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Abstract: The bioaccumulation of heavy metals and their distribution were investigated in selected marine
bivalve mollusks of genus (saccostreacucullata) oysters, (Mytilus edulis) mussels and donax at Tudor creek in
Mombasa Kenya. An atomic absorption spectrometer was used in this study to determine the concentration
levels of heavy metals in the organisms’ flesh and shell, water, sediment and rock samples.

Heavy metals concentration level among the bivalve mollusks was as follows: mussels: Zn> Fe> Cr>Pb>
Cu>Mn>Cd, oysters: Zn> Fe> Cu>Pb>Mn> Cr> Cd and donax: Zn>Fe >Cu >Pb> Cr>Mn> Cd. Heavy
metals varied with location, genus, size, tissue and shells of the mollusks. The results showed that of all the
metals analyzed Fe and Zn were the most abundant. Pb and Cd were detected in the shell samples but occurred
in levels below the detection limit in the flesh samples of all bivalves except oyster samples.

Mussels had the highest concentration of Zn overall. The results suggested that mussels are good accumulators
of Zn whereas oysters accumulate Cd and donax were poor accumulators of all metals except Cd in shell
samples. The shells had high concentration of the toxic heavy metals Cd and Pb while the flesh had high
concentration of the essential metals like Cu, Zn and Fe. The bivalves had a high concentration of the heavy
metals therefore, could pose a health risk to humans if consumed. It was concluded that bioaccumulation of
heavy metals varied with location, species type, body part and size of bivalve. It was further concluded that the
marine bivalve were better accumulators of heavy metals than water, sediment and rocks samples.
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I.  Introduction

Bioaccumulation can be defined as the progressive increase of a toxic chemical in tissues of living
organisms because the organism can uptake high quantities of the toxic chemicals compared to its ability to
remove it [1], [2]. Heavy metals have a density above 5g/cm®[3]. They are non-biodegradable and can therefore;
bioaccumulate in an environment after prolonged exposure. They are hazardous pollutants that pose a danger to
the marine organisms as well as the degradation of the marine ecosystem[4]. Therefore, monitoring of heavy
metals in the marine environment is a very important practice.

Marine organism can be exposed to heavy metals through uptake of water, ingestion of sediment
particles and via food chains [5], [6]. Marine mollusks have a tendency to bioaccumulate heavy metals at higher
concentration more than the sediment or water in their environment. Bivalves are filter feeders and feed through
their gills [5], [6]. Theyplay an important role in aquatic food chains because they represent the primary
consumers in the ecosystem [7].

The Kenyan coast generates a lot of income for Kenya through fisheries and tourism activities.
However, the marine environment has undergone a lot of stress due to urbanization and high population growth
in the coastal towns. This has led to pollution of the environment which pose a danger to both the marine
organisms and humans along the coastline[8], [9].

Mombasa is the largest coastal town in Kenya; it is home to over 1.2 million people [10]. Pollution of
the marine environment has been a problem for a long time. Major sources of pollution are solid waste,
municipal waste water and industrial waste that is deposited along the shores into the ocean. This practice has
led to destruction of the mangrove ecosystem as well as human health problems [11], [9], [8].

Heavy metals pollution at Tudor Creek in Mombasa has been a major concern as high levels of heavy
metals have been reported by several researchers [12], [13], [14], [15]. Therefore, this study aimed at assessing
bioaccumulation of heavy metals in marine bivalve mollusks from Tudor creek Mombasa Kenya. This was done
to identify a good biomonitoring organism as well as determine the level of heavy metals pollution at Tudor
creek. This study focused on three edible bivalve from the Kenyan coast namely (saccostreacucullata) oysters,
(Mytilus edulis) mussels and donax (Figl).
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Bivalves like Donax, Mussels and Oysters, have been used as biomonitors of heavy metals globally.
This is because they can accumulate some metals at levels high above those in their abiotic environment. They
can bioconcentrate chemicals by factors of 107 to 10° from sea water thus making the detection easier [18].
Therefore, it is easier to estimate the biologically available heavy metals than using water or sediments [19],
[20]. The uptake, bioaccumulation and concentration of metals in bivalves depends on several factors which
include; species (by sex, size and age), physical chemical changes, different sites on body surface, seasons,
location and habitat [19], [21], [20].

