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ABSTRACT OF THE DISSERTATION
An Evaluation of Clam Amiantis umbonella (Bivalve) as a Bio-indicator of Heavy Metal
Pollution in Kuwait Marine Coastal Waters.

By QAISER TARIQUE

Dissertation Director:
Dr. Joanna Burger

To evaluate the clam Amiantis umbonella as a bio-indicator of metal
contamination, the concentrations of a number of metals (Hg, Cd, Pb, Cu, Ni, Mn, Cr, V,
Zn, and Fe) were determined in clam’s soft tissues, in different organs, water, and
sediment in Kuwait Bay of the Arabian Gulf. The primary objective of this study was to
evaluate the relationship of all metals concentrations in soft tissue and various organs of
clam, water and sediment and to compare them with a reference site, and with results
obtained from other geographical areas of the world. Metal concentrations and metal
burdens of Pb, Hg, Cu, and Cd in the soft tissues of clam were also compared as a
function of clam size.

Hg, Cd, Cu, Ni, Cr, V and Pb were significantly higher in water and
sediment near point sources compared to reference sites. The concentration of all metals,
except Zn were significantly higher in kidneys, gonads, mantles, gills, livers and hearts of
contaminated site clams, compared to the reference site clams. The highest inter-location
variability was in kidneys, compared to all other organs. The concentration of Cu, Hg, Ni
and Fe in contaminated site clams was significantly higher in the gonads (15.0 ppm, 2.32

ppm, 4.3 ppm, 4.6 ppm wet weight respectively) than in kidneys, mantles and livers. The



highest Cr concentration (12.5 ppm) was in the mantles. The liver was found to be the

main depository of Cu (16.7 ppm) in contaminated site clams. Among the metals, Cd

body burden and concentration was positively correlated to clam’s wet weight/length.

However, the concentrations of Pb, Hg and Cu were not correlated with clam length or
weight, indicating it may be biologically regulated.

The concentrations of Ni, Cu, Cd, Pb, Mn, V and Cr in sediment were highly
correlated with those in water. The levels of metals in clams from this study are
generally within the range of mean values reported in the literature for other areas of the
world. Only elevated levels of Hg (6.2 ppm), Pb (2.0 ppm) and Cd (4.8 ppm) from

Kuwait exceeded the levels set by FAO, WHO and FDA for human consumption.
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1. General Introduction
1.1. Introduction of this Dissertation

Metal pollution of the coastal environment continues to attract the attention of
environmental researchers (Amiard et al., 1986, 1987; Shulkin e al., 2003). Coastal
marine ecosystems have become more extensively degraded in recent years (Goldberg et
al.,1978). In spite of efforts to improve resource management, industrialized society
continues to release chemicals to the environment via aquatic effluents, spillages
(accidents) and atmospheric emissions. However the increase of anthropogenic inputs of
metals to aquatic ecosystems has caused growing concern among the general public and
resource managers, and has given rise to strategies to monitor the exposure of organisms
to these metals. It is not surprising that coastal waters are under enormous
environmental stress. It is also believed that ocean disposal of selected wastes can safely
take place in certain areas. However, if assimilative capacities are exceeded, receiving
waters soon begin to exhibit evidence of ecological stress. This continuing release of
contaminants requires an ongoing assessment of chemical concentrations and their
ecological effects in coastal regions (Tripp and Farrington, 1985; Widdows et al., 1997).

Pollution by heavy metals is a serious problem due to their toxicity and their
ability to accumulate into biota (Islam and Tanaka, 2004). Therefore, determination of
metal concentration in organisms is an essential part of any assessment and monitoring
program in the coastal zone. Marine pollution is generally referred to as the presence in
the marine environment (water, sediment or organism) of both inorganic and organic
compounds often of anthropogenic origin, which occurs in excess thus leading to

alterations in the characteristics of the ecosystem (Diaz et al., 2001). Metals may enter



aquatic ecosystem at points near their source, or more diffusely through atmospheric
deposition of industrial or automobile emissions directly onto waters or indirectly
through runoff from surface waters (Bellos et al., 2005). Once in waters, metals undergo
a range of physical and chemical reactions that influence their fate, including partitioning
between aqueous and solid phases in the water column, and in turn, burial in sediments
and accumulation and transfer in food chains (Paulson et al., 2003). Various studies have
shown the impact of point sources on inter-tidal benthic communities adjacent to
discharge points, resulting in mainly sub-lethal effects including their accumulation and
subsequent biomagnifications through the food chain becoming detrimental to human
beings (Szefer et al., 2002).

The potential threat of metals to aquatic organisms has been directly and
indirectly assessed during recent decades, using several methods. As an indirect measure
of the abundance and availability of metals in the marine environment the
bioaccumulation of metals by the tissues of the marine organisms led to the adoption of
the bio-indicator concept (Langston et al., 1998).

The use of biological indicator organisms in the study of trace metal pollution in
coastal marine systems has become attractive and well accepted in the past three decades
(Cosson et al., 2000). Bio-monitoring and surveillance are key methods for assessing the
status and wellbeing of ecological receptors within functioning ecosystems (Burger and
Gochfeld, 2001). According to the National Academy of Science (NAS, 1993), the use
of bio-indicators has proven to be effective in advancing the state of knowledge and
understanding of environmental processes, supporting environmental regulation, standard

setting and enforcement, and improving on existing methods of instrumentation.



The ability of tolerant species (bivalve) to concentrate pollutants hundreds or
thousands of times over levels present in the ambient environment provides a reliable
method of detecting a contaminant’s presence. The use of bivalve (mollusks) as
indicators of trace metal enrichment or biological stress in aquatic environments has
gained widespread acceptance (Goldberg et al., 1978; Bryan et al., 1980; Phillips, 1980;
Popham et al., 1980; Jensen et al., 1981; Thomson et al., 1984). Bivalves such as
Mytilus have been successfully used as indicator organisms in environmental monitoring
programs throughout the world to identify variation in chemical contaminants among
sites and contribute to the understanding of trends in coastal contamination (O” Connor et
al., 1995, Beliaeff et al., 1998, North America; Picer and Picer, 1991; Thailand; Sericano
et al.,1995; Central and South America; Widdow et al ., 1995; Britain. The National
Status and Trends program in the United State runs by the National Oceanic and
Atmospheric Administration is an extensive bio-monitoring program (O’Connor, 1991,
2002). Similar programs have been established independently in some states, California,
(Gunther et al., 1999); Maine, Gulf Watch Program, (Townsend, 1992), as well as other
countries, such as France (Cossa et al., 2002), Russia (Tkalin et al., 1998), and Taiwan

(Hung et al ., 2001).

1.2. Rationale of using clam as a bio-indicator of metal pollution in
Kuwait Bay
Bivalves are an important component of the benthos in coastal ecosystem and are

commonly used bio-sentinel organisms to assess exposures of the benthos to metal
contamination (Goldberg et al., 1983; O’Connor 1992; Brown and Luoma, 1995). The
criteria by which organisms are accepted as bioindicator for the assessment of

contamination were proposed more than twenty five years ago and remain unchanged,



such as the ‘Mussels Watch Program’.  The importance of bivalves in pollution impact
studies is shown by the magnitude and longevity of the international Mussel Watch
(Goldberg, 1978). This program originated in the late 1960s and continues to maintain
momentum today (Cantillo 1992; O’Connor 1998; Jeng et al., 2000). Large-scale
monitoring programs such as this provide information on both current status and long
term trends which allows evaluation of species, population, and ecosystem effects
(Burger, 2006).

Bivalves concentrate many metals in their soft tissues and the tissue metal levels
represent a time integrated response to bio-available metal in food and water
(bioaccumulation). They are ideal bio-monitors of aquatic systems, because they are
tolerant of ecological variations in parameters such as salinity, and have the ability to
accumulate organic and metallic pollutants at concentrations several orders of magnitude
above those in the ambient environment (Bryan et al., 1977, 1983).

The factors which influence metal concentration and accumulation are
bioavailability of metals, season, size, sex, hydrodynamics of the environment, changes
in tissues composition and reproductive cycle (Boyden and Phillips, 1981). The
following attributes have led to the use of bivalves, particularly clams and mussels as
“sentinel” or “indicator” organisms in environmental monitoring programs throughout
the world:

1. Bivalves, such as mussels and clams, are dominant members of coastal and
estuarine communities and have a wide geographical distribution. This minimizes
the problems inherent in comparing data from markedly different species (Philips,

1980; NRC, 1986).



Clams and mussels are sedentary and therefore better than mobile species as
integrators of chemical contamination in a given area (Roesijadi, 1982).

Bivalves are relatively tolerant of a wide range of environmental conditions,
including moderately high levels of many types of contaminants (Widdow, 1985,
1997).

Most bivalves are suspension feeders that pump large volumes of water (several
liters per hour) and concentrate many chemicals in their tissues relative to the
concentration in seawater. This often makes measurements of trace contaminants
easier to accomplish in their tissues than in seawater (Farrington, 1987).

The measurement of chemicals in bivalve tissues provides an assessment of
biological availability that is not apparent from measurement of contaminants in
environmental compartments (water, suspended particulates and sediments)
(NRC, 1983)

In comparison to fish and crustaceans, bivalves have very low levels of activity of
those enzyme systems capable of metabolizing organic contaminants, such as
aromatic carbons. Therefore contaminant concentrations in the tissues of bivalves
more accurately reflect the magnitude of environmental contaminants (NRC,
1986; Phillips, 1980).

Mussels and clam populations are relatively stable and can be sufficiently large
for repeated sampling, thus providing data on short and long term temporal
changes in contaminant levels (O’Connor, 1992).

Mussels and clams can be and maintained in cages and readily transplanted to

sites of interest, either in the inertial zone or sub tidally on moorings.



Mussels and clams are a commercially important seafood species on a worldwide
basis and measurement of chemical contamination is of interest for public health
consideration (Philips, 1980). In recent years, researchers have focused their attention on
the identification of other possible bio-monitors or bio-indicators for trace metal pollution
to expand current understanding of different bioaccumulation strategies for trace metals.
Monitoring schemes will be most useful if they include multiple species representing
different tropic levels (Burger, 2006)

Individual bio-indicators respond differently to different sources of bio-available
metal (e.g., solution, sediment or in food). Element concentrations in bivalves at the
same location differ between different species and individuals due to species-specific
abilities and capacities to regulate or accumulate trace metals (Reinfelder et al., 1997,
Otchere et al., 2003). Aquatic and related fauna such as mussels (O’Connor, 1992),
clams (Burdon-Jones and Denton, 1984), barnacles (Fialkowski and Newman, 1998),
colonial sea birds (Burger, 1997, Burger and Gochfeld, 2004) and fish (Denton and
Burdon-Jones, 1984) are reliable bio-indicators of heavy metal-monitoring programs in
marine ecosystems.

Ecological risks from metal contaminants are difficult to document because
responses differ among species, threats differ among metals, and environmental
influences are complex. Unifying concepts are needed to better tie together such
complexities (Luoma et al., 2005). To gain a complete picture of total heavy metal bio-
availability in a marine habitat it is necessary, therefore, to use a suite of bio-indicators
that reflect metal bio-availabilities in all available sources (Phillip, 1990; Rainbow, 1990,

1993). Such comparative use of different bio-indicators should allow identification of the



particular source of the contaminant metal (Phillip & Rainbow, 1993). As early as 1976,
claims were made that mussels (Mytilus edulis) should not be used as indicator of copper
pollution since there was a variability of copper uptake by the organism (Phillip, 1976)
which could have been due to environmental factors such as temperature and salinity. A
more recent report supports the claim that M. edulis are efficient accumulators of many
metals, but do not show great changes in tissues concentrations of zinc and copper, in
response to increases in metal bio-availability (Rainbow, 1995).

In recent years, researchers have focused their attention on the identification of
other possible bio-monitors or bio-indicators for trace metal pollution to expand current
understanding of different bioaccumulation strategies for trace metals. Monitoring
schemes will be most useful if they include multiple species representing different tropic
levels (Burger, 2006).

The overall goal of the study was to explore the potential use of the clam Amiantis
umbonella (bivalve) as an effective bio-indicator species for metal contamination in the
Kuwait marine environment. In addition to its use in environmental evaluations, the
amount of pollutants bio-accumulated is a concern as these edible bivalves are consumed
by humans and wildlife.

Clams A. umbonella were used as bio-indicator of metal contamination. This
species is widely distributed in Asia and especially in India, Pakistan, Mauritius, Arabian
Gulf, Qatar, Kuwait. This clam typically lives and feeds at a depth of 7-8 cm in fine
sediments and quiet observable and easily accessible during low tide (Chapter 2, Figure
3). Clam (A. umbonella) as a facultative deposit feeder has the potential to accumulate

bio-available contaminants from both water and sediment. In addition to using clams as



bio-indicators of marine coastal contamination, it is also recognized that they are an
important link for the transfer of contaminants between sediments, water and higher
organisms, including man. Hence, information on the contaminant concentrations in their
tissues is potentially useful in considering toxicological and public health implications of
marine coastal contamination (Phillip & Rainbow, 1993). Contaminants, such as metals,
can have adverse effects on the health and wellbeing of organisms, including humans.
Thus there is a need of information on contaminant trends, especially for coastal regions,
which are increasingly industrialized and developed (Burger and Gochfeld, 2002).
Understanding the fate and effect of chemicals can be used to assess the health of
ecosystems and to provide early warning of changes in the environment that might
indicate adverse effects (Burger, 2002).

The primary objective of this study was to study the concentrations of ten metals
(Hg, Cd, Pb, Cu, Mn, Zn, Cr, Ni, V, and Fe) in a clam population (A. umbonella) living
adjacent to water desalination and electric power plant in Kuwait Bay (Chapter 2, Figure
3) and compared with reference sites clams at Umm-Kishish study area, 5 km away from
the point source (Chapter 2, Figure 3). In addition, metal concentrations were also
compared with those in marine clams from around the world. Metal accumulation in
biota and organs were also compared with those in the sediment and water from their
habitats. Furthermore, metal accumulation was studied as a function of age and size of
clam.

This dissertation is divided into six chapters. Chapter 1 gives a general
introduction (literature review) and rationale for studying the use of clam Amiantis

umbonella as a bio-indicator of metal pollution in Kuwait marine environment. A



conceptual model of metal bioaccumulation showing the potential routes of contaminant
mobility and fate was developed. Chapter 2 focuses on the accumulation of ten trace
metals (Hg, Cd, Pb, Cu, Mn, Zn, Cr, Ni, V, and Fe) in clams near a desalination and
power plant compared to a reference sites. Chapter 3 investigates the distribution of
heavy metals in the organs of the marine clam’s population living along point source
contaminated and reference sites in the Kuwait Bay. Chapter 4 focuses on the
concentrations and body burden variations of four metals (Hg, Cd, Pb and Cu) in relation
to clam shell length and total wet weight of the contaminated site clams. Chapter 6
presents the overall conclusion while Chapter 6 states the future direction. Chapter 7

contains the References while the Curriculum Vita is found in Chapter 8.

1.3. Metal Contamination and Related Questions

Metal Contamination and related questions.

1. By which pathway, water or sediment, do heavy metals enter these clams?

2. Inwhich organs are metals accumulated and to what extent?

3. Can clam whole tissues and / or organs be used as bio-indicator of metal
contamination?

4. Is metal bio-accumulation in clam tissues related to metal exposures that can
either adversely affect the health of the organism, or be transferred up the food
web?

5. How do metal concentrations and body burdens vary with clam length and

weight?
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Figure 1. Conceptual Site Bioaccumulation Model.

Schematic representation of the conceptual site bioaccumulation model showing
clam A. umbonella and potential routes of contaminants mobility and fate.
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1.4. Conceptual Site Bioaccumulation Model

A conceptual site bioaccumulation model was developed (Figure 1) showing metal
contaminants entering a system, their transportation, and routes of exposure to clams
population and humans. The primary route for contaminant (metal) to enter any reach of
the Kuwait Bay was through surface waste water discharge (thick concentrated brine and
hot water) from desalination and electric power plants. Clams as a benthic facultative
filter feeder received all these contaminants through different exposure pathways such as
metals dissolved in water column through gills, ingestion of food (phytoplankton) and
particulates matter. Clams might get contaminants from interstitial water due to stress or
poor quality or quantity of suspended particulate matter that cause the switch from filter
to deposit feeding. Michael et al., (2002) has previously demonstrated that pore water
(interstitial) is the most sensitive indicator for controlling the metal partitioning between
solid and dissolved phase and therefore their potential bioavailability. Contaminants
loading from each of the routes had body burdens and metal concentrations increase in

soft tissues of the clams.
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2. The Accumulation of trace metals in the clam A. umbonella
near a Desalination/Power Plant compared to a reference
site in Kuwait.

