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Abstract The aim of this study was to evaluate
the use of metal concentrations in clam organs to
monitor metal contamination in coastal sediments.
The concentrations of Cd, Cr, Cu, Hg, Ni, Pb, V,
and Zn were measured in the kidneys, gonads,
mantles, gills, digestive gland, and hearts of the
infaunal clam Amiantis umbonella collected from a
contaminated site near desalination and power plant
discharges, and a reference site in Kuwait Bay. Metal
concentrations in sediment and sediment pore water
were also measured at the collection sites of individ-
ual clams at the contaminated site. The concentrations
of all metals in all organs (except Zn in the digestive
gland) were significantly higher in clams from the
contaminated site than from the reference site. Metal
concentrations in several organs in A. umbonella from
the contaminated site were correlated with those in
the sediments and pore waters to which they were
exposed. However, fresh weights of gonads, gills, and
mantles were significantly lower in clams from the
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contaminated site compared to the reference site,
indicating that the observed elevated concentrations
of metals in the organs of clams from the contami-
nated site largely reflect lower organ weights, rather
than higher metal loads, and that these organs in 4.
umbonella and perhaps other clams are not appropriate
for use as biomonitors of metal contamination. Metal
concentrations in clam kidneys showed a wide dynamic
range with respect to environmental contamination
and kidney weight was not variable. Therefore,
metal concentrations in clam kidneys provide a
reliable biomonitor of contaminant metals in coastal
marine sediments.

Keywords Bivalve - Amiantis umbonella - Metals -
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1 Introduction

As part of a comprehensive strategy to assess the effects
and trends of marine pollution, biomonitor organisms
appropriate for a wide range of geographic regions are
needed (Rainbow and Phillips 1993). Marine bivalves
have been recognized as useful sentinel organisms of
contamination in aquatic ecosystems because of their
abundance, wide geographical distribution, sedentary
habit, modes of feeding, their relative sensitivity to
contaminated sediments and water (Chung et al.
2007), and their capacity to accumulate contaminants
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in proportion to environmental levels (Goldberg et al.
1983; Phillips and Rainbow 1995; O’Connor 2004).

The accumulation of metals in specific organs of
marine bivalves has been proposed as a more
sensitive and specific indicator of environmental
contamination than whole body burdens (Ahn et al.
2001; Yap et al. 2006; Kavun and Podgurskaya 2009).
The concentrations of metals in specific organs may
be more responsive to environmental concentrations
than whole body burdens (Ahn et al. 1996; Nigro et
al. 1997) and are linked to specific pathways of
accumulation and elimination (Baudrimont et al.
1997; Podgurskaya et al. 2004). However, the utility
of' metal concentrations in specific organs as biomarkers
of metal pollution is confounded by several
biological factors including variable weights of
specific organs in contaminated and uncontaminated
areas (Dragun et al. 2010) and reproductive status
(Nerum et al. 2005). The response of metal concen-
trations in specific organs of marine bivalves to
environmental exposures and the effects of organ size
on the accumulation of metals in bivalve organs have
only been examined in a few cases and rarely in
native populations.

The goal of this study was to evaluate the
sensitivity of metal accumulation in different organs
of the marine clam Amiantis umbonella from pop-
ulations living in point source contaminated and
uncontaminated environments in Kuwait Bay and
their utility as biomonitors of environmental contam-
ination. The objectives were to (1) compare metal
concentrations in different organs of clam A. umbonella
from a point source impacted site and a reference site
and (2) examine the relationships between metal
concentrations in specific organs in clams from the
contaminated site and metal concentrations in the
sediment and pore water to which the clams were
exposed. To address these objectives, the concentra-
tions of eight metals (Hg, Cd, Cu, Ni, Pb, Cr, V, and
Zn) were measured in seven organs of A. umbonella
collected from a contaminated site near desalination
and power plant discharges and from a reference
site 5 km away. It was hypothesized that the
concentrations of metals in specific clam organs
reflect environmental contamination, but that the
decrease in the mass of certain organs associated
with growth in a contaminated environment confounds
the interpretation of metal bioaccumulation in those
organs.
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Most of the urban, commercial, industrial, and
recreational activities in Kuwait are concentrated
within 15 km of its 400-km shoreline along the
Arabian Gulf. Furthermore, Kuwait’s coast is virtually
the only source of fresh water and energy in the
country; several desalination/power plants were
established along the shoreline to meet the country’s
need for drinking water and electricity (Bu-Olayan and
Thomas 2006). The seawater used for cooling the
power plants is also discharged to the sea, which may
increase temperature and salinity of the coastal water
(Al-Bakri and Kittaneh 1998). The coastal area is
considered a valuable natural resource containing an
important ecosystem and supporting many organisms
vital to the health of the Arabian Gulf. For example,
the coastal zone is a very important nesting and
feeding ground for many resident and migratory birds
(Al-Bakri and Kittaneh 1998). The urbanization and
industrialization of Kuwait’s coast raise concerns
about increased pollution of coastal waters (Bu-Olayan
etal. 2008) and human exposure to metals through the
ingestion of sea food (Bu-Olayan and Al-Yakoob
1998). As a result, there is an ongoing need to
develop biomonitors of metal contamination in the
Arabian Gulf to support ecological health and risk
assessment (Alyahya et al. 2011).

