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INTRODUCTION
RATIONALE

The Gulf of Maine extends from Cape Sable, Nova Scotia, through New Brunswick, Maine,
and New Hampshire to Cape Cod, Massachusetts and includes the Bay of Fundy and Georges
Bank. The combined primary productivity of seaweeds, salt marsh grasses, and phytoplankton
make it one of the worlds most productive system that supports a vast array of animal species,
including many species of invertebrates, fish, seabirds, and marine mammals, some of great
commercial importance. Commercial fisheries and aquaculture are its principal income generating
enterprises, although tourism is very important source of income to many small coastal
communities. As coastal populations around the Gulf and its watersheds have increased,
agricultural lands have been converted to industrial and residential developments. Such changes in
land use and increases in population have contributed to the deteriorating quality of sections of the
coastal environment (GMCME, 1992; Dow and Braasch, 1996). Inputs from non-point source
and point source pollution are a significant threat to the near shore environment of the Gulf
(GMCME, 1992; Dow and Braasch, 1996). Growth in industrial activity during the 20th century
has resulted in a rapid increase in inputs from chemicals, either mobilized or synthesized by man,
into the estuarine and coastal environments. Many of these chemicals are bioaccumulated to
concentrations significantly above ambient levels. Furthermore, some of these environmental
contaminants may also be present at toxic concentrations, and thus induce adverse biblogical
effects. A

To protect water quality and commercial uses in the Gulf of Maine, the Agreement on the
Conservation of the Marine Environment of the Gulf of Maine was signed in December, 1989 by
the premiers of Nova Scotia and New Brunswick, and the governors of Maine, New Hampshire
and Massachusetts, establishing the Gulf of Maine Council on the Marine Environment. The
overarching mission of this council is to maintain and enhance the Gulf’s marine ecosystem, its
natural resources and environmental quality.

To help meet the Council’s mission statement, the Gulf of Maine Monitoring Committee was
formed and charged with the development of the Gulf of Maine Environmental Monitoring Plan
(Hayden, 1991). The monitoring Plan is based on a mission statement provided by the council:



It is the mission of the Gulf of Maine Environmental Quality Monitoring
Program to provide environmental resource managers with information to
support sustainable use of the Gulf and allow assessment and management of
risk to public and environmental health from current and potential threats.

Three monitoring goals were established to meet the mission statement:

(1) To provide information on the status, trends, and sources of risk to the marine environment in
the Gulf of Maine;

(2) To provide information on the status, trends, and sources of marine based human health risks
in the Gulf of Maine; and |

(3) To provide appropriate and timely information to environmental and resource managers that
will allow both efficient and effective management action and evaluation of such action.

In support of the mission and as a first step towards meeting the desired goals, a project named
Gulfwatch was established to measure chemical contamination Gulfwide.

GULFWATCH OBJECTIVES

Gulfwatch is presently a program in which the blue mussel, Mytilus edulis, is used as an
indicator for habitat exposure to organic and inorganic contaminants. Bivalves such as M. edulis
have been successfully used as indicator organisms in environmental monitoring programs
throughout the world (see NAS, 1980; NOAA, 1991; and Widdows and Donkin, 1992) to identify
variation in chemical contaminants between sites, and contribute to the understanding of trends in
coastal contamination (NOAA, 1991; O’Connor, 1992; O’Connor and Beliaeff, 1995; Widdows et
al., 1995). The blue mussel was selected as the indicator organism for the Gulfwatch program for
the following reasons:

(1) mussels are abundant within and across each of the 5 jurisdictions bordering the Gulf and
they are easy to collect and process;

(2) much is known about mussel biology and physiology;

(3) mussels are a commercially important food source and therefore a measurement of the extent of
chemical contamination is of public health concern;

(4) mussels are sedentary, thereby eliminating the complications in interpretation of results



introduced by mobile species;

(5) mussels are suspension-feeders that pump large volumes of water and concentrate many
chemicals in their tissues. Therefore the presence of trace contamination is easier to document,
and the measurement of chemicals in bivalve tissue provides an assessment of biologically
available contamination that is not always apparent from measurement of contamination in
environmental compartments (water, sediment, and suspended particles).