2.1. Abstract

To evaluate the clam Amiantis umbonella as a bio-indicator of metal
contamination, the concentrations of a number of metals Hg, Cd, Pb, Cu, Ni, Mn, Cr, V,
Zn and Fe were determined in clams, water, and sediment in Kuwait Bay of the Arabian
Gulf at varying distances (0.25 to 5 km) from desalination and power plant waste water
discharges. The primary objective of this study was to evaluate the relationship of all ten
metal concentrations in the soft tissue of clams, water, and sediment and to compare them
with a reference site, 5 km away from the point source, and with results obtained from
other geographical areas of the world. The Hg, Cd, Cu, Ni, Cr, V and Pb were
significantly higher in water at all sites near desalination and power plants compared to
the reference sites. All metals were also higher in sediment near the point source
compared to the reference sites. However, some metals (Hg, Cu, Cd, Cr, Mn, Pb)
exhibited a spatial gradient within contaminated sites near the desalination and the power
plants. The concentrations of Ni, Cu, Cd, Pb, Mn, V and Cr in sediment were highly
correlated with those in water. There were significant locational differences of metal
concentrations in clams.  The clams collected from sites ¥ km from the
desalination/power plant had the highest levels of Cu, Ni, Pb, Mn and Cr compared to the
other sites farther away from the point source. The Hg, Cd, Cu, Ni, Cr, and V
concentrations were significantly higher in the soft tissues of clams from all stations

adjacent to the desalination and power plants compared to those from the reference sites.
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“In this study a statistically significant correlations (Linear regression) of Hg, Cd, Cu, Cr
and Zn concentrations in clam soft tissues and sediment, (R*= 0.63, 0.54, 0.58, 0.63,
0.59) we observed but the concentrations of these metals were weakly correlated between
clams, soft tissue, and water. In contrast Fe, Mn and Pb concentrations were strongly
correlated with concentrations in water (R*= 0.40, 0.28, 0.67) and weakly with those in
sediment. There were inverse correlations between V concentrations in clam soft tissues
and those in sediment and in water. The levels of metals in clams from this study are
generally within the range of mean values reported in the literature from all other areas of
the world. Only elevated levels of Hg (6.2 ppm), Pb (2.0 ppm) and Cd (4.8 ppm) from

Kuwait exceeded the levels set by FAO for human consumption.

2.2. Introduction

Metal bioaccumulation in macro-invertebrate tissues can be used for bio-monitoring
of metal exposures that can either adversely affect the health of the organisms
themselves, or be transferred up the food web to affect higher organisms (Luoma, 1996;
Burger, 2006). Bivalves present at the second tropic level in marine ecosystems have
long been known to accumulate both essential and non-essential trace elements,
providing a time-integrated indication of environmental contamination (Dallinger and
Rainbow, 1993). Many researchers have suggested the potential use of bivalves,
especially mussels, clams, and oysters, as bio-monitors or bio-indicators for monitoring
metal contamination in aquatic systems (Philip, 1980; Bryan et al., 1985; Cossa, 1988;
Philips and Rainbow, 1993; Claisse et al., 2001; Szefer et al., 2002. Cunningham (1979)

pointed out that by definition biological systems can only respond to what is bio-
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available to them, and test organisms therefore provide the best indication of bio-
available pollutants.

Bivalves are an important component of the benthos in the coastal ecosystem and are
commonly used bio-sentinel organisms to assess the exposures of the benthos to metal
contamination (Goldberg et al., 1983; O’Connor 1992; Brown and Luoma, 1995). The
criteria by which organisms are accepted as bio-indicators for the assessment of
contamination were established 25 years ago and remain unchanged, such as the mussels
watch program. The importance of bivalves, in pollution impact studies is shown by the
magnitude and longevity of the International Mussel Watch (Goldberg, 1975). This
program originated in the late 1960s and continues to maintain momentum today.
(Cantillo, 1980; O’Connor, 1998; Jeng et al., 2000). These established, large-scale
monitoring programs provide information on both current status and long- term trends,
which allow evaluation of species, population, and ecosystem effects (Burge, 2006).

Bivalves concentrate many metals in their soft tissues (Borchardt, 1983; Fischer
1988) and the tissue metal levels represent a time- integrated response to bio-available
metals in food and water (bioaccumulation). They are ideal bio-monitors of aquatic
systems, because they are tolerant of ecological variations in parameters such as salinity
and temperature. Bivalve has the ability to accumulate organic and metallic pollutants at
concentrations several orders of magnitude above those in the ambient environment
without being killed by the levels encountered (Bryan et al., 1977, 1983).

In recent years, researchers have focused their attention on the identification of
other possible bio-monitors or bio-indicators for trace metal pollution to expand the

current understanding of different bioaccumulation strategies for trace metals.
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Monitoring schemes will be most useful if they include multiple species representing
different tropic levels (Burger, 2006).

Individual bio-monitors respond differently to different sources of bio-available
metals (e.g., solution, sediment, or in food). Element concentrations in bivalves at the
same location differ between different species and individuals due to species-specific
abilities or capacities to regulate or accumulate trace metals (Reinfelder et al., 1997,
Otchere et al., 2003). Aquatic and related fauna such as mussels (O’Connor, 1992),
clams (Burdon-Jones and Denton, 1984), barnacles (Fialkowski and Newman, 1998),
colonizing sea birds (Burger, 1997; Burger and Gochfeld, 2004), and fish (Denton and
Burdon-Jones, 1986) are reliable bioindicators of heavy metal-monitoring programs in
marine ecosystems.

To understand heavy metal bioavailability in a marine habitat, it is necessary,
therefore, to use a suite of bio-indicators that reflect metal bio-availabilities in all
available sources (Phillip, 1990; Rainbow, 1990, 1993). Comparative use of different
bio-indicators will also allow identification of the particular source of the contaminant
metal (Phillip & Rainbow, 1993).

The overall goal of the study is to examine the use of the clam A. umbonella
(bivalve) as a potential bio-indicator for metal contamination in the Kuwait marine
environment. In addition to its use in environmental evaluations, the amount of
pollutants bio-accumulated is a concern, as these bivalves are consumed by humans and
wildlife.

Clam A. umbonella were used as a bio-indicator of metal contamination. This

clam typically lives and feeds at a depth of 7-8 cm in fine sediments and obtains nutrition
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from filter and deposit-feeding. These clams are also an important link for the transfer of
contaminants between sediments, water, and higher organisms, including man. Hence,
information on the contaminant concentrations in their tissues is useful in considering
toxicological and public health implications of marine coastal contamination (Phillip &
Rainbow, 1993). Contaminants such as metals can have adverse effects on the health and
wellbeing of organisms, including humans. Thus, there is a need for information on
contaminant trends, especially for coastal regions, which are increasingly industrialized
and developed (Burger and Gochfeld, 2002). Understanding the fate and effect of
chemicals can be used to assess the health of ecosystems and to provide early warnings of
changes in the environment that might indicate adverse effects (Burger, 2002)

In this study, the concentrations of the metals Hg, Cd, Cu, Ni, Mn, Pb, Cr, Iron,
V, and Zn in four coastal sites were examined in sediments, water, and in the infaunal
clam A. umbonella, a bivalve that is common in Kuwait Bay along the Arabian Gulf. In
addition, metal levels in clams will be compared to the results obtained from other
geographical areas of the world.

The primary objective of this study to compare metal bioaccumulation in the clam
A. umbonella population living adjacent to a water desalination and electric power plant
in Kuwait Bay (Figure/Map 2) with a reference site at the Umm-Kishish study site, 5 km
away from the point source. It was expected that the reference site would support a
higher biomass of the clam population with a very low concentration of metals

(Figure/Map 2).
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Figure 4. PICTURE: Clams A. umbonella at low tide (near Desalination and Power
Plants)
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To determine whether the indigenous clam A. umbonella can serve as an effective
bio-monitoring species for the waste water discharge from desalination and power plant
in Kuwait Bay, the relationship between the total concentrations of Hg, Pb, Cd, V, Zn,
Mn, Cu, Fe, and Ni in clams soft tissues, sediment and water from contaminated sites
near desalination and power plants and compared to the reference sites.

The null hypothesis was tested that
1 There is no difference in metal concentrations in the soft body of clam
populations living in marine water near water desalination and electric power
plans compared to the reference sites.
2  There is no correlation between the concentrations of heavy metals present in

the tissues of clams and those in water and sediment.

2.3. Materials and Methods
2.3.1. Study Sites

Kuwait’s coastline, including its islands, has been estimated at about 400 km.
It is mainly sandy and muddy with very few inlets other than Kuwait Bay. The
northern coast from Doha northwards is bordered by extensive mudflats created
by the floodwaters of the Tigris and Euphrates Rivers, which enter the north end
of the Gulf through the Shatt Al — Arab Water way. Doha coast is mainly sandy.
The maximum tidal range is 3.5 — 4. 0 m. The water temperature varies widely
from 12 °C in January to 34 °C in July. Salinities are generally high throughout
most of the year, ranging from 38 to 42 ppt.

The sampling sites for clams A. umbonella are shown in Figure/Map 2. The

sites were selected on the basis of on the availability of the clams and their
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proximity to the desalination and power plants and also the distributions of
suspected anthropogenic influences in the area. Station 2A was ¥ mile from the
outflow of the desalination plan, and 3A was ¥ mile far from the outflow of the
steam power plant (Figure/Picture 3).

These sites are evenly spread out around the Doha Harbor and Ushairej area,
which lies in the northwest of Kuwait, with a relatively highly developed
desalination plant and steam power plant. This is one of the largest steam power
plants in the world, which can be fueled alternatively with natural gas, crude oil,
and light fuel oil. It was constructed on the coast of the Gulf in the vicinity of the

capital city of Kuwait.

2.3.2. Clams Collection and Preparation

A minimum of 100 clams (n=100) were randomly collected at each of four
sites (2A, 2B, 3A, and 3B), during December 1999, January 2000 with a similar
shell length to minimize the effect of body weight (Marina and Enzo, 1983).
After collection the clams were transported to the laboratory in self-supporting
tanks (capacity of 150 liters, aerated sea water continuously flowing). The clams
were depurated in seawater for approximately 24 hours. The seawater salinity and
temperature were measured during each sampling.

For whole clam analysis, 100 clams were divided into 3 composite samples,
A, B, and C, of 33 clams each. Clams wet weights were recorded (mg). All
clams were shucked and whole tissues were mixed to form a single composite

sample from contaminated and reference locations for investigation of metal
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depositions (atomic absorption spectroscopy). The tissues were stored frozen in
pre-cleaned jars for further analysis.

To investigate the variability of the metal concentrations individually, two
samples of 32 clams were collected randomly from contaminated sites 2A and 3A
and the reference sites.

Prior to analysis, clam tissues were freeze dried to a constant weight (+0.5%).
Then the sample was ground to homogenize it and sieved in order to normalize
the variation in the grain size distributed. Samples were extracted by placing 0.5
gm of the homogenized sample in a Teflon beaker and heating it (120 °C) with
concentrated HNO3 until dry. 5 ml acid (HNO3+HCLO4+HF) was added to the
sample and heated up to 120 °C until dry. Then the sample was cooled to room
temperature and passed through filter paper and poured into the 50 ml volumetric

flask, diluting with HCI 0.1% to make up the volume.

2.3.3. Sediment and Water collection

Water and sediment samples were also collected during sampling from each
of the four stations near the desalination/power plans and the reference site. Three
samples of sediment and water were collected from each contaminated site (2A,
2B, 3A, and 3B), and 12 samples of sediment and water were collected randomly
from the reference site. Beside the sub-samples, 3 standards were digested to
validate the analytical procedure. Along with the samples and standards, 3 blanks
were carried for setting up the system base line. Sediments were air dried and
passed though a 2 mm sieve and kept in a deep freezer (-20 °C ) until processing.

Then the sample was dried by a freeze dryer until all humidity and water were
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decanted from the sample. This step was continued for five days until the weight
was reduced to less than 0.5%. Then the samples were ground to homogenize
them and sieved in order to normalize them. The sample was kept in a glass
bottle for further digestion.

A weight of 0.5 gm of the sediment powder was kept in a Teflon beaker that
was cleaned with 20% of HNOs. 5 ml of conc. HNO3z; +HCIO,4 +HF with ratio of
3: 2: 1 was added to the sample and evaporated to near dryness while covering the
samples continuously for 3 hours. The sample was passed through a filter paper
and transferred to a 50ml volumetric flask, and the volume was made with 0.1%
HCI. The final sample was ready for elemental analysis by ICP-AES (Inductivity
Coupled Plasma Atomic Emission Spectrometry).

The final results were calculated by the following equation:
Metal/gm dry weight= A*V/D

A: The concentration of the sample measured

V: Final volume of the collected sample.

D: Dry weight of the sample
After the seawater samples were delivered to the lab, 5ml of HNO3 was added to
the sample and filtered by a vacuum pump. The pH was adjusted between 5.0 —
5.5 by the addition of 2N HNO3 solution. The samples were then passed through
the lon-exchange column at a rate of 2ml/min, and 25ml of ammonium acetate
was added. The sample was poured into a 25 ml volumetric flask, and 25ml of
2N HNO3 was added. At this point, the samples were ready for atomic

absorption.
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2.3.4. Statistical Analysis

T tests were used to determine whether the mean of the 10 metals from the
desalination and power plants and the reference sites differed from each other
(P<0.05). A linear regression analysis and a coefficient of determination were
used for the correlation between independent and dependent variables. At the
same time, ANOVA (F test) was used to find out the significance of the

regression coefficient (R?).

Results
2.4.1. Spatial differences of metal concentrations in Water

Mean metal concentrations in water, SD, T-test, RSD (% of relative standard
deviation) at the studied locations (2A. 2B, 3A, and 3B) are given in table 1, 2, 3,
and 4. Bar graphs show (Figures 1, 2, and 3) the average enrichment for all
metals in water samples and the percentage (%) increase at the contaminated sites
compared to the reference sites from four sampling locations.

There was a great variation in metal concentrations in all four sites. Cu, Cd, Ni,
Cr, Mn, Pb, and V are significantly different (P< 0.05) at all contaminated sites

compared to reference sites.
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Figure 1. Average Cu, Cd, Pb, V concentrations in water (ppb) at the contaminated
and the reference site.

Error bars show SD. Average values represent triplicate (n=3). The
Symbol¥ represents significant difference of metal concentrations at the
contaminated site as compared to the reference site.
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Figure 3. Average Zn, Cr, and Hg concentrations in water (ppb) at the contaminated
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Error bars show SD. Average values represent triplicate (n=3). The
symbol ¥ represents significant difference of metal concentrations at the
contaminated site as compared to the reference site.
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The highest Cu concentrations were found in water at station 2A near the
desalination plant (Table.1). It was 2-fold higher than at the reference site. The Cd
concentration was greater than at the reference site by a factor of 1.8. In comparison, Ni,
Cd, Pb, V, Iron, and Zn concentrations were a factor of 1.5-1.8 higher than those at the

reference site.
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Table 1. Metal Concentrations in Water at Location 2A

Metal concentrations in water (ppb), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 2A.

Contam/

Locaton1 ~ Location2  Location3  Location4 ~ Mean SD  T-est )

Metals Refere

Stes A B C A B C A B CA B C

o Reference | 045 | 048 0.53046{047| 049 | 047 | 048(049/045( 046 045 | 05 | 00 |496E-14 20 5%
Contaminated | 0.94 | 0.95 {0.99 10 [ 00 ki)
0 Reference | 0.6 | 08 |0.7{06(08] 09|07 [08/09|05[09|09| 08 | 01 |L33E05 r 18%
Contaminated| 12 | 13 |14 13 101 ' 8%
o Reference | 085 | 0.89 |0.88{0.88(0.98| 0.94 | 083 [092/0.96/098( 089 | 0.86 | 09 | 01 |376E-10 s 6%
Contaminated| 14 | 14 |13 14 100 2%
\ Reference | 1.25| 132 [1.27(137|143| 129 1.29 [123|139 145|164 | 132 14 | 01 [336E-10 T 8%
Contaminated| 243 | 245 (241 24 100 ' 1%
y Reference | 353 | 355 |359|365(332| 355 | 398 | 387|333|354( 347 | 311 | 35 | 02 |485E09 s T
Contaminated| 5.37| 528 (531 53 | 00 ' 1%
o Reference [1484| 145.2 | 145|145 149 | 1641|1614 | 157 158 | 152 {1532| 1532| 1526 | 66 |2.79E-11 T 4%
Contaminated| 321 | 287 | 274 2040 | 243 ' 8%
7 Reference | 126 | 128 [129(143| 148 143 139 [135]136] 127|134 | 135 135 | 07 |160E-10 07 5%
Contaminated| 226 | 215 |243 28 | 14 ' 6%
o Reference | 19 | 205 [27(21( 36| 25|36 (223121 2 | 2 | 25 | 06 |6.04E-09 2 5%
Contaminated| 9.2 | 78 |73 81 | 10 ' 12%
" Reference | 0.05 | 0.04 |0.030.05(0.04| 0.06 | 0.04 0.06/0.03/0.05{ 006 | 005 00 | 00 |204E-17 00 2%
Contaminated| 22 | 23 |25 23 102 %
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The highest concentration of Ni was determined in location 2B, ¥ km away from
the water desalination plant. The Ni concentration was higher than that at the reference
sites by a factor of 2.8. The concentrations of Cd and Pb were a factor of 2.5 higher than
those at the reference sites. The concentrations of Cu, V and Iron were greater than those

at the reference sites by a factor of 1.8 — 1.9 (Table. 2).



Table 2. Metal Concentrations in Water at Location 2B

Metal concentrations in water (ppb), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 2B.

