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The effect of depuration on heavy metals, petroleum
hydrocarbons, and microbial contamination levels
in Paphia undulata (Bivalvia: Veneridae)

M.M. EL-GAMAL

Department of Zoology, Faculty of Science, Tanta University, Tanta, Egypt

ABSTRACT: The depuration of 8 heavy metals (Zn, Pb, Ni, Mn, Cu, Cr, Co and Cd), total petroleum hydro-
carbons and pathogenic bacteria of Paphia undulata was tested and the survival of depurated clams was
evaluated. Investigated samples were collected from Ismailia, Egypt. The initial metal concentrations were
significantly higher in the whole soft tissues than in water and sediment except for Mn. After 24 h depura-
tion, Zn, Pb, Ni, Mn, Cu, Cr and Cd were significantly reduced to 44, 23, 25, 17, 61, 41, and 75%, respectively.
After three days of depuration the reduction was significant only for Cu, Cr, Co and Cd (27, 15, 23 and
52%, respectively). The total petroleum hydrocarbons were reduced significantly to 72% after three days of
depuration, while after 24 h they were reduced to 90% compared to their initial concentrations. Four patho-
genic bacteria were identified in the soft tissues of P. undulata (Vibrio sp., Shigella sp., Escherichia coli and
Salmonella sp.). After one-day depuration the results evidenced the mean microbial reduction to 75, 31, 68,
and 36%, respectively, compared to their initial counts. After three days of depuration the counts of Vibrio
sp. and Salmonella sp. were reduced to 3% and 8%, respectively, while Escherichia coli was not detected on
the third day. Shigella sp. was increased by 22% compared to the first day of depuration. The viability and

mortality were not influenced by the depurative treatment.
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Shellfish are a popular and nutritious food source
worldwide and their consumption has risen dra-
matically. Since bivalves are filter feeders, they con-
centrate contaminants to a much higher level than
those of the surrounding sea (Cosson, 2000; Fang et
al., 2003). These contaminants may cause diseases
of humans, especially microbial contaminants, be-
cause shellfish are often eaten raw or lightly cooked
(Rippey, 1994; Croci et al., 2002; Formiga-Cruz et
al., 2003). To reduce or minimize the risk, the source
of the shellfish should be investigated and better
quality would be attained by appropriate treatment
following the harvest. The best and the easiest
strategy that has been developed for bivalve risk
management is utilizing their capacity to eliminate
pathogenic microorganisms and toxic substances
when bivalves are kept in clean disinfected seawater

tanks (Wong et al., 1997; Sobsey and Jaykus, 1999;
El-Shenawy, 2004). The above method (depuration)
helps bivalves to expel and separate contaminants
from their gills and intestinal tract over a period of
time and prevents their recontamination. Although
Arnold (1991) restricted the role of this type of
depuration to remove bacterial contamination, oth-
ers emphasized and encouraged it for reducing the
toxicity of heavy metals (Wilson, 1980; Hung et al.,
2001; El-Shenawy, 2004; Katayon et al., 2004) and
petroleum hydrocarbons (Lee et al., 1972; Stegman
and Teal, 1973; Linden et al., 1979; Clement et
al., 1980; Rainio et al., 1986; Rantamaki, 1997).
Many factors influence the degree of depuration
as follows: the system design, initial water quality,
oxygenation and flow rates, salinity, temperature,
shellfish-to-water ratios, removal and settlement
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of faecal material, types of pollutants in seawater
and the period of purification (Lee and Younger,
2002; Manfra and Accorneo, 2005).

Most studies concerning depuration exposed
bivalves to pollutants in the laboratory and then
transferred them to clean waters under laboratory
or field conditions (Seymour and Nelson, 1971;
Mason et al., 1976; Zaroogian, 1979; Wahi et al,,
2009). A few studies used clams containing natural-
ly high concentrations of heavy metals and followed
their depuration at a relatively clean field (Okazaki
and Panietz, 1981; El-Shenawy, 2004). No informa-
tion was reported for Paphia undulata depuration
or the impact of their depuration on survival. The
aim of the present study was: (1) to evaluate the
efficiency of depuration on the elimination of some
pollutants such as heavy metals, hydrocarbons and
pathogenic bacteria from Paphia undulata col-
lected from a polluted area (Ismailia, Egypt); (2)
to verify the survival of clams during depuration
to help in the establishment of public health guide-
lines for commercial harvesting of clams.