2 Materials and Methods
2.1 Clam Collection and Dissection

Individual clams of the facultative suspension feeder
A. umbonella (2 to 4.5 cm shell length) were
randomly collected at low tide from the sand/mud
sediments of the intertidal zone of Kuwait Bay near
Al Doha, Kuwait (Fig. 1). Clams were collected
manually from a contaminated site near desalination
and power plant discharges (29.378 N, 47.822 E) and
a reference site 5 km away (29.404 N, 47.752 E)
during December 1999 and January 2000. Clams
from both sites were of similar shell length (see
Fig. 3) to minimize effects of body weight (Marina
and Enzo 1983). Most clams were partially exposed
on the surface, while others were up to 10 cm below
the surface. Clams were transported to the laboratory
in aerated self-supporting tanks (150 L capacity) with
recirculating seawater at 24-25°C. Clams were
depurated in seawater for approximately 24 h.
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Fig. 1 Regional map of Kuwait Bay. Clams were collected from a contaminated site adjacent to desalination and power plant

discharges (circle) and a reference site across the Bay (triangle)

Seawater salinity and temperature were measured
during each sampling.

All collected clams (33 from each site) were
dissected. Clams were opened carefully using stain-
less steel scalpel blades, and soft organs including
gonads, digestive gland, gills, mantles, foot, hearts,
and kidneys were removed. The fresh weight of each
organ was recorded prior to combining in composite
samples. Organs from each group of 33 clams were
combined to form composite samples of each organ
from the contaminated and reference sites, transferred
to separate glass vials, and stored at —20°C prior to trace
metal analysis by ICP or AA (inductivity coupled
plasma atomic emission spectrometer; result in
Table 2). To investigate the variability of metal
concentrations, a complete set of metal concentra-
tions in all organs was produced for 17 clams
individually from the contaminated site. All 17
clams were analyzed individually rather than as
composites (Table 3). In addition, sediment and pore

water samples associated with each of these individ-
ually analyzed clams were collected (see below).
Organ samples were extracted by heating at 120°C in
concentrated HNOj; until dry and were then redis-
solved in 0.1% HCI prior to analysis.

2.2 Water and Sediment Collection

Sediment pore water samples were collected in acid-
cleaned plastic bottles except for mercury which was
collected in glass bottles at low tide from standing
pools on the surface of the sediment where each
individual clam was collected. Sediment samples
were collected in 75-ml plastic bottles by hand from
the shoreline at low tide adjacent to the clam
collection sites in Kuwait Bay. Sediments were air
dried and stored frozen. Prior to analysis, sediment
samples were freeze dried until the change in weight
was less than 0.5%. Then, the sediment samples were
homogenized by grinding and passed through a 2-mm
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sieve. Processed sediment samples were kept in acid-
cleaned glass bottles prior to digestion. Seawater
samples were filtered with a 0.45-um membrane filter
and acidified to a pH of between 5.0 and 5.5 by the
addition of 2 N HNO;.

2.3 Metal Analysis

A weight of 0.5 g of the sediment powder was
transferred to a Teflon beaker that was cleaned with
20% of HNOs. Five milliliters of concentrated HNOs/
HCIO4/HF in a ratio of 3:2:1 was added to the sample
and evaporated to near dryness while covering the
samples continuously for 3 h. The sample was passed
through a filter paper and transferred to a 50-ml
volumetric flask, and the volume was made up with
0.1% HCI. Three standard reference materials were
digested to validate the analytical procedure, along
with three blanks to set up the system baseline. The
final sample was ready for elemental analysis by
an inductively coupled plasma atomic emission
spectrometer. Accuracy of the method was verified
(ten replicates) by analyzing standard reference
material oyster tissues (SRM-1566a) from the National
Bureau of Standards. Recoveries were above 90% for all
the trace metals measured (Table 1).