33

Location 1 Location2  Location3  Locationd Mean SD  Test YL RSD

Metals Refere

Stes A B C A B C A

G Reference | 045 | 045 | 048] 053{046| 047|049 047]048|049(045(046| 05 | 00 [2.30E-08 8 5%
Contaminated | 098 | 0.76 {086 0 | 0 [ O [ O [ OO0 0] 0]09]01 ' 13%
o Reference | 0.6 | 08 [ 07]06({08(09(07]08|09|05[09[09]08 0L [896E-09 )1 18%
Contaminated | 1.7 | 18 |29 0 O [ O [ O[O [0 [0 ] O] O0[18]01 6%
- Reference {085 0.89 |088]0.88(098(0.94|083]092|0960.98(089(086] 09 | 0.1 |LI8E-15 )1 6%
Contaminated | 2451 219 {222f 0 { 0 [ O [ O [ O OO 0] 0]22[00 ' JA)
\ Reference | 125 | 132 | 127|137 (143 | 129|129 123|139 145|164]132] 14 | 0.1 [3.04E-10 8 8%
Contaminated | 243 | 245 (2431 0| O | O [ O [ O[O [0 |0 ] 0 [24]00 ' 0%
v Reference | 353 | 355 359|365 (332|355 (398387333354 (347(311] 35 | 02 |236E-12 19 %
Contaminated | 6.81 | 684 1679 0 | 0 | 0 [ O [ O[O0 [ 0] 0] 0 [68]00 ' 0%
o Reference [ 148.4| 145.2 | 145 | 145 | 149 |164.1|1614] 157 | 158 | 152 | 153 | 153 | 1526 6.6 |343E-07 5 4%
Contaminated | 210 | 224 [ 2741 0 { O [ O [ O [ O | O] 0 | 0] 0 [2360]336 ' 14%
7 Reference | 126 | 128 |129] 143|148 | 143|139 135| 136|127 |134]135] 135 | 0.7 |L3TE-12 19 5%
Contaminated | 245 | 257 [265[ 0 | 0 [ O [ O [ O | O] 0|00 |256]L0 ' 4%
o Reference | 19 | 205 | 27|21 (36| 25(36(22|3L (21| 2| 2 | 25|06 [LOSE08 39 [ 2%
Contaminated | 9.7 | 78 |1L5) 0| O [ O [ O[O [0 [0 ]O0]0[97]19 1%
Hy Reference { 005 | 0.02 |0.03]0.07{0.050.060.04]0.04]0.03/0.06(003{006] 00 | 00 |L09E-19 3 3%
Contaminated | 23 | 24 [25[ 0| 0 [ O [ O[O OO 0]0]24]01 ' 4%
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The highest concentration of Ni and Cd was found in location 3A respectively by
a factor of 2.9 and 2.8 higher than the reference sites. The Cu concentration was 2- fold
higher than the reference sites. The Pb, V and iron concentrations were a factor of 1.4,
1.6, and 1.8 greater than at the reference sites (Table 3)

The Cd concentration was 3- fold higher in location 3B than the concentration in
the reference site. The V and Iron were a factor of 1.9 higher than the reference sites.
The Cu and Ni were a factor of 1.4 higher than the reference site. The Pb concentration
was greater than the reference site by a factor of 1.5 (Table 4). Regression between the
trace metal concentrations in sediment and water were tested for clams collected from all
four stations. The Mn, Cr, Iron, and Pb concentrations in sediment showed a positive
regression slope with concentrations in water. There was a significant positive

correlation of V concentration in sediment and water (p<0.05).
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Table 3. Metal Concentrations in Water at Location 3A

Metal concentrations in water (ppb), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 3A.

Location 1 Location 2 Location 3 Locationd ~ Mean SD  Titest LI RSD

Referen

Stes A B C

Reference | 045 | 045 | 048 | 053 | 046 | 047049 | 0471048 | 049 [ 045 [ 046] 05 | 00 |[426E13 20 5
Contaminated | 092 | 0% [ 0% | 0 J 0 J O[O J O] O[O0 J0[09]00 T %

0 Reference | 06 | 08 | 07 | 06 | 08 [ 09 [ 07 [08]09]05[09]09] 08 01 [912E10 97 18%
Contaminated| 19 | 21 [ 20 0 J 0 J O] O J O[O ] O] 00 [20]0d | B

oh Reference | 0.85 | 089 | 0.68 | 0.88 | 0.98 [ 0.94] 083 [092| 0% | 098 | 089 [086] 09 | 01 [4B6E09 5 %
Contaminated| 13 | 14 [ 13 0 J 00O J O[O OO O3] K

\ Reference | 125 | 132 | 127 | 137 | 143|129 129 123|139 | 145 | 164|132 | 14 | 01 [268E1 10 8
Contaminated| 13 | 14 [ 15| 0 [ O JOJ O[O O[O O]0]L4]0l T
Reference | 353 | 3% | 359 | 365 | 332 355 398 | 367| 333 | 354 | 347 [311] 35 | 02 [3(EW0 T
Contaminated| 58 | 59 |57 | 0 J O J O[O J O[O0 ] 00 ]0[5]0 [l
o Reference | 1484 | 140 | 1447 1448 | 1403 | 164.1| 1614|1574] 1584 | 1516|1532 |1532] 1526 | 66 |392E-09 T Ll
Contaminated| 35 | 378 [ 276 | 0 | 0 J O [ 0 [0 ] O [ 0 [0 |0 ]3%7] %7 16%
Reference | 126 | 128 | 129 | 143 148 | 143 139 135| 136 | 127 | 134 | 15| 135 | 07 [85ELS 5
Contaminated| 346 | 369 [ 83| 0 ] 0 J 0 [ 0 J 0[O0 ] 0] 0]0[3%6]019 R
Reference | 19 | 205 | 27 | 21 |36 [ 25362231 [ 21| 2 | 2| 25| 0 [53EL l 2%
Contaminated| 138 | M7 |10 0 J 0 J O] 000000 [B5]13 | 10%
Reference | 0.02 | 004 | 0.04 | 0.06 | 005 | 0.06 | 007 | 0.04 | 003 | 004 002 [004] 00 | 00 |13EN 3%

i Contaminated| 29 | 27 | 28 0 J 000 JOJ O] OO0 0 [28]0d s bl

Cu

Cr
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Table 4. Metal Concentrations in Water at Location 3B

Metal concentrations in water (ppb), SD (standard deviation), T-test, contamination/
reference sites, RSD (relative standard deviation) at location 3B.

Location 1 Location2 ~ Location 3 Location4 ~ Mean SD  T-test B
Metals Reference
Stes A B C A B C A B C A B C
o Reference | 045 | 045 048] 053 |046| 047 | 049047048 |049] 045 046 | 05 | 00 [9.78E-08 T 5%
Contaminated| 0.76 | 084 [067) 0 {0 | O | 0[O 0| 0| 0] 008 01 11%
N Reference | 06 | 08 |07/ 06/08] 09 [07]08/09|05] 0909 08 |01 5910 T 18%
Contaminated| 2 | 21 [23] 0 {0 O | O[O Q| 0] O] 02l 02 T
o Reference | 085 | 089 |0.88] 088098 0.94 | 083|092 0% | 098] 089 086 09 | 01 [393E-10 s 6%
Contaminated| 14 | 139 (1360 0 | 0| O [ O | O [ O [ O | O | O | 14 {00 2%
N Reference | 125 | 132 (127] 137|143| 129 (129|123 (139 | 145|164 | 132 | 14 | 01 [132E-06 T 8%
Contaminated| 19 | 189 (187 0 10| 0 [0 O [0 | O [ O] 0 | 19 ]00 1%
y Reference | 353 | 355 |359] 365332 355 (398|387 333 |35 347|311 | 35 | 02 [236E-12 X Tt
Contaminated| 6.81 | 684 [679) 0 {0 | O | 0[O0 0| 0] 0] 06800 ' 0%
o Reference [1484| 1452 | 145| 145 | 149 | 1641 |1614|157.4| 1584|1506 1532 | 1532 | 1526 | 6.6 [9.73E-10 91 4%
Contaminated| 321 | 376 (287) 0 | 0 [ O [ O | O [0 [ 0] 0| 0 [380]49 14%
7 Reference | 126 | 128 [129] 143|148| 143 [139| 135|136 [ 127 134 | 135 | 135 | 0.7 [ LI6E-15 34 5%
Contaminated | 447 | 449 (492] 0 {0 | O | O[O 0| 0| 0| 0 |463][2 ' 5%
o Reference | 19 | 205 |27 21|36] 25 (3622|3121 2 | 2 | 25 | 06 [60ER2 0 25%
Contaminated| 146 | 158 [127) 0 {0 | O | O[O 0 | 0| 0| 0 | 14416 ' 1%
" Reference | 0.09 | 004 |0.05]007005| 0.06 | 002|005 0.04|006] 003 0.06| 01 | 00 | 306E-18 s 36%
Contaminated| 28 | 26 [29] 0 {0 O | O[O 0| 0] 0] 0|28 (02 6%
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2.5. Spatial differences of metal concentrations in Sediments

All sites close to the outlet of the desalination and power plants were
contaminated compared to the reference sites. The Hg, Cu, Cd, Pb, Cd, V, Zn, Cr and Ni
concentrations were significant in all sites near the desalination and power plants.

Metal concentrations, mean, SD, T-test, and RSD, (% Relative standard
deviation) are listed in Table 5, 6, 7and 8. Bar graphs (Figure. 3 and 4) show the average
metal concentrations of Cu, Cd, Cr, Hg, Mn, Pb, Ni, V, Zn and Fe from four sampling
locations (reference vs contaminated sites) and the percentage increase in the
contaminated site compared to the reference sites.

There were variations of metal concentrations in sediments from all contaminated
sites compared to the reference sites.

The 2A location was nearest to the outlet of the desalination plant. The Hg and
Cr concentrations were a factor of 21.3 and 3.1 higher at the contaminated sites than the
reference sites. The Mn, Zn, V, and Cu concentrations were a factor of 2 higher than the
reference site. The Cd, Pb, and iron concentrations were also a factor of 1.9, 1.8 and 2.2

more than the reference sites (table 5).
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Table 5. Metal Concentrations in Sediment at Location 2A

Metal concentrations in sediment (ppm), SD (standard deviation), T-test, contamination/
reference sites, RSD (relative standard deviation) at location 2A.

Contam/

Location 1 Location2 ~ Location3  Location4  Mean SD  T-est RSD

Metals Referen

Sites A B C

G Reference | 53 | 59 | 57 |53 |51 |57 53|56 (59|57 |61 5603 |L76ER 20 M
Contaminated] 208 | 11| 12 [ 0 [ O | O | O 0| 0| 0] 0 [110]02 M
N Reference | 39 | 4 | 39 [ 38 3941212721 | 24| 23| 32| 08 |205E05 1 26%
Contaminated] 62 | 59 | 64 | 0 [ O | O | O | 0| 0O ] 0 [62]03 1%
o) Reference | 456 | 436 | 46.1 | 488 | 478 | 464 | 9| 457 | 4719 | 453 | 49 | 465 | 18 |13E-U4 8 4%
Contaminated| 842 | 833 | 848 | 0 [ 0 | 0 | 0 | 0| 0 | O | 0 [841]08 ' 1%
\ Reference | 128 | 141 | 138 | 203 | 218 | 216 | 282 | 302 | 227 | 209 | 214 | 216 | 58 |455E05 T 2%
Contaminated] 412 [ 309 [ 447 1 0 [ O [ O | O | O | O [ 0| O [49]09 Al
v Reference | 162 | 171 | 168 | 167 | 172 | 169 | 163 | 176 | 169 | 163 | 172 | 169 | 04 |46IE-18 20 o
Contaminated| 335 | 339 | 38 | 0 [ 0 | 0 | O [ 0| 0| 0] 0 [37]02 ' 1%
o Reference | 49 | 48 | 52 | 37 36|38 |35 |36 | 48 | 42|52 | 43 | 07 |442E09 2 16%
Contaminated| 944 [ 936 938 | 0 [ O [ O | O | O | O [ O | O [947]00 0%
7 Reference | 228 | 24 | 238 | 242 | 51| 317|323 | 236 | 241 | 57 | 238 | 260 | 35 | L20E-10 24 13%
Contaminated| 626 | 612 | 618 | 0 [ 0 | 0 | 0 | 0| 0 | 0 | 0 [619]07 ' 1%
o Reference | 213 | 196 | 192 | 293 | 30 | 202|217 | 216 | 212 | 231 | 195 | 230 | 41 |27IE-UL " 18%
Contaminated] 704 (699 70 | 0 | 0| 0[O 0] 0 | 0| 0 [704]06 1%
0 Reference | 025 | 023 | 037 | 042 (015] 018018029 026 | 0.5 ] 023 | 02 | 01 |657E-20 19 31%
Contaminated] 47 | 49 | 47 [ 0 [ O | O | O [ 0| 0| 0] 0 |48]01 ' 2%
" Reference | 276 | 273 | 281 | 327|321 | 219 [ 314 | 306 | 289 | 286 | 301 | 217 | 04 |L16IE(7 25 1%
Contaminated] 542 | 689 | 861 | 0 [ 0 | O | O | 0| 0 | 0 | 0 |697]160 23%




39

Sediment samples from location 2B were enriched with higher Hg, Ni, Cu, Cd, V and Zn
concentrations compared to the reference sites. The Hg concentration was a factor of 25.4
higher at the contaminated sites compared to the reference sites. The Ni concentration
was higher than the reference site by a factor 2.1 (Table 6). The remaining Cu, Cd, V, and
Zn concentrations were 2- fold higher than the reference sites. The Cr, Mn, Pb and iron
concentrations were a factor of 1.3, 1.9, 1.5, and 1.7 higher than the reference sites

respectively.



Table 6. Metal Concentrations in Sediment at Location 2B

Metal concentrations in sediment (ppm), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 2 B.

Location 1 Location 2 Location 3 Location 4 Mean T-test Contan/ RSD
Referen

Sites
G Ref| 53 | 59 | 57 | 53 | 51 [ 57| 53 | 56|59 | 57 | 61 | 56 | 03 | 6.24E14 23 5%
Cont| 129 | 38| 126 | 0 0010070 0 0 | 1381 |06 5%
o Ref | 39 4 39 | 38 | 39 (Al 2rparp 2| 24 | 23] 32 | 08 | LU4ES 2 2%
Cont| 57 | 68| 72 0 0] 0] 0]0]0 0 0 66 | 08 1%
- Ref | 456 | 436 | 461 | 488 | 478 | 464 | 459 | 457 | 479 | 43 | 49 | 465 | 18 | L42E1 5 4%
Cont| 681 | 68 | 70 0 0010070 0 0 | 687 | 11 2
N Ref | 128 | 141 | 138 | 213 | 218 | 216 282 | 302 | 227 | 219 | 214 | 216 | 58 | 6.88E-06 21 2%
Cont| 443 | M8 &I | 0 0 0] 0]0]0 0 0 | 50|08 L
v Ref | 162 | 171 | 168 | 167 | 172 | 169| 163 | 176 | 169 | 163 | 172 | 169 | 04 | 461E-18 2 %
Cont| 335 | 39| 38| 0 010000 0 0 | 37 ]02 1%
e Ref | 49 | 48 | 52 | 37 | 36 | 38| 35 |36 |48 | 42 | 59 | 43 | 08 | 88306 17 18%
Cont| 78 | 75| 731 | 0 0] 0] 00| 0 0 0 14 | 01 M
n Ref | 228 | 216 | 238 | 242 | 51 | 317] 323 | 286 | 41| 57 | 238 | 258 | 37 | 9.09E-09 2 14%
Cont| 526 | 512 %48 | 0 010|000 0 0 | 529 [ 18 ' %
o Ref| 203 | 196 | 192 | 293 | 30 [ 292 207 | 206|212 231 | 195 | 230 | 41 | 943E-03 03 18%
Cont| 293 | 30| 02| 0 0] 0] 000 0 0 | 205 |04 1%
Hy Ref | 025 | 023 | 037 [ 012 | 015 (018|018 029|026 | 05 | 023 | 02 | 01 | 254E-19 %54 31%
Cont| 56 | 55 | 59 0 000 |0]0 0 0 57 102 4%
" Ref| 216 | 213 | 281 | 327 | 21 {219 314 1306|289 | 286 | 301 | 217 | 04 | 30911 9 1%
Cont| 518 | 521 ) 518 | 0 0] 0] 0]0]0 0 0 | 519 | 02 0%
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The Hg, Cr, and Cd concentrations were greater than reference sites by a factor of
24.2, 3.1, and 2.8 in sediment at location 3A near the power plant. The Mn and Fe
concentrations were a factor of 2.4 and 2.2 higher when compared with the reference
sites. The Cu concentration was a factor of 1.9 higher than the reference sites. The Pb,
Ni, V and Zn concentrations were a factor of 1.5, 1.3, 1.3, and 1.2 higher than the

reference sites respectively (Table 7).



Table 7. Metal Concentrations in Sediment at Location 3A

Metal concentrations in sediment (ppm), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 3 A.

Location 1 Location2  Location3  Locationd  Mean

Metals
Sts A B C A B C A C A B
o Reference | 53 | 59 | 57|53 | 51|57 |53 |56 59 |57 |61 | 56 |03 |4%EN T 5%
Contaminated | 99 | 106 | LL | 0 [0 O [ 0|00 |[0]0[1.08/09 8%
0 Reference | 39 | 4 |39 |38 (39| 4l |21 |27 21 |24( 23| 32 |08 |159E-08 % 26%
Contaminated | 89 | 88 [ 89| 0 [ 0] 0 [ 0| 0| 00| 08901 ' 1%
oh Reference | 456 | 436 | 461 (488|478 464 | 459 457 | 479 (43| 49| 465 | 18 | L18E-U1 5 1%
Contaminated | 68 | 70 | 70| 0[O [ 0] O[O0 0|00 [697]15 2
' Reference | 126 | 14.1 | 138 (203 218|216 | 282 |302| 227 [219| 214 | 216 | 58 | SH4E02 ¥ 2T%
Contaminated | 263 | 272|293 0 [ 0 | 0 [ O | O | O [ 0] 0 [26]15 ' 6%
y Reference | 162 | 17.0 | 168 16.7|172| 169 | 163 | 176 169 | 163| 172 | 169 | 04 | 221E-11 1 I
Contaminated | 2.9 | 228 |23 0 [ 0 | 0 [ 0 | O | 0 [ 0] 0 [ 2305 ' 2
o Reference | 49 | 48 |52 (3736|3835 (36| 48 [42] 59| 43 | 08 |272E08 2 18%
Contaminated | 94 | 93 {99 0[O0 | O [ O | OO [0O] 09 [03 I
7 Reference | 228 | 24 | 238|242 | 251|317 | 323 | 236 41| 57| 238 | 260 | 35 | 889E-03 1 13%
Contaminated | 317 | 323 {309 0 [ 0| 0 [ O | O | 0 [0] 0 [36]07 ' 2%
o Reference | 163 | 196 | 192 203| 30 | 292 | 207|216 212 | 231|195 | 227 | 43 | 56311 " 19%
Contaminated | 71.8 | 699 [ 687 0 [ 0 | 0 [ O | O | 0 [ 0] 0 [ 70116 M
i Reference | 025 | 023 | 037]012|0.15(0.18|0.18]029] 0261025023 02 | 0.1 |405E-18 21 3%
Contaminated | 53 | 52 |57 0[O [ 0] 0[O 0|00 |54 |03 5%
" Reference | 276 | 273 | 281|307 |21| 219 | 314 | 306] 289 | 86| 301 | 217 | 04 | L2E-13 0 1%
Contaminated | 649 | 665 [641) 0 [ 0] 0 [ 0 | 0| 0 | 0] 0 |652]12 ' 2

42
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The Cd concentrations were 3-fold higher at contaminated site 3B, compared to
the reference sites. The Hg concentration was higher by a factor of 27.1 than the
reference site. The Cu, Cr, Mn, Ni, Zn, and iron concentrations were 2- fold higher than
the reference site. The Pb and V concentrations were greater than the reference site by a

factor of 1.6 and 1.4 respectively (Table 8).
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Table 8. Metal Concentrations in Sediment at Location 3B

Metal concentrations in sediment (ppm), SD (standard deviation), T-test,
contamination/ reference sites, RSD (relative standard deviation) at location 3B.

