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ABSTRACT 

The concentrations of Cd, Pb, Cu, Zn, Ni, Co, Cr, Mn and Fe in the soft tissue of 
bivalves Paphia undulata and Gafrarium pectinatum from Lake Timsah, Suez Canal, were 
determined by flame atomic absorption spectrophotometer technique. P. undulata showed 
apparent seasonal variations of metals accumulation with maximum concentrations during 
spring-summer months. Estimation of concentrations factor (CF) for the studied metals 
recorded high accumulation rates of Mn and Fe. Two-way ANOVA was conducted to 
evaluate the effect of inter-species and inter-size on the variability of bivalve heavy metal 
concentrations. ANOVA data demonstrated significant variations for the most studied 
metals. Correlation coefficient were calculated to study the length-metal and inter-
elemental relationships. Length-metal relationships stated that Co, Cr and Mn in                
P. undulata and Cu, Zn, Ni and Co in G. pectinatum were independent of size, while the 
other metals gave significant negative correlation (at p < 0.05) with shell-length. The 
present work concluded different factors affecting the accumulation of metals in the bivalve 
species such as ambient concentrations and seasonal variations of metals, growth rate, 
uptake and excretion rates of metals and biological and gonadal development of animals. 

 
INTRODUCTION 

               The Venus clams P. undulata and 
G. pectinatum of the family Veneridae are the 
most popular edible clams and represent an 
important bivalve fishery in Lake Timsah, 
where it consumed locally in Egypt and had 
exported to Italy. Bivalves are extensively 
used in monitoring programs in the marine 
environment due to their ability to 
concentrate pollutants to several orders of 
magnitude above ambient levels in sea water 
(Al-Madfa et al., 1998; Domouhtsidou and 
Dimitriadis, 2000; Chase et al., 2001; 
Gutierrez-Galindo and Munoz-Barbosa, 2001 
and Lionetto et al., 2001). According to 
Phillips and Rainbow (1993) an ideal 
biomonitor should fulfill several requisites: 
should be sessile or sedentary in order to be 
representative of the study area; should be 

abundant in study areas, easy to identify and 
sample at all times of year, and should have 
sufficient tissue for analysis of the 
contaminant of interest; should be hardy, 
tolerating wide ranges of contaminant 
concentration, thereby permitting the design 
of transplant experiments and laboratory 
studies of contaminant kinetics; and should 
be strong accumulators of the relevant trace 
metal. 

Factors known to influence metal 
concentrations and accumulation in these 
organisms include metal bioavailability, 
season of sampling, hydrodynamics of the 
environment, size, sex, and changes in tissue 
composition and reproductive cycle (Boyden 
and Phillips, 1981). Seasonal variations have 
been related to a great extent to seasonal 
changes in flesh weight during the 
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development of gonadic tissues (Joiris et al., 
1998, 2000). Element concentrations in 
molluscs at the same location differ between 
different species and individuals due to 
species-specific ability/capacity to regulate or 
accumulate trace metals (Reinfelder et al., 
1997; Otchere et al., 2003). 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. 

Regarding heavy metals, various 
processes influenced by anthropogenic 
activities may contribute to increase 
concentrations in natural waters (Singh and 
Steinnes 1994): (1) run-off from agricultural 
and urban areas, (2) discharges from mining, 
factories and municipal sewer systems, (3) 
leaching from dumps and former industrial 
sites, (4) atmospheric deposition. Metal 
pollution resulting from industrial or 
recreational activities is becoming an 
important issue as well. Because of their 
potentially detrimental effects on human 
health, the presence of heavy metals can limit 
the quantity of bivalves humans can 
consume. They can also affect the bivalves 
directly by killing their larvae or damaging 
shell growth, thus affecting their quantity and 
quality. 