Gulfwatch has taken two approaches to using marine mussels as bioindicators of
anthropogenic contamination. During the first two years of the program (1991 - 1992), both
transplanted and native mussels sampled from areas adjacent to the transplant sites were analyzed
for organic and inorganic contaminants (GMCME, 1992). Transplanted mussels were initially
collected from relatively pristine sites in each jurisdiction, moved to sites selected for monitoring,
and held there for approximately 60 days. Because of the logistics and the analytical costs, only
two sites per jurisdiction could be monitored each year using this transplant technique. However,
transplant experiments provided an assessment of the short-term exposure (on the order of weeks
to months) to bioavailable contaminants throughout the region. In 1993 and 1994, only
indigenous mussels were sampled, although a greater number of sites were monitored compared to
the years when mussels were transplanted (GMCME, 1996a, 1996b). Sampling of native mussels
provided an assessment of long-term exposure to bioavailable contaminants (on the order of
months to a year). The 1996 sampling year followed the protocol for 1993 and 1994, sampling
indigenous mussels from one to six sites in each jurisdiction.

In addition to documenting the level of contaminants in mussel tissue, biological variables,
including shell growth and condition index, were measured as a means to determine the response
of organisms to stress under different concentrations of contaminant burden. Growth is often one
of the most sensitive measures of the effect of a contaminant on an organism (Sheehan, 1984;
Sheehan et al., 1984; Howells et al., 1990). Shell growth has often been used as a measure of
environmental quality and pollution effects as the rate of growth is a fundamental measure of
physiological fitness/performance (Widdows and Donkin, 1992; Salazar and Salazar, 1995) and
therefore, is a direct, integrative measure of the impairment of the organisms physiology.
Condition index (CI) was used as an indicator of the physiological status of the mussels. It relates
the tissue wet weight to shell volume and is a measure traditionally used by shellfishery biologists
(Widdows, 1985). Because gonadal weight is a significant contributor to total body weight just
prior to spawning, CI also reflects differences in the reproductive state of the sampled mussels.
Since gonadal material tends to have low concentrations of metals (LaTouche and Mix, 1981),



tissue metal concentrations may be reduced in mussels having a high CI due to ripened gonads.
Organic contaminants, however, would tend to partition into both somatic and gonadal lipids, and
may be less impacted by changes in CI that are due to the presence of ripe gametes. Since variable
amounts of ripe gametes may be found in some mussel populations even in late fall (Kimball,
1994), the relationship between CI and contaminant concentrations must be carefully considered.

The objective of the first two years (1991 and 1992) of the Gulfwatch program was to evaluate
the feasibility of the project and the level of cooperation required through collecting comparative
data from different locations in the Gulf of Maine. The sites that were selected fell into two
categories; test sites that were suspected or known to be contaminated and reference sites that were
free of any known contaminant source. After the success of the pilot studies in 1991 and 1992, it
was recognized that there should be a broader or Gulf-wide orientation of the mussel watch in
addition to known contaminated and reference sites within each jurisdiction. As such, a three year
cycle was initiated in 1993. In 1993 and 1994 the sample design was expanded as described
above. Native mussels were sampled in as many as 7 new locations within each jurisdiétion (state
or province), where feasible, to increase the geographic coverage. However, one location in each
jurisdiction was chosen as a baseline station, to be resampled every year. This approach increased
the chance of locating unforseen environmental contamination. Transplant experiments were again
conducted at two sites in each jurisdiction in 1995. This three-year cycle, with transplants being
conducted at two sites during one year and indigenous mussels alone being sampled at 2-7 sites per
jurisdiction during the other two years, will be repeated for the remaining years of the Gulfwatch
Program. This sampling design will allow-for the assessment of both short-term and long-term
contaminant exposures..



METHODS

-The 1996 Gulf of Maine mussel survey is the fourth year of the nine year sampling design (see
Sowles et al., 1997). The 1996 sampling represents the first year of the second 3-year cycle. As
such, stations that were sampled in 1996 were the same stations sampled in 1993. Therefore, in
addition to spatial analysis, temporal analysis can be performed on the contaminant concentrations
for all sites. ’

1996 SAMPLING LOCATIONS

The stations sampled in 1996 are shown in Figure 1 and Table 1. There were 3 sites in
Massachusetts, 1 in New Hampshire, 6 in Maine, 3 in New Brunswick, and 5 in Nova Scotia,
including 4 of the 5 benchmark sites from previous years to enable trend analysis: Sandwich, MA,
Clark Cove, ME, Kennebec River, ME and Digby, NS. Unfortunately there were no mussels at
the fifth benchmark site, Hospital Island, NB in 1996. As such, an alternate site at Chamcook,
NB was chosen. Chamcook is located approximately 1.5 km away from Hospital Island, therefore
itis in the same basin. As such one would expect that mussels at Chamcook would have been
exposed to similar contaminants as mussels at Hospital Island.