MATERIAL AND METHODS

Sampling collection

Paphia undulata were collected in February 2009
from Ismailia near Buheirat-Marrat-el-Kubra, sta-
tion No. 6, Egypt (Figure 1). The shell sizes of the
detected samples were 2.6-5.8 cm in length and
1.2-3.2 ¢cm in width. Dead or damaged specimens
were eliminated and a standardized shell size 4.5 cm
in length and 2.5 cm in width was used. Sediments
and water samples were collected from a precise
depth corresponding to the clam settlements to
determine the initial level of heavy metals and total
petroleum hydrocarbons (TPHs). Salinities were
measured on a field salinometer during the sam-
pling period and averaged about 40.18 £ 0.023%o.
Temperatures averaged 21.13 + 2.08°C,pH =7.8 £
0.06, turbidity = 0.5 NTU (Nephelometric Turbidity
Units) and dissolved oxygen was 5.6 + 0.32 mg/I
during the sampling period.

Depuration experiment

The experiment was commenced within 3 h since
the shellfish collection and studied for 24 and 72 h.
For each period three replications of twenty clams
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of similar dimensions were placed in 51 aquaria
containing 3.5 1 of autoclaved artificial sea water
(Instant Ocean Aquarium System) to be free of
chemical contaminants and microbial infection.
The culture was kept under laboratory conditions
(temperature 22 + 2°C; salinity 40%o and with con-
tinuous aeration). In three days depuration water
was changed and the aquaria were cleaned every
day to avoid refiltration of depurate contaminants
(no food was added during the depuration).

Metal analysis

Heavy metal concentrations in samples of water,
sediment and soft tissues of P. undulata were ana-
lysed according to the methods of Dybern (1983),
Chevereuil et al. (1996) and Coughlan (2002) using
an Atomic Absorption Spectrometer (Perkin-Elmer
model 2380). The results of metal concentrations
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Figure 1. Map of the site of collection and collected Paphia
undulata
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are expressed as pg/ml (ppm) in water, ug/g of dry
weight in soft tissues and in sediment.

Total petroleum hydrocarbons analysis
(TPHs)

In water. Seawater samples were extracted three
times with 60 ml of dichloromethane in a separat-
ing funnel. Sample extracts were combined and
concentrated by rotary evaporation to 5 ml. Finally,
the samples were concentrated under a gentle
stream of pure nitrogen to a final volume of 1 ml,
then measured using a UV-spectrofluorometer at
410 nm emission after excitation at 360 nm and
chrysene as standard (Parsons et al., 1985).

Sediment. The sediment was freeze-dried, dry/
wet ratios were determined and then it was sieved
through a stainless steel mesh (250 mm). Each se-
diment sample (10 g) was Soxhlet extracted with
250 ml of hexane for 8 h and then re-extracted for
8 h into 250 ml of dichloromethane (Colombo et
al., 1989). Then the extracts were combined and
concentrated down using rotary evaporation at
30°C followed by concentration with a nitrogen gas
stream down to a volume of 1 ml, then measured
using a UV-spectrofluorometer at 410 nm emis-
sion after excitation at 360 nm and chrysene as
standard.

Soft tissues. Accurately 5 g of dried P. undulata
tissues was acidified to pH 2 with 0.1 ml concen-
trated HCl, then homogenized in 5 g anhydrous
MgSO, for about 15-30 min at room temperature.
The contents were Soxhlet extracted using chlo-
rotrifluoroethylene (S-316) then dried through
anhydrous magnesium sulphate. The solvent was
evaporated to about 10 ml under vacuum and low
temperature (not higher than 50°C). The residue
(TPH) was cooled, dried in a desiccator for 2 h and
weighed again. The residue was dissolved in chlo-
rotrifluoroethylene and quantitatively transferred
into a 25 ml volumetric flask and made up to the
volume to be directly analysed using quantitative
FT-IR (Fourier Transform Infrared).

