15 0.00 0.18 0.04 0.15 0.11 0.26
4 0.10 0.11 0.35 0.16 0.19 0.19 0.16 0.02 0.05 0.15
5 0.00 -0.11 0.06 0.03 0.23 0.05 0.07 0.16 0.06
6 0.20 0.13 0.14 0.10 0.20 0.04 0.04 0.17 0.08
7 -0.06 0.16 0.16 0.15 0.38 0.22 0.03 0.28 0.08
8 0.16 0.06 0.32 0.13 0.19 0.19 0.25 0.21 0.29 0.19
9 0.16 0.04 0.14 0.10 0.24 0.29 0.22 0.18 0.39 0.29
10 0.15 0.18 0.26 0.24 0.12 0.27 0.29 0.19 0.16
11 0.02 0.20 0.15 0.05 0.18 0.19 0.36 0.33 0.15
12 0.02 0.15 0.07 0.22 0.26 0.23 0.29 0.20 0.17
13 0.03 0.09 0.36 0.01 0.16 0.05 0.40 0.18 0.17
14 0.11 0.18 0.34 0.19 0.13 0.19 0.51 0.28 0.12 0.17
15 0.15 0.12 0.13 0.16 0.17 0.24 0.19 0.27 0.21
16 0.00 0.15 0.28 0.08 0.08 0.24 0.30 0.27 0.06 0.08
17 0.05 0.21 0.35 0.02 0.09 0.36 0.35 0.29 0.23 0.25
18 0.13 0.46 0.15 0.39 0.31 0.09 0.33 0.31 0.14
19 0.01 0.01 0.07 0.16 0.17 0.16 0.10
20 -0.12 0.17 0.11 0.09 0.18 0.19 0.09 0.26 0.14
21 0.03 0.13 0.48 0.20 0.24 0.16 0.29 0.23 0.14
22 0.01 0.27 0.09 0.30 0.07 0.23 0.15 0.42 0.22
23 0.16 0.21 0.27 0.23 0.15 0.13 0.25 0.38 0.14 0.16
24 0.02 0.05 0.35 0.17 0.10 0.19 0.43 -0.10 0.10
25 0.04 0.22 0.31 0.12 0.32 0.12 0.19 0.37 0.30 0.11
26 0.10 -0.04 0.18 0.09 0.05 0.18 0.11 0.01 0.24 -0.15
27 0.25 -0.17 -0.02 -0.23 0.17 0.25 0.27 0.18 0.17

E-2



1997 Cannelton Clam Biomonitoring Study
Change in Whole-Animal Wet-Weight (g) by Station

28 0.17 0.12 0.08 0.04 0.06 0.11 0.07 0.06 0.12
29 0.28 0.08 0.17 0.06 0.12 0.27 0.25 0.15 0.30 0.21
30 0.05 -0.03 -0.20 0.03 0.14 0.21 0.24 0.09 -0.06
31 0.26 0.03 -0.15 0.19 0.06 -0.04 0.09 0.13 0.21 -0.05
32 0.08 0.19 0.14 0.11 0.22 0.07 0.13 0.14
33 0.26 0.17 0.12 0.12 0.20 0.12 0.22 0.08 0.21 0.11
34 0.09 0.08 0.31 0.00 0.24 0.15 0.28 0.06 0.21 0.13
35 -0.01 -0.27 0.06 0.06 0.18 0.15 0.13 0.06 0.34 0.14
36 0.08 0.03 0.13 0.23 0.15 0.19 -0.07 0.22 0.12
37 -0.03 0.17 0.08 0.34 0.31 0.32 0.37 0.21 0.01
38 0.06 0.12 0.24 0.10 0.03 0.12 0.26 0.26 0.27
39 0.02 0.13 0.04 0.10 0.09 0.12 0.02 0.33 0.27
40 0.07 0.08 0.18 0.09 0.02 0.14 0.52 0.06 0.15 0.27
41 0.09 0.08 0.39 0.22 0.22 0.40 0.14 -0.01 0.30 0.12
42 0.05 0.10 0.33 0.16 0.17 0.50 0.14 0.24 0.22 0.10
43 0.02 0.12 0.30 0.17 0.19 0.08
44 0.00 0.57 0.13 0.22 0.15 0.32 0.14 0.32 0.19
45 0.11 0.04 0.18 -0.08 0.02 0.23 0.11 0.03 0.30 0.19
46 0.11 0.15 0.14 0.13 0.25 0.08 0.21 0.13 0.20
47 0.12 0.35 0.02 0.25 0.12 0.17 0.21 0.25 0.09
48 0.15 0.21 0.27 0.02 -0.07 0.19 0.07 0.33 0.07 0.07
49 0.07 0.24 0.12 0.01 0.04 0.20 0.16 0.22 0.23 0.13
50 0.06 0.08 0.06 0.09 0.32 0.19 0.10 -0.07 0.10
51 0.13 0.09 0.16 0.24 0.32 0.16 0.11 0.21 0.16
52 0.06 0.09 0.29 0.13 0.11 0.32 0.22 0.00 0.09 0.13
53 -0.01 0.08 -0.02 -0.07 0.19 0.20 0.19 0.18 0.05
54 0.02 -0.11 0.23 0.05 0.09 0.14 0.06 0.10 0.09
55 0.00 0.05 0.40 -0.05 0.13 0.06 0.20 0.15 -0.06
56 0.00 0.06 0.29 0.15 0.46 0.20 0.21 0.22
57 -0.06 0.02 -0.03 0.10 0.11 0.28 0.13 0.21 0.22
58 0.01 -0.04 0.09 0.06 0.01 0.28 0.12 -0.09 0.28
59 0.07 0.22 0.27 0.03 0.17 0.27 0.16 0.15
60 0.03 0.02 0.23 0.20 0.03 0.30 0.55 0.14 0.19 0.09
61 -0.08 0.14 0.34 0.10 0.03 0.19 0.16 0.18 0.18
62 0.12 0.08 0.21 0.37 0.21 0.12 0.29 -0.10 0.18
63 -0.07 -0.24 0.38 0.12 -0.18 0.34 0.18 0.23 0.14
64 0.02 0.08 0.01 0.11 0.05 0.38 0.25 0.22 0.33
65 0.03 0.13 0.30 0.12 0.02 0.29 0.27 0.00 0.33 0.20
66 0.08 0.24 0.08 0.14 0.12 0.18 0.49 0.19 0.00 0.05
67 -0.01 0.11 0.44 0.14 0.13 0.14 0.20 0.14 0.09 0.15
68 0.10 0.20 0.20 0.10 0.09 -0.02 0.15 0.15
69 -0.02 0.04 0.21 -0.14 0.13 0.13 0.15 0.13 0.14 0.11
70 0.03 0.08 0.15 -0.26 0.03 0.16 0.07 0.10 0.16
71 0.04 0.19 0.09 0.12 0.08 0.22 0.14 0.26 0.22
72 0.23 0.10 0.17 0.06 0.15 0.27 0.18 0.08 0.20 0.08
73 -0.09 0.11 0.21 0.11 0.12 0.16 0.21 0.11 0.22 0.17
74 0.15 0.14 0.10 0.09 0.09 0.21 0.25 0.07 0.04 0.13
75 0.15 0.20 0.32 0.07 -0.08 0.38 0.17 0.02 0.21 0.07
Rep3 -1 -0.01 0.07 0.25 -0.38 0.04 -0.04 0.12 0.00
2 -0.20 0.11 0.13 0.39 -0.01 0.13 0.29 0.14 0.23 0.08
3 0.07 0.02 0.10 0.17 0.39 0.32 -0.63 0.07 0.12
4 0.06 0.10 0.09 0.21 0.07 0.41 0.14 0.21 -0.01
5 0.03 0.01 0.23 0.06 0.38 0.13 0.18 0.30 0.11
6 0.01 0.13 0.21 0.28 0.13 0.24 0.07 0.43 0.36 0.19
7 -0.05 -0.15 0.05 0.05 -0.02 0.15 0.21 0.23 0.31 0.07
8 0.12 0.15 0.18 0.18 0.09 0.22 0.14 0.13 0.58 0.17

E-3



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

0.08
0.07
0.01
-0.01
0.08
0.11
0.02
0.18
0.06
0.11
0.01
0.08

0.05

0.23
0.06
0.10
0.08
-0.05
0.13
-0.13
-0.02
0.07
0.09
0.04
-0.04

0.13
0.07

0.06
0.04
0.14
0.05
0.00
0.02
0.25
-0.18
-0.04
0.06
0.03
-0.06
-0.07
0.04
0.07
0.03
0.09
0.22
0.04
0.15
0.04
-0.17
0.10
0.05
0.31

0.08
0.29
0.19
0.08
0.09
0.17
0.25
0.06
0.17
0.05
0.26
0.26
0.12
-0.03
0.34
0.36
0.22

0.17
0.07
0.12

0.06
0.05
0.07
0.14
0.12
0.09
0.27
0.19
0.17
0.00
0.19
0.25
0.17
0.08
0.11
0.06
0.23
0.20
0.21
0.08
0.06
0.06
0.07
0.10
0.17
0.36
0.05
0.04
0.22
0.05
0.13

0.12
0.09
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0.20
0.24
0.34

0.17
0.15
0.31
0.12
0.34
0.05
-0.03
0.08

0.24
0.38

0.21
0.19
0.19
0.27
0.10

0.14
0.32
0.19
0.15

0.16
0.16
0.12
0.35
0.29
0.07
0.25
0.06
0.38
0.13
0.20
0.20
0.18
0.20
0.08
0.16
0.23

0.03
0.33
0.15
0.37
0.13
0.12
0.06
0.06
0.30
0.20

0.15
0.27
0.18
0.21
0.29
0.15
-0.02
-0.03
0.08
0.17
0.23
0.18

0.23
0.15
0.15
0.16
0.11
0.29
0.20
0.12
0.29
0.21
0.18
0.04
0.10
0.22
0.18
0.28
0.26
0.24
0.13
0.13