Location 1 Location2  Location3  Locationd ~ Mean

Metals
Sts A B C B C A C A B C
o Reference | 5.3 | 59 | 57 | 5351|5753 |56( 59|57 [61| 56 | 03 [532E1 20 5%
Contaminated| 99 | 116 [ 202 [ 0 [ 0 [ O [ O | O | O | O | O] 109 | 09 8%
o Reference | 39 | 4 | 39 |38 (39 |4l |21|27| 21|24 (23| 32 | 08 |308E09 3 26%
Contaminated| 99 | 98 [ 95 | 0 | 0 | 0] 0] O | 0] 0| 0] 97 |02 2
oy Reference | 45.6| 436 | 461 | 488|478 | 464|459 (457|479 | 453 |449| 465 | 18 |L78E-12 6 4%
Contaminated| 725| 75 [ 766 | 0 | 0 | 0| 0] 0 | 0] 0 | 0] 747 | 21 ki)
\ Reference | 128| 141 | 138 [203|218|216|282|302| 227 | 219 [ 214| 216 | 58 |6.88E-06 2 2%
Contaminated| 44.3 | 448 | 459 | 0 | 0 | 0| O | O | 0 [ O | 0 | 450 | 08 2
v Reference | 16.2| 17.1 | 168 | 167 | 17.2| 169 163|176( 169 | 163 [17.2| 169 | 04 |356E-13 1 3
Contaminated| 241 239 [ 246 | 0 | 0 | 0] 0| 0] 0 | 0 | 0] 242 04 ' 1%
e Reference | 49 | 48 | 52 | 37(36(38|35|36| 48| 42 (59| 43 | 08 |200E-09 5 18%
Contaminated) 10.9| 105 [ 108 | 0 | 0 | 0] 0] 0 | 0 ] 0 | 0] 1207 | 02 A
" Reference |228| 24 | 238 | 242 51| 3L7| 323 236( 241 | 257 [238| 260 | 35 |9.06E-11 )4 13%
Contaminated| 63 | 62 | 629 | 0 | 0 [ 0| 0|0 0] 0] 0]66]06 ' 1%
o Reference | 21.3| 196 | 192 | 293| 30 [ 292|217 |206{ 212 | 231 [195| 230 | 41 |241E(07 20 18%
Contaminated| 46 | 452 [ 449 | 0 | 0 | 0] 0] O | 0 ] 0 | 0| 454 | 06 ' 1%
" Reference [0.25| 0.3 | 037 |012|0.15]0.18|0.18]029{ 0.6 | 0.5 [0.28] 02 | 01 |[304E-18 1 31%
Contaminated| 6.1 | 65 | 59 | 0 | 0 | 0| 0|0 0] 0] 0] 62|03 5%
W Reference | 27.6| 27.3 | 281 | 327|321 (279(314 (306|289 | 286 [30.1| 27.7 | 04 |L140E-08 2 1%
Contaminated 549 | 632 | 766 | 0 | 0 | 0| 0 | O [ 0 | 0 | 0| 649 | 109 17%
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Figure 6. The average metal concentrations (ppm) in sediment at the contaminated
and the reference site. The symbol represents a significant difference of
metal concentrations at the contaminated site compared to the reference
sites.
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Figure 7. The average Hg concentration in sediment (ppm) at the contaminated and
the reference site.

The symbolvk represents a significant difference of metal concentrations
at contaminated site compared to the reference site. Error bars show SD.
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Figure 8. Relative enrichment (%) of Hg in the sediment of the contaminated sites
with respect to the reference site.
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2.6. Spatial differences in metal concentrations among clam

The results suggest that all sites (2A, 2B. 3A, 3B) close to the desalination and power
plants were more contaminated compared to the reference sites (Figure 5). There were
variations in metal concentrations in all locations adjacent to the desalination/power
plant. The Hg, Cd, Cr, and Cu are significantly higher(p<0.05) in all four stations near

the desalination/power plant compared to the reference sites.
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Figure 9. The average V and Cr concentrations in soft tissues (ppm) at the
contaminated and the reference Site. Error bars show SD.

The symbol ¥ represents a significant difference between contaminated
and the reference site. 100 clams were collected from each station and
divided into three groups of 33 each (n=3). Each composite sample
consists of 33 clams.
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Figure 10. The average Cd and Hg concentrations in soft tissues (ppm) at the
contaminated and the reference site.

The symbolvs represents a significant difference between contaminated
and the reference sites. Error bars show SD.
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Figure 11. The average Pb concentrations in soft tissues of clam Amiantis umbonella
(ppm) at the contaminated and the reference Site.

The symbol % represents a significant difference between the
contaminated and the reference sites. Error bars show SD.
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Figure 12. The average Cu, Ni, Fe and Mn concentrations in soft tissues of clam A.
umbonella (ppm) at the contaminated and the reference Site.

The symbols¥ represents a significant difference between the
contaminated and the reference site.
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Figure 13. The average Zn concentration in soft tissues of clam A. umbonella (ppm) at
the contaminated and the reference Site.
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The observed mean metal concentrations in clams collected from all four
contaminated and the reference site with mean, SD, RSD (% relative standard deviation)
T-test, and percent (%) more than the reference site are shown in Table 9, 10, 11, 12. Bar
graphs (Figure. 5, 6, 7, 8) show the average metal concentrations of Cu, Cd, Cr, Hg, Mn,

Pb, Ni, V, Zn, Fe from four sampling locations (contaminated vs. reference site).
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Table 9. Metal Concentrations in Soft Tissue at Location 2A

Metal concentrations (ppm) in soft tissues of clam A. umbonella, Mean, SD
(standard deviation), T-test, contaminated/reference sites, percent (%)increase at
the contaminated sites compared to the reference sites, RSD (relative standard

deviation) at location 2A.

Contam/ % Increase

Location Mean SD  T-test

Metals Refere  in Contam
B C
Reference 32 | 34| 34| 33 | 01 [157E-05 0 3%
U M onaminated | 72 1 75 [ 69 | 72 | 03 22 03% =y,
Reference | 045 ] 04 | 05 | 05 | 0.1 | 2.04E-06 0 11%
Cd Contaminated | 4.98 | 461|498 | 49 | 0.2 108 896% 4%
Reference | 0.25 1029 | 028 | 0.3 | 0.0 [ 6.81E-04 0 8%
o Contaminated | 1.54 | 159 | 212 ( 18 | 0.3 & Rl 18%
. Reference 18 (17 19| 18 | 0.1 | 2.18E-06 . 6%
N Contaminated | 69 | 65| 69 | 68 | 0.2 38 263% 3%
Reference | 0.37 1 029 ( 0.38| 0.3 | 0.0 [ 1.20E-04 0 14%
v Contaminated | 0.73 | 0.79 | 0.77 | 0.8 | 0.0 e 08 4%
Reference | 0.34 |1 045|037 | 04 | 0.1 | 252E-04 0 15%
e Contaminated | 0.98 | 0.85 | 097 | 09 | 0.1 24 2% =
Reference | 53.9 [ 529 | 529 | 53.2 | 0.6 | 9.73E-07 1%
Zn - 19 95%
Contaminated | 103.1| 99.8 [ 103.2( 102.0 [ 1.9 2%
Reference 18 1 19| 17| 18 0.1 | 9.66E-08 0 6%
Cr Contaminated | 6.12 | 6.13 | 6.14 | 6.1 | 0.0 34 261% 0%
Reference 01 | 009(008| 01 | 0.0 [4.24E-06 0 11%
Hg Contaminated | 4.65 | 498|523 | 59 | 0.3 L2 SES 5%
Reference | 8.1 | 83 | 79 | 81 | 0.2 | 2.37E-06 0 2%
M I ontaminated | 18.8 | 19.8 | 10.7 | 194 | 06 24 1% 3
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The Hg concentration was a factor of 32.1 higher than the reference site. The Cd
concentration was 4- fold higher in clams collected at the station 2A contaminated
location compared to the reference sites. The Ni and Cr were a factor of 3.8 and 3.4
higher than the clams from the reference sites. The V and Cu concentrations were 2-fold
higher than the reference sites. The Fe concentration was a factor of 2.4 higher than the
clams from the reference sites. The Pb, Mn and Zn concentrations were greater than the
reference sites by a factor of 1.8, 2.4, and 1.9 respectively (Table 9).

The Ni and Cr concentrations in the clam tissues at the station 2 B were 3 — fold
higher than the reference sites. The Hg concentration was a factor of 28.1.6 higher than
the reference sites. The Cd concentration was a factor of 2.9 higher than the reference
sites. The Cu concentration was greater than the reference site by a factor of 2.6. The
Pb, and V concentrations were a factor of 2.1 and 2.3 higher than the reference sites
respectively. The concentrations of Mn, Zn and Fe in clams at the 2B contaminated sites

were a factor of 2, 2, and 1.5 higher compared to the reference site (Table 10).
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Table 10. Metal Concentrations in Soft Tissues at Location 2B

Metal concentrations (ppm) in soft tissues of clam A. umbonella, Mean, SD
(standard deviation), T-test, contaminated/reference, percent (%) increase at
contaminated sites compared to the reference sites, RSD (relative standard
deviation) at location 2B.

Contam/ % Increase

Location 1 Mean SD - )
Metals i & Referen in Contam
B

Reference | 22 | 25 | 24 | 24 | 02 | 3.12E06 0 6%
O Coaniaed | 64 | 61 | 63 | 63 | 02 o e T
Reference | 03 | 02 | 03 | 03 [ 01 | L.31E-04 . 22%
« Contaminated | 3.78 | 465 | 491 | 44 | 06 o7 3T 13%
. 0,
b Refergnce 017 1 012 1 021 | 02 | 0.0 | 164E-03 21 5705 21%
Contaminated | 037 | 034 |1 033 | 03 | 00 6%
: Reference | 19 | 17 | 18 | 18 | 0.1 | 7T.91E(7 . 6%
N T Conamiaed | 55 | 54 1 53 | 54 | o1 01 Lo 0
Reference 023 [ 021 |1 025 02 | 00 | 7.99E-06 9%

0,
Y Contaminated | 053 | 052 | 053 | 05 | 00 2 12k 1%
Reference 034 10331037 03 | 00 | 440E-04 . 6%
Fe Contaminated | 051 | 053 | 057 | 05 | 00 L o 6%
Reference 422 {397 416 | 419 | 04 | 2.74E-05 1%

0,
f Contaminated | 835 | 80.7 | 833 | 825 | 16 2 L 2%
Reference 18 19 | 17| 18 | 01 [ 9.70E-07 . 6%
O Covamnated | 523 153 [ 52 | 52 | o 29 2tk W
Reference | 01 | 0.09 | 0.08 | 0.1 | 0.0 | L86E-05 0 11%
g Contaminated | 498 | 547 | 591 | 57 | 05 e A 8%
Reference 8.1 83 | 79 | 81 | 02 | 5.45E-03 2%

0
M Contaminaed | 144 ] 198 | 144 | 162 | 31 201 &k 19%
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Table 11. Metal Concentrations in Soft Tissues at Location 3A

Metal concentrations (ppm) in soft tissues of clam A. umbonella, Mean, SD
(standard deviation), T-test, contaminated/reference, percent (%) increase at the
contaminated sites compared to the reference sites, RSD (relative standard
deviation) at location 3A.

Contam/ % Increase

Metals ] U Refere  in Contam

o Tt TP el |y
o b b te un e, |
T L e T (o
ey e e e Ml B
R D | [
o e |,
o T LD | T
e R
s T D s e, | [
n C?net;er;el:eclteed 18§.18 174.95 174.75 176?3 gi SRR | 13;&
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Table 12. Metal Concentrations in Soft Tissues at Location 3B

Metal concentrations (ppm) in soft tissues of clam A. umbonella, Mean, SD
(standard deviation), T-test, contaminated/reference, percent (%) increase at
contaminated sites compared to the reference sites, RSD (relative standard
deviation) at location 3B.

Contam/ % Increase

Location SO T-est )
Refere  in Contam
B

Reference 28 29 2.1 26 04 | 5.20E-04 ; 1%
= Contaminated | 4.8 49 47 48 01 = il 2%
Reference | 026 | 032 | 025 03 00 | 7.50E-06 . 14%
2 Contaminated | 4.81 428 478 46 03 167 1612% 6%
Reference 006 | 005 0.03 0.0 00 | 7.02E-05 33%

P . . Vi
D Comamnaed | 199 | 157 | 18 | 18 | 02 B5 | G000 1%
. Reference 17 19 18 18 01 | 3.07E-05 0 6%
N Contaminated | 5.9 5.2 57 56 04 i AT 6%
Reference 0.2 03 0.2 02 01 | 6.62E-03 . 25%
! Contaminated | 0.4 05 04 04 01 = e 13%
o Reference 031 033 045 04 01 | L77E-03 21 76% 21%
Contaminated | 0.67 083 0.79 08 01 ' 11%
7 Reference 457 | 527 425 470 52 | 4.69E-04 T 86% 11%
Contaminated | 89.4 85.2 789 845 53 ' 6%
o Reference 18 19 17 18 01 | 4.15E-06 13 359% 6%
Contaminated | 7.33 798 781 11 0.3 ' 4%
H Reference 01 0.09 0.08 01 00 | 3.06E-06 703 8300% 11%
L Contaminated | 6.12 6.13 6.72 6.3 03 ' 5%
Vi Reference 18 74 85 79 06 | 741E-04 17 71% %
Contaminated | 12.3 135 145 134 11 ' 8%
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The Cd concentration in clams collected at the station 3A ¥ km far from the
outlet of the power plant was 10 — fold higher than the reference site. The Hg
concentration in clam soft tissues was by a factor of 55.9 higher than the reference sites.
The Cu concentration was 4 — fold higher at the contaminated sites than the reference
sites. The V concentration in clams collected at Station 3 A was 3 — fold higher than the
reference sites. The Cr, Mn, Zn concentrations were a factor of 2.9, 2.1, and 2.6 greater
compared to the reference sites (Table 11).

The Cd concentration was 7 — fold higher than the reference sites in clams
collected from station 3B near the outlet of power plant. The Hg concentration was
higher than the reference site by a factor of 46.7. The Ni and Cr concentrations were 3-4
folds higher than the reference sites. The Pb concentration was greater than the
reference sites by a factor of 5.8. The Mn, Cu, V, Zn, and iron concentration in clams
were a factor of 1.7, 1.8, 1.9, 1.1, and1.5 higher compared to the reference sites

respectively (Table 12).
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2.7. Metal Interactions and Relationship among metals

There were several trace metal interactions were recorded. Metal interactions and
inter-metal correlation among clams (n=32) sediment and water were determined..
There was a strong positive correlation between Hg concentration in soft tissues of clam
A. umbonella and concentration in sediment and water (Figure 14, 15). There was a weak
correlation of Hg concentration between sediment and water (Figure 15). There was also
positive correlation (p<0.05) between Ni concentration in clam soft tissues and
concentrations in sediment and water (Figure 17, 18). There was also a positive

correlation of Ni concentrations between sediment and water. (Figure 19).
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sites.
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There was a strong correlation of the Pb concentration (Figure 21, R*= 0.67)
between clams soft tissues and water and weak correlation between clams soft tissues and
sediment (Figure 20, R?=0.27). There was also a positive correlation of the Pb
concentration (p<0.05) between water and sediment (Figure 22, R*= 0.22).