FIELD PROCEDURES

Details regarding the mussel collection, measurement, and sample preparation are published in
Sowles et al. (1997), however a summary of the procedures are given below.
"~ The mussels collected were intended to be M. edulis. However, a similar species of Mytilus,
Mytilus trossulus, was identified in some of the Bay of Fundy samples (GMCME, i996a). This
species has a slower growth rate than M. edulis and attains a maximum size of approximately 50-
60 mm compared to 70 - 80 mm for the blue mussel (Bayne, 1976). These physiological
differences result in species-specific differences in shell allometric growth. In addition, it has been
shown that there are interspecific differences in concentrations of certain metal (Cu, Ni, Pb, Hg
and Zn) and organic (XPAHj4) contaminants (Mucklow, 1996). Although an inter-species
allometric gradient is present at all sites inhabited by both species, M. trossulus can often be
distinguished from M. edulis by its higher shell length:height ratio (Lobel et al., 1990; Freeman et
al., 1992; Mucklow, 1996).

All field sampling was conducted between September 15, 1996. and November 30, 1996.



Table 1. Gulf of Maine, Gulfwatch study site locations sampled in 1996.

CODE

MASN
MAMH
MAME
NHHS

MECC
MEBH
MERY
MEKN
MEFP

MEPI
NBSC
NBCH
NBLN
NSFI
NSDI
NSBC
NSAG
NSYR

SITE LOCATION

Sandwich, MA
Marblehead, MA
Merrimack River, MA
Hampton / Seabrook
Estuary, NH
Clark Cove, Me
Brave Boat Harbor, ME
Royal River, ME
Kennebec River, ME
Fort Point, Penoboscot
River, ME
Pickering Island, ME
St. Croix River, NB

~ Chamcook, NB
Letang Estuary, NB
Five Islands, NS
Digby, NS
Broad Cove, NS
Argyle, NS
Yarmouth, NS

October 30

November 22

October 31

September 30

October 2
August 27
October 26
October 4
October 7

October 24
October 21
October 31
October 18
October 7
October 4
October 4
October 4
October 4

SAMPLE DATE LATITUDE

41°45.0°' N
42°29.9°N
42°48.5°N
42°53.5'N

43°04.4’ N
43°05.6’ N

43°47.8'N

43°47.5° N
44°28.3’ N

44°15.6’ N
45°10.0’ N
45°07.4'N
45°04.6’ N
45°39.5' N
44°38.1’N
44°40.1’N
43°73.9° N
43°81.8° N

LONGITUDE

70°24.0° W
70° 50.9° W
70°49.4° W
70°49.0° W

70°434° W
70°39.2° W
70°08.8° W
69°47.6°W
68°48.9°W

68°43.8° W
67°09.7° W
67°032' W
66° 48.0° W
64°06.7° W
65°44.7° W
65° 49.8° W
66° 14.3° W
65°84.4° W
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Sampling was conducted as outlined in Sowles et al. (1997). Collection times were set to avoid
collecting during or shortly after periods when stormwater runoff and wave resuspension of
bottom sediment result in unusual uptake and accumulation of sediment in the mussel gut.
Presence of sediment in the mussels was suspected to be the cause of the elevated concentrations of
iron, aluminum and associated metals (Lobel et al., 1991; Robinson et al., 1993) in previous years
(GMCME, 1994, 1996a, b, c).

Mussels were collected from 4 discrete areas within a segment of the shoreline that is
representative of local water quality. Using a wooden gauge or a ruler, 45-50 mussels of 50-60
mm shell length were collected. The mussels were cleaned of all sediment, epibiota, and other
accretions in clean seawater from the collection site, placed in clean glass containers, then
transported to the lab in coolers.

BORATORY PR D

In the laboratory, individual mussel lengths, widths and heights (as defined by Seed, 1968)
were determined to the nearest 0.1 mm using vernier calipers. Using plastic or stainless steel
wedges, mussels were shucked directly into appropriately prepared containers for metal and
organic analysis, respectively (for details see Sowles et al., 1997). Composite samples (20
mussels/composite; 4 composites/station) were capped, labelled and stored in a freezer at <-15°C.