The bivalve shells can provide information of heavy metals pollution of the environment in their
microhabitats over a period of time. This is because they reflect on the environmental history of the heavy
metals in the environment [22], [23], [24]. Shells of sea animals are made mainly of two minerals of calcium
carbonate which are calcite and aragonite [25]. The nacre part of the shell has been observed to be a site of
biologically deposited heavy metals. The bivalve shells are thus said to be better indicators of pollution [22].

Finally, bivalves are sea foods that are of commercial value worldwide. Therefore, measurement of
chemical contamination is of important interest particularly as a public health concern [18], [21], [26].

Il.  Materials And Methods
2.0 Study Area Description
Tudor creek bounds Mombasa Island on the north west and is located in equatorial zone between 39°
30’E and 39° 45’ E longitude and 3°4.5” S and 4°15’Slatitude, as shown in fig 2[27], [28].
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Figure 2: Image of Mombasa showing sampling sites FJ (Fort Jesus) and CG (Coast General Hospital)
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The sampling sites, as shown in fig 1, were Fort Jesus (FJ) South 04° 03°53.6”, East 039° 40° 17.9” and
Coast General Hospital (CG) South 04° 3° 53.8”, East 039° 40’ 17.9”. These sites were chosen because of the
anthropogenic activities that occur around these stations. Fort Jesus area is a rocky shore while Coast General
Hospital is a sandy shore. Fort Jesus is a tourist’s attraction site; the area hosts a museum and also used for
water sports events, while Coast General Hospital sampling site is near a hospital and used for fishing and
swimming. The two sites chosen for this study have municipal waste disposal points at the seashore.

2.1 Sample Collection, Preparation and Analysis

The samples were collected at Tudor creek. Donax were samples from a sandy shore at Coast General
Hospital while oysters and mussels were sampled from a rocky shore at Fort Jesus.

Oysters were sampled using a chisel while mussels and donax were handpicked during low tide. The
mollusks were classified into three groups of ten organisms each based on their sizes and weight small, medium
and large (Table 1).

Table 1: Classification of bivalves into size

Size Oyster Mussels Donax
Length (mm) Small 26.04+1.88 11.33+1.32 13.66+1.71
Medium 35.65+4.70 16.32+1.81 17.56+0.52
Large 62.70+8.56 20.44+0.67 21.07+1.29
Width (mm) Small 17.60+1.78 6.91+0.77 10.56+0.98
Medium 35.65+4.70 9.97+1.22 13.40+0.70
Large 38.86+7.21 10.07+1.07 15.26+1.06
Weight (g) Small 3.24+0.73 0.59+0.14 1.00+0.26
Medium 40.10+16.79 1.22+0.23 1.88+0.35
Large 61.03+20.79 1.53+0.18 2.93+0.79

The samples were washed in a tap of water using a plastic brush to remove any dirt attached to the shell
surface. The shells and flesh of each bivalve were separated, dried in the oven at 60°C for 2 days [26], then
ground using a mortar and pestle and stored in the dessicator. Digestion of the flesh samples was done according
topublished methods[19], while shells were digested according to the United States Environmental Protection
Agency (USEPA) method 3050A.

Water samples were put in 100 mL bottles and acidified on the spot. The rock samples were sampled
using a hammer and chisel while the surface sediment were scooped using a shovel. The samples were stored in
plastic Ziploc bags then stored in ice for transportation. The rock samples were sampled depending on their
levels at the shore between the upper and lower eulittoral zone at the shore. Once in the laboratory, the samples
were cleaned, dried at 60°C then ground using a motar and pestle.

Digestion of rock and sediment samples was done according to the United States Environmental
Protection Agency (USEPA) method 3050A. Water samples were digested according to USEPA method 3005B.
Analysis was done by GF — 990 Shimadzu flame atomic absorption spectrometer.