There was a positive correlation of the Mn concentrations in clams soft tissues
and water (Figure 24), and also a strong positive (p<0.01) correlation of the Mn

concentrations between sediment and water (Figure 23, R?= 0.48).
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Figure 23. Correlation of the Mn concentration in water and sediment at the
contaminated (p=0.086) and the reference sites.
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The Cu concentration was also positively correlated with the concentration in
water and sediment at the contaminated site (Figure 25, 26). There was a strong

correlation between Cu concentration in soft tissues and sediment (Figure 25, p<0.05).
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Figure 25. Correlation of the Cu concentration in soft tissues and Sediment (ppm) at
contaminated (p=0.0002) and the reference sites.
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There was a strong positive correlation of the V concentration between sediment
and water (Figure 27), but there was a negative regression slope of the V concentration
between soft tissues and sediment and also between the concentration in soft tissues and
water. There was a positive correlation of the Zn concentration between soft tissues of
clam A. umbonella and sediment (Figure 28). The Fe concentration was positively

correlated with the concentration in water (Figure 29).
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There was a positive regression slope between the Cr concentration in
clams soft tissues and sediment (Figure 30) and also between soft tissues and
water (Figure 32, p<0.05). The Cr concentration in sediment was also positively

correlated with concentration in water (Figure 31).
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There was a strong positive correlation of the Cd concentration in soft tissues
of clam A. umbonella and the concentration in sediment (Figure 33) and in water
(Figure 34). There was also a positive correlation of the Cd concentrations

between sediment and water (Figure 35).
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Discussion

2.8.1. Metals in Water

The average concentrations of all metals in the water column were
significantly higher at the sites of desalination and power plants compared to the
reference sites. In addition the variability of the concentrations of Pb, Cd, Ni, Hg,
Cr, V, Zn and Fe were higher at the contaminated sites than the reference sites
(Table. 1). Trace metals may be discharged from the desalination plant with brine
as observed by Abu —fayed, (2003) that reverse osmoses brines typically contain
traces of iron, Ni, Cu, Cr and Zn. There are adverse impacts of desalination
technology on the marine environment, mainly in the vicinity of the concentrated
brine discharge pipe, because at times it accounts for much of the mortality of
susceptible organisms in discharge waters, leaving their mark on the flora and
fauna around the pipeline outlet (Aly Mohammed Aly Abdallah, 2003; Chouikhi,
2003). (Hoepner, ( 2002) indicated that marine ecosystem in the vicinity of a
desalination plant will be affected directly as a consequence of changes in the
physical, chemical and biological characteristics of the ambient waters.

Metals may also leach from treatment components from the discharged
brine; therefore desalination effluents are considered a major source of pollution
in the vicinity of a desalination plant (UNEP, 1999; Al-Awadhi, 1999; Subba Rao

and Al-Yamani, 2000).
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2.8.2. Metals in sediment

The concentration of trace metals (Hg, Cd, Pb, Cr, Cu, V, Mn, Ni and Fe)
in sediment near the desalination and power plants were four to ten-fold higher
compared to the reference sites. Sediments are often a major repository for
contaminants introduced into surface waters (Luoma et al., 1990). Sediment
accumulates concentrations of contaminants several orders of magnitude higher
than those in the water (Marcos and Scott, 1990). Contaminated sediment can be
directly toxic to aquatic life or can be a source of contaminants for
bioaccumulation in the food chain. The significant role that sediment plays in
aquatic ecosystems is well known. They serve as both as one of the primary sinks
of anthropogenic trace metals in an aquatic system and source of organic and
inorganic matters and the critical elements such as, C, N, P, and S (Burton et al.,
1992) .

The spatial variability of metal concentrations was also significantly
higher among sediment samples from the contaminated sites than the reference
sites (Table 5). The highest concentrations of Cu, N, Pb and Cd in sediment were
measured at the site nearest (1/4 km) the desalination plant. This could be due to
the location being at the mouth of the outlet discharged from the desalination

plant, an area with high interchange of water from outlet and inlet pipes.

2.8.3. Spatial differences in metal levels among clams

There were significant spatial differences of metal concentrations in

clams. The clams collected from the two sites ¥4 km from desalination/power
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plant had the highest levels of Cu and Cr and Ni compared to the other
contaminated sites, ¥2 km far from point source. As observed by Abufayed,
(2003), the reject stream from desalination and power plant is characterized by
elevated temperatures and residual chemicals such as Cu, Ni, and Cr
(representative of the manifold corrosion products) that can exert multiple effects
on water quality, sediments and marine organisms. The enrichment of metals in
clams near the desalination plant could be due to the exposure of these clams to
reject stream water and concentrated brine, which is due to the density, sinks to
the sea floor without prior mixing. As observed by Abufayed et al; (2003) heavy
metal suspensions sinks to the bottom and tend to deposit especially in semi-
stagnant areas affecting benthic invertebrates feeding on suspended or deposited
sludge. Several authors have suggested that marine bivalves accumulate levels of
Cr in excess of the surrounding sea water concentration (Phillips and Rainbow,
1993; Riget et al, 1996; Paez-Osuna, F et al., 1995). Discharges from power
plants contain high concentration of Cu resulting in elevated Cu concentrations
(8.0-14 ppb) in coastal receiving waters near power plant effluents (Dorgham,
1990). However the interpretation of Cu accumulation in bivalves is quite
complex because it is also internally regulated (Shulkin et al., 2002, 2003).

Cd concentrations in clams were significantly higher (P<0.05) in all
contaminated sites and 3- folds higher than Zn concentration compared to the
reference sites. A possibility for this could be the Cd and Zn inhibit each other’s

uptake rates, but the mechanism is unclear (Vercauteren and Blust, 1999).
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The average Pb and Cd concentration in clam tissues was significantly
higher (p<0.05) in the contaminated sites compared to the reference sites. Since
clam A. umbonella is a filter feeder, there would be stronger correlation between
metal concentration in water and metal concentration in clam’s tissues, than that
between clams soft tissues and sediment. But there was a positive stronger
correlation of Cd and Pb concentrations in clam’s tissues and concentrations of
these metals in sediment. The feeding behavior of these clams is such that they
can switch from suspension feeding to feed on the newly deposited particles in the
sediment.  Although the clam A. umbonella used in this study is benthic
suspension feeder, sedimentary particles can be a potentially important source for
metal uptake by the clam due to sediment re-suspension as a result of tidal
currents, particularly in shallow regions such as at Doha bay. Hence, it is
possible that this feeding behavior of clams led to the higher concentration of Pb
and Cd in its tissues.

Increases in ambient water temperature and salinity and depletion
of DO (dissolved oxygen) are the major determinants of a typical brine discharges
(Aly Mohammed Aly Abdallah, 2003). The higher water temperature in the
power plant effluent and discharge could be partially responsible for the higher
metal concentration in clam A. umbonella. Metal accumulation by marine
bivalves can increase with a rise in temperature (Phillip and Rainbow, 1993).
Higher temperature generally implies increased absorption through cellular
membranes, and higher absorptions due to higher metabolic rates (Maclnnes

&Calabrese, 1978; Bodek et al., 1988). Thus at higher temperatures bivalves
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suffer greater toxic effects of metals due to increased siphoning and sensitivity to

toxicants (Belanger et al, 1990).

2.9. Metal Interactions and Relationship among metals

There were several correlations between metal levels in soft tissues, water and
sediment. For example there were positive correlations of Ni and Cr concentrations in
soft tissues of clams and sediment and also between soft tissues concentration and water.
Lattemann Sabine, (2003), reported that chemicals leached from treatment components
mostly through erosion and corrosion increase levels of metals such as NI and Cr in water
and in fine sediments. The accumulation of metals from water and fine sediments led to
elevated concentration of Ni and Cr in soft tissues of clams. The increased accumulation
of Ni and Cr in clams near the desalination plant is likely due to the presence of elevated
levels of Ni and Cr in reverse osmosis brine.

There was also strong correlation (P<0.05) of Pb concentration in clams soft
tissues and water. Pb exists in water in particulate form (Balls, 1985) and bivalves take
up Pb from the water and food particles in similar rates and therefore reflect
environmental pollution effectively (Rainbow, 1995).

There was a positive strong correlation (P<0.05) of Cd concentration between
clam’s soft tissues and water, and also between soft tissues and sediment. The Cd is
found in marine waters mostly in dissolved form (Balls, 1985). There was a strong
correlation of Cu concentration (P<0.05) between clam’s soft tissue and water, and also
between soft tissues and sediment. It was expected since clam A. umbonella is a filter
feeder; there would be a stronger correlation between metal concentration in soft tissues

and metal concentration in water. However, these results indicate a statistically strong
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correlation of Cu concentration (P<0.05) between clam’s soft tissues and sediment rather
than Cu concentration in soft tissues and water. The ability of many in- faunal benthic
species to switch between deposit feeding and suspension feeding depend on the flow
regime (Taghon et al, 1980). Dauer et al, (1981) used the term “interface” feeders to
refer species that were not obligatory deposit or suspension feeders. Hence, the strong
correlation (R*0.58, 0.54) of Cd and Cu concentration between clam’s soft tissues and
sediment rather than concentration in soft tissues and water, could be due to stress or poor
quantity of suspended particulate matter that caused the switch from filter feeding to
deposit feeding.

Although total concentrations of some metals in sediment may be generally
correlated with concentrations in organisms (Luoma and Bryan, 1978, 1979, 1982),
predictive relationships are rare. Metal exposure is not the only process that affects metal
bioaccumulation (Luoma and Jenne, 1977; Sunda and Guillard, 1976; Luoma, 1983).
Physico-chemical reactions in receiving waters (which could vary with the time) can also
affect bioavailability (Luoma, 1983). In addition to the influence of metal concentration,
bioaccumulation can be complicated by external environmental factors such as salinity,
pH, temperature, competing ions (Luoma, 1989; Rainbow et al; 1990). In this study due
to the concentrated discharge of brine from the desalination plant directly into the marine
sensitive ecosystem, that increasing temperature, salinity, depletion of DO (dissolved
oxygen) and fluctuating in pH, could be affecting synergistically on the population of

clam A. umbonella at Kuwait Bay.
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2.10. Geographical differences in metal levels

Many studies have used clams to compare contaminated with uncontaminated
sites to examine point source pollution (EPA, 1974; Zorba Mazin et al., 1992; Genest
and Hatch, 1981;Bryan et al., 1980,1985; Gagne et al., 2006; Philip Rainbow, 2006;
Chong and W. X. Wang, 2001)

Most of the previous studies focused on investigating the characteristics and
pollution of the coastal waters but did not evaluate the physico-chemical characteristics
and pollution level within the intertidal zone (Bakri Al Dhia and Kittaneh Wajeh, 1998;
Paulson et al., 2003). In addition, many reports do not indicate where samples were
collected with respect to intertidal or sub tidal zones. Most published results are for
composite samples rather than individual organism (Mora de Stephen et al, 2001; Diaz et
al., 1997; Chong and Wang. 2000). This does not allow direct comparison of
contaminant levels among studies. These studies are not dependable because element
concentrations in bivalves at the same location differ between different species and
individuals due to species-specific abilities and capacities to regulate or accumulate trace
metals (Reinfelder et al., 1997; Otchere et al., 2000). Further there is a limited
comparative data for clams in the Arabian Gulf, although there have been some studies
that examine contaminants including heavy metals in clams, oyster, algae and in some
crustacean (Buo-Olayan and Subhramanyam, 1996; Campanella et al., 2001; Al-
Mohanna and Subrahmanyam, 2001). Clams have been rarely used as bio-indicators of
heavy metal contamination in marine coastal waters in Arabian Gulf. Hence the clam’s
data from this study can be serving as a basis for future studies on metal contaminations

in clams to evaluate the adverse impacts of desalination technologies on the surrounding
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environment. These impacts near Kuwait area will be magnified because this water body
partially enclosed and contains highly sensitive ecosystems.

Table 13 summarizes published data on the levels of the metals in clams from
marine coastal waters in various parts of the world. It is apparent that the mean levels of
Ni, Pb, Cr, Mn, Zn and V found in clams from most part of the Kuwait bay along the
desalination/power plant are within the ranges of means commonly reported in the
literature, including both contaminated and the reference sites. However, the Cd levels
from all sites adjacent to desalination plant from this study (Kuwait) were highest (4.7-
4.8 ppm) among the Cd levels reported in the literature. The Cd level reported from
McMurdo Sound in Antarctica is also towards higher side (Negri Andrew et al., 2002).

In addition, the Hg level of 5.9-6.2 ppm from all the contaminated sites in Kuwait Bay of
this study is the highest mean value reported in the literature. Al-Majed and RaJab, 1998;
Fowler, 2002, reported highest Hg concentrations in near shore surface sediments in
Kuwait Bay and United Arab Emirates. According to Campbell et al., (1986) Hg
concentrations increase with increasing salinity at values greater than 25 psu. This might
have been the reason for increased level of Hg in clams from Kuwait Bay in this study,
because the salinity in Kuwait bay was between 36 — 45 psu. There is a need to identify a
point source responsible for this elevation. Further the Cr level of 7.9 ppm in this study
is the higher mean value compared to Qatar in the same geographical area of the Arabian
Gulf. The V level range from 0.3 to 1.0 ppm in clam’s soft tissues from all contaminated
sites in Kuwait bay is also a higher mean value compared to the V level, 0.76 ppm in
Qatar (Mora de Stephen et al., 2001). As indicated by Al-Yamani et al., (2001) the

unregulated discharge of waste water from desalination and power plants into the marine



environment over many years has resulted in high concentrations of Hg, Pb, V, and
Nibeing found in the sediments of Kuwait Bay. However the Mn mean level is almost

the same in both areas of Kuwait bay and Qatar.

97
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2.11. Metal levels and risk

Three metals had high enough levels in the clams from Kuwait to suggest that
they pose a risk to people who eat them. Bivalves are capable of accumulating extremely
high levels of Cd in edible portions and therefore represent a greater hazard to human
consumers than other marine organisms (EPA, 1978). For human consumption,
according to (FAO) Food and Agricultural Organization (2005), the limit of Cd in
bivalves for human ingestion is 4.0 ppm and the limit of Pb is 1.7 ppm in mollusks. The
highest levels of Cd in clams from Kuwait were from 0.77 to 4.8 ppm, which exceeded
the consumption levels set by FAO and (FDA) Food and Drug Administration, (4.00
ppm), which could affect the marine environment and humans (Hosch, 1996). Pb level in
clams from Kuwait was 1.9 to 2.00 ppm that could be hazard to human consumers.
World Health Organization (WHO) sets a limit of 0.5 ppm for Hg in shellfish for human
consumption; the U.S. level is 1 ppm (FAO, 2005). The mean levels of Hg in clams from
Kuwait were from 0.6-6.2 ppm, which also exceeded the limits established by WHO and

FDA.
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2.12. Summary

There is a need to critically assess the present quality of the marine ecosystem,
especially the connection between ecosystem change and threats to human health. In this
study an indigenous clam A. umbonella has been used as an effective bio-indicator
species for desalination and power plants, waste water discharge in Kuwait. In addition
to its use as a bio-indicator, the high levels of some metals are a concern as these bivalves
are consumed by humans and wildlife. This study would provide for an early detection
of potential marine-based contaminants, thus allowing for the protection of marine
ecosystems and the prevention of associated human exposure. It would also provide
baseline data for future sustainable monitoring programs of the coastal environment,

especially for Hg, Pb and Cd.
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Table 13. Ranges of mean values of metal concentrations in clam

Ranges of mean values of metal concentrations in clam A. umbonella by geographic
region. All values are ppm (parts per million, dry weight basis). * = Composite
samples.

Geographic Species Clam

Region

Kuwait bay, *Clam Amiantis

Kuwait umbonella n=3

Clam Amiantis
Kuwait bay
umbonella
Kuwait
n=32

*Clam

Ruditapes
Hong Kong
Philippinarum

n=7

*Macoma

balthica n=7

*Potamocorbula

amurensis

n=7

*Chione
Guaymas

gnidia, . . Mendez

Bay, Gulf of
*Laevicardiumel etal.,
California,
atum . . 2002
Mexico
n=85

*Surf Clam,
San Antonio
Mesodesma
Bay,
donacium.
Chile 1|
n=10

*Scrobocularia . Cheggo
Morocco
plana uretal.,

1999




Geographic

Region

Species Clam
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*Clam,
Circentia

callipyga
n=18

Mora de
Stephen
etal,
2000-

2001

Tropical
South
America (N.

Brazil)

Clam
Anomalocardia
brasiliana

n=1

et

al.,2006

Quebec,

Canada

Clam Mya

arenaria

n=1

Gangne
etal.,

2003

Indian River
Lagoon,

Florida

Clam
Mercenaria
mercenaria

n=3

Robert
et

al., 1992

Chinese

Bohai Sea

Clam Ruditapes
philippinarum

n=1

Liang et

al., 2004
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3. Distribution of Heavy Metals in the organs of the clam A.
umbonella living near a desalination / power Plant in Kuwait

3.1. Abstract

The concentrations of Hg, Cd, Cu, NI, Mn, Pb, Cr, Fe, V, and Zn were measured
in different organs of the clam A. umbonella collected in Kuwait Bay in an area where
desalination and power plant waste water discharges are located. A comparative
reference point was five kilometers away from the source. The objectives were: 1) to
determine the organs in which specific metals concentrate, 2) to examine the relationship
between metal enrichment in organs and metal concentrations in sediment and water; and
3) to compare metal concentrations in different organs of clams from the point source
impacted and the reference sites. This study found that the concentration of all metals,
except Zn, were significantly higher in the kidneys, gonads, mantles, gills, livers and
hearts of the contaminated site clams, compared to the reference site clams. Further,
concentrations of Cd and Pb (106.7 ppm, 97.5 ppm, respectively) were found to be
significantly higher (p< 0.05) in kidneys than in all other organs. The highest inter-
location variability was in the kidneys, compared to all other organs. The concentration
of Cu, Hg, Ni and Fe in the contaminated site clams was significantly higher in the
gonads (15.0 ppm, 2.32 ppm, 4.3 ppm, and 4.6 ppm wet weight) than in the kidneys,
mantles, or livers. The highest Cr concentration (12.5 ppm) was in the mantles. The
concentrations of Zn in organs did not differ between the contaminated sites and the
reference sites. The liver (digestive gland) was found to be the main depository of Cu
(16.7 ppm) in the contaminated site clams. There were several strong positive

correlations between metal concentrations in clam organs and sediment as well as water
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at the contaminated sites. For Hg there was a significant correlation in water and gills
(R?=0.72), and also a strong positive correlation in sediment and gonads (R® = 0.53).
The Cd concentration in water and mantles were positively correlated (R? =0.65) and Cu

concentration was positively correlated between sediment and kidneys (R? = 0.54).