While a number of condition indices have been proposed over the years (Seed, 1968), the
Gulfwatch Condition Index (CI) has been defined as:

CI = tissue wet weight (mg) /length (mm) * width (mm) * height (mm)
CI was determined for between 30 and 40 mussels, depending on the jurisdiction.
ANALYTI PR

Analytical procedures used followed those reported for the previous years (GMCME, 1994,
1996a, b, ¢). Table 2 contains a summary of the metal and organic compounds measured.

Metals

Inorganic contaminants were analyzed at the State of Maine Health and Environmental Testing



TABLE 2. Inorganic and Organic contaminants analyzed in mussel tissues from the Gulf of Maine

in 1996.

INORGANIC CONTAMINANTS

Metals

Ag, Al, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Zn

ORGANIC CONTAMINANTS

Aromatic Hydrocarbons

Naphthalene
1-Methylnaphthalene
2-Methynaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
2,3,5-Trimethylnaphthalene
Fluorene

Phenanthrene
Anthracene
1-Methylphenanthrene
Flouranthene '
Pyrene

Benzo [a] anthracene
Chrysene

Benzo [b] flouranthrene
Benzo [k] flouranthrene
Benzo [a] pyrene

Benzo [e] pyrene
Perylene ‘

Indeno [1,2,3cd] pyrene
Dibenzo [a,h] anthracene
Benzo [g,h,i] perylene

Chlorinated Pesticides

Hexachlorobenzene (HCB)
gamma-Benzenehexachloride (BHC)
Heptachlor

Heptachlor epoxide

Aldrin

Mirex

cis-Chlordane
trans-Nonachlor

Dieldrin

Alpha-Endosulfan
beta-Endosulfan

DDT and Homologues

2,4-DDE 4,4’-DDE
2,4’-DDD 4,4’-DDD
2,4’-DDT 4,4-DDT

PCB Congeners

PCB 8§, PCB 18, PCB 28, PCB 29, PCB 44,
PCB 50, PCB 52, PCB 66, PCB 77,

PCB 87, PCB 101, PCB 105, PCB 118,
PCB 126, PCB 128, PCB 138, PCB 153,
PCB 169, PCB 170, PCB 180, PCB 187,
PCB 195, PCB 206, PCB 209



Laboratory (Augusta, ME). Analyses for mercury were done on a subsample of 1 to 2 g of wet
tissue and measured by cold vapor atomic absorption on a Perkin Elmer Model 503 atomic
absorption spectrometer. Analyses for all other metals were conducted on 5 to 10 g of wet tissue
dried at 100 °C. Zinc and iron were measured by flame atomic absorption using a Perkin Elmer
Model 1100 atomic absorption spectrometer. All remaining metals (Ag, Al, Cd, Cr, Cu, Ni and
Pb) were run using Zeeman background corrected graphite furnace atomic absorption on a Varian
Spectra AA 400. The analyte detection limit for the metals in pg/g dry weight are as follows; Ag,
0.1; Al, 3.0; Cd, 0.2; Cr, 0.3; Cu, 0.6; Fe, 6.0, Hg, 0.1, Ni, 1.2, Pb, 0.6; and Zn, 1.5.

QOrganics

The PAHs, PCBs and chlorinated pesticides in mussel samples (Table 2) were analysed by the
Environment Canada, ECB laboratory in Moncton, NB. The chlorobiphenyls and PCDDs/PCDFs
were analysed by Axys AnalyticalServices Ltd, Sidney, BC. The analyte detection limit for
aromatic hydrocarbons was 10 ng/g (20-30 ng/g for some lower molecular weight aromatics) and
< 2 ng/g for PCB congeners. Eighteen of the PCB congeners identified and quantified correspond
to congeners analyzed by the National Oceanographic and Atmospheric Administration’s (NOAA)
National Status and Trends (NS&T) Program designated congeners. Other organic compounds
selected for analysis are also consistent, for the most part, with NOAA National Status and Trends
mussel monitoring (NOAA, 1989).

The analyses of mussel tissue samples follow the diagram shown in Figure 2 and are
summarized below. A description of the full analytical protocol and accompanying performance
based QA/QC procedures are found in Sowles et al. (1997).