The acidified filtered seawater samples were
passed through an ion exchange column at a rate of
2 ml min"'. The concentrations of dissolved trace
metals in water samples were analyzed by the ion
exchange column technique (Bruland et al. 1985).
This technique employs Chelex-100 (sodium form,
100-200 mesh), pre-cleaned with 4 N HCl and 2.5 N
HNO3;, rinsed with distilled water, and converted to
ammonia form prior to loading in a column. Samples

Table 1 Analytical recoveries of metals measured in certified
reference material (oyster tissues, SRM-1566a)

Metals Certified values Present study Recovery (%)
(gg") (ngg )
Lead 0.37 0.38 100.2
Copper 66.3 66.20 99.5
Chromium 1.43 1.31 91.6
Vanadium 4.68 4.56 97.4
Zinc 830 823 99.1
Nickel 2.25 2.21 100.5
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were adjusted to pH 6 with ammonium acetate and
were drawn through a column containing 7.5 ml of
Chelex-100 resin (flow rate, 1-2 ml min'). The
column was then rinsed with 20 ml ultrapure
ammonium acetate (pH 5.8) and 20 ml distilled water
to rinse the bulk of the alkali and alkaline earth
metals. The trace metals were eluted with 20 ml of
Aristar 2 N HNOs3, providing a concentration factor of
100:1. In spiked seawater, the percentage recovery
averaged 92% for Hg, 108% for Cu and Cd, 88% for
V, 95% for Pb, 93% for Cr, and 94% for Zn.

2.4 Statistical Analysis

T tests were used to evaluate differences in mean
metal concentrations in clam organs from the con-
taminated and reference sites. Linear regression
analysis and a coefficient of determination were used
to assess correlations between clam length and weight
and metal concentrations in specific organs and water
or sediment. At the same time, ANOVA (F test) was
used to determine the significance of the regression
coefficient (R?).

3 Results

3.1 Metal Concentrations in the Organs
of A. umbonella from Kuwait Bay

In the composite samples, mean concentrations of all
metals were significantly higher (p<0.02) in the
organs of A. umbonella clams collected from the
contaminated site in Kuwait Bay compared with
clams from the reference site with the exception of
Zn in the digestive gland (Table 2). For example, in
the kidneys of 4. umbonella, Hg concentrations were
about ten times higher, and Cd, Cu, Pb, Ni, and V
concentrations were three to five times higher in
clams from the contaminated site than in clams from
the reference site. Similarly, the concentrations of Hg,
Cd, and Cr in gills and mantles of A. umbonella were
four to nine times higher in clams from the contam-
inated than reference site. In all tissues of A.
umbonella except the digestive gland, Zn concen-
trations were significantly higher (p<0.02) in clams
from the contaminated site than from the reference
(Table 2). The highest increase in Zn concentration
was in the clam gills (1.3-fold higher), and the
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smallest increases were in the mantles, kidney, and
heart (1.1-fold higher).

In clams from both sites, mean concentrations of
Cd, Pb, V, and Zn were higher (»<0.05) in the
kidneys than in any other organs including digestive
gland, mantles, or gonads, and within clam kidneys,
concentrations of Cd, Pb, and V were higher than all
other metals except Zn. In both the composite and
individually analyzed clams, the accumulation of Cd
and Pb almost exclusively in the kidneys of clams
from the contaminated site contrasts with the fairly
even distribution of Cu and Hg among the clam
mantles, digestive gland, kidneys, and gonads
(Tables 2 and 3).

3.2 Wet Weights of Clam Organs

For the clams that were used for the composite metal
analysis, the mean wet weights of digestive gland,
kidney, foot, and heart from A. wumbonella from
Kuwait Bay were not significantly different in clams
from the contaminated site and the reference site
(Fig. 2a). However, the mean wet weights of gonads,
mantles, and gills were significantly lower in clams
collected from the contaminated site compared to the
reference site. In clams from the contaminated site,
the mean wet weights of mantles and gills were 40%
lower and wet weights of gonads were 80% lower
than in clams from the reference site (Fig. 2b). Gonad
wet weight for clams prior to composite analysis was
positively correlated (R*=0.70, p<0.01) with length
in clams from the reference site (Fig. 3a), whereas
gonad wet weight was weakly, negatively correlated
with length (R*=0.36, p<0.01) in clams from the
contaminated site (Fig. 3b).