0.15
0.13
0.25
0.27

0.24
0.18
0.18
0.09
0.10

0.18
0.06
0.14
-0.02
0.13
0.07
-0.45
0.06
0.12
0.18
-0.01

0.08
0.15
0.16
0.00
0.05

-0.03
-0.09
-0.29

0.00
-0.05

0.02
0.04
-0.27

-0.03

0.02
-0.01
-0.05

0.04
-0.02
-0.01

0.08

0.09

0.28
-0.05
-0.02
-0.04
-0.09
-0.14

0.15

0.00

0.09
0.00

0.14

-0.02
0.20
0.23
0.20
0.08
0.01

-0.03

-0.02
0.10

-0.16

-0.15

E-4

0.24
0.26
0.28
0.27
0.32
0.25

0.23
0.32
0.29
0.30
0.26
-0.11
-0.03
0.56

0.25
0.06
0.28
0.15
0.24
0.20
0.21
0.26
0.34
0.06
0.23
0.26

0.14
0.48

0.15
0.45
0.17
0.24
0.32
0.40
0.24
0.37
0.31
0.16
0.09
0.16
0.20

0.29
0.38
0.20
0.47
0.15
0.14
0.05
0.15
0.19
0.26

0.23
0.20
0.18
0.29
0.08
0.11

0.17
0.20
0.05
0.29

0.08

0.17
-0.01

0.43
-0.11
0.40
0.21
0.21
0.02
0.26
0.32

0.12
0.28
0.23
0.10
0.40
0.24
0.12
0.05
0.15
0.18
0.25
-0.02
0.11
0.03
0.11

0.15
0.05
0.18
0.17
0.15
0.16
0.07
0.11
0.21
0.18
0.26
0.15
0.22

0.18
0.26
0.17
0.19
0.28
0.14
0.06
0.05
0.11
0.05
0.17
0.12
0.12
0.04
0.07
0.00
0.16
0.15
0.18
0.20
0.20
0.10
0.26
0.11
0.07
0.27
0.21
0.18
0.17
0.13
0.14
0.11
0.20
0.12
0.12
0.06
0.28
0.24

0.15
0.15
0.17
0.32
0.15
0.24
0.25
0.08
0.11
0.09
0.11
0.22
-0.06
0.11
0.21
0.22
-0.02

0.10
0.20
0.45
0.21
0.28
0.36
0.25
0.16
0.24
0.07
0.21
0.22
0.17
0.22
0.19
0.01
0.25

0.36

0.39

0.06
0.17
0.39
0.27
0.30
0.34
0.38
-0.09
0.12
0.12
0.17
0.23
0.15
0.08
0.04
0.13

0.18
0.11
0.02
0.23
0.20
0.12
0.16
0.16
0.16
0.30
0.03
0.20
0.19

0.27
0.19
0.28

0.14
0.15

0.05
0.27
0.11
0.08
0.20
0.19
0.08
0.17
0.13
0.16
0.16
0.08
0.16
0.10
0.08

0.16
0.12
0.26
0.09
0.12
-0.04
0.08
0.23
0.25
0.12
0.15
0.26
0.17
0.15
0.05
0.06
0.14
0.10
0.06
0.15
0.15
0.10
0.10
0.11
0.14
0.19
0.17
0.16

0.22
0.06
0.17
0.14
0.27
0.04
0.21
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65 -0.05 -0.01 0.20 0.14 -0.05 0.11 0.27 0.14 0.26
66 0.01 -0.01 0.22 0.17 0.30 0.20 0.31 0.30
67 -0.08 -0.07 -0.25 0.08 0.15 0.12 -0.03 0.13 0.05
68 -0.15 0.08 0.14 0.03 0.24 0.06 0.12 0.13 0.13
69 -0.14 0.15 0.15 0.07 0.07 0.20 0.31 0.18 0.19
70 -0.33 0.12 0.01 0.01 0.16 0.29 0.14 0.15 0.24
71 0.14 0.15 0.10 0.26 0.05 0.21 0.28 0.18 0.31 0.19
72 0.02 0.24 0.15 -0.04 -0.06 0.16 0.14 0.23
73 -0.02 0.13 0.10 0.09 0.10 0.37 0.05 0.11 0.25 0.10
74 0.06 0.14 0.01 0.10 0.02 0.26 0.17 0.18 0.10 0.06
75 -0.05 0.18 0.11 0.28 0.06 0.19 0.04
Rep4 -1 0.08 -0.12 0.09 -0.18 0.24 0.05 0.07 0.19 -0.08
2 0.02 0.21 0.23 0.13 0.22 0.21 0.26 0.15 0.25 0.30
3 0.00 0.15 0.78 -0.03 0.35 0.22 0.13 0.37 0.18
4 0.07 0.12 0.14 0.12 0.31 0.26 0.36 -0.04
5 -0.06 0.22 0.42 -0.08 0.17 0.32 0.07 0.16 0.15 0.06
6 -0.22 0.14 0.18 0.10 0.19 0.44 0.17 0.01 0.18 0.33
7 -0.03 0.16 0.10 0.00 0.29 0.11 0.15 0.17 0.11
8 0.13 0.09 0.37 0.13 0.05 0.38 0.16 0.36 0.25 0.13
9 0.07 -0.03 0.43 -0.02 0.18 0.02 0.12 0.28 0.13 0.12
10 0.01 0.00 0.25 0.14 0.25 0.34 0.20 0.21
11 0.11 0.17 0.25 0.15 -0.01 0.21 0.30 0.18 0.29
12 -0.04 0.10 0.27 0.40 0.27 0.38 0.09 0.23 0.09
13 0.00 0.19 0.28 -0.55 0.35 0.04 0.13 0.15 0.05
14 0.03 0.31 0.20 0.43 0.20 0.41 0.32 0.38 0.18 0.21
15 -0.07 0.03 0.30 0.36 0.08 0.41 0.25 0.12 0.18 0.11
16 0.04 0.12 0.21 0.20 -0.10 0.23 0.23 0.23 0.19 0.14
17 0.02 0.12 0.15 0.23 0.06 0.20 0.30 0.10 0.27 0.21
18 0.11 0.07 0.27 0.05 0.17 0.16 0.25 0.31 0.02
19 0.04 0.15 0.14 0.14 0.11 0.25 0.08 0.11 0.23 0.08
20 -0.01 0.04 0.19 0.10 0.10 0.15 0.49 0.06 0.13 0.12
21 0.16 -0.05 0.33 0.04 0.41 0.03 0.12 0.02 0.01
22 0.02 0.25 0.18 0.26 0.32 0.18 0.24 0.32 0.08
23 -0.18 0.02 0.08 0.17 0.16 0.40 0.00 0.15 0.09
24 0.21 0.02 0.27 0.09 0.12 0.22 0.44 0.24 0.04
25 0.11 0.22 -0.04 0.37 -0.21 0.04 0.24 0.08
26 0.12 0.11 -0.07 0.05 0.12 0.38 0.20 0.02 0.09
27 0.02 0.20 0.17 0.14 0.08 0.17 0.01 0.14 0.15 0.07
28 0.03 0.10 -0.08 0.06 0.03 0.25 0.01
29 -0.03 0.22 0.05 0.38 0.00 -0.03 0.27 0.13 0.10
30 0.07 0.02 0.11 0.12 0.09 0.29 0.10 0.26 0.17 0.06
31 -0.07 0.20 0.23 0.03 0.12 0.46 0.14 0.12
32 0.02 -0.01 0.15 0.12 0.14 0.12 0.13 0.13 0.22 0.19
33 0.04 0.07 0.12 0.01 0.07 0.10 0.19 0.13 0.12 0.09
34 0.10 0.06 0.17 -0.10 0.11 0.17 0.08 0.27 0.31
35 0.07 0.12 0.14 0.11 0.29 0.35 0.10 0.36 -0.01
36 0.15 0.04 0.11 0.12 0.31 0.31 0.32
37 0.13 0.10 0.40 0.34 0.11 0.17 0.30 0.25 0.31 0.24
38 0.05 0.08 0.25 0.11 0.25 0.18 0.42 0.24 0.14
39 0.11 0.17 0.04 0.14 0.11 0.12 0.15 0.26 0.35 0.12
40 -0.03 0.08 0.13 0.11 0.27 0.16
41 -0.01 -0.02 0.28 0.16 -0.09 0.49 0.12 0.44 0.11
42 0.11 0.25 -0.40 -0.01 0.19 0.01 0.16 0.32 0.22
43 0.03 0.17 0.17 0.04 -0.01 0.13 0.28 0.12 0.34 0.13
44 0.11 -0.39 0.00 0.05 0.48 0.28 0.18 0.30 0.09
45 0.13 0.22 0.09 0.18 0.10 0.44 0.34 0.37 0.28 0.27
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

0.03

0.06
0.13
0.02
0.04
-0.06
0.11
0.00
0.04
0.10
0.11
0.15
0.11
0.10
-0.07
-0.18
-0.39
-0.06

-0.04
-0.06
0.03
0.01
0.02
0.10
-0.01
-0.07
-0.01

0.22
-0.23
0.23
0.12
0.14

0.13

0.16
0.09
0.12
0.03
0.12
-0.01
-0.01
0.01
0.10
0.03
0.13
-0.08
0.12
0.12
0.10
0.11
0.17

0.11
0.03
0.09
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0.17
0.22
0.20
-0.01
0.28
0.15
0.16
0.12
0.19
0.11
0.22
-0.10
0.16
0.24
0.09
0.03
0.09
0.08
0.04

0.06
-0.02
0.14

0.09
0.13
0.11
0.00
0.17
0.01

0.25
0.09
0.18
0.08
0.08
0.06
0.09
0.09

-0.01
0.11
0.27

0.16
0.03
0.05
0.04

0.09
0.00
0.13
0.02
0.04
0.13
0.05
0.04

0.22
0.12
-0.01

-0.01
-0.03

0.10
0.14
0.12
0.02
0.08
-0.01
0.14
0.05

0.01
0.10
0.02
0.05
0.06
-0.14
-0.04
0.09
-0.01
0.03

0.03
0.13
0.05
-0.17

0.07

E-6

0.17
0.30
0.15
0.35
0.19
0.05
0.03
0.15
0.31
0.17

0.20
0.16
-0.01
0.26
0.27
-0.05
0.23
0.11
0.41
-0.08
0.02
-0.18
0.02
0.06
0.11

0.25
0.24
0.14

0.10
0.21
0.22
0.23

0.04
0.18
0.12
0.14
0.06
0.29
0.17
0.25
0.08
0.15
0.12
0.17
0.19
0.12
0.10
0.11

-0.03
0.25
0.19
0.23
0.31
0.12
0.24
0.04

0.14
0.30
0.22
0.24
0.22

0.05

0.28
0.11
0.06
0.20
0.16
0.11
0.01
0.13

0.04
-0.04
0.03
0.00
-0.13
0.01
0.01
0.15
0.03
-0.08
0.05
-0.04
0.00

0.19
0.24
0.21

0.08
0.22
0.24
0.15
0.34
0.24
0.35
0.19
0.16
0.29
0.12
0.16
0.24
0.35

0.40
0.22
0.08
0.23
0.17
0.26
0.29
0.27
0.31
0.42

0.20
0.08

0.26
0.45
0.14
0.09
0.15
0.23
0.08
0.21
0.03
0.04
0.04
0.12
0.21
0.18
0.15
0.07
0.14
0.19
-0.03
0.10
0.04
0.10
0.13
0.30