3.2. Introduction

The Kuwaiti mainland coast, which extends for about 400 Km is of vital
importance for development in the country. Most of the urban, commercial, industrial,
and recreational activities in Kuwait are concentrated within 15 km of the shore lines
Furthermore, the coastal water 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 et al., 2006). The
seawater used for cooling the power plants is also discharged to the sea. The discharge of
salt and cooling water may increase temperature and salinity of the coastal water (Al
Bakri et al., 1998). The coastal area is considered a valuable natural resource containing
important ecosystem and supporting many organisms, whose extinction may affect the
whole marine environment. The coastal zone is also a very important nesting and feeding
ground for many resident and migratory birds (Al Bakri et al., 2000). There has been
only a single study thus far on the ecology, biology and allometric relationship of
intertidal clams in the Arabian Gulf (Jassim et al ., 2006).

Marine pollution is a global environmental problem because human activity on
land, in the water and in the air contributes to contamination of sea water, sediments and
the organisms. The potential threat of metals to the aquatic organisms has been directly

and indirectly assessed recently using several methods. Assessing the bioaccumulation of
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metals by the tissues of marine organisms has been studied as an indirect measure. A
wide range of organisms have served as bio-indicators to monitor the environmental
effects and bioavailability of pollutants in the aquatic environment (Langston, 1990). In
particular, bivalves have been recognized as useful sentinel organisms of contamination
in aquatic ecosystem because of their abundant population, wide geographical
distribution, sedentary habit, mode of feeding, and capacity to accumulate xenobiotic
substances above background levels. The “Mussel Watch Program” successfully exploits
this ability of filter-feeding bivalves, to identify coastal marine areas with elevated levels
of heavy metals (Goldberg et al., 1978; Sericano et al., 1993; O’Connor, 1998, 2002).
Bio-monitoring and surveillance are key methods for assessing the status or well being of
ecological receptors within functioning ecosystems (Burger and Gochfeld, 2001). The
use of bivalve molluscs as bio-indicators of trace metal enrichment or biological stress in
aquatic environments has gained widespread acceptance (Goldberg et al., 1978; Bryan et
al., 1980; Phillips, 1980, a, b ; Popham et al., 1980; Jensen et al., 1981; Thomson et al.,
1984). Bivalve mollusks are known to tolerate high metal concentration without harming
themselves (Ahn et al, 1996). The response to the metal concentration increase also
includes metal redistribution among organs, characterizing the balance between metal
accumulation and elimination (Podgurskaya et al., 2004). Several studies have indicated
that the variability of metal concentrations among the different soft tissues and metal
concentrations in the kidneys and livers (digestive gland) were usually significantly
higher than in any other soft tissues (Nigro et al., 1994; Ahn et al., 1996).

This study was designed to compare metal accumulation in different

organs of marine clam A. umbonella populations living along point-source



105

contaminated and uncontaminated sites in Kuwait Bay. The concentrations of
Hg, Cd, Cu, Ni, Mn, Pb, Cr, Fe, V, and Zn were measured in different organs of
this facultative suspension feeding clam A. umbonella, collected near desalination
and power plant industrial sites and a reference sites 5 km away from point source
at Kuwait Bay. The objectives of this study were therefore to: 1) determine the
organs in which specific metals concentrate, 2) examine the relationships between
metal enrichment in organs and metal concentrations in sediment and water to
which the clams are exposed, and 3) compare metal concentrations in different
organs of clam A. umbonella from the point-source impacted and the reference
sites.

It is hypothesized that:

1. Organs rich in protein (liver, kidney and gonads) will accumulate more Hg, Cu

and Cd than other organs.

2. The bioaccumulation of certain metals including Hg, Cu, and Cd results in

decreased organ and soft tissues weight of clams at the contaminated sites compared to

the reference sites.

3. There will be a strong relationship (correlation) between the concentrations of

metals in the organs of clam and those in its environment (water and sediment).

4. There will be strong relationship between metal concentration in specific

organs and water than those in sediment.

Materials and Methods
3.3.1. Study Sites

The sampling sites for clams A. umbonella is shown in Figure/Map 2 (Chapter 2).
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3.3.2. Clams Collection and Preparation

For organ analysis, thirty three clams were randomly collected from two
contaminated Sites 2A, 3A and from reference sites during December 1999, January 2000
with similar shell length to minimize the effect of body weight (Marina and Enzo 1983).
These sampling sites are shown in Figure/Map 2. After collection clams were transported
to the laboratory in self-supporting tanks (capacity of 150 liters, aerated sea water
continuously flowing). Clams were depurated in seawater for approximately 24 hours.
Seawater salinity and temperature were measured during each sampling.

Each clam opened carefully using stainless steel scalpel blades. Soft organs such
as gonads, stomach, digestive glands, gills, mantles, foot, hearts, and kidneys were
removed. The fresh weight of each organ was recorded (mg).

The following weights were recorded:

1. FW: Total flesh weight

2. GW: gonads weight

3. DG: digestive glands weight

4, SW: both shells weight

5. MW: mantle weight

6. St W: stomach weight

7. Kd W: kidney weight

8. Ft W: foot weight

0. HW: heart weight

All these organs were transferred to different vials and stored at -20 °C for further

investigation of metal depositions using atomic absorption.
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Prior to analysis, clam tissues were freeze dried to a constant weight (+0.5%).
Then the sample was ground to homogenize it and sieved in order to normalize the
variation in the grain size distributed. Samples were extracted by placing 0.5 gm of the
homogenized sample in a Teflon beaker and heating it (120 °C) with concentrated HNO3
until dry. 5 ml acid (HNO3+HCLO4+HF) was added to the sample and heated up to 120
°C until dry. Then the sample was cooled to room temperature and passed through filter
paper and poured into the 50 ml volumetric flask, diluting with HCI 0.1% to make up the
volume.

Water and sediment samples were also collected from each of the two

contaminated sites and reference sites (Chapter 1).

3.4. Statistical Analysis

To test the hypotheses, all analytical tests can be found in Chapter 2.

3.4.1. Length and gonad wet weight of clam A. umbonella

The mean total wet weight of gonads, mantles and gills were significantly reduced
in clams collected from the contaminated site compared to the reference sites (Figures 3,
4).

The linear regression was performed between clams length (cm) and mean gonads
wet weight (mg) at the reference and the contaminated site (Figures 5, Figure 6). Gonads
weight were significantly decreased (R?=0.07) as clams length increased at the
contaminated site (Figure 6). It was observed at the reference site that there was a
positive correlation (R?=0.65) between clams length and mean gonads wet weight (Figure

5) compared to the contaminated sites.
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3.4.2. Metal concentrations in organs

The Hg, Cu, Cd, Pb, Cr, V, Zn and Fe concentrations in various organs of clam A.
A. umbonella, at three contaminated and reference sites (A,B and C), average, SD
(standard deviation), T-test, contaminated/reference sites, RSD (relative standard
deviation), CI (confidence interval) are listed in tables 1, 2,3 4,5, 6, 7,8 and 9. Bar
graphs (Figures 5, 7, 10, 12, 14, 16, 18, 19, 21 and 23) show the mean metal
concentrations of Hg, Cu, Cd, Pb, V, Zn and Fe in the various organs of clam A.
umbonella between contaminated and the reference sites. Bar graphs (Figures 6, 8, 11,
13, 15, 17, 20, 22 and 24) show the increment enrichment percent (%) of metals such as
Hg, Cu, Cd, Pb, Cr, Ni, V, Zn and Fe in the various organs at the contaminated sites
compared to the reference sites. Bar graphs (Figure. 25, 26, 27 and 28) show the mean
metal concentration (ppm) in clam kidneys, mantles, livers and gonads. Pie charts
(Figure 33, 35, 37 and 40) show the percent (%) of Cd, Pb, Cu and Hg concentrations in
gonads, mantles, kidneys, gills and livers.

The mean concentrations of all metals at the study sites except Zn were
significantly higher in the kidneys, gonads, mantles, gills, livers and hearts compared to
the reference sites. The mean concentrations of Pb, Cd, and V were significantly higher
(p<0.05) in the kidneys (Figure 25) than in any other organs such as livers, mantles and
gonad. The concentrations of Cd and Pb (106.7 ppm, 97.5 ppm, respectively) were
higher in the kidneys than other metals. The concentrations of Hg, Ni, and Fe at the
contaminated sites clams were significantly higher in the gonads (2.32 ppm, 4.3 ppm,
5.72 ppm respectively) than in the kidneys, mantles and livers (Figure 28);where as the

highest Cr concentrations (12.5 ppm) were found in the mantles (Figure 26). The gonads,
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mantle, livers, kidneys, hearts and gills have significantly higher (p<0.05) concentrations
of Hg, Cu, Cr, Ni, Pb and Cd in clams collected from the contaminated sites compared to
those from the reference sites. The liver (digestive gland) of clam (Figure 27) was the
depository for the highest concentration of Cu (16.7 ppm) compared to the kidneys,
gonads and mantles. The Zn concentration in organs was not significantly differing in

clams from the reference and the contaminated sites.

3.5. Relationship between metal concentrations in water, sediment and
organs

Several inter metal correlations between the organs and water as well as the
organs and sediment were determined (n =16) by using regression analysis. There was a
strong positive correlation of Cd concentrations between water and mantles (Figure 32,
R? =0.65). There was also a positive correlation of Cu, Cd and Pb concentration between
sediment and the kidneys

(Figure 34, 31, 33: R*=0.54, R*=0.51, R* = 0.49). There was also a positive
correlation of Hg concentration between sediment and the gonads (Figure 36; R? =0.53),
between water and kidneys (Figure 38; R? = 0.44) and strong positive correlation between
Hg in gills and water (Figure 37; R?=0.72). A strong positive correlation (p<0.05) was
observed of Cu levels between water and gonads (Figure 35; R? = 0.52); between
sediment and the kidneys (Figure 36; R? =0.54).

The highest concentration of Hg was in the gonads (42%); where as
concentrations of Pb and Cd was highest in kidney (86%, 90% respectively). The highest

elevated level of Cu was in liver (26%).
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Figure 1. Mean organ weight (mg) of clam A. umbonella at the contaminated site and
the reference site.

4 =significantly different. Error Bars show weight max &min range.
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Table 1. Mean Hg concentration in various organs of clam

Mean Hg concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
CI (Confidence interval). A, B, C = Triplicate composite sample of 33 clams each.

e S Tt O peies o

Reference
Sites A
S Tisles Reference 0.9 11 | 008 04 06 |833E04 79 138% 66%
Contaminated| 345 298 | 362 34 03 10% 38%
- Reference 0.2 016 | 019 0.2 00 |B60E-04| 42 2% 4%
Contaminated| 0.4 076 | 0.8 07 01 17% 13%
- Reference 0.05 009 | 006 01 00 [L56E05| 136 31% 2%
Contamnated| ~ 0.89 098 | 085 09 01 % 8%
6ils Reference 0.06 008 | 009 01 00 |238E-03] 100 20% 2%
Contaminated| 0,56 076 | 098 08 02 2% 24%
lier Reference 0.8 009 | 001 01 00 |6.02E03] 54 13% 5%
Contamnated| ~ 0.32 023 | 042 03 01 29% 11%
ey Refergnce 0.1 02 | 03 0.2 01 |276E-05| 96 50% 11%
Contaminaed| 1,99 19 | L76 19 01 % 15%
Gonads Reference 02 03 | 02 0.2 01 |241E-05| 92 5% 1%
Contaminated| ~ 2.11 19 | 23 21 0.2 8% 19%
et Reference 01 020 | 02 02 01 |361E-04) 49 38% 8%
Contaminated| 0,98 088 | 0.76 09 01 13% 12%
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Error bars show SD. <= Significantly different
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Table 2. Mean Cu concentration in various organs of clam

Mean Cu concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Average  SD  THest Contar RelativeSD  Cl
Referen

St Tissues Reference 32 34 | 34 33 01 |6.01E05[ 21 3% 13%
Contaminated| 6.7 15 | 69 10 04 6% 4%

- Reference 17 17 ] 15 16 01 |120E02[ 12 % 13%
Contaminated| 19 19 | 21 20 0.1 6% 13%
Ve Reference 33 3] 32 32 01 [237E02] 40 3% 11%
Contaminated| 89 195 | 99 128 59 46% 662%

s Reference 25 22 21 23 02 [304E04] 20 9% 24%
Contaminated| 48 43 | 42 44 03 % 36%

T Refergnce 8.7 82 | 11 8.2 05 |[360E-05] 20 6% 5%
Contaminated| ~ 15.9 173 | 168 16.7 0.7 4% 80%
Kihey Refergnce 38 28 | 2T 31 06 |954E-06] 42 20% 69%
Contaminated| 133 126 | 127 129 04 3% 43%
Corads Refergnce 35 44 4 40 05 |[856E-06] 38 11% 51%
Contaminated| 145 147 | 157 150 06 4% 3%
Heat Reference 18 12 | 15 15 03 |445E-04f 13 4% 34%
Contaminated| 9.8 93 | 98 9.6 03 3% 33%
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Figure 8. Incremental enrichment (%) of Cu in the various organs of clam A.
umbonella at contaminated sites with respect to the reference site.
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Table 3. Mean Cr concentration in various organs of clam

Mean Cr concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Average D Tdest Coten Relative D Cl

Reference

Sl Tisies Reference 31 29 | 31 30 01 |L80E-06| 20 1% 13%
Confaminated| 6.1 62 | 63 6.2 01 % 11%
- Reference 105 98 | 93 99 06 [LOIEDS] 18 6% 68%
Contaminated| ~ 17.7 79 | 14 | 17 03 1% 28%
e Reference Al 23 | 26 25 02 [23E07] 49 8% 2%
Contaminated| ~ 12.7 25| 123 | 125 02 % 23%
6l Reference 19 18| 2 19 02 |526E-06| 39 8% 17%
Conaminated| 7.7 18| 12 18 03 1% 36%
lier Reference 23 22 | 21 21 01 [512E06] 34 5% 11%
Contaminated| 7.7 18| 12 [ 03 1% 36%
iy Refergnce 45 48 | 44 45 02 |215605] 16 5% 2%
Confaminated| 7.6 13| T4 14 02 2% 17%
—_— Refergnce 41 42 | 44 42 02 [L9TE04] 12 1% 17%
Contaminated| 53 52 | 53 53 01 1% T
Heat Reference 15 12 1 13 13 02 |L64E04| 21 11% 17%
Confaminated| 29 28 | 26 28 02 6% 17%
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Error bars show SD. V= Significantly different.
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Figure 10. Incremental enrichment (%) of Cr in the various organs of clam A.
umbonella at contaminated sites with respect to the reference site.



Table 4.

Mean Ni concentration in various organs of clam A. umbonella, SD
(standard deviation), T-test, Contamination/Reference site, RSD (Relative
standard deviation), A, B, C = Triplicate composite sample of 33 clams
each.

Tt Reference 2 24 | U 24 01 [334E06] 26 2 T
Contaminated| 6.2 65 | 6l 6.3 02 3 2%
- Reference 08 081 | 08 08 00 [LIE3| 20 1% 1%
Contaminated| 1.7 14 ] 18 16 02 13% 2%
il Reference 05 05 | 06 05 01 |L56E03] 16 11% T
Contaminated| 09 0§ | 08 08 01 T 1%
6ils Reference 04 04 | 03 04 01 (B0 21 16% T
Contaminated| 08 07 | 08 08 01 8% 1%
e Reference 04 07 | o7 07 01 |29E04 17 % T
Contaminated| 1.1 12 | Ul 11 01 5% 1%
iy Reference 18 14| 14 15 02 (330 29 15% 26%
Contaminated| 43 4o | 43 44 02 1% 20%
s Reference 15 16 | 16 16 01 L8903 28 1% T
Contaminated| 356 426 | 513 43 08 18% 8%%
Heat Reference 02 020 | 02 02 00 [29E04 712 I 1%
Contaminated| 18 14| 14 15 02 15% 26%

123
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Figure 11. Mean Ni concentration in the various organs of clam A. umbonella between

contaminated and the reference site.