3.3 Metal Correlations Between Clam Organs
and Their Environment

Within the set of individually analyzed A. umbonella
clams collected from the contaminated site in Kuwait

(Y]

0.8
0.7
0.6 - M Contaminated

[ Reference

Soft tissues (mg)

D.g. Kidney Gills

Mantle Foot Heart Gonads

80%
60%
40%

20%
w

1o . . 0
-20% 7| D.g. Kidney % NHe Foot  Heart Gopa
-40%

-60%
-80%
-100%

Organs

Fig. 2 Organ wet weights (a) and percent differences (b) in the
clam 4. umbonella collected from contaminated and reference
sites in Kuwait Bay. D.g. digestive gland

Bay, several correlations were observed between
metal concentrations in clam organs and those in the
sediment and sediment pore water to which individual
clams were exposed (Table 4). For example, the
concentration of Hg in clam gonads (Fig. 4a; R*=0.53,
p<0.01) and the concentrations of Cd, Cu, and Pb in clam
kidneys (Fig. 4b; R*=0.49, p<0.01, Fig. 4c; R*=0.51,
p<0.01, Fig. 4d, R*=0.52, p<0.01, respectively) were
correlated with the concentrations of these metals in
the sediment in which the animals were living.
Positive correlations were also found between metal
concentrations in clam organs and sediment pore
water for Hg in clam gonads (Fig. 5a; R*=0.63, p<
0.01), Hg in gills (Fig. 5b; R*=0.72, p<0.05), Cd in

Table 3 Distributions of Cd,

Cu, Hg, and Pb among organs of Metal ~ Gonads  Mantles  Kidney  Gills Digestive gland ~ Heart Foot

the clam 4. umbonella collected

from a contaminated site in Cd 1£02 <1 93+0.8 <1 <1 4+03 <l

Kuwait Bay Cu 21+£0.9 17+£8.1 18+0.6 6+0.4  22+0.9 13£0.3 3+0.1
Hg 28+2.7 12+1.4 25+1.4 11+2.3 4+1.4 12£1.3 9+1.3

Values are percentages of total Pb 74£0.1  1x0.1  70£23 1201 3+0.1 18£0.4 <1

soft tissue metal+1SD (n=17)
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Fig. 3 Relationships between gonad wet weight and length in
the clam A. umbonella from the reference site (a) and
contaminated site (b) in Kuwait Bay

clam mantles (Fig. 5¢; R*=0.65, p<0.01), and Cu in
clam gonads (Fig. 5d; R*=0.53, p<0.01).

4 Discussion

The distribution of metals among bivalve organs
reflects the integrated bioavailability of metals in

Table 4 Correlation table for metal concentrations in A.
umbonella organs and sediment (S) or sediment pore water
(W) at the contaminated site in Kuwait Bay

Organ Hg Cd Pb Cu Cr \%
Digestive gland w W

Kidney w S S S S S
Mantles w w

Gonads S W, S W W, S
Gills A W W W,S W

Letters indicate significant positive correlations (p<0.05)

pristine or contaminated aquatic environments and
their biological redistribution within the organisms.
Metal distributions among bivalve organs have rarely
been measured in native freshwater (Tessier et al.
1984) or marine (Okazaki and Panietz 1981; Ahn et
al. 2001; Kavun and Podgurskaya 2009) populations
and may differ from those in laboratory-exposed
animals (Giguere et al. 2003). In the present study,
A. umbonella clams from both the contaminated and
reference sites in Kuwait Bay accumulated most of
their body burdens of Cd, Pb, V, and Zn in the
kidneys, while Hg, Cu, and Ni were evenly
distributed among organs and Cr was concentrated
in the foot and mantles. High absolute and relative
levels of metal accumulation in bivalve kidneys
were previously observed in the Antarctic clam
Laternula elliptica (Ahn et al. 1996) and in Pacific
mussels (Podgurskaya and Kavun 2005; 2006), but in
the oysters Crassostrea gigas and Crassostrea virgin-
ica, metal concentrations in the kidneys were similar
to those in other organs in oysters from a contami-
nated site or lower than those in other organs in
oysters from an uncontaminated site (Okazaki and
Panietz 1981).