0.16
0.10



mean
min
max
stdev

Cage #'s:

Rep1 -
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
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34
35
36
37
38
39
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41
42
43
44
45
46
47
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Whole-Animal Wet-Weight Growth Rates (mg/wk) by Station

5.16 14.49 22.49 17.92 9.57 28.04 24.26 19.25 27.24 18.56
-49.62 -76.34 -31.81 -57.25 -69.97 -22.90 -26.72 -80.15 -73.79 -19.08
39.44 45.80 72.52 99.24 49.62 71.25 69.97 89.06 73.79 58.52
11.80 14.17 15.31 15.49 14.63 15.56 14.77 16.40 1451 11.18
277 280 273 270 261 284 275 284 280 277
13,22,2543 5152435  2,11,30,37  3,17,23,34  4,18,27,42 14,19,26,41 1,9,20,38 16,28,33,44  8,10,21,39  6,12,31,40
Stal Sta?2 Sta 3 Sta 4 Stab Sta 6 Sta7 Sta 8 Sta 9 Sta 10
1.27 20.36 13.99 20.36 29.26 7.63 22.90 12.72 17.81
-2.54 13.99 29.26 17.81 21.63 26.72 40.71 36.90 40.71 24.17
2.54 13.99 10.18 33.08 11.45 39.44 12.72 21.63 39.44 22.90
-5.09 31.81 21.63 10.18 17.81 21.63 17.81 31.81 41.98 21.63
-2.54 25.45 12.72 11.45 0.00 8.91 22.90 2.54 38.17 21.63
2.54 31.81 30.53 20.36 5.09 41.98 -73.79 11.45
3.82 41.98 34.35 20.36 20.36 13.99 3.82 19.08
10.18 24.17 39.44 13.99 15.27 25.45 21.63 89.06 40.71 20.36
2.54 33.08 13.99 19.08 13.99 34.35 43.26 15.27 26.72 11.45
1.27 31.81 3.82 38.17 21.63 13.99 10.18 7.63 67.43 34.35
17.81 12.72 38.17 11.45 29.26 57.25 20.36 -73.79 10.18 27.99
3.82 5.09 15.27 39.44 10.18 59.80 27.99 17.81 25.45 31.81
-2.54 13.99 40.71 3.82 -1.27 3.82 47.07 58.52
16.54 39.44 21.63 31.81 10.18 41.98 -15.27 25.45 29.26 1.27
2.54 35.62 12.72 5.09 30.53 24.17 40.71 48.35 15.27
34.35 2.54 6.36 12.72 22.90 21.63 15.27 38.17 11.45
10.18 26.72 19.08 10.18 34.35 6.36 17.81 7.63 22.90
7.63 33.08 30.53 55.98 17.81 19.08 27.99 44.53 24.17 41.98
0.00 25.45 11.45 3.82 24.17 3.82 30.53 26.72 6.36
-15.27 22.90 26.72 55.98 1.27 31.81 19.08 12.72 29.26 25.45
13.99 24.17 27.99 20.36 16.54 31.81 -1.27 26.72 29.26 24.17
7.63 31.81 24.17 7.63 13.99 20.36 7.63
-1.27 29.26 13.99 19.08 30.53 47.07 15.27 12.72 50.89 29.26
-1.27 -76.34 19.08 20.36 33.08 21.63 19.08 21.63 27.99 29.26
5.09 25.45 20.36 7.63 20.36 11.45 -7.63 48.35 12.72
6.36 16.54 25.45 13.99 16.54 45.80 30.53 20.36 19.08 17.81
11.45 17.81 43.26 35.62 24.17 16.54 20.36 40.71 27.99
5.09 12.72 5.09 48.35 15.27 36.90 10.18 22.90 31.81
-2.54 10.18 38.17 13.99 8.91 12.72 29.26 31.81
11.45 -25.45 -16.54 8.91 33.08 35.62 21.63 40.71 12.72
-1.27 22.90 -6.36 17.81 7.63 15.27 22.90 19.08 12.72 8.91
1.27 15.27 2.54 45.80 15.27 16.54 38.17 35.62 20.36 19.08
25.45 -12.72 12.72 26.72 30.53 40.71 44.53 5.09 16.54
8.91 34.35 52.16 24.17 24.17 48.35 16.54 21.63 34.35
15.27 11.45 17.81 22.90 8.91 21.63 40.71 21.63 33.08 21.63
-17.81 19.08 48.35 10.18 16.54 64.89 24.17 13.99 26.72 5.09
34.35 15.27 34.35 12.72 13.99 39.44 43.26 16.54 55.98 31.81
-1.27 39.44 19.08 39.44 3.82 33.08 27.99 47.07 38.17 17.81
3.82 15.27 17.81 -5.09 15.27 22.90 17.81 -3.82 -5.09
3.82 -7.63 12.72 -36.90 7.63 39.44 33.08 24.17 24.17
10.18 34.35 25.45 6.36 16.54 64.89 24.17 10.18 43.26 -6.36
2.54 19.08 12.72 25.45 13.99 33.08 -22.90 20.36 31.81 10.18
12.72 29.26 50.89 39.44 33.08 34.35 21.63 16.54
16.54 26.72 47.07 36.90 26.72 33.08 24.17 11.45 54.71 21.63
20.36 11.45 21.63 24.17 24.17 34.35 39.44 21.63 24.17
-2.54 26.72 7.63 29.26 24.17 21.63 21.63 30.53 19.08 21.63
12.72 8.91 17.81 12.72 52.16 21.63 17.81 0.00

E-1
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-2.54

2.54
15.27

6.36
5.09
13.99
-2.54
-1.27
5.09

11.45
12.72
-1.27
13.99
20.36

7.63

-3.82

-2.54
-22.90
6.36
5.09
-11.45
19.08
20.36
0.00
12.72
0.00
25.45
-7.63
20.36
20.36
19.08
2.54
2.54
3.82
13.99
19.08
0.00
6.36

1.27
-15.27
3.82
1.27
20.36
2.54
5.09
12.72
31.81
21.63
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29.26
11.45
20.36
29.26
15.27
1.27
8.91
26.72
15.27
22.90
13.99
29.26
17.81
39.44
20.36
15.27
21.63
17.81
1.27
36.90
25.45
29.26
15.27
38.17
29.26
19.08
26.72
16.54
29.26
-1.27
-1.27
13.99
-13.99
16.54
20.36
7.63
5.09
22.90
25.45
19.08
11.45
22.90
15.27
19.08
26.72
16.54
1.27
21.63
16.54
34.35
26.72
6.36
27.99
-5.09
-21.63
15.27

21.63
30.53
3181
22.90
19.08

22.90
40.71
27.99
38.17
21.63
31.81
10.18
20.36
10.18
7.63
5.09
13.99
19.08
-11.45
25.45
29.26
29.26
22.90
22.90
35.62
1.27
13.99
16.54
15.27
19.08
44.53
7.63
17.81
20.36
40.71
17.81
33.08
19.08

45.80
43.26

35.62
44.53
58.52

61.07
11.45
34.35
44.53
39.44
22.90
-2.54
10.18

27.99
13.99
20.36
38.17
19.08
20.36
16.54
43.26
3181
13.99
10.18

10.18
20.36
21.63
45.80

1.27
17.81
3181
33.08

12.72

6.36
34.35
29.26
10.18
43.26
33.08
16.54
22.90

0.00
20.36

16.54
12.72
30.53

8.91

1.27
24.17
16.54
10.18

2.54
19.08

8.91
13.99
25.45
38.17
29.26
21.63
15.27
11.45

5.09

7.63
5.09
-7.63

1.27
11.45
16.54
16.54
24.17
11.45
21.63
29.26
22.90
21.63
13.99
13.99
26.72

-5.09
27.99
19.08

8.91
17.81
17.81
30.53
15.27
30.53

5.09
13.99

8.91
22.90
24.17

3.82
12.72
19.08
24.17
30.53
15.27

6.36
27.99

16.54
20.36
10.18
11.45
49.62

11.45
30.53
8.91
19.08
12.72
40.71
6.36
-29.26
7.63

E-2

-2.54
-7.63
19.08
45.80

6.36
10.18
16.54
20.36
38.17
58.52

2.54
41.98

58.52
30.53
49.62
38.17
29.26
3181
39.44
67.43
43.26
26.72
41.98
38.17
41.98
31.81
36.90
36.90
38.17

5.09
24.17
29.26
25.45
48.35
24.17
36.90
34.35
22.90
33.08
20.36
24.17
21.63
30.53
45.80
39.44
20.36
22.90
20.36
29.26
16.54
24.17
15.27
22.90
21.63
13.99

25.45 22.90
21.63 -2.54
26.72 24.17
30.53 12.72
3181 45.80
13.99 -3.82
33.08 29.26
38.17 13.99
26.72 43.26
27.99 25.45

19.08
16.54 17.81

0.00
25.45 36.90
10.18 30.53
40.71 7.63
-10.18 29.26
21.63 39.44
39.44 20.36
7.63

34.35 34.35
22.90 12.72
15.27 16.54

25.45
47.07 58.52
35.62 19.08
34.35 16.54
17.81 20.36
24.17 39.44

7.63 16.54
19.08 13.99
20.36 2.54

6.36 8.91

5.09 5.09
27.99 3.82

3181 26.72
27.99 22.90
36.90
24.17 45.80
29.26 36.90
6.36 50.89
64.89 35.62
30.53 24.17
38.17 34.35
44.53 36.90
11.45 41.98

21.63

24.17 11.45
36.90
19.08

3181 48.35

54.71 -12.72

24.17 47.07

13.99 1.27

3181 34.35
8.91

16.54
44.53
22.90
16.54
25.45
22.90
34.35
54.71
40.71
17.81
21.63
40.71
33.08
30.53
35.62
34.35
13.99