Error bars show SD.3 =Statistically different.
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Table 4. Mean Zn concentration in various organs of clam

Mean Zn concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Average SD T-est YIEIL Relative SO Cl
Referen
A

. Reference 811 8.1 | 8712 835 33 |5.3E-04| 12 4% 310%

Soft Tisslies .
Contaminated| 1032 998 | 1031 | 1020 19 2% 219%
- Reference 494 533 | 418 5.2 28 |30 12 6% 30%
Contaminated| 582 598 | 588 589 08 1% 91%
e Reference 41 R 39.6 13 |LeOE02] 11 3% 141%
Contaminated| 416 M1 | 428 08 13 3 141%
6l Refergnce 49.7 415 | 501 9.1 14 [591E-05| 13 3 158%
Contaminated| 647 647 | 629 64.1 10 2% 118%
lier Reference 918 84 | 91 94.1 37 |L64E01| 10 4% 40%
Contaminated| ~ 94.4 975 | %8 9.9 23 2% 256%
iy Reference 178 1895 | 172 179.8 89 |LOTE02| L1 5% 1006%
Contaminated| 1957 | 2019 | 1958 | 1978 36 2% 402%
Gonads Reference 56.5 565 | 555 5.2 06 |3.75E-05 12 1% 65%
Contaminated| ~ 67.6 685 | 699 68.7 12 2% 131%
el Reference | 1313 | 1344 | 13297 | 1329 16 |152E03| 11 1% 176%
Contaminated| 1431 Wil | 1422 | 1441 26 2% 295%
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Figure 13. Mean Zn concentration in the various organs of clam A. umbonella at
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Error bars show SD.
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Figure 14. Incremental enrichment (%) of Zn in the various organs of clam A.
umbonella at contaminated sites with respect to the reference site.
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Table 5. Mean Fe concentration in various organs of clam

Mean Fe concentration in various organs of clam A. umbonella , SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Average  SD  Test Contan Relative SD
Referen
Sites A
St Tisses Reference 051 051 | 053 05 00 |241E02| 12 2% 1%
Contaminated| ~ 0.65 05 | 06 06 00 8% 6%
- Reference 03 03 | 09 03 00 |LIE04| 14 2% 1%
Contamnated| 042 042 | 04 04 00 4% 2%
e Reference 0.27 025 | 0.6 03 00 [290E-06] 20 4% 1%
Contaminated | (.52 053 | 051 05 00 2% 1%
ol Reference 082 082 | 083 08 00 [L40E-06] 12 1% 1%
Contaminated| 1.0 1 1 10 00 1% 1%
lir Reference 045 038 | 054 05 01 |[7.70E-05] 24 18% %
Contaminated| 1.1 L 11 00 1% 1%
iy Refergnce 35 37 | 32 35 03 [206E-05] 18 1% 28%
Contaminated| 6.4 64 | 63 6.4 0.1 1% %
Gonads Reference 101 102 | 1.06 10 00 |338E-03| 45 % %
Contaminated| 3.3 476 | 572 46 12 26% 136%
Heat Reference 15 ] 1 13 02 |370E02| 12 16% 24%
Contaminated| 16 16 | L7 16 01 4% 1%
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Figure 15. Mean Fe concentration in the various organs of clam A. umbonella at

contaminated and the reference site.

Error bars show SD. <+=Significantly different.
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Figure 16. Incremental enrichment (%) of Fe in the various organs of clam A.
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Table 6. Mean Pb concentration in various organs of clam

Mean Pb concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Average  SD  Ttest Contan RelativeSD  Cl
Referen
Sites A

Reference 0.21 023 | 024 0.2 0.0 [L57E-06] 25 % %
Contaminated| ~ 0.57 058 | 058 0.6 0.0 1% 1%
Reference 0.11 011 | 012 0.1 00 |[7.37E-06] 20 5% 1%
Contaminated |~ 0.227 022 | 023 0.2 0.0 2% 1%
Reference 0.4 0.4 0.3 0.4 0.1 |156E-03] 18 16% %
Contaminated 0.7 0.7 0.6 0.7 0.1 9% 7%
Reference 08 0.7 08 0.8 0.1 |7.26E05 19 8% %
Contaminated 14 14 15 14 0.1 4% %
Reference 11 11 0.9 1.0 0.1 |[L100E-06| 45 11% 13%
Contaminated 48 47 46 47 0.1 2% 11%
Reference 314 327 | 298 313 15 [214E06] 34 5% 164%
Contaminated 110 107 | 103 106.7 35 3% 397%
Reference 2.1 24 2.1 2.2 02 [L60E-07| 45 8% 20%
Contaminated 9.9 98 9.7 9.8 0.1 1% 11%
Reference 9.8 9.2 8.8 9.3 05 [327E-07] 29 5% 57%
Contaminated| ~ 27.1 269 | 214 21.1 0.3 1% 28%
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Figure 17. Mean Pb concentration in the various organs of clam A. umbonella at
contaminated and the reference site.

Error bars show SD. <4~ = Significantly different
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Figure 18. Mean Pb concentration in the various organs of clam A. umbonella at the
contaminated and the reference site.

Error bars show SD. + = Significantly different.



135

400%

0
355% 250

2350% -

w

=300% -

—

D

050% - ALk

| e
(qe]

S00 | 195%

D

—

S 154%
E150% -

|
[« B]

= 99%
100% - 82% 87%

% Inc

50% -

0% I I I I I I

Soft Foot  Mantle  Gills  Liver  Kidney Gonads Heart
Tissues

Organs
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Table 7. Mean Cd concentration in various organs of clam

Mean Cd concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation),
A, B, C = Triplicate composite sample of 33 clams each.

Contam/

etds Average SD Tiest neleence RelativeSD  Cl
Sites A
Sl Tistes Reference | 0.8 05 | 023 03 00 [390E-05| 72 10% Jh
Confaminated| ~ 1.67 1| 19 18 02 %% 18%
- Reference 0.65 054 | 083 06 01 |LI7EG| 16 12% 8%
Contaminated| 0,98 088 | 089 09 01 6% 6%
Ve Reference 02 02 | 027 02 00 |332E04f 38 14% 4%
Contaminated| ~ 0.98 092 | 076 09 01 13% 13%
ols Refergnce 02 023 | 0.4 02 00 |145E051 39 % 2%
Confaminated| ~ 0.94 084 | 087 09 01 6% 6%
I Refergnce 023 05 | 04 0.2 00 (37304 15 4% 1%
Contaminated| ~ 0.34 0% | 038 04 00 6% 2%
ey Reference | 314 7 08 | 33 1 [LUE0T 31 5% 164%
Contaminated |~ 975 %2 | %7 | 915 08 1% 85%
Sonals Reference 02 02 | 03 02 00 |600E04f 47 5% 1%
Contaminated| ~ 0.98 089 | 122 10 02 17% 19%
Heat Refergnce 18 IV N L7 01 |270E04) 21 Jh T
Confaminated| 3.3 367 | 398 37 03 %% 31%
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Figure 20. Mean Cd concentration in the various organs of clam A. umbonella at the

contaminated and the reference site.

Error bars show SD. 4 = Significantly different.

Right axis: Kidney

Left axis: Foot, Mantle, Gills, Liver, Gonads, Heart, Soft tissues.
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Figure 21. Incremental enrichment (%) of Cd in the various organs of clam A.
umbonella at the contaminated sites with respect to the reference site.
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Table 8. Mean V concentration in various organs of clam

Mean V concentration in various organs of clam A. umbonella, SD (standard
deviation), T-test, Contamination/Reference site, RSD (Relative standard deviation)
A, B, C = Triplicate composite sample of 33 clams each.

Average D Test Cotn Relative SD

Metals Reference

i Tistes Reference 04 05 | 04 04 01 (46902 12 13% %
Contaminated| 051 051 | 05 05 00 1% 1%
- Reference 02 02 | 03 02 01 [L74E-04] 33 25% %
Contaminated| 0.7 08 | 08 08 0.1 8% T
e Reference 03 02 | 02 02 01 |266E03] 26 25% T
Contamnated| 05 07 | 06 06 01 17% 11%
6k Refergnce 04 04 | 03 04 01 21603 40 16% T
Contaminated| L1 16 | 17 15 03 2% 36%
lier Reference | 031 031 | 0 03 00 |305E-06| 44 2% 1%
Contaminated| 14 14| 13 14 01 1% T
iy Refergnce 19 R 19 01 95280711 34 1% T
Contaminated| 278 65 | %641 269 | 08 3% 88%
s Reference 01 02 | 02 02 01 [599E05] 52 3% %
Contaminated| 0.9 08 | 09 09 01 T %
Heat Reference | 0.3 03 | 03 03 00 (371G 13 il Jh
Contaminated| 042 04 | 04 04 00 3% 1%
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Figure 22. Mean V concentration in the various organs of clam A. umbonella.

Right axis: Kidney

Left axis: Soft tissues, Foot, Mantle, Gills, Liver, Gonads, Heart at
contaminated and the reference site.

Error bars show SD. ¥ = Significantly different
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Figure 24. Mean metal concentration (ppm) in clam A. umbonella kidney with respect
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+ = Significantly different.
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Figure 26. Mean metal concentration (ppm) in clam’s livers at the contaminated and
the reference site.

Right axis: Pb, Fe, Cu, Cr; Left axis: Ni, Hg, Cd, And V.
<+ = Significantly different.
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Figure 34. The percent (%) Cu Concentration in various organs; gonads, mantles,
kidneys, gills and livers.
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Figure 37. The percent (%) of Hg concentration in various organs; gonads. mantles,
kidneys, gills and livers.
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3.6. Discussion

The main findings in this study were: 1) the mean wet weight of gonads, mantles
and gills in contaminated clams were significantly reduced (up to a factor of 2, 2.1, 2.2
respectively) at the contaminated site clams compared to the reference site clams; 2) The
highest inter-location variability of metal concentrations was in the kidney of the
contaminated site clams compared to all other organs. However, the clam A. umbonella
did not show any differences in kidney size or weight in contaminated site clams
compared to the reference site clams; 3) The concentration of Zn in various organs did
not differ between contaminated sites and the reference sites; 4) The liver (digestive
gland) was the main depository of Cu at the contaminated site clams compared to the
reference site clams; 5) Strong inter metal correlations among organs and water as well as

organs and sediments were observed.

3.6.1. Organ weights at the contaminated and the reference site
clams.

Low gonad weights observed at the contaminated site clams may be due to
higher metal levels (Hg, Cu, Cr, Ni, Pb and Cd) in the clams of the contaminated sites
than at the reference site clams. In particular, reduced gonad weight (poor gonad
development) at the contaminated sites could be due to the elevated levels of Hg (2.3
ppm) and Cu (15.0 ppm). Previous studies indicated that the elevated levels of Cu and
Hg have a strongly inhibitory effect on gamete production and maturation in scallop (E
Gould et al., 1988). Total gamete weight per scallop doubled in reference sites
individuals but dropped by 60% in both high metal exposure groups. The soft shell clam

(Mya arenaria) exhibited delay in gonad maturation when exposed to the heavy metals
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such as Hg, Pb, Zn and Cu (Gauthier-Clerc et al., 2002). Furthermore histological
observations have shown that the gonads of soft shell clams were devoid of mature germ
cells (Siah etal., 2003). The same histopathological observations were reported in the
fresh water zebra mussels (D. polymorpha), (Regoli et al., 2001). Though not definitive,
the results of the present study were consistent with the hypothesis that certain metals
affect the development and growth of the excretory (kidneys, mantles, gills) and
reproductive organs.

Reduced mantles and gills wet weights in clams from the contaminated sites
compared to the reference sites may also be the consequences of higher accumulation of
metals in these organs. However since all metals were higher in clams from the

contaminated sites, gills and mantles weight may reflect a general toxic effect.

3.7.  Kidney weights and metal accumulation
Interestingly, there were no signs of visible stress in kidney size and weight in the

present study. It is possible the relatively high metal concentrations observed in the
kidney could be due to accumulation of Pb, Cd and V in intracellular membrane-bound
cytoplasmic granules or metallothioneins (Walsh, 1990). As indicated by Kotsonis et al .,
(1978), Cd accumulated in liver, kidney rather than in muscle and may be replacing the
Zn in some enzymes and has a long half-life (10-30 yr) Metallothioneins are associated
with a detoxifying role and can account for 20% of the kidney volume in bivalves
(Langston et al., 1998) and allow the kidney to function as a reservoir for excess trace
metals. The kidney has an extra capacity to accumulate almost all metals and
demonstrate tolerance without harming itself. This may reflect specific regulatory

activities for the extremely high accumulation of metals in the kidney particularly Cd and
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Pb (Ahn in-Young et al., 2001). The ability of the kidney to concentrate a diversity of
metals infers an abundance of non-specific metal binding sites in its tissue, which
immobilize and retain metals for relatively long period of time (Denton.Gary and Leroy
Heitz, 1988). The mechanism of immobilization and internal detoxification of Cd, Cu,
and Pb by bivalves has been also described by Schulz-Baldes, 1977. These metals are
taken up in the gills and distributed by the blood and finally stored as a phosphorus

sulfur-rich complex in membrane-bound vesicles within the excretory cells of the kidney.

3.8. Comparison among tissues

The highest Cr concentration was found in mantles compared to the kidneys,
gonads and livers in clams from the contaminated sites compared to clam from the
reference sites. There were also significantly higher concentrations of Cd, Hg, Ni, V, and
Fe in mantles and gills of contaminated clams compared to the reference site clams.
Previous studies have reported that, generally, tissues where absorption takes place (like
gills and mantles), were enriched in a wider range of different metals than other tissues
(Bebianno et al., 1985, Siha et al., 2006). However, the gills and mantles are in contact
with the external medium and considered responsible for metal transfer to the organisms.
Thus, based on the results derived, the preceding evidence supports the first hypotheses
that organs rich in protein (livers, kidneys and gonads) accumulate more Hg, Cu, and Cd
than other organs.

The concentration of Cu was significantly higher (16.7 ppm) in the liver
(digestive gland) than in any other organ, and could be associated with metal binding
protein (metallothioneins). Langston et al., (1998) observed that 70% of Cu within the

digestive gland in bivalves may be associated with metallothioneins, which may infer
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protection from cytoxicity. The digestive gland plays also an important role in heavy
metal metabolism and contributes to their detoxification (Viarengo, 1992). Irato et al.,
(2005) also reported that Japanese little neck clam accumulates Cu in the digestive gland
more readily than do other bivalves, maybe due to increased induction of
metallothioneins like proteins. Viarengo et al., (1985) demonstrated that Cu**, when
present in sea water at the sub-lethal concentration of 0.08 mg L™, is able to induce
within 48 hours the synthesis of Cu-binding proteins in the gills, mantles and livers
(digestive gland) in bivalves.

In all tissues, Zn concentrations were not significantly varies in clams from the
reference and the contaminated sites. Similar results of field studies on Mytilus edulis,
have shown that the levels of Zn do not vary considerably between polluted and
unpolluted areas, and confirm these observations that Zn is regulated by all bivalves
(Phillips & Yim, 1981; Klumpp & Burdon-Jones, 1982; Lobel et al; 1982, Philips, 1985).
Among mollusks, bivalves are able to regulate Zn and their Zn accumulation does not
reflect environmental exposure (Bryan, 1979; George & Pirie, 1980, Triquet et al,. 1986.
A similar Zn regulating ability has been recorded for decapods crustaceans (Bryan, 1976;

White & Rainbow, 1982; Rainbow, 1985, 1988).

3.9. Inter-correlation among metals

Several inter-metal correlations among organs, water and sediment were found in
the present study. This was may be the consequences of specific mechanisms as uptake,
transport, storage and excretion of metals (Simkiss and Mason, 1983; Phillips and
Rainbow, 1989). There were positive correlations of Cd and Cu concentrations between

water and mantles, water and gonads (R* =0.65, R? =0.52 respectively). These
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correlations may be attributable to the fact that clam A. umbonella required Cu and Cd in
the same proportion during the life cycle for metabolic processes. Paez-Osuna and
Marmolejo-Rivas (1990a) observed the same correlations in Crassostrea corteziensis
from the port of Mexico. The Cd is found in marine waters mostly in dissolved form
(Balls, 1985). This was expected since the clam A. umbonella is a filter feeder, there
would be a stronger correlation between metal concentration in various organs and metal
concentration in water. However, these results also indicate a statistically strong
correlation of Cu, Cd and Hg concentration between sediment and kidneys and between
sediment and gonads (R?= 0.51, R2= 0.54, R? =0.53 respectively). The ability of many
in- faunal benthic species to switch from deposit feeding to suspension feeding depend on
the flow regime (Taghon et al, 1980). Dauer et al., 1981 used the term “interface”
feeders to refer species that were not obligatory deposit or suspension feeders; it could be
due to stress or poor quantity of suspended particulate matter that caused the switch from

filter feeding to deposit feeding.
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3.10. Suitability of individual organs as a bioindicators

The distribution of metals in the isolated tissues of clam A. umbonella is useful to
identify specific organs that may be particularly selective and sensitive to the
accumulation of heavy metals. In this study (see Chapter 1), clams show differences in
metal concentrations between the contaminated and the reference sites, making them
useful bio-indicators. However, all organs do not show such a difference. Several inter-
metal correlations between organs and water as well as organs and sediment suggest the
use of these organs as bio-indicators for assessing changes in the marine coastal
environment. In particular, gills accumulate all seven metals (Cu, Cr, Cd, Hg, Ni, V and
Fe), indicating that gills may be the most suitable bio-indicator for changes in metal
levels (solute) in the surrounding sea water. Metal concentrations in the gills of other
mollusks have already been shown to increase proportionally to the concentration of the
ambient environment (Langston & Zhou, 1987; Roesijadi et al., 1992,1993; Odzak et al.,
1994). The kidneys of clam A. umbonella strongly accumulate most of the metals and
therefore serve as a useful bio-indicator. For Cu and other metals associated with food
and particulate matter the digestive gland would serve as a better bioindicator (Ahn In-
Young et al. 2001). The Table 9 summarizes the strong metal accumulation by organs in

this study.
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Table 9. Metal bioaccumulation in clams’ organs.

“W” indicates that the metal accumulated in the organ in proportion to the concentration
of the metal in water.

“S” indicates that the metal accumulated in the organ in proportion to the concentration
of the metal in sediment.

Organs Hg Pb Cd Cu Cr \Y Fe

Gonads S W, S w W,S |W
Mantle w S
Liver w w S w
Gill W W W S W S

Kidney W S S S W S




165

4. Accumulation of Pb, Hg, Cu and Cd as a function of size in
the clam A. umbonella living near a desalination / power
plant in Kuwait.