Some studies were conducted to 
measure the concentrations of heavy metals 
in bivalves and other molluscs species from 
Lake Timsah (Mourad, 1996; Attwa, 1997 
and Abd El-Azim, 2002) The purpose of the 
present study was to evaluate the 

concentration of nine heavy metals (Cd, Pb, 
Cu, Zn, Ni, Co, Cr, Mn and Fe) in two 
popular edible bivalve species, Paphia 
undulata and Gafrarium pectinatum collected 
from Lake Timsah. In addition to study the 
factors affecting the accumulation rate of 
metals in their tissue. 
Study area: 

Lake Timsah, is a small and shallow 
lake, lies on the Suez Canal at mid way 
between Port Said and Suez. It lies between 
30o 33' and 30o 35' N latitude and 30o 16' and 
30o 19' E longitude. The region can be 
distinctly divided into three basins: Lake 
Timsah, the western lagoon and the Suez 
Canal pathway (Fig. 1). The lake plays an 
important role in most of the activities in 
Ismailia City, such as tourism, fisheries, 
navigation, etc. Lake Timsah has nearly         
a triangular shape with elongated sides 
extending roughly East-West. It has a surface 
area of about 8 km2 and containing about 
34x106 m3 of water and an average depth of 
4-5 m (ETPS, 1995). The shores of the lake 
are sandy, with only restricted hard bottom of 
beach-rock type. It has salinity stratification 
where it receives brackish water from the 
western lagoon overtopping its high saline 
water. Lake Timsah is significantly polluted; 
the sources of pollution are essentially the 
raw sewage from the city network, industrial 
pollution from shore-line workshops, 
domestic sewage from unconnected areas 
adjoining the shore, agricultural drainage 
water, and possibly marine pollution. 
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Fig. (1): Map of Lake Timsah showing the sampling sites of bivalve species:  

(A) Paphia undulata and (B) Gafrarium pectinatum 
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MATERIALS AND METHODS 

Determination of heavy metals levels: 
               Samples of the two clams species, 
P. undulata and G. pectinatum, were 
randomly collected monthly from Lake 
Timsah during the period of October 2002 – 
September 2003 (Fig. 1). Shell length and 
height were measured to the nearest 0.1 mm 
using a vernier caliper, then each specimen 
was weighed in grams (total wet weight) 
(Table 1). The preparation of samples to 
determine concentration of heavy metals was 
carried out according to FAO (1976). Soft 
tissue of the animals were separated from the 
shells; weighed and digested using AR conc. 
HNO3 in Teflon digestion vessels. Wet 
digested samples were diluted with deionized 
distilled water and analyzed by flame atomic 
absorption spectrophotometer, Perkin Elmer 
Model Aanalyst 100. The obtained data were 
expressed as µg/g wet weight. 

Reference material (non-defatted 
lobster hepatopancreas – LUTS-1) was used 
to check method accuracy. The recovery 
values of metals analysis were between 70% 
and 95%. As well as, the precision of 
analytical method was checked by replicate 

measurements for the studied metals in          
a sample of marine organism. The obtained 
results showed precision of 4.7 – 11.5 % for 
all studied metals. 

 
Statistical analysis: 

 In addition to determine the 
level of metals in the organisms tissue, the 
concentration factors (CF) were calculated 
for the selected metals in the studied bivalves 
according to formula: 

CF = Cx / Cw 
Where: Cx and Cw are the mean 

concentrations of metals in the organism and 
in surrounding water, respectively. 

Two-way analysis of variance 
(ANOVA) was utilized to investigate the 
effects of species and size (shell-length) on 
the variations in metal concentrations in the 
organisms studied. Length-metal and inter-
elemental relationships were performed 
through the correlation matrix. All statistical 
analyses of data were conducted using 
computer program: STATISTICA for 
windows (Release 4.5, Copyright© StatSoft, 
Inc. 1993). 

 
Table (1): Range, mean and standard deviation of shell length, height and total weight 

 of the two bivalve species collected from Lake Timsah. 
 

Species No. Shell length Shell height Total weight 

Paphia undulata 
 
 
Gafrarium pectinatum 

 

185 
 
 

137 
 

2.30 - 5.97 
(4.59 ± 0.63) 

 
2.60 – 5.79 

(3.96 ± 0.68) 

1.40 – 3.36 
(2.58 ± 0.35) 

 
1.89 – 3.98 
(2.81 ±0.46) 

1.26 – 20.97 
(9.83 ± 4.19) 

 
3.41 – 29.65 

(10.98 ± 5.44) 
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RESULTS AND DISCUSSION 
I. Levels of heavy metals and Inter-species 
variations: 