All metals accumulated to higher concentrations
in the gills and mantles of 4. umbonella from the
contaminated site in Kuwait Bay than in clams
from the reference site, but most metals did not
accumulate to the greatest extent in these organs
overall. Indeed, in A. umbonella from the contam-
inated site, internal organs including digestive gland,
kidneys, and gonads accumulated the highest concen-
trations of Hg, Cd, Cu, Pb, Ni, and V consistent with
previous findings (Okazaki and Panietz 1981;
Podgurskaya and Kavun 2005).

The accumulation of metals in specific organs of
bivalves is a consequence of specific pathways of
uptake, transport, storage, and excretion (Simkiss and
Mason 1983; Phillips and Rainbow 1989; Fisher et al.
1996). For example, the accumulation of metals in
gills and mantles indicates uptake of metals from the
dissolved phase (Bebianno et al. 1993; Reinfelder et
al. 1998, 1997; Cooper et al. 2010), especially for
metals like Cd which are primarily present in marine
waters in dissolved form (Balls 1985). Positive
correlations between Cd and Cr concentrations in A.
umbonella gills and mantles and in sediment pore
water indicate primarily dissolved accumulation of
these metals in these organs. In contrast, strong
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Fig. 4 Relationships
between metal concentra-
tions in sediment and
specific organs of the clam
A. umbonella from the
contaminated site in Kuwait
Bay. Data are for Hg in
gonads (a), Pb in kidney
(b), Cd in kidney (c), and
Cu in kidney (d)

correlations between the concentrations of Cd, Pb,
Cu, Cr, and V in 4. umbonella kidneys and sediment
indicate trophic accumulation. 4. umbonella is an
infaunal “interface” feeder that can change its mode

Fig. 5 Relationships
between metal concentra-
tions in water and specific
organs of the clam A.
umbonella from the
contaminated site in
Kuwait Bay. Data are for
Hg in kidney (a), Hg in
gills (b), Cd in mantles (c),
and Cu in gonads (d).

Hg concentrations in water
are in parts per trillion
(nanograms per liter)
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accumulate metals from either ingested sediments or
suspended particles in the overlying water (King et al.
2010).

The observation of higher concentrations of most
metals in the organs of 4. umbonella clams collected
from the contaminated site in Kuwait Bay than
from the reference site is consistent with previous
studies in which metal concentrations in bivalve
organs were compared in native populations from
contaminated and uncontaminated sites (Okazaki
and Panietz 1981; Podgurskaya and Kavun 2005).
The small range of Zn concentrations in the
organs of A. umbonella from the contaminated and
reference sites is consistent with measurements of Zn
in whole soft tissues of other bivalves (Klumpp and
Burdon-Jones 1982; Amiard-Triquet et al. 1986),
indicating that Zn levels in bivalves do not vary
considerably between polluted and unpolluted areas
as a result of biological regulation.

Significant positive correlations between the con-
centrations of metals in the organs of A. umbonella
from the contaminated site in Kuwait Bay and those
in the environment (Table 4, Figs. 4 and 5) indicate
that metal concentrations in A. umbonella organs are
sensitive to changes in the concentrations of metals in
the sediments and sediment pore waters to which
these clams are exposed. Among all the organs, the
gills, gonads, and kidneys had metal concentrations
that were most frequently correlated with the concen-
trations of metals in sediments and sediment pore
waters. These organs are therefore the best potential
candidate biomonitors of metal contamination in
coastal marine environments. Unlike in other studies
(Tessier et al. 1984; Ahn et al. 2001), few correlations
between metal concentrations in A. umbonella
digestive glands and the environment were observed.

A. umbonella accumulated Hg, Cd, Pb, Cr, and V
in its gills in proportion to their concentrations in
the sediment pore water to which it was exposed,
indicating that gills may be a suitable biomonitor for
changes in dissolved metal levels. Similar correlations
between metal concentrations in the gills and environ-
mental compartments have been observed in other
mollusks (Tessier et al. 1984; Langston and Zhou
1987; Roesijadi and Robinson 1994; Odzak et al.
1994; Inza et al. 1997). Correlations between metal
concentrations in bivalve gonads and environmental
compartments have also been reported (Yap et al.
2006). The kidneys of the clam A. umbonella might

serve as a useful biomonitor of metals in sediments since
they accumulated Cd, Pb, Cu, Cr, and V in proportion to
concentrations in the sediments to which the clams were
exposed. Few correlations of metal concentrations in
bivalve kidneys and environmental concentrations
have been reported. Concentrations of Cd, Cu, Pb,
and Zn were elevated in the kidneys of mussels
from a contaminated bay off Russia’s Pacific coast
near Vladivostok compared with mussels from
uncontaminated sites (Podgurskaya and Kavun
2005). Cd levels increased in kidneys in proportion
to environmental exposure in the clam Megapitaria
squalida in La Paz Bay, Baja California Sur, Mexico
(Escobedo-Fregoso et al. 2010).