27.99
35.62
33.08

21.63
47.07
21.63
43.26
30.53
68.70

6.36
24.17

6.36
20.36
21.63
35.62
36.90
49.62
24.17
41.98
25.45
22.90
15.27
34.35

7.63
29.26
39.44
20.36
33.08
29.26
53.44
17.81

38.17
30.53
22.90

7.63

3181
13.99

13.99
15.27

7.63
43.26
26.72
26.72
3181
22.90
36.90
43.26
21.63
20.36
3181
26.72
10.18
24.17
55.98
20.36
29.26
35.62
40.71
17.81
34.35
35.62
13.99

33.08
19.08
7.63
10.18
10.18
24.17
36.90
20.36
19.08
21.63
21.63
21.63
26.72
10.18
3181
17.81
12.72
17.81
17.81
27.99
20.36
12.72
13.99
-19.08
21.63
15.27
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1997 Cannelton Clam Biomonitoring Study

Whole-Animal Wet-Weight Growth Rates (mg/wk) by Station

35.62
6.36
33.08

33.08
11.45
-1.27
10.18
-3.82
7.63
2.54
8.91
11.45
6.36
2.54
0.00
13.99

15.27
19.08
8.91
7.63
16.54
7.63
-1.27
2.54
0.00
0.00
-7.63
1.27
8.91
3.82
-10.18
15.27
-8.91
2.54
3.82
10.18
-1.27
12.72
-2.54
3.82
5.09
29.26
-11.45
19.08
19.08
-1.27

-25.45
8.91
7.63
3.82
1.27

-6.36
15.27

10.18
-3.82
3.82
10.18
21.63
10.18
-34.35
3.82

15.27
16.54
10.18
10.18
12.72
15.27

5.09
13.99

26.72
30.53
10.18
11.45
11.45
10.18
-13.99
6.36
7.63
2.54
-5.09

2.54
17.81
10.18

-30.53
10.18
16.54
30.53
13.99
25.45

5.09
10.18
24.17
12.72
13.99
17.81
25.45

8.91

13.99
2.54
12.72
1.27
16.54
-19.08
19.08

21.63
-25.45
-19.08

24.17

15.27

39.44

7.63

16.54

21.63

30.53

5.09

22.90

49.62

41.98

72.52
22.90
19.08
44.53
34.35
15.27

20.36
36.90

29.26
50.89
36.90
-3.82
11.45
27.99
29.26
43.26
26.72
48.35

1.27
38.17
10.18
55.98
25.45
26.72

21.63
26.72
12.72
40.71

16.54
12.72
11.45
29.26
26.72

6.36
22.90

7.63
3.82
24.17
17.81
15.27
0.00
7.63

10.18
12.72
12.72
11.45
27.99
20.36

16.54
-10.18
17.81
2.54
2.54
1.27
7.63

16.54
-2.54

6.36
-6.36
19.08

7.63
34.35
25.45
12.72
47.07
15.27
13.99
15.27
17.81
17.81

-17.81
19.08
11.45

7.63
13.99
11.45

8.91
3181

49.62
21.63
26.72

35.62
6.36
22.90

15.27
17.81
7.63

25.45
30.53
22.90
29.26
43.26

3.82
11.45

2.54
27.99
21.63
38.17
27.99

2.54
16.54
31.81
-8.91

5.09
11.45
30.53
13.99
-8.91
11.45
16.54

12.72
1.27
3.82
3.82
3.82

26.72

-22.90
6.36
2.54

15.27

16.54

12.72

16.54

-33.08

15.27

19.08

15.27

11.45

-10.18
-48.35

-1.27

8.91
7.63
16.54
-2.54
11.45

E-3

34.35
26.72
-5.09
13.99
15.27
19.08
19.08
19.08
39.44

15.27
17.81
50.89
63.61
21.63
19.08
29.26
31.81
15.27
24.17
25.45
40.71
40.71
40.71
24.17
17.81

7.63

13.99
35.62
21.63
38.17
24.17
15.27
43.26
48.35
36.90
22.90
17.81
11.45
16.54

3.82
10.18
34.35
20.36
26.72
48.35

5.09

16.54
49.62
52.16
48.35
30.53
19.08
27.99

3181
30.53
11.45
27.99
27.99
35.62
16.54
24.17
40.71
15.27

2.54
66.16
17.81
17.81

40.71
13.99
10.18
21.63

8.91
20.36
24.17
20.36
27.99
25.45

25.45
58.52
35.62
15.27

69.97
20.36
36.90
22.90
31.81
34.35
62.34
25.45

19.08
20.36
27.99
22.90
26.72
3181
21.63

36.90
40.71
17.81
16.54

8.91
26.72
17.81

19.08
11.45
16.54

8.91
10.18

7.63

7.63
-8.91
47.07
33.08
41.98

7.63
-1.27
30.53
24.17
17.81

3.82
26.72
26.72
41.98
27.99
12.72
13.99

0.00
24.17

7.63

25.45
16.54
-11.45
34.35
17.81
22.90
-12.72
29.26
27.99
0.00
24.17
17.81
-2.54
16.54
8.91
17.81
10.18
13.99
8.91
2.54
-5.09

17.81
-80.15
26.72
22.90
54.71
29.26
16.54

38.17

26.72
16.54
26.72
26.72
43.26
27.99
26.72
33.08
34.35
19.08
38.17
27.99
10.18
40.71
38.17
16.54
31.81

8.91
29.26
-8.91
26.72
11.45
22.90
12.72
19.08
26.72
26.72
35.62
20.36
24.17
22.90
22.90

41.98
41.98

0.00
11.45
19.08
17.81
12.72
33.08
25.45
27.99

5.09
26.72
15.27

29.26
8.91

38.17
45.80
39.44
73.79

26.72
-7.63
-6.36

17.81

13.99

16.54

17.81

15.27

1.27

34.35

34.35
15.27
12.72

24.17
24.17
25.45
11.45

8.91
16.54
12.72
20.36
16.54

6.36
11.45
-7.63
27.99
27.99

19.08
11.45

17.81

25.45

6.36
19.08
19.08
13.99
20.36
27.99
10.18
21.63
16.54

8.91

0.00

10.18
15.27
-1.27
13.99
24.17

8.91
21.63
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1997 Cannelton Clam Biomonitoring Study

Whole-Animal Wet-Weight Growth Rates (mg/wk) by Station

10.18
8.91
1.27

-1.27

10.18

13.99
2.54

22.90
7.63

13.99
1.27

10.18

6.36

29.26
7.63
12.72
10.18
-6.36
16.54
-16.54
-2.54
8.91
11.45
5.09
-5.09

16.54
8.91

7.63
5.09
17.81
6.36
0.00
2.54
3181
-22.90
-5.09
7.63
3.82
-7.63
-8.91
5.09
8.91
3.82
11.45
27.99
5.09
19.08
5.09
-21.63
12.72
6.36
39.44

10.18
36.90
24.17
10.18
11.45
21.63
31.81

7.63
21.63

6.36
33.08
33.08
15.27
-3.82
43.26
45.80
27.99

21.63
8.91
15.27

7.63
6.36
8.91
17.81
15.27
11.45
34.35
24.17
21.63
0.00
24.17
31.81
21.63
10.18
13.99
7.63
29.26
25.45
26.72
10.18
7.63
7.63
8.91
12.72
21.63
45.80
6.36
5.09
27.99
6.36
16.54

15.27
11.45

25.45
30.53
43.26

21.63
19.08
39.44
15.27
43.26

6.36
-3.82
10.18

30.53
48.35

26.72
24.17
24.17
34.35
12.72

17.81
40.71
24.17
19.08

20.36
20.36
15.27
44.53
36.90

8.91
3181

7.63
48.35
16.54
25.45
25.45
22.90
25.45
10.18
20.36
29.26

3.82
41.98
19.08
47.07
16.54
15.27

7.63

7.63
38.17
25.45

19.08
34.35
22.90
26.72
36.90
19.08
-2.54
-3.82
10.18
21.63
29.26
22.90

29.26
19.08
19.08
20.36
13.99
36.90
25.45
15.27
36.90
26.72
22.90

5.09
12.72
27.99
22.90
35.62
33.08
30.53
16.54
16.54

19.08
16.54
3181
34.35

30.53
22.90
22.90
11.45
12.72

22.90
7.63
17.81
-2.54
16.54
8.91
-57.25
7.63
15.27
22.90
-1.27

10.18
19.08
20.36
0.00
6.36

-3.82
-11.45
-36.90

0.00
-6.36

2.54
5.09
-34.35

-3.82

2.54
-1.27
-6.36

5.09
-2.54
-1.27

10.18
11.45

35.62
-6.36
-2.54
-5.09

-11.45
-17.81
19.08
0.00

11.45
0.00

17.81

-2.54
25.45
29.26
25.45
10.18

1.27

-3.82

-2.54
12.72

-20.36
-19.08

E-4

30.53
33.08
35.62
34.35
40.71
3181

29.26
40.71
36.90
38.17
33.08
-13.99
-3.82
71.25

31.81

7.63
35.62
19.08
30.53
25.45
26.72
33.08
43.26

7.63
29.26
33.08

17.81
61.07

19.08
57.25
21.63
30.53
40.71
50.89
30.53
47.07
39.44
20.36
11.45
20.36
25.45

36.90
48.35
25.45
59.80
19.08
17.81

6.36
19.08
24.17
33.08

29.26
25.45
22.90
36.90
10.18
13.99

21.63
25.45

6.36
36.90

10.18

21.63
-1.27

54.71
-13.99
50.89
26.72
26.72
2.54
33.08
40.71

15.27
35.62
29.26
12.72
50.89
30.53
15.27

6.36
19.08
22.90
3181
-2.54
13.99

3.82
13.99

19.08

6.36
22.90
21.63
19.08
20.36

8.91
13.99
26.72
22.90
33.08
19.08
27.99

22.90
33.08
21.63
24.17
35.62
17.81

7.63

6.36
13.99

6.36
21.63
15.27
15.27

5.09

8.91

0.00
20.36
19.08
22.90
25.45
25.45
12.72
33.08
13.99

8.91
34.35
26.72
22.90
21.63
16.54
17.81
13.99
25.45
15.27
15.27

7.63
35.62
30.53

19.08
19.08
21.63
40.71
19.08
30.53
3181
10.18
13.99
11.45
13.99
27.99
-7.63
13.99
26.72
27.99
-2.54