Bacterial analysis

Bacteria were isolated from freshly harvested
10 clams in different selective media. MacConky,
TCBS and Salmonella & Shigella (SS) media were
used to isolate the most common Gram negative

bacteria such as Vibrio spp., Salmonella and Shigella.
Cells were stained with the Gram stain and examined
under a phase contrast microscope. The isolated bac-
teria were applied to total count (APHA, 1989) and
counted according to Hitchins et al. (1995), where
CFU/ml = No. of colonies/amount plated x dilu-
tion. Determination was done according to Bergy’s
Manual of Determinative Bacteriology (Singhet
and Prakash, 2008). These analyses were performed
with freshly collected clams directly after harvesting
(0 day), one day and three days after depuration. Ten
clams were pooled for one analysis.

Mortality ratio

Mortality was determined by visual and tactile
analysis of each specimen and was performed
daily.

Statistical analysis

The results are presented as mean + SD values.
One-way analysis of variance (ANOVA) was used
to test the significance of depuration in each metal
concentration, TPHs and bacterial count. Post hoc
test was used to analyse the multiple comparisons
among water, sediment and soft parts, and between
the zeroth, first and third day of depuration. All
statistical analyses were performed using the SPSS
15.0 software (SPSS 2006).

RESULTS

The metal concentrations in water, sediment and
clams’ whole soft tissues at the beginning of the
experiment are represented in Figure 2. One-way
ANOVA (Table 1) shows significant differences
(P < 0.000) between the three groups (water, sedi-
ment and soft parts). Baseline concentrations of
the 8 metals were significantly higher in the whole
soft tissues than in water and sediment (P < 0.000)
except for Mn, which was significantly higher in
sediment than in water and soft tissues (P < 0.001)
as indicated by the post hoc test. The bioconcen-
tration factor (BCF), which can be defined as the
rate of accumulation of the metal in the organism
relative to its environment, was higher in soft parts
than in water especially for Cu and Cr (1083 and
1208 folds higher than in water, respectively). The
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Figure 2. Initial concentrations of heavy metals in seawater (ug/ml), sediment and soft parts (ug/g dry weight) of Paphia

undulata at the beginning of experiment

BCF values for the rest of the metals were 12, 15,
4, 6, 6, and 3 folds higher than in water for Zn, Pb,
Ni, Mn, Co, and Cd, respectively.

On the first day of depuration, the levels of heavy
metals tended to decrease in the order Mn > Pb >
Ni > Cr > Zn > Cu > Cd > Co, while after three
days the order was Co > Cu> Cr >Cd >Pb > Zn >
Mn > Ni. The rates of heavy-metal reduction dur-
ing depuration are presented in Figure 3. The con-
centrations of Zn, Pb, Ni, Mn, Cu, Cr, and Cd in
the clams’ tissues were significantly reduced to
44, 23, 25, 17, 61, 41, and 75%, respectively, after
24 h of depuration compared to their initial con-
centrations, while Co was reduced only to 93%.

After three days of depuration the post hoc tests
revealed a significant reduction for Cu, Cr, Cd, and
Co (27, 15, 52, and 23%, respectively, compared to
their initial concentrations.

The total petroleum hydrocarbons (TPHs) in wa-
ter, sediment and soft parts at the zeroth, first and
third day of depuration are illustrated in Figure 4.
Statistical analysis (ANOVA) showed significant
differences in TPHs between water, sediment and
soft parts of Paphia undulata. They were signifi-
cantly higher in sediments than in water and soft
tissues (P < 0.001 and P < 0.05, respectively). No
significant differences were noted between the ze-
roth and first day of depuration (P > 0.05), while a

Table 1. One way analysis of variance for heavy metals in water, sediment and clams’ whole soft tissues at the

beginning of the experiment

Metal Zn Pb Ni Cu Cr Co Cd
F-ratio 1485. 424.2 100.5 268.1 246.1 123.2 343.1 35.0
P-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Table 2. Bacterial count (CFU/ml) in soft tissues of Paphia undulate during the depuration time

Day of depuration Total counts Vibrio sp. Shigella sp. Escherichia coli Salmonella sp.
0 day 24.1 x 10° 12.6 x 10° 51x 10° 4.1 x 10* 3.9 x 103
1%t day 21 x 10° 9.5 x 10° 1.6 x 10° 2.8 x 10* 2.5 x 10
3 day 2.8 x 10° 4.3 x 10* 2.7 x 10° free 3 x 10?
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Figure 3. Metal concentrations in the soft parts of the Paphia undulata during the zeroth, first and third day of depuration.