Table 2: AAS instrument parameters

Parameters Pb Cd Cu Mn Fe Zn Cr
Wavelength(nm) 217 2288 | 324.7 | 279.5 | 248.3 | 2139 | 3579
Slit width(nm) 0.4 0.4 0.4 0.4 0.2 0.4 0.4
Lamp current(mA) 5 5 5 5 5 5 5
Detection limit(mg/l) | 0.012 | 0.0028 | 0.004 | 0.002 | 0.0046 | 0.003 | 0.05
Flame Air/ acetylene

Flame Temperature | 2300°C

I1l.  Results And Discussion

3.1 Concentration Levels of Heavy Metals in Bivalves

The concentration levels of heavy metals varied from species to species and size of the bivalves (Fig
3). The range of heavy metals concentration in all the species was as follows: Fe: 9.31+3.06 ug/g to
380.59+101.31ug/g, Zn: Nd to 2504.92+6.96 ug/g, Cu: 2.90+0.48ug/g to 254.98+9.50 ug/g, Mn: Nd to
19.31+1.71 pg/g, Pb: Nd to 70.35+2.47 pg/g, Cd: Nd to 7.15+1.14pg/g and Cr: Nd to 98.24+19.73 ug/g.

Fe and Zn were the most abundant heavy metals in all the molluscs (Fig 3 d and f) while Mn and Cr
concentration levels for most of the organisms were very low (Fig 3 a and c¢). Donax had the lowest
concentration of Fe (Fig 3 d) while oysters and mussels had the highest concentration levels of Zn (Fig 3f).
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Figure 3: Concentration levels of heavy metals in bivalves
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Zn and Fe had the highest concentration levels in all bivalves (Fig 3d, f). The concentration levels for
Zn ranged 13.80+3.23 in the donax and 2504.92+6.96 in mussels between 9.15+2.57 pg/g to 440.13+£22.39
pg/g. The major contributors of Fe and Zn in the environment are anthropogenic sources such as Municipal
waste disposal and discharge from industries [19], [8]. Another source of Fe is from the historical background of
the study sites especially Fort Jesus [28]. It was used as a prison and war zone in the 16" century by Portuguese.
Debris of metals is evident at the shore. While coast general site, is a docking area for boats and small ships.
They are also essential metals needed for the metabolic functions in the marine organisms. Therefore, the
bivalves tend to accumulate Fe and Zn in high concentration in their bodies. This is in agreement with a study
by [19] in mussels and oyster and [5] in mussels that showed high levels of zinc.

The concentration level of Cu ranged between 2.90+0.48 to 254.98+9.50 ug/g and Cr ranged between
10.14+1.10 to 98.24+19.73 ug/g. the concentration level was found to be high in the flesh samples compared to
the shell samples of the bivalves (Fig a, €). These are also essential metals that are needed in high concentration
in living organisms that aids in metabolic functions. While Mn concentration levels ranged between
0.084+0.004 to 19.97+2.70 pg/g were low in the flesh and high in the shells. Sources of these metals could be
from industrial activities and sewage disposal at the studied sites [28], [29].

Pb had concentration levels ranging between 52.59+2.42 to 70.35+£2.47 pg/g while Cd 3.15+0.67 to
13.92+1.24 pg/g were detected in high concentration in the shells of all organisms but below detection limit in
the flesh of all bivalves except in oysters (Fig 3 g and b). The high concentration level of these toxic metals
could be attributed to discharge of municipal waste at the shores [28] as well as from the paints or oils from
ships especially at Coast General hospital site. These metals are toxic and are not metabolized in the bivalves
hence are easily excreted from the flesh. The high concentration levels in the shells could be because of the
structural nature of the shells. They are made up of calcium carbonate in form of aragonite and calcite. The
aragonite is isostractural to lead carbonate while calcium (9.7nm) has similar ionic radii with Cd (9.8nm),
therefore the toxic metals have a tendency of replacing the calcium in the shells especially under low pH [30],
[24], [28].

3.2 Comparison of Heavy Metals Based on the Sizes of Mollusks

The size of organisms can affect heavy metals bioaccumulation. Increase in weight of an organism can
lead to decrease in metal concentration if the growth rate is higher than bioaccumulation. This is due to heavy
metal dilution [19].