The use of bivalves as biomonitors of environmental
metal contamination requires an understanding of how
metal concentrations in bivalve soft tissues vary with
environmental and biological factors. For example, the
use of metal concentrations in bivalve organs to
assess metal contamination is confounded by several
biological factors including variable organ size (Dragun
et al. 2010) and reproductive status (Nerum et al.
2005). Soft tissue weight often decreases as metal
concentrations increase such that there may be little to
no variation in total metal load to the animal
(Mouneyrac et al. 1998). In this case, relationships
between metal concentrations in the animal and the
environment are unclear. A similar effect would
complicate the use of bivalve organs as biomonitors
if organ weight decreased as metal exposures
increase. In 4. umbonella, fivefold lower wet weights
of gonads in contaminated clams compared to clams
from the reference site in Kuwait Bay could, within
analytical uncertainty, account for all of the apparent
increases in the concentrations of all eight metals
analyzed. Similarly, the 1.7-fold lower wet weights of
gills and mantles in contaminated clams could
account for apparent increases of Cu, Pb, Ni, and Zn
in clam mantles and of Pb, Ni, and Zn in clam gills.
Although in the present case the concentrations of Hg
and Cd in gills and mantles and Cu in gills increased
by more than the factor of 2 decrease in gill and
mantle weights, in the environment, such decreases in
gill and mantle weights would complicate the
relationships between metal concentration increases
in these organs and environmental contamination.
With respect to metal accumulation in bivalve
gonads, changes in gonad weight over the reproductive
cycle would have a similarly complicating effect on the
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interpretation of gonad metal concentrations. Indeed,
reproductive status affected the concentrations of the
greatest number of metals in the gonads compared with
other organs in spiny and Pacific scallops (Nerum et al.
2005). Metal accumulation in the gonads, gills, and
mantle of 4. umbonella and perhaps other bivalves is
therefore not appropriate for use as biomonitors of
sediment contamination in marine environments.

Decreased organ weights in clams from contaminated
environments compared with uncontaminated clams
may indicate organ-specific stress on tissue develop-
ment, a general toxic effect on animal growth, or stress
related to poor quality or low quantity of food. In the
present study, environmental contamination only
affected the weights of three out of seven clam
organs and did not affect clam size (shell length).
Therefore, a general toxic effect on animal growth
is unlikely to have caused the decreased development of
gonads, gills, and mantles in contaminated clams. For
the same reasons, lower food quality or quantity is
also an unlikely cause of the reduction in gonad, gill,
and mantle weights. Exposure to elevated levels of
metals inhibited gonad development and gamete
production in scallops, clams, and mussels
(Gauthier-Clerc et al. 2002; Regoli et al. 2001; Siah
et al. 2003). Reduced weights of gonads observed in
A. umbonella from the contaminated site compared to
similarly sized clams from the reference site are most
likely due to the effects of elevated metal concentrations
on gonad tissue development. Gill and mantle develop-
ment may have been similarly affected.

Bivalves are known to accumulate, detoxify, and
immobilize a diversity of metals in their kidneys (Denton
and Burdon-Jones 1986; Langston et al. 1998; Ahn et
al. 2001; Podgurskaya and Kavun 2005). In the
present study, there were no signs of visible stress in
kidney size or weight in contaminated 4. umbonella
clams, and the relatively high metal concentrations in
A. umbonella kidneys did not affect kidney growth.
Thus, kidneys provide a biological reservoir of stable
mass for use as a monitor of environmental metal
contamination. In addition, in 4. umbonella, kidneys
appear to have the best dynamic range with respect to
metal concentrations among clam organs. For exam-
ple, while the digestive gland was the site of the
highest concentration of Cu in A. umbonella clams
from both the contaminated and reference sites in
Kuwait Bay, the relative increase in Cu concentration
in the digestive gland of contaminated clams relative

@ Springer

to clams from the reference site was smaller (factor
of 2) than that in the kidneys (factor of 4). Our
results show that the choice of bivalve organ for
use as a biomonitor of environmental contamination
must consider the variability of organ weight under
contaminant stress and the dynamic range of metal
concentrations each organ records.
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