Temporal variations of the 
concentration of some heavy metals (Cd, Pb, 
Cu, Zn, Ni, Co, Cr, Mn and Fe) in the soft 
tissue of clams P.undulata and G. pectinatum 
are tabulated in Tables (2 and 3). It is 
obviously clear that, most metals in              
P. undulata were highly accumulated (0.36 
µg Cd/g, 0.78 µg Pb/g, 1.64 µg Cu/g, 12.66 
µg Zn/g, 1.37 µg Ni/g and 0.33 µg Cr/g) 
during June except Co (2.04 µg/g) was in 
May, Mn (5.28 µg/g) in August and Fe 
(153.66 µg/g) in September. In contrast the 
lowest values were found in the cold months 
(February and January) for most metals 
except Cd (August) and Cr (July). In respect 
to G. pectinatum, the lowest and highest 
values of different metals were fluctuated 
between the different months of the study 
period with opaque pattern of accumulation, 
and gave highest values of 0.63 µg Cd/g, 1.08 
µg Pb/g, 2.47 µg Cu/g, 12.47 µg Zn/g, 1.83 
µg Ni/g, 1.00 µg Co/g, 0.40 µg Cr/g, 105.30 
µg Mn/g and 96.07 µg Fe/g. Attwa (1997) 
studied the concentration of heavy metals in  
Ruditapes decussata from Lake Timsah and 
found that Cd, Pb, Cu, Zn, Mn and Fe were 
highly accumulated in summer season. Under 
laboratory conditions, sandy-bottom bivalves 
Donacilla cornea showed significant 
difference in accumulation of copper at 2 
different temperature (18 and 25 oC) with 
high accumulation rate at the highest 
temperature (Regoli, et al., 1991). 
 Seasonal differences in metals 
accumulation, which have been also reported 
in bivalve from other regions (Bryan, 1973; 
Fowler and Oregioni, 1976 and Szefer, et al., 
1999a), may be related to factors such as food 
supply for the mollusc populations and/or 
runoff of particulate metal to the coastal 
waters of the lagoon. As well as, these 

seasonal variations have been related to                        
a great extent to seasonal changes in flesh 
weight during development of gonadic tissues 
(Cossa and Rondeau, 1985; Joiris et al., 
1998; Otchere et al., 2000, 2003). 

Annual means and CF of the 
different metals in the two bivalves species 
are shown in Table (4). According to the 
annual means, the order of metals 
accumulation was as follow: Fe > Zn > Mn > 
Cu > Ni > Co > Pb > Cd > Cr and Mn > Fe > 
Zn > Cu > Ni > Pb > Co > Cd > Cr for              
P. undulata and G. pectinatum, respectively. 
These patterns of magnitude were changed 
when the order carried out according to the 
CF for each species, which were Mn > Fe > 
Cd > Co > Cu > Ni > Cr > Zn > Pb and Mn > 
Fe > Cu > Ni > Cd > Co > Cr > Pb > Zn, 
respectively. Generally, Mn and Fe showed 
high accumulation rates in the soft tissue of 
the studied bivalve species. In contrast, Zn 
moved to the end of the accumulation pattern 
(CF) comparing to its location in the 
concentration pattern. This phenomenon 
indicated that the studied species have              
a bioavailability to accumulate Mn and Fe 
from the surrounding medium greater than 
other metals. 

Two-way ANOVA data (p< 0.001 
and 0.01) clearly indicate significant inter-
species variations in the accumulation of Pb, 
Cu, Ni, Mn and Fe. While, no significant 
differences were recorded for Cd, Zn, Co and 
Cr (Table, 5). This result revealed ability of 
one species to accumulate metals more than 
the other. G. pectinatum accumulate higher 
values of Pb, Cu, Ni and Mn (0.67, 1.63, 1.06 
and 73.46 µg/g wet wt., respectively) than 
those found in P. undulata which shows high 
value of Fe only (69.29 µg/g wet wt.). Szefer 
et al. (1999b) recorded significant inter-
species variation in metals accumulation in 
the soft tissue of molluscs species collected 
from the Gulf of Aden, Yemen. 
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By comparing metals concentration 
in the present bivalve species with those 
found in the same area and other Egyptian 
waters (Table, 6). It can observed that, most 
metals are comparable to the literature levels 
except high concentrations of Mn (50.50 – 
105.30 µg/g) in Gafrarium pectinatum of the 
present work and Zn ((67.75 – 135.50 µg/g) 
in Pinctada radiata from Suez Bay (Yassien, 
1998). This variation mainly attributed to 
bioavailability of the different species to 
accumulate specific metal. In addition, the 
present concentrations lie in the WHO limits 
for safety consumption of marine organisms 
(FAO. 1992). 
II. Size-metal relationships: 