Table 3: Correlation coefficient between metal concentration in flesh with body weight and length of mollusks

Metals | Mussels Donax Oysters

Weight | Length | Weight | Length | Weight | Length
Fe -0.99 -0.96 0.96 0.93 0.66 0.91
Cd 0 0 0 0 0.95 0.72
Zn -0.93 -0.87 0.82 0.77 0.99 0.96
Cu -0.64 -0.59 0.70 0.75 0.95 0.99
Mn 0 0 0 0 0 0
Pb 0 0 0 0 -0.93 -0.70
Cr 0.94 0.98 0 0 -0.96 -0.75

There was a strong positive correlation between Cr concentration and size in mussels (Table 4). While
a negative correlation was found between Zn and Fe concentration and size. This indicated that bioaccumulation
of heavy metals in mussels was not dependent on size of the organism.

The relationship between oysters’ body weight and metal concentration was strong in all metals except
for Fe. A negative correlation was however observed between Pb and Cr concentration and size (Table 4).
Oysters also had a strong correlation between concentration of metals and length with the strongest relationships
in Fe, Zn and Cu. This shows that metal concentration is highly affected by size of organism. When the size of
the oyster is large the essential minerals (Fe, Cu and Zn) and accumulated more, while the toxic metals
concentration is reduced with size.

In donax, the strongest positive correlation was between iron concentration levels in soft tissues and
both the body weight and length followed by Zn and Cu (Table 4). This means that accumulation of Znand Cu
increased with size for donax. Notably, no correlation was observed between Mn and either weight or length in
all the bivalves, and similarly Pb in donax and mussles, and Cr in chitons and donax (Table 4).

Table 4: Correlations coefficients between metal concentrations in shells with shell length of molluscs

Metals | Oysters | Donax | Mussels
Fe 0.10 -0.88 -0.92
Cd 0.83 0.95 -0.99
Zn -0.99 041 0.83

Cu 0.64 0.52 0.83
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Mn -0.52 -0.96 -0.57
Pb 0.76 0.99 0.54
Cr -0.71 0.88 -0.25

There was a strong positive correlation between length of shell and concentration of cadmium in
donax, and oyster, Zn in mussels and Pb in oysters and donax shells (Table 4). Donax was the only mollusk
with a strong positive correlation between size and concentration of Cr in shells. This suggests that these metals
are accumulated as the size of the organism increases in all mollusks.

Oyster shells had a weak positive correlation with Fe, while all mollusks studied showed a strong
negative correlation of Fe concentration with shell length (Table 4). This suggests that the accumulation of iron
in the shells of these organisms is not dependent on increase in age/size of organism making them good
candidates for bioaccumulation monitoring for iron.

3.3 Heavy Metals in Water and Sediment

The concentration level for water and sediment samples were within acceptable limits set by USEPA
[29]. Cd was below detection limit for the sediment samples in both sites, while in water samples, only Coast
General Hospital samples were below detection limit. This result is similar to [14] who found Cd in water
samples to be below detection limit at Tudor creek. The levels were significantly different (P< 0.05).Cd is a rare
metal and its occurrence is majorly due to anthropogenic activities like mining and from industrial waste. Mn
and Cr were below detection limits in the water samples but detected in sediment samples (Table 1). These
metals occur naturally in the environment however they are efficiently removed during industrial activities
before industrial waste is released to the environment. The concentration levels were however not significantly
different for the two sites (P> 0.05).

Table 5: Metal concentration levels on sediments and water samples at different sampling sites

Sediments samples(concentration in pg/g dry wt) Water samples (concentration in mg/L)
Metals | Fort Jesus Coast General Hospital Fort Jesus Coast General Hospital
Pb 38.25+2.82" 12.75+1.50" Nd 0.012+0.002

Mn 7.69+4.41 10.95+0.59 Nd Nd

Cr 4.61+1.34 1.65.20.32 Nd Nd

Fe 1174.50£9.52" | 460.71+17.73" 25.015.66 36.0£7.07

Cd Nd Nd 0.0043+0.0003" Nd"

Zn 34.19+3.13 28.7945.43 0.007+0.004 Nd

Cu 1.42+0.14 4.61+1.34 Nd 0.0043+0.00071

The asterisks * indicate significant difference at 95% confidence level (P> 0.005 one-wayanova).

Fe had the highest concentration levels in both the sediment and water samples compared to the other
metals. The levels of Fe in sediment from the two sites were significantly different (P< 0.05). The levels of Fe in
these sites were lower compared to a study done by [12] at Portrieze creek (6,562-32,260ug/g). The high levels
of Fe could be due to natural as well as anthropogenic activities like sewage waste disposal at the shore.