Tissue samples were extracted by homogenization with an organic solvent and a drying agent.
Solvent extracts were obtained by vacuum filtration, and biomatrix interferences were separated
from target analytes in extracts by size exclusion chromatography. Purified extracts were subjected
to silica gel liquid chromatography which provided a non-polar PCB/chlorinated pesticides fraction
and a polar chlorinated pesticide fraction. PCBs and pesticides were analyzed by High Resolution
Dual Column Gas Chromatography/Electron Capture Detection (HRGC/ECD). Following PCB
and pesticide analysis, the two fractions were combined and the resulting extract was analyzed for
aromatic hydrocarbons by High Resolution Gas Chromatography/Masspectrometry (HRGC/MS).

10



Discard solid g

material

Composite mussel sample
(blended with SS. blender)

" Subsample (1g) for
_*

+ NaSO4
+ MeClp

Homogenate extraction
(10-15 g)

Size exclusion

chromatography cleanup
(AS 2000 GPC)

Silica gel column

fractionation

|

dry weight
determination

Vacuum filter concentrate to 10 mi

Remove 1 ml for lipid determination

Hexane
exchange

100% Hexane

Apolar fraction
PCB / CH pesticides

HRGC - ECD
Analysis

50% Hexane
50% MeCl,

Polar fraction
CH pesticides

Combined fraction
Aromatic Hydrocarbons

Toluene
Exchange

HRGC - MS Analysis

FIGURE 2. Analytical flow chart for organic analyte determination at the Environment
Canada Laboratory in 19945 HRGC-MS, high resolution gas chromatography
/massspectrometry; HRGC-ECD, high resolution dual column gas

chromatography/electron capture detection; GPC, Gel permeation
chromatography; SS., Stainless steel.
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QUALITY ASSURANCES / QUALITY CONTROL,

Standard laboratory procedures for metals incorporated method blanks, spike matrix samples,
duplicate samples, surrogate addition and standard oyster tissue (SRM 1566A). The method
blanks were inserted: three at the beginning of the run, one at the end, and six at various intervals
during the run. Duplicate samples and matrix spike recoveries were conducted on 15% of the
samples.

The Moncton laboratory participated in the NIST Status and Trends Intercomparison Marine
Sediment Exercise IV and Bivalve Homogenate Exercise V. Internal quality control and method
performance specifications are described in the Environment Canada Shellfish Surveillance
Protocol (Sowles et al., 1997). The protocol includes mandatory QC measures with every sample
batch including method blanks, spike matrix samples, duplicate samples, surrogate addition, and
certified reference materials (SRM, 1974a). The protocol specifies the performance criteria
relevant to method accuracy, precision, and detection limits and data reporting requirements for the
analysis of organic contaminants in shellfish samples.

ATI METHOD
Data Analysis

All metal data were log)p transformed to correct for heterogeneity of variances. In several
cases there were non-detectable (ND) data values. If all 4 replicates from a given site showed ND
concentrations, the contaminant level was recorded as ND but, if at least one of the replicates was
greater than the detection limit, then the other replicates were recorded as 1/2 the detection limit.
Arithmetic means were used to summarize the results of replicate samples and are used in all
subsequent tables and figures. In addition, geometric means were calculated for each metal for
comparison with other data sets (O’Connor, 1992). The standard deviation(s) around the
geometric mean (sg) was calculated as: '

sg = antilog (sP = 10s;
where s; = the standard deviation around the mean of the log; ¢ transformed data (Snedecor and

Cochran, 1967).
Total PAH (XPAH3,), total PCB (3PCB4) and total pesticide 3 PEST;7) values were

12



created from the sum of all individual compounds or congeners with values greater than the
detection limit for the compound. Total DDT (XDDTsj) is the sum of 0,p’-DDT and p,p’-DDT and
homologues (0,p’-DDE, p,p’-DDE, o,p’-DDD and p,p’-DDD). Organic variables in which all
replicate measurements were below the detection limit were treated as zero. All data were log;o
(x+1) transformed to correct for non-normality. Arithmetic means were used to summarize the
results of replicate samples and are used in all subsequent tables and figures. In addition,
geometric means were calculated for regional comparison. The standard deviations around the
geometric means were calculated as previously described.