Relationships (r) between shell-
length of the two bivalve species and the 
concentration of heavy meals are given in 
Table (7). It can be noticed that, all metals 
have negative correlations with shell-length 
which were significant (p < 0.05) for Cd, Pb, 
Cu, Zn, Ni and Fe (r = - 0.182, - 0.234, - 
0.324, - 0.175, - 0.284 and – 0.321, 
respectively) in P. undulata, and for Cd, Pb, 
Cr, Mn and Fe (r = - 0.241, - 0.271, - 0.221, - 
0.258 and -0.229, receptively) in                   
G. pectinatum. These inverse relationships 
can be attributed to different reasons: 1) 
variation in the uptake and excretion rates of 
metals between small and large animals, 2) 
small animals have ability to� eat more than 
the large one which lead accumulate pollutant 
in its body, 3) dilution of the pollutant in the 
tissues of the large animals. In general, it can 
be stated that, large individuals of the two 
bivalve species in the present study able to 
regulate the metals content in their tissues. 

Yassien (2004) identified four age 
groups for both P. undulata and                   
G. pectinatum. The mean shell lengths in            
P. undulata were 2.92 cm, 4.44 cm, 5.28 cm 
and 6.06 cm for groups I, II, III and IV, 
respectively, while in G. pectinatum it were 
2.79 cm, 3.75 cm, 4.45 cm and 5.12 cm, 
respectively. The accumulation of heavy 
metals in the different length groups is 
illustrated in figures (2 and 3). Statistically, 

significant inter-size variation (ANOVA 
data) in the concentrations of most studied 
metals can be observed (Table, 5). 

Based on the size dependence of 
metal concentrations found in this study, the 
metals quantified can be divided into two 
groups: metals showing concentrations 
independent of size; and metals showing 
decreasing concentrations with size. 

Among the metals studied, only Co, 
Cr and Mn in P. undulata and Cu, Zn, Ni and 
Co in G. pectinatum seemed to be 
independent of size. This suggests that 
excretion equals uptake for these metals. 
Other metals in the two species exhibited 
decreasing concentrations with size. Differing 
results have been reported for the effect of 
size on the accumulation of metals in the 
molluscs species. Pb, Cu and Zn 
concentrations were reported to be negatively 
correlated with size while Cd found to be 
independent of size (Boyden, 1977). In the 
same manner, Cossa et al. (1980) found 
negative correlation between Cd, Cu and Zn 
with mussel size. High concentrations of Cd, 
Cu, Zn and Mn in the oysters, Crassostrea 
gigas, in the period of growth (length of 51 – 
99 mm) than in the commercial size oysters 
(length of 90 – 136 mm) (Gutierrez et al., 
1991). Harris et al. (1979) recorded 
increasing patterns for Cd and Fe with shell-
size. Positive relationships for Pb and 
negative for Cu and Fe were observed by 
Popham and O’Auria (1983). Cd and Pb 
showed positive correlation, Cu and Fe gave 
negative correlation, while Zn, Co and Cr 
found to be independent of mussel size (Riget 
et al., 1996). Zauke et al. (2003) observed 
insignificant relationships between Cd, Pb, 
Cu, Zn and Ni and shell-length of Mytilus 
edulis. In contrast of the present study, Szefer 
et al. (1999b) reported that the large 
individuals of the molluscs species collected 
from the Gulf of Aden, Yemen accumulated 
trace metals more than the small one. 
 As noted above, various studies have 
reported contradictory results with respect to 
the size dependence of metal concentrations 
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in molluscs. However, it must be pointed out 
that the size dependence of metal levels 
varies considerably among molluscs species. 
Different ambient concentrations of metals in 
the environment may influence size 
dependence relationships, as shown by 
Popham and D’Auria (1983) they found Zn 
concentrations to be independent of size in an 
uncontaminated area, but positively 
correlated with size in a polluted area. Strong 
and Luoma (1981) found that the correlation 
between Cu and Ag and size of the clam 
Macoma balthica were influenced by size-
dependence differences and seasonal 
variations in growth rates, and size-dependent 
differences in uptake rates, which gave rise to 
both strongly positive and strongly negative 
relationships. In the present study, Lake 
Timsah is affected by different activities 
particularly anthropogenical sources, which 
may influence the accumulation of metals in 
the marine organisms. In addition to seasonal 
variations in the metals levels as well as the 
physiological and biological changes of the 
bivalve species during the period of the 
study. All these factors can be affected on the 
metal-size relationships. 
III. Metal-metal relationships: 