Values are means + SD of three groups, each group contained five individuals

significant reduction was recorded on the third day.
The concentrations of TPHs in clam’s tissues were
reduced to 90% after 24 h, while after three days of
depuration they were reduced to 72% compared to
their initial concentrations.

The initial bacterial count in the soft parts of
P. undulata on the day of collection was 24.1 x 10°
CFU/ml, while at the end of the depuration time it
was reduced to 2.8 x 10° CFU/ml (12%) compared
to its first concentration as shown in Table 2. Four
pathogenic bacteria were isolated and identified
(Salmonella sp., Escherichia coli, Shigella sp. and

Vibrio sp.). The highest count was determined in
Vibrio sp. (12.6 x 10° CFU/ml), followed by Shigella
sp. (5.1 x 10° CFU/ml) and Escherichia coli (4.1 x
10* CFU/ml), while Salmonella sp. showed the
lowest count (3.9 x 10®> CFU/ml). The ability of
P undulata to depurate bacterial contamination after
24 and 72 h is presented in Figure 5. After one day
of depuration the counts of Vibrio sp., Shigella sp.,
Escherichia coli and Salmonella sp. were reduced to
75, 31, 68, and 64%, respectively, from their initial
count. After three days of depuration the counts of
Vibrio sp. were significantly reduced to 3%, Salmonella

Figure 4. Total petroleum hydrocarbons
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sp. to 8% and Escherichia coli was completely absent.
The counts of Shigella sp. rose by 22% compared with
the first day of depuration. So, the total number of
pathogenic bacteria was reduced to 63% after one-day
depuration, while after the third day it was reduced to
17% compared with its original concentration.

The mortality of clams is expressed as the per-
centage of clams that were lost on each day of depu-
ration and compared with non-depurated ones. No
significant changes were observed in the mortality
ratio of P undulata (P > 0.05) due to depuration. On
the contrary, a decrease of mortality was observed
on the first and third day of depurated clams as il-
lustrated in Figure 6. The total mortality ratio that
was observed at the end of the third day was 14%
in depurated clams against 16% in non-depurated
ones.

12

—a— Depurated — @— - Non depurated

104

Mortality (%)

DISCUSSION

The area under investigation (Ismailia) has been
exposed to municipal and different industrial
wastes (Tarek and Ali, 2007). These wastes were
accumulated by the Paphia undulata soft parts to
levels higher than in water and sediments. This
phenomenon was observed in other molluscs when
compared to water and sediments, they exhibited
greater spatial sensitivity, higher concentrations
of heavy metals in their soft parts (Szefer, 1986;
El-Gamal and Sharshar, 2004; Yap et al., 2009).
Generally, the levels of the recorded metals did not
exceed the maximum permissible levels except for
Cu, Pb, and Cr as mentioned by WHO (1982). The
herein species showed a good depuration for the
tested metals that was time dependent. Barsyte-