Spatial Analysis

Arithmetic means and standard deviations of all values for each metal and organic contaminant
at each station were calculated. Arithmetic means were calculated since, with a few exceptions,
metals and organics at each station were normally distributed as demonstrated by applying
Kolmogorov-Smimov test using p=0.05 (SPSS, 1996). Graphs of the mean concentrations
(xSD) are presented for all stations sampled. Differences in metal and organic contaminant
concentrations among sites within each jurisdiction were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey-Kramer multiple comparison test of means. A probability
of <£0.05 was chosen as the level of significance. For analysis, Clark Cove, Maine (MECC) is
discussed as being a New Hampshire site because it is located in the Great Bay/Piscataqua River
watershed, and therefore more comparable to other sites in New Hampshire compared to other
Maine sites. |

Temporal Analysis -

Temporal analysis was performed on both the Benchrnark sites (n=3 sites, n=4 years) and the
1996 sampling sites (n=13 sites, n=2 years). Tissue contaminant concentrations at the benchmark
sites [MASN, MECC, MEKN, NBHI (NBCH), and NSDI] were analyzed for temporal trends
using a repeated measures ANOVA. Contaminant concentrations from these sites from 1993 -
1996 were tested to determine whether the change in contaminant concentration (metal and organic)
was consistent among sites given the initial differences in the various sites. As previously
mentioned no mussels were found in 1996 at the New Brunswick benchmark site NBHI and, as
such, an alternate site was sampled (NBCH). Tissue concentrations from NBCH were used in the
temporal analysis for NBHI. While NBCH is located within 1.5 km of NBHI in the same basin
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and probably exposed to the same contaminants, it must be noted that it is not the same site. As
such, any significant differences among years in contaminant concentrations may be the result of
differences in the two sites as opposed to true year differences. One-way ANOVA was performed
on metal and organic contaminant concentrations using 1993-1995 concentrations at NBHI and
1996 concentrations at NBCH. Resuits of the analysis revealed that 2 metals (Cr and NI) and
YPAH>4 had concentrations that were significantly lower in 1996. As such, any conclusions
regarding the status of these contaminants should be done with caution. .

In addition to temporal analysis of benchmark sites, tissue concentrations from the 1996
sampling sites were compared to concentrations from samples at these sites taken in 1993.
Concentrations in 1993 and 1996 were compared at each site using one-way ANOVA. A
probability of < 0.05 was chosen as the level of significance.
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RESULTS AND DISCUSSION

FIELD OPERATION TI

Field collection proceeded as planned in all jurisdictions with the exception of Massachusetts
and New Brunswick. As mentioned previously, no mussels were found at the New Brunswick
benchmark site at Hospital Island (NBHI) therefore an alternate site at Chamcook (NBCH) was
used instead. Sampling problems were also encountered in Massachusetts. According to the
sampling design for 1996 (see Sowles et al., 1997) 6 sites were scheduled to be sampled in 1996
(MASN, MAPY, MACO, MALI, MAMH, and MAME), however, only 3 sites were sampled
(MASN, MAMH and MAME).

METAL CONTAMINANTS

Table 3 contains the metal concentrations (arithmetic mean + SD, pg/g dry weight) for mussels
from all sites sampled in 1996. Metal concentrations for each of the composite samples (n=4) are
provided in Appendix A. Overall metal concentrations for indigenous mussels are given as
geometric means (Table 3) to compare with NOAA (O’Connor, 1992) National Status and Trends
program (NS&T) concentrations for Gulf of Maine sites (Table 4). All geometric means except Cu
and Pb, were greater in Gulfwatch samples than in NOAA/NS&T samples. Moreover, the levels
of Ag, Cd, and Hg were greater than the calculated “high value” (geometric mean plus one
standard deviation) for NOAA mussels. Similar results were observed in previous reports (see
GMCME, 1994, 1996a, b, ¢). This is striking, even given that half of the Gulfwatch stations were
chosen as potentially contaminated areas and many NS&T stations were essentially reference
stations that were chosen to avoid acute human activity or known sources of contamination.
However, numerous NS&T sites are also located near larger metropolitan areas, including Boston,
New York, San Francisco, Galveston, etc. The reasons for the elevated concentrations of Ag, Cd
and Hg are not presently understood.

atial Variation in M ncentration

Table 5 summarizes the metal concentrations for 23 Maine reference sites (Sowles, 1993).
Figures 3 to 7 show the concentration of the metals measured in the tissue of M. edulis at the 1996
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