12.72
25.45
57.25
26.72
35.62
45.80
31.81
20.36
30.53

8.91
26.72
27.99
21.63
27.99
24.17

1.27
3181

45.80

49.62

7.63
21.63
49.62
34.35
38.17
43.26
48.35

-11.45
15.27
15.27
21.63
29.26
19.08
10.18

5.09
16.54

22.90
13.99

2.54
29.26
25.45
15.27
20.36
20.36
20.36
38.17

3.82
25.45
24.17

34.35
24.17
35.62

17.81
19.08

6.36
34.35
13.99
10.18
25.45
24.17
10.18
21.63
16.54
20.36
20.36
10.18
20.36
12.72
10.18

20.36
15.27
33.08
11.45
15.27
-5.09
10.18
29.26
31.81
15.27
19.08
33.08
21.63
19.08

6.36

7.63
17.81
12.72

7.63
19.08
19.08
12.72
12.72
13.99
17.81
24.17
21.63
20.36

27.99

7.63
21.63
17.81
34.35

5.09
26.72
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Whole-Animal Wet-Weight Growth Rates (mg/wk) by Station

-6.36
1.27
-10.18
-19.08
-17.81
-41.98
17.81
2.54
-2.54
7.63
-6.36
10.18
2.54
0.00
8.91
-7.63
-27.99
-3.82
16.54
8.91
1.27
13.99
-5.09
0.00
3.82
-8.91
5.09
2.54
13.99
5.09
-1.27
20.36
2.54
-22.90
26.72

15.27
2.54
3.82

-3.82
8.91
-8.91
2.54
5.09

8.91
19.08
16.54

6.36
13.99

-3.82
-1.27
13.99

3.82
13.99
16.54

-1.27 25.45 17.81 -6.36
-1.27 27.99 21.63
-8.91 -31.81 10.18

10.18 17.81 3.82
19.08 19.08 8.91 8.91
15.27 1.27 1.27
19.08 12.72 33.08 6.36
30.53 19.08 -5.09 -7.63
16.54 12.72 11.45 12.72
17.81 1.27 12.72 2.54
22.90
-15.27 11.45 -22.90
26.72 29.26 16.54 27.99
19.08 99.24 -3.82
15.27 17.81 15.27

27.99 53.44 -10.18 21.63
17.81 22.90 12.72 24.17

20.36 12.72 0.00

11.45 47.07 16.54 6.36

-3.82 54.71 -2.54 22.90
0.00 31.81 17.81

21.63 31.81 19.08 -1.27
12.72 34.35 50.89

24.17 35.62 -69.97

39.44 25.45 54.71 25.45
3.82 38.17 45.80 10.18
15.27 26.72 25.45 -12.72
15.27 19.08 29.26 7.63
8.91 34.35 6.36
19.08 17.81 17.81 13.99
5.09 24.17 12.72 12.72
-6.36 41.98 5.09
31.81 22.90 33.08

2.54 10.18 21.63

2.54 34.35 11.45 15.27

13.99 27.99 -5.09
13.99 -8.91 6.36 15.27
25.45 21.63 17.81 10.18
12.72 -10.18 7.63
27.99 6.36 48.35 0.00
2.54 13.99 15.27 11.45
25.45 29.26 3.82
-1.27 19.08 15.27 17.81
8.91 15.27 1.27 8.91
12.72 7.63 21.63 -12.72

15.27 17.81 13.99

5.09 13.99 15.27
12.72 50.89 43.26 13.99
10.18 3181 13.99
21.63 5.09 17.81 13.99
10.18 16.54

-2.54 35.62 20.36

3181 -50.89 -1.27
21.63 21.63 5.09 -1.27
-49.62 0.00 6.36

27.99 11.45 22.90 12.72

E-5

13.99

19.08
30.53
25.45
20.36
26.72
20.36
47.07
33.08
13.99
30.53
26.72
44.53
39.44
40.71
55.98
36.90
48.35

2.54
31.81

34.35
44.53
52.16
52.16
29.26
25.45
21.63
31.81
19.08
52.16
40.71
20.36
27.99
47.07
48.35
21.63
3.82
-3.82
36.90
15.27
15.27
12.72
13.99
36.90
39.44
21.63
3181
15.27
13.99
-11.45
24.17
16.54
61.07
55.98

34.35
38.17
15.27

7.63

36.90
35.62

6.36
21.63
35.62

6.36
33.08
27.99
33.08

8.91
21.63
13.99
20.36
15.27
43.26
26.72
48.35

5.09
40.71
31.81
29.26
38.17
20.36
10.18
62.34

3.82
22.90
50.89
55.98

-26.72
25.45

1.27
3181
34.35
12.72
58.52
16.54
24.17
21.63
44.53
39.44
38.17
22.90
19.08
34.35
62.34

1.27
35.62
35.62
43.26

17.81
25.45
-3.82
15.27
39.44
17.81
22.90

13.99
22.90
7.63
8.91
19.08
16.54

20.36

1.27
19.08
45.80
35.62

38.17
11.45
16.54
48.35
15.27
29.26
12.72
31.81
13.99

7.63
15.27
30.53

0.00
30.53

5.09

2.54
17.81

1.27
16.54
33.08
17.81
16.54
16.54
10.18
12.72

3181
53.44
33.08
20.36
15.27
20.36
15.27
22.90
47.07

33.08
39.44
16.54
16.54
22.90
19.08
39.44
17.81
31.81
12.72
24.17
24.17
3181
47.07
45.80
19.08
22.90
21.63
31.81
16.54
25.45
22.90
29.26
19.08
22.90
22.90
24.17
34.35
39.44
29.26
16.54

2.54
40.71
19.08

30.53
11.45
19.08

12.72
21.63
15.27
27.99
15.27
34.35
45.80
40.71
39.44
30.53
44.53

55.98
40.71
43.26
38.17
35.62

38.17
6.36
16.54
24.17
30.53
24.17
29.26
12.72
7.63
5.09
-10.18
38.17
22.90
-5.09
7.63
41.98
13.99
16.54
15.27
26.72
36.90
11.45
6.36
26.72
13.99
17.81
26.72
2.54
10.18
15.27
1.27
10.18
11.45
5.09
10.18

8.91

7.63

24.17
11.45
39.44
-1.27

30.53
17.81
15.27

13.99
27.99
16.54
11.45
34.35



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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Whole-Animal Wet-Weight Growth Rates (mg/wk) by Station

3.82

7.63
16.54
2.54
5.09
-7.63
13.99
0.00
5.09
12.72
13.99
19.08
13.99
12.72
-8.91
-22.90
-49.62
-7.63

-5.09
-7.63
3.82
1.27
2.54
12.72
-1.27
-8.91
-1.27

27.99
-29.26
29.26
15.27
17.81

16.54

20.36
11.45
15.27
3.82
15.27
-1.27
-1.27
1.27
12.72
3.82
16.54
-10.18
15.27
15.27
12.72
13.99
21.63

13.99
3.82
11.45

21.63
27.99
25.45
-1.27
35.62
19.08
20.36
15.27
24.17
13.99
27.99
-12.72
20.36
30.53
11.45
3.82
11.45
10.18
5.09

7.63
-2.54
17.81

11.45
16.54
13.99
0.00
21.63
1.27

3181
11.45
22.90
10.18
10.18

7.63
11.45
11.45

-1.27
13.99
34.35

20.36
3.82
6.36
5.09

11.45
0.00
16.54
2.54
5.09
16.54
6.36
5.09

27.99
15.27
-1.27

-1.27
-3.82

12.72
17.81
15.27

2.54
10.18
-1.27
17.81

6.36

1.27
12.72
2.54
6.36
7.63
-17.81
-5.09
11.45
-1.27
3.82

3.82
16.54
6.36
-21.63

8.91

E-6

21.63
38.17
19.08
44.53
24.17

6.36

3.82
19.08
39.44
21.63

25.45
20.36
-1.27
33.08
34.35
-6.36
29.26
13.99
52.16
-10.18
2.54
-22.90
2.54
7.63
13.99

3181
30.53
17.81

12.72
26.72
27.99
29.26

5.09
22.90
15.27
17.81

7.63
36.90
21.63
3181
10.18
19.08
15.27
21.63
24.17
15.27
12.72
13.99

-3.82
3181
24.17
29.26
39.44
15.27
30.53

5.09

17.81
38.17
27.99
30.53
27.99

6.36

35.62
13.99

7.63
25.45
20.36
13.99

1.27
16.54

5.09
-5.09
3.82
0.00
-16.54
1.27
1.27
19.08
3.82
-10.18
6.36
-5.09
0.00

24.17
30.53
26.72

10.18
27.99
30.53
19.08
43.26
30.53
44.53
24.17
20.36
36.90
15.27
20.36
30.53
44.53

50.89
27.99
10.18
29.26
21.63
33.08
36.90
34.35
39.44
53.44

25.45
10.18

33.08
57.25
17.81
11.45
19.08
29.26
10.18
26.72

3.82

5.09

5.09
15.27
26.72
22.90
19.08

8.91
17.81
24.17
-3.82
12.72

5.09
12.72
16.54
38.17

20.36
12.72



mean
min
max
stdev
N

Cage #'s:

Rep 1
1
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1997 Cannelton Clam Biomonitoring Study
End-of-Test Tissue Weights (g-wet) by Station