Figure 6. The mortality
ratios of depurated and

2 day
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Lovejoy (1999) and Anandraj et al. (2002) reported
that molluscs had a depuration mechanism to re-
duce heavy metal toxicity in their body and this
mechanism diminished the effectiveness of mol-
luscs as biomonitoring organisms (Langston and
Spencel995). After 24 h depuration, manganese
was eliminated more quickly (83% of the initial
concentration was depurated) than the other ele-
ments in spite of its high concentration in the sedi-
ment, while the lowest depurated one was cobalt
(7% compared to its initial concentration). The
high depuration of manganese reflects its weak
binding within the Paphia tissues. Roesijadi (1980)
related the high affinities of metals to bind with
metallothioneins to their ability to fix themselves
within the different tissues. On the contrary, low
affinities reflect high depuration of metals from
the tissues as explained by Ruddell (1971), who
found out that metals that can be eliminated may
be bound in amoebocytes and not fixed within the
molluscan tissues. After three days of depuration
cobalt, copper and cadmium were affected by the
duration and eliminated faster than the other ele-
ments. In Geffard et al. (2002) study, cadmium
was eliminated more quickly than copper or zinc
when the kinetics of heavy metal elimination from
Crassostrea gigas was recorded. Numerous stud-
ies were carried out concerning the accumulation
and depuration of hydrocarbons especially fuel
oils in bivalves (Rainio et al., 1986). The ratio of
depurated TPHs (29%) was low compared with the
depurated heavy metals in the herein P. undulata.
The same was stated by DiSalvo et al. (1975) and
Boehm and Quinn (1977): when they transferred
molluscs chronically contaminated by hydrocar-
bons to clean water, they found out only a slight
depuration. The slow and weak reduction of the
TPHs in the present study might be related to the
chronic pollution in Ismailia water (Tarek and
Ali, 2007). In his experiment Rantamaki (1997)
revealed that hydrocarbons which were slowly
released to the water column were transferred
to mussels, accumulated in them and at a longer
exposure they were transported to the compart-
ments, which slowly released them to water, even
when it was again free of hydrocarbons. According
to Stegeman and Teal (1973) it was important for
an organism to retain biogenic hydrocarbons and
the same mechanism may serve to prohibit the
depuration of foreign hydrocarbons. A different
conclusion was drawn by Lee et al. (1972) and
Farrington et al. (1982) in acute oil spills, when

molluscs were transferred to clean water, depura-
tion could be rapid and might decline by several
orders of magnitude. Concerning the duration of
depurated TPHs, it had a slow beginning at the
start of the experiment (10% depuration after 24 h)
followed by a faster release after 72 h (29%) to be
72% compared to their initial concentration. On
the other hand, Lee et al. (1972) supported the
model of rapid initial elimination and delayed final
depuration of polycyclic aromatic hydrocarbons
after a short exposure. This contradiction may be
due to the degree of pollution, time of exposure
and the molluscan species.

Many studies reported the ability of bivalves to
accumulate bacteria (Humphrey and Martin, 1993;
El-Shenawy, 2004). At the same time, they can purge
themselves of bacterial contaminants within 48 h,
or they may be held up to 72 h in some cases (Dore
and Lees, 1995). According to the results presented
here, the counts of total bacteria were monitored
to assess the efficiency of microbial depuration of
P. undulata. The results of Van Slooten and
Tarradella (1994) confirmed the present data; they
found out that coliforms were reduced by 85% af-
ter 4 days of depuration, while pathogenic bacte-
ria like Vibrio and faecal streptococci decreased
to less than 50%. On the other hand, depuration
was found to be effective against Salmonella typh-
imurium after 72 h and Vibrio parahaemolyticus
after 36 h in Mytilus galloprovincialis (Barile et al,
2009). El-Shenawy (2004) correlated the depuration
of bacteria to the degree of pollution, for example
Vibrio was reduced by less than 50% when collected
from a heavily polluted site. In Paphia undulata
the counts of pathogenic bacteria were reduced by
83% after three days of depuration. Only Shigella
sp. decreased after one day to 31% compared to its
initial concentration, and then rose again by 22%
after the third day of depuration (53% compared
to the initial concentration). This might be influ-
enced by the digestive process or bacterial ability
to survive in the marine environment for days or
weeks as mentioned by Le Guyader et al. (2000).
Another explanation can be that the elimination by
defecation is lower than the rate of reinfection.

The mortality of clams was not affected nega-
tively by depuration. On the contrary, a decrease
of mortality was observed on the first and third day
of depuration. The same was observed by Maffei et
al. (2009) in Chamelea gallina, where the viability
and mortality were not influenced by the depura-
tive treatment. The low mortality on the third day
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may be correlated with the low bacterial and metal
contamination.