Lead concentration in water samples was below detection limit in FJ but had a concentration of
0.012+0.002 mg/L in CG, while in sediment samples, the concentration levels were 38.25+2.82 ug/g at Fort
Jesus and 12.75+1.50 pg/g at CG (Fig 1) the concentration levels were significantly different (P< 0.05). This
data is in agreement with previous studies by [14], reported lead concentration ranging from nd to 0.6 mg/L in
water samples, and 0.2 to 58.0 pg/g in sediment samples in Mombasa.

Concentrations of zinc were recorded at 28.79+5.43 ug/g to 34.19+3.13 pg/g in sediment samples at
CG and FJ respectively, and were higher at FJ. In water samples, zinc was below detection limit in CG but had a
concentration of 0.007+£0.004 mg/L in FJ sampling site (Figure 1). While the concentration of copper in water
samples in FJ was below detection limit 0.0043+0.00071 mg/L in CG, while sediment ranged from 1.42+0.14
pg/g at FJ and 4.61+1.34 pg/g at CG (Fig 1). The concentration levels of both Zn and Cu for the two sites were
not significantly different.

3.4 Biota Sediment Accumulation Factor (BSAF)

Biota-Sediment accumulation factor is a ratio that measures efficiency of metal bioaccumulation in the
flesh of the bivalves and the sediment. It is calculated as a ratio between concentrations of heavy metals in an
organism CB, to the concentration of heavy metals in sediment CS. It is expressed as: BSAF= CB/CS [26].

The BSAF was determined for marine donax samples only because they were the only bivalve in this
study that live in sediment. The BSAF was in this order for all metals Zn>Cr>Cu>Pb>Fe>Mn (Table 12).
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Table 6: Bio-Sediment Accumulation Factor (BSAF) for donax from sandy shores of Coast General Hospital

Size Pb | Mn Cr Fe Cd | Zn Cu
Small - 0.01 10.96 0.32 - 474 5.93
Medium 0.01 5.4 0.47 9.84 5.79
Large 001 |54 051 922 | 6.3

Zn had highest BSAF but its concentration in the sediment was lower than Fe. The concentration levels
of Zn, Cu and Cr in the flesh was high this means that there is high accumulation of Zn by the organisms. The
bio-sediment accumulation factor for Cr in small sized donax was the highest while for Zn it was in the medium
sized donax (Fig 4).

12.00
§ 10.00 —e—"rb
(5]
HE 2.00 —&—Mn
2 C
© - — :
3 6.00 o RN—
£ —a—Fe
=1
g 400 cd
(1]
o
@ 2.00 n
0.00 o= 4 ——Cu
Small Medium Large

Figure 4: Biota sediment accumulation factor for donax

Fe and Mn concentration levels were found to be high in the sediment as compared to the organism.
This means that the sediment have a greater capacity of accumulating these metals more than the donax from
this study area.

3.5 Bioaccumulation factor

Bioconcentraion involves uptake of chemical pollutants by absorption from water that will result to the
concentration of in the organisms being higher than in water [31].This is a ratio of the chemical concentration in
an organisms CB, to the total dissolved chemical concentration in the water CWT and it is expressed as: BCF =
CB/CWT

The bioaccumulation or bioconcentration factors followed the following trend Zn> Cu > Cd >Fe (Table
7). Although Fe was found to have high concentrations in the tissues of the bivalves its bioaccumulation factor
was low because its concentration in the water samples was also high. The bioaccumulation factors which were
greater than 1000 for the bivalves could indicate either significant and slow accumulation of pollutant or the
pollutant is accumulated in food chain.

The bioaccumulation factor for Cu and Cd was high in the bivalves, while concentration of Cu and Cd
was low in the water samples compared to the bivalves (Table 7). This means that the organisms can
bioaccummulate high concentration of these metals compared to water.