0.74 0.84 0.92 0.87 0.81 0.90 0.88 0.89 0.88 0.83 0.66
0.34 0.39 0.5 0.47 0.42 0.42 0.41 0.45 0.42 0.42 0.32
1.18 1.28 1.39 13 1.27 1.63 141 171 1.25 1.33 1.09
0.14 0.14 0.16 0.15 0.13 0.16 0.17 0.15 0.15 0.14 0.14
277 284 274 270 261 284 275 285 280 277 300
13,22,25,43 5,15,24, 35 2,11,30,37 3,17,23,34 4,18,27,42 14,19,26,41 1,9,20,38 16,28,33,44 8,10,21,39 6,12,31,40 7,29,32,36
Stal Sta 2 Sta 3 Sta4 Sta5 Sta6 Sta7? Sta 8 Sta9 Sta 10 Initial (To)
0.61 0.86 0.98 1.07 0.96 0.95 0.79 0.87 0.95 0.67
0.81 0.81 0.73 0.94 1.05 0.83 0.68 0.93 0.83 0.73 0.53
0.70 0.94 0.83 0.88 0.82 0.57 0.93 1.03 1.02 0.87 0.71
0.80 0.74 1.16 1.06 0.84 0.96 0.74 0.72 0.81 0.78 0.59
0.72 0.60 0.93 1.03 0.73 0.68 0.57 0.80 0.81 0.72 0.58
0.62 0.81 0.81 0.77 0.80 0.65 0.42 1.05 0.78
0.90 1.00 0.82 0.85 1.00 0.73 0.61 0.73 0.59
1.02 0.78 0.72 0.87 0.69 0.86 0.71 1.02 0.88 0.85 0.60
0.61 0.59 1.00 0.67 0.69 0.80 0.78 0.93 0.86 0.72 0.80
0.73 1.02 0.61 0.61 0.79 0.76 0.76 1.02 1.08 0.71 0.67
0.64 0.82 0.84 0.76 0.85 0.85 0.90 0.86 0.83 0.96 0.62
0.71 0.52 0.74 0.74 0.68 0.77 1.36 1.15 0.79 0.65 0.58
0.55 0.88 0.69 0.83 0.57 0.63 0.88 0.70 0.50
0.50 0.82 0.98 0.80 0.69 0.90 0.65 0.94 0.91 0.42 0.50
0.85 0.76 0.86 0.67 0.76 0.85 0.80 0.96 0.85 0.57
0.71 1.10 0.92 1.01 0.64 0.86 0.79 0.88 0.75 0.74

0.86 0.73 0.92 0.68 1.63 0.92 0.98 0.75 0.85 0.54

0.74 0.78 0.68 0.73 0.77 0.75 0.73 0.89 0.84 0.83 0.41
0.77 1.16 117 1.00 0.99 1.04 1.10 1.03 0.90 0.79
0.34 0.74 0.77 0.81 0.51 0.84 0.78 0.87 0.86 0.71 0.56
0.71 0.95 0.89 1.15 0.83 0.81 0.88 0.95 0.86 0.84 0.53
0.69 0.96 0.91 0.84 0.82 0.94 0.54 0.63
0.83 0.87 0.97 0.83 0.80 0.93 1.05 1.03 0.89 0.95 0.61
0.71 0.96 0.82 0.94 0.72 0.84 0.83 0.85 1.07 0.63 0.62
0.66 1.13 1.04 0.87 0.99 0.82 0.61 0.80 0.67 0.63
0.89 0.83 1.24 0.90 0.92 0.91 1.10 0.79 0.81 0.79 0.60
0.90 0.77 0.92 0.83 0.97 1.04 0.87 1.02 0.90 0.68
0.85 0.93 111 1.30 1.01 1.23 1.22 0.93 0.91 0.77
0.58 0.82 0.92 0.85 0.74 0.75 0.87 0.88 0.62
1.19 0.60 1.07 0.81 0.79 0.90 1.14 0.77 0.92 0.88

0.56 0.79 0.79 0.95 0.91 0.77 0.99 0.75 0.76 0.83 0.65
0.50 0.65 0.78 0.70 0.72 0.77 0.99 0.87 0.83 0.69 0.62
0.63 1.13 0.84 0.64 0.79 0.63 0.74 0.81 0.82 0.65
0.75 0.56 0.76 0.73 0.79 0.80 0.88 0.59 0.58 0.54
0.61 0.92 0.93 0.65 0.73 111 0.83 0.78 1.16 1.09 0.62
0.57 0.84 1.10 0.83 1.01 117 1.26 0.83 0.96 0.75 0.76
0.67 0.85 0.72 1.03 0.64 0.79 1.04 0.94 0.77 0.74 1.01
0.64 0.67 1.13 0.89 0.78 0.88 1.02 0.90 0.85 0.76 0.55
0.51 0.89 0.97 0.88 1.06 1.07 0.91 0.85 1.14 0.67
0.67 0.72 111 0.47 0.93 1.01 1.00 0.90 0.99 0.48
0.84 0.80 112 0.92 0.69 0.94 1.08 1.10 0.69 0.81 0.61
0.73 0.95 0.87 1.18 0.88 1.04 0.59 0.88 0.96 0.71 0.83
0.97 0.90 0.87 0.78 0.73 0.88 1.03 0.77 0.65

0.64 0.68 0.92 0.71 0.73 0.95 0.88 0.71 0.98 0.91 0.84
0.66 0.88 1.03 1.01 1.26 111 0.83 0.94 0.97 0.86
0.87 0.85 0.93 0.92 0.54 0.84 1.19 0.89 0.75 0.73 0.57

E-1



Rep

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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0.71
0.69

0.48
0.85

0.45
0.66
0.61
0.76
0.85
0.77

0.81
0.89
0.85
0.96
0.63
0.77

0.64

0.56
0.80
0.68
0.64
0.72
0.61

0.78
1.01
0.65
0.85
0.69
0.51
0.71
0.67
0.58
0.76
0.66
0.69
0.54
0.65
0.71
0.76

0.65
0.71
0.70
0.84
0.71
0.90
0.84
0.87

1997 Cannelton Clam Biomonitoring Study

End-of-Test Tissue Weights (g-wet) by Station

0.80
0.78
0.84
0.91
0.94
0.86
0.41
0.88
0.82
0.85
0.93
0.75
1.09
0.81
0.87
0.97
1.07
0.93
1.12
0.75
1.00
1.28
0.83
0.97
0.76
1.24
0.81
0.79
0.99
0.69

1.13
0.78
0.91
1.05
0.81
0.91
0.76
0.97
1.02
0.98
0.73
0.96
0.81
0.74
0.78
0.89
0.67
0.85
0.89
0.94
0.68
0.68
1.05
0.96
0.92

0.93
0.85
0.79
0.94
0.71

0.89
111
0.74
0.83
0.65
0.84
1.08
0.82
0.84
0.94
0.86
0.67
0.60
0.90
1.21
1.03
0.98
0.78
1.04
1.03
0.70
0.96
0.94

0.90
0.95
0.98
0.91
0.89
1.16
0.97
0.98
1.23
0.99

0.88
0.79

0.88
0.73
0.73

0.97
0.86
0.76
0.99
0.87
1.27

0.72
0.74
1.03
0.79
0.97
0.77
0.91
0.93
0.79
0.71
0.88
0.92

0.73
0.74
0.84
0.98
0.81
0.90
0.67
1.00

0.70
1.12
0.76
1.01
0.97
0.83
1.05
0.66

0.98
0.64
0.67

0.94
0.69
0.82

0.62
111
0.66
0.95
0.78
0.68
0.79
0.94
0.88
0.70
0.93
0.82
0.76
0.74
1.13

0.87
0.85
0.94
0.69

0.91
0.74
0.83
0.81
0.87
0.95
0.93
0.95
0.86
0.74
0.88
1.01
0.84
0.61
0.72
0.92
1.04
0.76
1.01
0.81
0.91
1.00
0.42
0.86

0.79
1.01
0.72
0.90
0.84
1.03
0.81
0.85
0.83
0.73
0.95

0.86
0.77
1.04
0.64
0.69

0.70
0.65
0.63
0.70
0.77
0.82
0.90

E-2

0.81
0.94
0.67
1.03
0.99
1.06
0.88
0.84
1.15
0.97
1.31
0.92
1.24

1.16
1.15
0.99
1.02
0.75
0.95
1.06
0.87
1.06
0.85
1.09
0.97
0.95
0.94
1.03
1.03

0.77
0.71
1.09
0.81
0.82
0.81
0.99
0.87
1.09
0.89
1.10
0.84
1.19
0.77
1.03
0.87
0.70
1.13
0.91
1.03
0.97
0.62
0.86
0.68
0.86

0.92
0.88
0.95
0.77
1.04
0.74
0.91
0.91
0.76
0.86
111

0.73
0.87
0.78
1.18
111
0.62
1.08
0.77
0.73
1.28
0.96
1.04

0.80
0.93
0.94
0.83
0.97

0.82
0.80
0.59
0.83
0.73
1.07
1.00
1.02
1.05
0.70
0.70
0.82
0.73
1.28
0.66
0.68
0.59
1.15
0.71

1.06
0.98
0.89
0.70

1.19
0.70
0.88
0.99
1.09
0.99
0.78
0.87
1.00
0.83
0.95
1.09
1.04

0.68
0.80
1.00
0.99
0.98
0.93

0.96
1.07
0.99
0.77
0.69
0.90
1.03
1.08
0.62

0.84
0.71
1.16
0.99
0.54
1.09
0.73
0.67

0.72
1.16
0.89
0.65
0.93
0.89
0.69
0.84

0.76
0.89
0.76
0.87
0.77
0.72
0.80

1.08
1.16
0.96
1.03
0.81
1.00
0.93
1.19
1.00
0.78
0.65
1.13
0.92
1.07
1.20
1.00
1.06
1.00

0.90
0.78
1.07

0.93
0.76
0.92
1.03
1.01
1.09
1.10

1.01

0.53
0.87
0.76
0.90
0.92
0.86
0.96
0.81
0.74
1.00
0.77
0.82
0.55
0.67
0.71
1.09
0.77
1.03
0.80
0.83

0.76
0.89

0.61
0.94

0.72
0.90
0.83
0.75
0.75
0.83
0.73
0.77
0.80
0.91
0.93
0.90
0.90
0.88
0.79
0.84
1.33
0.97
0.83
0.57
0.86
1.16
1.15
1.12
0.74

0.71
0.88
0.97
0.64
0.70
0.74
0.71
0.87
0.93
0.66
0.68
0.89
0.63
0.68
0.72
0.66
1.05
0.88
0.64
0.70
0.96
0.86
0.88
0.80

0.59
1.07
0.71
0.41
0.68
0.94
0.51
0.95
0.64
0.75
0.67
0.71
0.83
0.60
0.69
0.85
0.65
0.90
0.68
0.79
0.76
0.74
0.61
0.93
0.84
0.74
0.73
0.66
0.71
0.64

0.50
0.63
0.59
0.54
0.61
0.54
0.57
0.57
0.51
0.61
0.59
0.62
0.72
0.58
0.57
0.58
0.66
0.59
0.64
0.63
0.82
0.70
0.68
0.80
0.92



Rep

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
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0.93
1.12
0.78
0.82
0.93