Generally, the depuration of the studied pollut-
ants was fast and brought about satisfactory results.
Katayon et al. (2004) postulated that depuration
under laboratory conditions was faster for reduc-
ing the metal contents of oysters compared to field
depuration. Others (see for example El-Shenawy,
2004; Wahi et al., 2009) suggested that laboratory
depuration needed a shorter period of depuration
that ranged from 48 h to 32 days. On the contrary,
depuration by transplanting the clams or oyster in
another clean field needed a long period of depura-
tion that ranged from 50 days to 6 months (Sericano
et al., 1996, Rantamaki 1997; Gaber et al. 2008).

REFERENCES

Anandraj A., Marshall D.]., Gregory M.A., McClurg T.P.
(2002): Metal accumulation, filtration and O, uptake
rates in the mussel Perna perna (Mollusca: Bivalvia)
exposed to Hg?*, Cu?*, and Zn**. Comparative Bio-
chemistry and Physiology Part C: Toxicology & Phar-
macology, 132, 355-363.

APHA (1989): Standard methods for the examination of
water and wastewater. 17" ed. Washington, American
Public Health Association, American Water Works As-
sociation and Water Pollution Control Federation.

Arnold R.E. (1991): Industry perspective on depuration,
In: Otwell W.S., Rodrick G.E., Martin R.E. (eds): Mol-
luscan Shellfish Depuration. CRC Press, Boca Raton,
3-5.

Barile N.B., Scopa M., Nerone E., Mascilongo G., Recchi
S., Cappabianca S., Antonetti L. (2009): Study of the
efficacy of closed cycle depuration system on bivalve
molluscs. Veterinaria Italiana, 45, 555-566.

Barsyte-Lovejoy D. (1999): Heavy metal concentrations
in water, sediment and mollusc tissues. Acta Zoologica
Lituanica Hydrobiologia, 9, 12-20.

Boehm P.D., Quinn J.G. (1977): The persistence of chroni-
cally accumulated hydrocarbons in the hard shell clam
Mercenaria mercenaria. Marine Biology, 44, 227-233.

Chevereuil M., Blanchard M., Teil MJ Carru A.M., Tes-
tard P., Chesterikoff M. (1996): Evaluation of the pol-
lution by organochlorinated compounds (polychlo-
robiphenyles and pesticides) and metals (Cd, Cr, Cu
and Pb) in the water and in the zebra mussel (Dreissena
polymorpha pallas) of the river Seine. Water Air and
Soil Pollution, 88, 37-38.

Clement L.E., Stekoll M.S., Shaw D.G. (1980): Accu-
mulation, fractionation and release of oil by the in-

352

tertidal clam Macoma balthica. Marine Biology, 57,
41-50.

Colombo J.C., Pelletier E., Brochu C., Khalil M. (1989):
Determination of hydrocarbon sources using n-alkane
and polycyclic aromatic hydrocarbons distribution
indexes. Case study: Rio de La Plata Estuary, Argentina.
Environmental Science and Technology, 23, 888—
894.

Cosson R.P. (2000): Bivalve metallothionein as a biomar-
ker of aquatic ecosystem pollution by trace metals:
limits and perspectives. Cell and Molecular Biology,
46, 295-3009.

Coughlan B.M., Hartl M.G., Reilly S.]J., Sheehan D.,
Morthersill C., Van Pelt F., O’Halloran J., O’Brien N.M.
(2002): Detecting genotoxicity using the Comet assay
following chronic exposure of Manila clam Tapes sem-
idecussatus to polluted estuarine sediments. Marine
Pollution Bulletin, 44, 1359-1365.

Croci L., Suffredini E., Cozzi L., Toti L. (2002): Effects of
depuration of molluscs experimentally contaminated
with Escherichia coli, Vibrio cholerae O1 and Vibrio
parahaemolyticus. Journal of Applied Microbiology,
92, 460-465.

DiSalvo L.H., Guard H.E., Hunter L. (1975): Tissue hy-
drocarbon burden of mussels as potential monitor of
environmental hydrocarbon insult. Environmental
Science Technology, 9, 247-251.

Dore W.J., Lees D.N. (1995): Behavior of Escherichia coli
and male-specific bacteriophage in environmentally
contaminated bivalve molluscs before and after depu-
ration. Applied and Environmental Microbiology, 6,
2830-2834.

Dybern B. (1983): Field sampling and preparation of sub-
samples of aquatic organisms for analysis of metals and
organochlorines. FAO, Fisher Technical Paper, 212,
1-13.