Table 7: Bioaccumulation Factor

Metal | Bioaccumulation factor
Donax Oyster Mussels
S M L S M L S M L
Fe 4.06 5.99 6.51 4.42 1.56 17.61 15.22 10.55 9.49
Cd - - - - 798.41 831.49 - - -
Zn - - - 72316.98 107462.68 138851.38 357846.32 95128.70 106563.70
Cu 6363.53 6209.26 6813.16 - - - - - -

The bioaccumulation factor for zinc was the highest for all organisms except donax. The small sized
mussels had the highest bioaccumulation factor followed by large sized oyster (Fig5).
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Figure 5: Bioaccumulation factor for bivalves

Zinc is an essential metal that occurs in high quantities in the mussels. This high bioaccumulation
factor shows that these organisms are better accumulators of the zinc metal than water.

3.6 Health Risks of Heavy Metals in the Bivalves

The bivalves in this study are commonly used as food amongst the locals at the Kenyan coast, however,
if consumed could pose a health risk to humans. To determine the health risk the levels of heavy metals in this
study was compared with the maximum permissible limits as set by international organizations. It was noted in
this study that, the concentration levels of Zn and Cu in the flesh of the bivalve species analyzed were above
acceptable limits set by Food and Agriculture Organization (FAO) and World food organization (WHO) (Table
6). The highest concentration level of Zn in the flesh of mussels was 2504.92+6.96 pg/g and for Cu in the flesh
of oysters being 254.98+9.50 pg/g.

While Pb and Cd which are highly toxic metals were found to be above acceptable limits in oysters
flesh samples. The highest concentration levels of Pb and Cd in oysters were 11.77+£2.38 ug/g and 3.57+£0.57
Ha/g.

Table 8: Standards for heavy metals in shell fish (Source: [32])

Pb Fe Cu Mn Zn Cr Cd
WHO (1989) 2.0 100 | 30 1 100 50 1
FAO(1983) 0.5-6 - 10-100 - 30-100 1 0.05-5.5

3.7 Heavy Metals in Rock Samples

Slopes of rocky cliffs at the Kenyan coast begin at eulittoral zone. The sessile organisms like Mytilus
edulis or the Saccostrea cucullata are found in the eulittoral zone [33]. Bivalves tend to vary in size depending
on their position at the shore,the difference in size could be due to the difference in the duration and frequency
of feeding period when exposed to water [34].

The concentration level of heavy metals in the rock samples also varied with the level at the shore
(Fig6). Mn, Cr and Zn were highest in the lower rocks at 23.67+0.77 ug/g, 4.10+0.33 ug/g and 4.10+0.27 pg/g
respectively. While Pb and Cd were below detection limit in the rock samples.
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Figure 6: Concentration of metals in rock samples
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Iron and copper were highest in the lower rocks at 336.64+25.79 pg/g and 4.36+2.64 ug/g respectively
(Fig6). These findings suggest that the lower shoreline rocks are more exposed to these heavy metals than the
other rocks. Therefore the organisms at this shore levels could be more exposed to the metals. However, most of
the concentration levels for most heavy metals in the rock samples were lower than those found in the organisms
except for Cr, Mn and Fe. These findings suggest that the bioaccumulated metals in bivalves were most likely as
a result of anthropogenic influences and less of natural occurrence. Metals in rocks are less likely to be
dangerous unless if dissolved in water through weathering, volcanic activities or leaching [35].

The concentration levels of heavy metals are lower in water and rock samples compared to the one
found in sediment samples. This could be because the heavy metal can be sorbed on the sediment, precipitated
as oxides, phosphates, sulphides or sulphates or the metallic species adsorbs to organic matter found in the
sediment [35]. However, the high levels of metals in sediment depend on sources of the pollutants.

IV.  Conclusions

This study has showed that the concentration levels of the heavy metals in the marine bivalves are high.
Bioaccumulation in the bivalve species followed the following trend oysters> mussels>donax. This shows that
oysters are the best bioaccumulators compared to the other bivalves species based on the metal bioavailability in
the oysters.

Mussels were found to be good bioaccumulators of Cr and Zn, were good bioaccumulators of Mn and
Fe and oysters were good bioaccumulators of Cu, Pb and Cd. Heavy metals bioaccumulation in bivalves is
dependent on the body part. The concentration levels were higher in the flesh samples for Fe, Zn, and Cu while
Pb, Mn, Cd, and Cr were higher in the shell samples.

These bivalves could pose a health risks if consumed because the levels of heavy metals concentration
were high compared to WHO and FAO. The bivalves were also found to be better accumulators of heavy metals
compared to water and sediment.
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