0.55
0.71
0.79
0.61
0.83
0.84
0.77
0.73
0.59
0.71
0.84
0.70
0.72

0.74
0.85
1.00
0.69
0.74
0.70
0.73
0.67
1.02
0.89
0.95
0.92
1.02
0.67
0.79
0.67
0.57
0.80
0.58
0.68
0.65
0.60
0.96
0.84
0.68
0.94
0.83
1.18
0.79
0.61

0.55
0.65
0.59
0.57
0.59
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End-of-Test Tissue Weights (g-wet) by Station

0.89
0.91
0.74
0.72
0.76
0.83
0.53
0.84
0.63
0.91

0.67
0.87
1.01
0.87
0.97
1.02

0.73
0.85

0.70
0.91
0.85
0.82
0.62
0.71
0.99
0.92
0.78
1.06
0.58

0.86
0.92
0.77
0.95
0.86
1.09
0.75
0.85
0.83
0.69
0.99
0.79
0.85
0.93
0.84
1.12
0.80

0.89
0.69
0.79
0.64
0.80

0.96
1.06
0.83
1.03
0.82
0.78
0.84
0.92
0.92
0.92
1.02
1.19
0.95
1.03
0.78
1.04

0.92
0.89
0.92
0.67
0.75
0.89

1.01
111

1.10
0.86
0.82
0.70
1.00
0.98
1.28
1.08
0.89
1.04
1.00
0.97
0.92
0.87
1.32
1.10

1.23
0.95
1.03
1.09

0.75
0.80
0.70
0.89
0.96

0.82
0.60
0.64
0.97
0.68
0.71
0.83
0.80

1.12
0.85
0.87
0.96
0.92
0.78

0.93
0.83
0.68
0.75
0.86
0.75
0.93

0.90
0.93
1.01
0.80
0.80

0.83
0.65
1.05
0.78
0.82
1.01
0.97
1.10
1.01
0.93

0.74
0.92
0.91
0.78
1.09
0.93
0.89
0.93

0.90
1.01
0.88

0.57

0.60
0.86
0.55
1.05
0.79

0.91
0.78
1.19
0.84
0.90
0.74
0.81
0.76
0.66
0.94
0.89
0.88
0.75
0.82
0.82
0.74
0.87
0.81
0.76
0.62
0.83
0.97
0.87

0.97
0.69
0.68
0.69
0.80
0.81
0.74
0.61
0.78
0.74
0.81
0.97
0.92
0.94
0.84
0.79
0.89
0.92
0.63
0.80

0.93

0.62

0.78
0.84

E-3

1.16
0.97
0.70
1.15
0.85
1.12
0.96
1.03
1.02
0.98
0.88

0.83
1.06
0.89
1.03
0.93
0.79
1.10
1.00
0.99
0.92
0.93
1.02
1.10
0.90
1.10
0.81
0.64

0.96
0.80
0.99
0.91
1.02
0.84
1.14
1.17
0.79
0.86
0.92
0.74
0.86
0.93
0.77
0.79
1.09
1.03
1.04
0.96

0.75
0.67
0.86
0.79
0.62

0.97
0.88
0.74
0.97
1.07
0.96
0.87
0.74
0.78
0.90
0.89
0.83
0.41
1.23
0.97
1.09

0.86
0.74
0.72
1.09
0.91
0.62
0.70
0.89
1.13
1.13

0.83
0.87
1.02
1.13

1.32
0.98
1.41
1.16
111
0.98
0.85
1.06

1.03
0.99
0.92
0.77
1.09
0.91
0.98

0.71
0.74
0.86
0.73
0.93

0.82

1.15
0.76
1.00
0.91
0.73
0.96
0.84
0.53
0.85
1.14
1.10
0.82
0.66
0.82
0.96
0.72
0.47
0.80
1.13
1.28
1.02
0.67
1.04
0.90
1.00
0.77

0.83
1.03
0.82
0.85
0.91
1.00
0.98
0.90
1.04
1.01
0.91
1.02
0.83
0.81
1.14
1.10
1.12
1.08
0.99
0.95
0.81

0.94
1.15
0.78
0.75
0.79

0.90
0.67
0.81

0.78
0.62
1.03
0.67
0.99
1.25
0.80
0.92
0.91
1.06
0.80
0.70
0.75
0.88
0.91
0.73
0.58
0.97
0.92
0.79
0.88
1.05
1.10
1.13
0.95
0.79
0.85
0.96
0.71
0.90
0.96
0.83

0.86
0.79
1.03
0.97
1.13
1.21
0.77
0.68
0.84
0.79
0.71
0.86
0.70

0.82
1.03

0.86
0.72

0.91
0.80
0.74
0.83
0.50
0.67
0.87
0.96
0.98
0.97
0.69
0.61

0.91
1.12
0.75

0.84
0.84
0.66
0.64
0.76
0.79
0.88
0.94
0.91
0.84
0.69
0.99
0.75
0.80

0.76
1.09

0.79

0.88
0.71
0.97
0.75
0.92
0.91
0.65
0.87
0.70
0.99
0.74
0.95

0.66
0.81
0.89
0.88
0.73

0.64
0.62
0.50
0.61
0.48
0.81
0.50
0.67
0.79
0.61
0.68
0.51
1.09
0.70
0.87
0.55
0.67
0.64
0.61
0.64
0.53
0.47
0.62
0.62
0.65
0.62
0.54
0.58
0.68
0.94
0.92
0.95
0.57
1.06
0.45
0.71
0.55
0.82
0.61
0.74
0.71
0.65
0.87
0.71
0.81
0.80
0.68
0.84
0.74
0.67

0.50
0.58
0.61
1.08
0.50
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0.67
0.62
0.66
0.90
0.73
0.52
0.74
0.78
0.76
0.64
0.64
0.95
0.58
0.62

0.65

0.66
0.60
0.70
0.72
0.75
0.66
0.43
0.89
0.44
0.66
0.52
0.77

0.79
0.74

0.68
0.63
0.57
0.80
0.65
0.79
0.63
0.57
0.88
0.64
0.60
0.82
0.97
0.67
0.83
0.74
0.79
0.90
0.66
0.81
0.87
0.72
0.60

1997 Cannelton Clam Biomonitoring Study

End-of-Test Tissue Weights (g-wet) by Station

0.74
0.77
0.68
0.95
0.66
0.80
0.75
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0.99
0.66
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0.94
1.12

0.79
0.61
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0.90
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0.64
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0.95
0.70
0.93
0.70
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0.90
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0.76
1.04
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0.75
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0.76
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1.00
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1.00
0.77
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0.81
1.08
1.03
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1.14

1.05
0.88
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111
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0.75

0.77
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0.97
0.69
1.00
0.94

1.04
0.76
1.39
1.28

0.93
111
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1.00
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0.82
0.75
0.89
0.86
0.96
1.29
0.93
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0.84
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1.10
0.99
0.91
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0.67
1.10
0.89
0.96
0.79
1.06
1.07
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0.79
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1.07
0.93

0.80
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0.82
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111
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1.05
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0.79
1.04
0.84
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0.99
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0.84
1.23
1.00
0.74
1.29

1.07
0.93
0.63
0.84

0.89
0.89
0.88
0.73
0.87

1.13
0.74
1.17
1.05
0.98
0.83
0.81
1.20
0.94

0.70
0.59
0.83
0.80
0.71
0.96
0.97

0.73
0.61
0.71

0.75
0.72

0.69
0.75
0.90

0.89

0.77
0.82
0.66
0.94
0.71
0.76
1.27
1.10

1.02
0.73
0.99
0.78
0.72
0.66
0.79
0.77

0.70
0.81

0.78

0.68
0.80
0.88
0.84
0.86
0.62
0.92
0.59
0.96

E-4

1.00
0.75
0.76
0.86
1.23
0.91
0.80
0.91

0.75
0.72
0.66
0.83
0.68
0.56
0.90
0.75

0.85
0.95
0.87
0.95
0.75
0.79
0.86
0.94
0.73
0.67
1.14
1.01

0.82
0.93

0.90
0.90
0.94
1.09
0.72
0.80
1.15
0.80
0.77
1.07
1.03
0.84
1.10

0.68
0.96
0.99
0.96
0.88
0.78
1.14
0.99

0.87
0.96
0.82
0.94
1.03
0.72
0.70
0.67

0.76
0.83
0.93
0.69

1.04

0.70
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1.04
0.58
0.74
0.88
0.93
0.91
0.67
1.10

1.19
1.13
0.93
0.77
0.75
0.67
0.71
0.83
0.67
1.15
0.76
0.76
0.79
0.84
0.89

1.06
0.94
0.83
1.05
1.06
1.07
0.75
0.92
0.89
0.84
0.97

1.02
1.02
0.79
0.77
0.77
0.93
0.81
0.73
1.00
0.79
0.84
0.77
0.92
0.74
0.87
0.84
0.70
0.82
1.00
0.97
1.04
1.04
0.73
0.92
0.92
1.08
1.01
0.79
1.08
0.98
1.13
0.91
0.81
0.93
0.72
0.78
1.16
0.85
1.08
0.86

1.02
0.83
0.99
0.88
0.88
0.75
0.90
1.00
0.81
0.96
0.66
0.72
1.04
0.70
1.01

0.98
0.83
0.59
0.83
0.87
0.75
1.01
0.93
0.74
0.73
1.03
0.74
1.23
1.01
0.87
0.97
0.90
0.92
1.02

0.93

0.77

0.85
0.92
0.70
0.93
1.04
0.99
0.80
0.88
0.96
0.96
0.61
0.64
0.79
0.74
0.76
0.80

1.03
1.13
0.75
0.94
0.85
1.04
0.72
1.00
1.23
0.95
0.68
1.10
0.70

0.62

0.79
0.86

0.73
0.68

0.64
0.75
0.77
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0.73
0.79
0.99
0.81
0.78
0.90
0.68
0.85
0.65
0.79
0.76

0.80
0.73
0.71
0.81
0.65
0.79
0.97
0.93
1.05
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0.90
0.79
0.75
0.93
0.86
1.16
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0.65
0.76
0.81
0.87
0.81
0.82
0.85
0.82
0.93
0.75
111