4.1. Abstract

This study was designed to compare the metal concentrations and metal burdens
of Pb, Hg, Cu, and Cd in the soft tissues of clam Amiantis umbonella as a function of
clam size. Clams were collected near a desalination/power plant and a reference site 5
km away in Kuwaiti Bay. The objectives of this study were to: 1) examine the
correlation between the weight of the soft tissues and shell length in clams from the
contaminated and the reference sites: 2) determine the metal concentration and body
burden variations of four metals (Cu, Cd, Pb and Hg) in relation to clam shell length and
wet weight of contaminated site clams: 3) develop an allometric relationship between the
shell length and width and the weight of the soft tissues that provides a base for
predicting metal concentration in various organs as a function of clam size. Clam length
and soft tissue wet weight were significantly correlated (R* = 0.40, p < 0.005) in clams
from the reference site, but were not correlated (R? =0.030) in contaminated site clams.
Log transformed regression relationships between body burden and size/wet weight were
used to establish the correlations. Among the metals, Cd body burden was positively
related to clam wet weight and length, and similarly Cd concentration was also positively
correlated with clam length. The body burdens of the other metals (Hg, Pb and Cu) were
positively correlated to clam wet weight. However, the concentrations of these metals
were not correlated with clam length or weight. This indicates that the concentrations of

Hg, Pb, and Cu are biologically regulated in A. umbonella.
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4.2. Introduction

Monitoring programs and research for metals in the environmental samples have
become widely established because of concerns over accumulation and toxic effects,
particularly in aquatic organisms and to humans consuming these organisms
(Lauenstein et al., 1990). The criteria by which organisms are accepted as biological
indicator for the assessment of environmental contamination were proposed more than

twenty five years ago and remain unchanged (Phillips, 1976; Bryan et al., 1980, 1985).

A number of programs have operated throughout the world, including the United
States (Goldberg, 1986; O’Connor, 1998), France (Claisse, 1989; Belieff et al., 1998),
the Mediterranean, Caribean, (Kistner, 1984), and throughout Asia (Tanabe, 2000). As
time passes trend detection improves and it is expected that trends that are currently

obscured by natural factors will eventually emerge (O’Connor et al., 1994)

Bivalves are widely used as bio-indicators of heavy metals pollution in coastal
areas because they are known to accumulate these elements, providing a time integrated
measure and indication of environmental pollution. In comparison to fish and crustacean,
bivalves have a very low level of activity of enzyme systems capable of metabolizing
persistent organic pollutants, such as aromatic hydrocarbons and polychlorinated
biphenyls (Phillips, 1977). Therefore contaminants concentrations in the tissues of
bivalves more accurately reflect the magnitude of environmental contamination (Phillip,
1980, 1990). Bivalve mollusks are routinely employed to define the temporal and spatial
distributions of biologically available environmental pollutants, including trace metals, in

coastal areas and estuaries (Goldberg et al; 1978, Farrington 1983; Bryan et al., 1985).



167

Mussels, in particular species of the genus Mytilus, have been used most
extensively as they fulfill all the requirements of an ideal bio-indicator. Hence, as a
group, they have world wide distribution and where found, are usually abundant
(Farrington et al., 1983). Interpretation when and where contaminant concentrations in
the bodies of organisms reflect environmental exposure, however, can be complicated by
biological processes such as reproductive cycles, and age (Phillips 1976a; Borchardt et
al., 1988). One of the criteria when an organism is proposed as a bio-monitoring agent is
a simple correlation between pollutant levels present in the organism and those in its
environment (Goldberg\, 1975; Phillip and Rainbow, 1997). Factors known to influence
metal concentrations and accumulation in these organisms include metal bioavailability,
season of sampling, hydrodynamics of the environment, size, sex, changes in tissue
composition and reproductive cycle (Boyden and Phillips, 1981). Different animals in
the same community at the same trophic level could accumulate pollutants differently due
to differences in habitat/niche's physical and chemical properties (Reinfelder et al., 1997).
Bioaccumulation of pollutants can occur from sea water, suspended particles, and
sediments and through food chains (Otchere et al., 2003). The rate at which
accumulation occurs in an organism depends not only on the availability of the pollutant
but also on a whole range of biological, chemical and environmental factors. The ultimate
level which is reached is governed by the ability of the organism to excrete the pollutant
or, alternatively store it or pollutants along food chains and the development of tolerance

which sometimes occurs (Bryan, 1979).

Studying bivalve growth and establishing allometric relationship are essential for

generating useful information for managing resources and understanding changing
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environmental conditions due to environmental metal contamination (Palmer 1990; Paez-

Osuna et al., 1993a).

Recently baseline metal concentrations were determined in the principal body
organs of Laternula elliptica with a strong metal accumulating tendency near shore site at

King George Island (Ahn et al, 1996).

This study was designed to compare metal concentration and metal burden of Pb,
Hg, Cu, and Cd in soft tissues of clam as a function of clam size. Clams A. umbonella
were collected near a desalination/power plants and a reference site 5 km away in
Kuwaiti Bay. The objectives of this study are to: 1) examine the correlation between the
weight of the soft tissues and shell length in clams from contaminated sites compared to
the reference sites clams: 2) determine the metal concentration and body burden
variation of four metals (Cu, Cd, Pb, Hg) in relation to clams shell length and total wet
weight of contaminated site clams: 3) develop an allometric relationships between the
shell length and width and the weight of the soft tissue that provides a base for predicting
metal concentrations in various organs as a function of clam size.

It is hypothesized that:

1. There will be a strong positive relationship between clam total wet weight and
shell length in clams from contaminated sites compared to the reference sites clams.

2. Total metal burden in clam will increase with the weight gain, whereas the

metal concentration will diminish with increase size and weight of the clam.
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4.3. Materials and Methods

4.3.1. Study Sites

The sampling sites of clams A. umbonella is shown in Figure/Map 2. Description

about sampling sites can be found in Chapter 2.

4.3.2. Clams Collection and Preparation

Clams A. umbonella were collected randomly from an inter-tidal flat (29.30’
North, 48.00 ‘East) within Kuwait Bay on the west coast of Kuwait (Persian
Gulf). Sea water temperature in the Bay varies seasonally from a maximum 28 C°
to a minimum 4C® and salinity ranges from 40.8 psu to 18.3 psu.

For organs analysis, thirty three clams were randomly collected from four
contaminated Sites 2A, 2B, 3A and 3B and from reference sites during December
1999 and January 2000 with similar shell length to minimize the effect of body
weight (Marina and Enzo, 1983). These sampling sites are shown in Figure/Map
2 (Chapter 2). After collection clams were transported to the laboratory in self-
supporting tanks (capacity of 150 liters, aerated sea water continuously flowing).
Clams were depurated in seawater for approximately 24 hours. Seawater salinity
and temperature were measured during each sampling.

Each clam opened carefully using stainless steel scalpel blades.
Soft organs such as gonads, stomach, digestive glands, gills, mantles, foot, hearts,
and kidneys were removed. The fresh weight of each organ was recorded (mg).
The following weights were recorded:

10. FW: flesh weight
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11. GW: gonads weight

12. DG: digestive glands weight

13. SW: both shells weight

14. MW: mantle weight

15. St W: stomach weight

16. Kd W: kidney weight

17. Ft W: foot weight

18. HW: heart weight
All these organs were transferred to different vials and stored at -20 °C for further
investigation of metal depositions using atomic absorption.

Prior to analysis, clam tissues were freeze dried to a constant weight (+0.5%).
Than the sample was ground to homogenize it and sieved in order to normalize the
variation in the grain size distributed. Samples were extracted by placing 0.5 gm of
the homogenized sample in a Teflon beaker and heating (120 °C) with concentrated
HNO3 until dry. 5 ml acid (HNO3+HCLO4+HF) was added to sample and heated up
to 120 °C until dry. Then the sample was cooled to room temperature and passed
through filter paper and poured into the 50 ml volumetric flask, diluting with HCI

0.1% to make up the volume.

4.4. Sediment and Water collection

Water and sediment samples were also collected during sampling from each of the

two contaminated sites and reference site (see chapter 1)
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Results
4.5.1. Length and weight of clam A. umbonella

Mean length, and weight of clam (A. umbonella) varied between 2 cm-4.2 cm
for length, and 2.4g-4.48¢g for weight at the reference study sites (Figure/Map 2,
Chapter 2). Regression between the clams length and wet weight were tested and
it showed a positive correlation between shell length and wet weight at the
reference sites (p<0.05). Mean length, and weight of clam (A. umbonella) were
between 2.5 cm - 4.6 cm for length, and 1.2 g-1.8 g wet weight at the
contaminated study sites (Figure/Map 2, Chapter 2). The length of the clams had
no correlation with the wet weight (p<0.5) at the contaminated sites. The length of
the clams increased with minimally gain wet weight and weight increased without

gaining length.
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Results

4.6.1. Correlation between length and wet weight of clam A.
umbonella

A total of 33 clams were analyzed. Mean length and wet weight varied
between 2.5cm - 5 cm for length (Mean=3.75 cm), and 2.6 mg- 3.48 mg for
weight (Mean = 3.4) for the reference site clams. Regression between the clam
length and wet weight showed a positive correlation (R*=0.40) between shell
length and wet weight at the reference sites.

Mean length and weight were between 3 cm - 5 cm for length (Mean =
4cm) and 0.8mg - 1.7mg wet weight (Mean = 85 mg) of the contaminated site
clams. The length of the clam had no correlation (R?=0.03) with wet weight at
the contaminated sites. The length of the clam increased with minimal gain wet

weight but weight increased without gaining length (Figure 1).

4.6.2. Correlation between length and wet weight of clam
A.umbonella
The positive (P<.05) correlation found between log clam wet weight

(Figure 2) and Log Cd body burden (R°=21) and also between log length and log
Cd body burden (R2=59). Figure. 5 showed the strong correlation (R*=89, P<
0.05) between log clam length and log Cd concentration. There was no correlation
between log clam wet weight and log Cd concentration (Figure 4).

There was a strong positive correlation (Figure 6) between log clam total
wet weight and log Hg body burden (R?=67, P< 0.05)). There was no correlation
(R2=0004) between log clam length and log Hg body burden (Figure 7) and

between log clam length and log Hg concentration (Figure. 5, 6).
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The strong correlation (p<0.05, Figure 10) were found between log clam
wet weight and log Cu body burden (R?=54). There was no correlation between
log clam length and log Cu concentration and also between log wet weight and
log Cu concentration (Figures 7, 8, 9).

There was a strong positive correlation (R>=71, P<0.05)) between log wet
weight and log Pb body burden (Figure 14). There was no correlation between
log length and log Pb body burden and also no correlation between log length and

log Pb concentration (Figures 13, 14, 15).

4.7. Discussion

The main findings in this study were: 1) the insignificant correlations between the
length and wet weight of clams from the contaminated sites; 2) Cd body burden increased
with clam wet weight/length and Cd concentration also increased with clam’s length at
the contaminated site clams; 3) body burdens of Hg, Pb and Cu were positively correlated
to clam wet weight, however, the concentrations of these metals were not correlated with

clam length or weight at contaminated sites.

4.7.1. Correlation between length and wet weight of clam A.
umbonella
The mean soft tissue wet weight was lower by a factor of 2.2 in the contaminated

sites clams compared to the reference site clams (chapter 2), moreover, clam length and
tissue wet weight were strongly correlated at the reference site clams, but were not

correlated at the contaminated clams. The lack of growth as indicated by no soft tissue
weight increase as length increased was indicative of the toxic effects in the clams from

the contaminated sites. Although some clams increased in shell length, they did not gain
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weight. Thus, although the elevated levels of metals and perhaps other contaminants
suppress tissue growth, they were not lethal. An apparent effect of heavy metal
contamination on wet weight is the possibility that these clams were more tolerant of a
wide range of metal contamination. This variation may explain the insignificant
correlations between the length and total wet weight of the contaminated site clams.
Bivalve exhibited the ability to exist under stressful condition and bio-concentrate

contaminants without harming themselves (Goldberg, et al,. 1978; Jenkin, 1981).

4.7.2. Correlation between Cd body burden and log wet weight of
clam A. umbonella

Cd body burden increased with clam wet weight/length and Cd concentration also
increased with clam’s length. The positive correlation between clam length and Cd
concentration perhaps could be due to the biomagnifications which is a well known
process in the aquatic food web (D’ Itri 1991), or may be explained by the extremely
slow rates of elimination from the body. Cd has no known biological use in animals
(although it may substitute for zinc in certain enzymes in phytoplankton; Lane and Morel,
2000. Cd might biomagnify if consumers efficiently assimilate and slowly lose it
(Reinfelder et al., 1998; Wang 2002). Langston (1987) also observed a positive
relationship between metal concentration and length in some bivalve species due to the
extremely slow rates of elimination of a metal from the body of an organism, coupled
with non regulatory uptake. Since soft tissue weight did not increase with shell length,
the increase in Cd concentration with shell length occurred in the near absence of an
increase in soft tissue weight. Therefore, the increase in Cd concentration with shell
length indicates increase with clam age. It is well known that cadmium readily

accumulates through food webs (Fisher & Reinfelder, 1995; Nott, 1998). However, the
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size of the animal could be mainly responsible for the Cd concentration variability.
Clams are part of a complex food web and the benthic invertebrates are an important link
between phytoplankton and fish (Berkman and Nigro, (1992). Benthic organisms often

lengthen the food chains and causes further biomagnifications (Bargagli et al., 1996).

4.7.3. Correlation between Hg, Cu and Pb body burden and wet
weight/length of clam A. umbonella.
In general body burden is directly related to body weight in several species, for a

variety of element (Boyden, 1974). Indeed, body burdens of Cd, Hg, Cu, and Pb in A.
umbonella did increase with wet weight. The amount of metal, however, may not depend
on the amount of binding compounds within the tissues, but on the amount of metal
available in that environment. Thus both biotic and a-biotic factors probably change their
relative importance in these bivalves and it is unlikely that a steady state could ever be
reached (Otchere Fred, 2003).

The changes in metabolic rates of bivalve with length, storage mechanism as well
as the variation in bioavailability of metals in the surrounding environment with time
might be responsible for these correlations in these mollusks (Boyden, 1974; Cossa and
Rondeau, 1985).

The tendency to decrease the metal concentrations with an increase in body
weight/length was not significant for Hg, Cu and Pb. Perhaps growth was not more rapid
than the accumulation rate. It is likely that when tissues grow more quickly than the
metal can be absorbed, there will be reduction in metal concentration in soft tissues (Ahn,
etal., 2001). Cu concentration in cockles in dry season decreases with size/length as a

“growth dilution” effect, but is stable in the wet season. Thus alterations in the
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concentration of metals reciprocated with those of the whole soft tissues weight (Otchere

Fred, 2003).

4.8. Summary
Among metals, only Cd increased with wet weight and length. One of the reasons

for the strong positive correlation of Cd concentration and body burden (consistent with
wet weight/length) is very likely due to bio-magnification, which is a well- known
process in the aquatic food web (D’ Itri 1991). Cadmium, one of the most toxic heavy
metals (US EPA 1999; Langston 1990), is of particular importance in marine ecosystems
(Fowler, 1990). Further investigation will be needed to verify the ecological factors
involved in this process. The body burdens of the other metals (Hg, Pb and Cu) were
positively correlated to clam wet weight. However, the concentrations of these metals
were not correlated with clam length or weight. This indicates that the concentrations of

Hg, Pb, and Cu are biologically regulated in A. umbonella.
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5. Conclusions of the Dissertation
There is a need to critically assess the present quality of the marine ecosystem,

especially the connection between ecosystem change and threats to human health. In this
study an indigenous clam Amiantis umbonella was used as an effective bio-indicator
species for desalination plant and steam power plant’s waste water discharge in Kuwait.
In addition to its use as a bio-indicator, the high levels of some metals are a concern as
these bivalves are consumed by human and wildlife. Three metals had high enough
levels in clams from Kuwait to suggest that they pose a risk to people who eat them.
Bivalves are capable of accumulating extremely high levels of Cd in edible portions and
therefore represent a greater hazard to human consumers than Cd does to other marine
organisms (EPA, 1978; Langston et al., 1998; Roesijiadi, 1993). Among metals, only Cd
increased with wet weight and length of the clam A. umbonella. One of the possible
reasons for the significant correlations of Cd concentration and body burden (consistent
with wet weight/length) is bio-magnification, which is a well known process in aquatic
food webs (D’ Itri 1991; Luoma et al., 1996; Chong and Wen-Xiong Wang, 2000). Cd
might bio-magnify if consumers efficiently assimilate and slowly lose it (Rienfelder et
al., 1998; Wang, 2000). Cd, one of the most toxic heavy metals, is of particular
importance in marine ecosystems (Fowler, 199 ;US EPA 1999; Langston, 1990). Pb
level in clams from Kuwait was 1.9 to 2.00 ppm that could pose a hazard to human
consumers.

WHO (1976) sets a limit of 0.5 ppm for mercury in shell fish for human
consumption, the U.S. level is 1 ppm (FAO, 2005). The mean levels of Hg in clams from

Kuwait ranged from 0.6 - 6.2 ppm, which also exceeded the limit levels by WHO and
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U.S. FDA. Metal levels in isolated tissues of clam A. umbonella are useful for
identifying specific organs that may be particularly selective and sensitive to
accumulation of heavy metals. Several inter- metal correlations between organs and
water, as well as organs and sediment, suggest the use of these organs as bio-indicators
for assessing changes in the marine coastal environment. In particular, gill accumulated
all seven metals (Cu, Cr, Cd, Hg, Ni, V, Fe), indicating that the gill may be the most
suitable bio-indicator for changes in metal levels (solute) in the surrounding sea water.
The Kidney of clam A. umbonella also strongly accumulated most of the metals and
therefore serves as a useful bio-indicator. For Cu and other metals associated with food
and particulate matter, the digestive gland would serve as a better bio-indicator (Ahn, In-
Young et al).

This study indicates that clams can serve as an early detection of potential marine-
based contaminants, thus allowing for the protection of marine ecosystems and the
prevention of associated human exposure. It also provides baseline data for future
sustainable monitoring programs of the coastal environment, to reveal especially for Hg,

Pb and Cd.
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6. Future Direction
Further investigations will be needed to verify the ecological factors (age, trophic

transfer) involved in Cd bio-magnification processes.
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