Table (7) shows the correlation 
between metals in the soft tissue of                
P. undulata and G. pectinatum. It is 
obviously observed that, all metals in             
P. undulata have significant positive 
correlation. While, in G. pectinatum, only 
Cd: Pb-Ni-Co, Pb: Co, Cu: Zn-Ni-Co-Fe, 
Zn:Cr, Ni: Co-Cr-Mn, Co:Fe, Cr: Mn-Fe, 
Mn: Fe showed significant positive 
correlation and Mn: Pb-Zn showed 
significant negative correlation. The 
variations between the two species in the 
inter-elemental relationships may be 
attributed to hat P. undulata was collected 

from the site particularly closed to the 
different sources of pollution in the lake 
which can give a chance to accumulate 
different metals with the same magnitude. 
While the other species, G. pectinatum was 
collected from the site relatively faraway 
from the direct effect of the pollution sources. 

 
CONCLUSION 

In summary, there are generally 
considerable differences in the concentrations 
of selected metals with respect to the species 
(P. undulata and G. pectinatum). Data of 
two-way ANOVA analysis demonstrate 
significant inter-species variation in the 
accumulation of Pb, Cu, Ni, Mn and Fe. 
There are seasonal variations in the metals 
levels especially for P. undulata with 
maximum concentrations during the worm 
months (spring-summer). For most studied 
metals, inverse significant correlations are 
observed with the shell-length. Two-way 
ANOVA data show significant inter-size 
variations in the levels of most metals. Co, Cr 
and Mn in P. undulata and Cu, Zn, Ni and Co 
in G. pectinatum give independent pattern of 
size. Inter-elemental relationships show 
significant position correlation for all studied 
metals in P. undulata, while some of them 
are in G. pectinatum with inverse correlation 
between Mn: Pn-Zn. 
 Finally, it can be concluded that, 
different factors can affect the accumulation 
of metals and its relationships in the studied 
bivalve species. Such as, land-based activities 
which influence the ambient concentrations 
of metals, seasonal variations of metals 
content, food supply for the species 
population, growth rate, uptake and excretion 
rates of the metals, and biological and 
gonadal development of the animals. 
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Fig. (2): Accumulation of heavy metals through the different length groups of Paphia 

undulata from Lake Timsah during 2002-2003�
 

0.22
0.2

0.18

0.14

0

0.05

0.1

0.15

0.2

0.25

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Cadmium

0.3

0.55

0.39

0.29

0

0.1

0.2

0.3

0.4

0.5

0.6

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Lead 1.76

1.04
0.92

0.8

0

0.4

0.8

1.2

1.6

2

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Copper

14.7

8.53 8.73

5.2

0

4

8

12

16

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Zinc

1.17

0.74
0.62

0.41

0

0.3

0.6

0.9

1.2

1.5

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Nickel

0.37

0.59
0.51

0.2

0

0.2

0.4

0.6

0.8

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Cobalt

0.44

0.17 0.18

0.07

0

0.1

0.2

0.3

0.4

0.5

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Chromium
2.91

2.58
2.37

0.97

0

0.5

1

1.5

2

2.5

3

3.5

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Manganes 106.73

77.56

57.4

29.81

0

20

40

60

80

100

120

C
on

ce
nt

ra
tio

n 
(µ

g/
g)

I II III IV

Length groups

Iron



ACCUMULATION PATTERNS OF HEAVY METALS IN VENUS CLAMS, PAPHIA UNDULATA (BORN, 1780) 
AND GAFRARIUM PECTINATUM (LINNAEUS, 1758), FROM LAKE TIMSAH, SUEZ CANAL, EGYPT 
 

 26 

  
Fig. (3): Accumulation of heavy metals through the different length groups of Gafrarium 

pectinatum from Lake Timsah during 2002-2003�
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