0.69
0.71
0.94
1.02
1.00

0.79
0.88
0.52
0.53
0.56
0.70
0.60
0.52
0.66
0.44
0.61
0.45
0.55
0.73
0.80
0.69
0.68
0.67
0.49
0.83
0.32
0.53
0.73
0.40
0.68
0.65
0.52
0.53
0.45
0.71
0.59
0.63
0.77
0.67
0.68
0.73
0.71
0.61
0.86
0.55
0.54
0.62
0.65
0.60
0.91
0.60
0.77
0.58
0.84
0.59
0.77
0.70
0.54
0.79
0.86
0.87
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0.77
0.85
0.85
0.87
0.84
0.77
0.81
0.81
0.89
1.04
0.60
0.65
111
0.54

0.64
0.87
0.69
0.96
0.84
0.58
0.51
0.83
1.01
0.66
0.94
0.72
0.75
0.74
0.64
0.75
0.76
0.90
0.72
0.70
0.72
0.77
0.70

0.85
0.67
0.61
0.69
0.69
0.71
0.75
0.93

0.70
0.79
0.88
0.89
0.75
0.87
0.88
0.69
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0.90
0.91
1.05
0.85
0.86
0.85
0.79
0.78
0.96
0.82
1.05
0.76

1.03

0.77
0.82
0.87
0.73
0.74
1.21
0.78
1.04
0.68
0.61
1.06
0.66
0.89
0.71
0.83
0.94
0.89
0.72
0.72
0.81
0.86
0.83
0.72
0.86
0.99
0.99
0.92
0.70
0.80

0.66
0.85
0.80
0.92
0.91
0.70
1.10
0.71
0.69
0.39
0.61

0.97
0.86
0.81
0.64
0.52
1.04
0.96
0.89
0.87
1.05
1.21
0.91

0.74
0.97
0.70
0.91
0.99
0.84
1.07
0.97
0.82
0.88
1.10

0.90
0.72
1.09
1.26
0.77
0.97
1.02
0.89
1.16
1.06
0.87
1.04
0.69
0.71
0.50
1.08
0.92
0.66
0.96
0.83
0.95
0.69
0.76
0.81
1.13
0.88
1.09
0.70

0.92
0.58
0.80
1.00
1.28
0.87
0.97

0.69
0.64
1.06
0.71
1.08
0.81

0.75
0.82

0.85
0.78
0.92
0.62
0.80
0.74
0.80
0.87
0.68
0.78
0.91
0.58
0.81

0.75
0.77

0.93
1.04
0.83
0.90
0.80
0.79

0.61
0.99
0.80
1.13
0.84
1.01
0.90
0.82
0.74

0.89

0.75
0.73

0.70
0.86
0.80

1.03
0.92
0.78
0.56
0.70
0.68

0.85

0.75
0.72
0.63
0.73
0.82
0.66
0.98
0.74

1.01

0.94
0.83
0.64
0.84
0.57
0.66
0.75
0.91
0.74

0.80

0.99
0.76
0.62
0.96
0.70
0.66
0.98
0.78
0.64

0.78
0.88
0.85

0.62

E-5

1.10
1.29
0.82

1.09
0.87
0.74
0.85
1.13
0.74
0.83
1.13
111
0.77

0.79
0.79
0.71
0.84
0.85
0.87
1.08
0.75
0.97

0.73
0.83
0.73
0.80
0.86
1.03
0.91
0.76
0.71
0.91
0.92
1.06
0.78
0.77
0.76
1.04
0.42
0.80
1.00
0.89
0.69
1.04
0.83
0.69
0.88
0.74
1.04
0.83
1.17
0.78
0.78

0.89
0.73
0.78
1.23
0.73
0.78

0.93
0.87

0.80
0.79
0.89
0.70

0.64
0.72
0.76
0.67
0.92
0.89
0.87
0.86
0.84
0.94
0.78
0.90
0.78
1.05
0.79
0.81
1.06
0.78
0.70
0.69
0.87
0.79
0.89
0.80
0.97
0.64
0.79
0.84
0.67
0.96
0.80
111
0.83
0.78
1.02
0.98
1.14
0.80
0.75
0.84
0.67

1.08
0.50
0.91
0.80
0.95
0.91
1.04
1.04
0.89

0.89
0.97
1.01
1.03

0.84
0.75

0.84
1.02
1.05
0.75
0.94

0.81
0.83
0.99
0.78
0.72
0.73
0.77
0.97
0.69
0.68
0.64
0.69
0.99
0.95
0.79
0.77
0.85
0.66
0.94
0.91
1.09
0.89
0.93
0.67
1.29

0.85
1.30
0.86
0.80
1.04
0.89

0.87
1.09
0.77
1.14
0.84
0.81
0.91
0.97
0.81
0.78
1.20
0.88
1.15
0.82

0.74
0.69
0.84
0.96
0.73
1.04
0.90
0.98
0.71
0.83
0.73
1.19
0.70
0.94
0.82
0.94
0.67
1.03
0.53
0.90
0.84
0.70

0.70
0.83
0.76

0.91
1.02
0.88
0.78
0.82
0.89
0.76
0.73
0.80
1.12
1.10

0.72
0.68

1.02
0.96

0.66
0.91
0.83
0.69
0.91
0.63
0.81
0.74
0.95
1.03
0.47

1.01
1.00
0.45
0.86
0.81
0.83
0.98
0.70
0.92
0.68
0.93
0.81
0.66
0.82
0.73
0.75
0.67
0.88
0.88
0.75
0.72
0.75
0.81
1.14

1.10

1.03

0.71
0.93
0.83
0.87

0.94
0.83
0.88

0.89
1.05

0.78
0.63
0.75
0.77
1.08
0.70
0.54
0.51
0.90
0.56
1.08
0.66
0.81
0.63

0.51
0.72
0.62
0.54
0.73
0.49
0.61
0.47
0.64
0.41
0.60
0.55
0.76
0.86
0.71
0.55
0.70
0.41
0.71
0.90
0.50
0.73
0.58
0.52
0.54
0.77
0.56
0.57
0.78
0.52
0.78
0.63
0.84
0.56
0.41
0.63
0.67
0.56
0.52
0.62
0.61
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0.76
0.82
0.78
0.61

0.66
0.62
0.79
0.95
0.74
0.73
0.60
0.58
0.75
0.90
0.69
0.66
0.92
1.02
0.66
0.88
0.98
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0.53
0.70
0.87
0.66
0.69
0.95
0.81
0.82
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1.04
0.48
0.76
0.89
0.83
1.03
1.09
0.81

0.81
0.66
1.08
0.83
0.99
0.71
0.72
1.03
0.97
0.93
1.06
0.75
0.73
0.87
0.72
0.74
0.70
0.69
0.80
0.72

0.84
1.08
1.07

1.32
0.83
1.05
0.76
0.76
1.00
0.78
1.21
0.78
0.81
0.91
0.82
0.90
0.89
0.60
1.12
0.88
0.91
1.26
0.99
1.05
1.23
1.13
0.91
0.80
1.22

0.80
0.67
0.95
0.84
0.82
0.71

1.19

1.14
0.74
0.73
0.61
0.85
0.74
0.96
0.77
0.86

0.87
1.18
0.66

0.75
0.87
0.98
0.75

0.95
0.83
1.21
0.84
0.90
0.94
0.83
0.94

1.07
0.72
0.87

0.76
0.97
0.57
0.70

0.78

0.83
0.97
0.84
0.83
0.72
0.61
1.18
0.70

0.71
0.74
0.94
0.68
1.01
0.69
0.95
0.76
0.64
0.89

0.88
0.69
0.81
0.86

0.84

E-6

0.88
0.83
0.93
0.95
0.84
1.08
1.08
0.81
0.94
0.74
0.89
0.68
1.15

0.89
0.98
0.53
0.90
1.07
1.01
0.70
0.77
0.79
0.83
0.69
0.88
0.88
0.83
0.65

0.82
0.75
0.86

0.82
1.07
0.94
0.72
0.74
1.22
0.78

0.94
0.57
0.65
0.91
0.80
0.83
0.76
0.75
0.68
1.04
0.80
1.15
1.01
1.07
1.02
1.04

0.55
1.05
1.00
1.06
0.81
0.94
0.98
1.02

0.86
0.97
1.02
0.98
0.84
0.81
0.88
0.74

0.74

0.73
0.96
0.82
0.88
0.66
0.78
0.82
0.99
0.92
0.90
1.01
1.71
0.86
0.45
0.83
0.66
0.99
0.99
0.79
0.77
0.92
0.78

0.78
0.82
0.74
0.76
0.79
0.96

0.81
0.96
1.10
0.92
0.77
0.83
0.84
1.00
0.87
0.71
0.86
0.72
0.90
0.76

0.70
0.88
0.95
0.97
0.98
0.77
0.81
0.92
1.02
111

0.99
0.70
0.79
0.85
0.84

0.85
0.99
1.29
1.05
0.85
0.79
0.77
1.08
0.94
0.87
0.90
0.87
0.81
0.92
1.13
1.17
0.88
0.87
0.79
0.91
0.78
0.93
0.90
0.74

1.01
0.94

0.68
0.40
0.66
0.52
0.72
0.74
0.65
0.71
0.65
0.56
0.70
0.68
0.61
0.65
0.65
0.64
0.95
0.56
0.39
0.67
0.71
1.06
0.88
0.73
0.89
0.77
0.58
0.51
0.53
0.78
0.61
0.72
0.69



APPENDIX F
PHOTOGRAPHS OF SAMPLING EVENTS AND ACTIVITIES



1. Sorting clams by size prior to distributing among mesh bags

2

Hold "Units" button for a count of 3 until you see "Print" appear
(this means it has been sent to the computer)

PORTABLE Advanced

2. Weighing individual clams



3. Distributing clams to mesh tubes. Plastic cable ties used to
maintain order and create "compartments" in mesh tubes

f
f
M)

4. Attaching filled mesh tubes to PVC cages prior to deployment in Tannery Bay



5. PVC cages containing clams prior to deployment

6. Attaching predator mesh



7. Deploying a clams at the holding site

8. Retrieving clams at the holding site



\ —
See B

9. Preparing cages for deployment. For each station, caged clams, surrounded with
predator-protection mesh, are tethered together and attached to a cement block



10. Deploying caged clams in Tannery Bay

11. Completed deployment of 4 cages and cement weight



13.

12. Removing soft tissues from clams for chemical analyses

Compartmentalized tray used to maintain order of clams during the tissue removal process



14. Weighing soft tissues from individual clams prior to preparing composites for chemical analysis
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