El-Gamal M.M., Sharshar K. (2004): Heavy metals par-
titioning between soft tissues and shells of some fresh-
water and marine molluscs as accumulation indicators
for their monitoring in the environment. Egyptian Ger-
man Society of Zoology, 45, 141-161.

El-Shenawy N.S. (2004): Heavy-metal and microbial
depuration of the clam Ruditapes decussatus and its
effect on bivalve behavior and physiology. Environmen-
tal Toxicology, 19, 143-153.

Fang Z.Q., Cheung R., Wong M.H. (2003): Heavy metals
in oysters, mussels and clams collected from coastal
sites along the Pearl River Delta, South China. Journal
of Environmental Science (China), 15, 9-24.

Farrington ].W., Davis A.C., Frew N.M., Rabin K.S. (1982):
No. 2 fuel oil compounds in Mytilus edulis. Retention
and release after oil spill. Marine Biology, 66, 15-26.



Czech J. Anim. Sci., 56, 2011 (8): 345-354

Original Paper

Formiga-Cruz M., Allard A.K., Conden-Hansson A.C,,
Henshilwood K., Hernroth B.E., Jofre J., Lees D.N,,
Lucena F., Papapetropoulou M., Rangdale R.E., Tsi-
bouxi A., Vantarakis A., Girones R. (2003): Evaluation
of potential indicators of viral contamination in shell-
fish and their applicability to diverse geographical ar-
eas. Applied and Environmental Microbiology, 69,
1556-1563.

Gaber H.R., Ali A.F,, Gab-Alla A. (2008): Effect of trans-
plantation on heavy metal concentrations in commer-
cial clams of Lake Timsah, Suez Canal, Egypt. Oce-
anologia, 50, 83-93

Geffard O., Budzinski H., His E., Seaman M., Garrigues
P. (2002): Relationships between contaminant levels in
marine sediments and their biological effects on em-
bryos of oysters, Crassostrea gigas. Environmental
Toxicology and Chemistry, 21, 2310-2318.

Hitchin A.D., Feng P., Watkins W.D., Rippey S.R., Chan-
dler L.A., Arlington A. (1995): Escherichia coli and
Coliform bacteria. In: Watkins W.D. (ed.): FDA Bacte-
riological Analytical Manual. 8" ed. AOAC Interna-
tional, Gaithersburg, 401-429.

Humphrey T.J., Martin K. (1993): Bacteriophage as mod-
els for virus removal from oysters (Crassostrea gigas)
during re-laying. Epidemiology and Infection, 111,
325-335.

Hung T.C., Meng P.J., Han B.C., Chuang A., Huang C.C.
(2001): Trace metals in different species of molluscan,
water and sediment from Taiwan coastal area. Chemo-
sphere, 44, 833-841.

Katayon S., Ismail A., Omar H., Kusnan M. (2004): Heavy
metal depuration in flat tree oysters Isognomon alatus
under field and laboratory conditions. Toxicological
and Environmental Chemistry, 86, 171-179.

Langston W.]., Spence S.K. (1995): Biological factors in-
volved in metal concentration observed in aquatic
organism. In: Tessier A., Turner D.R. (eds): Metal Spe-
ciation and Bioavailability in Aquatic Systems. John
Wiley & Sons Ltd, Chichester, 407-478.

Le Guyader F., Haugarreau L., Miossec L., Dubois E.,
Pommepuy M. (2000): Three-year study to assess hu-
man enteric viruses in shellfish. Applied and Environ-
mental Microbiology, 66, 3241-3248.

Lee R.J., Younger A.D. (2002): Developing microbiological
risk assessment for shellfish purification. International
Biodeterioration and Biodegradation, 50, 177—183.

Lee R.F, Sauerheber R., Benson A.A. (1972): Petroleum
hydrocarbons: Uptake and discharge by the marine
mussel Mytilus edulis. Science, 177, 344—346.

Linden O., Elmgren R., Boehm P. (1979): The Tsesis oil
spill: its impact on the coastal ecosystems of the Baltic
Sea. Ambio, 8, 244-253.

Maftei M., Vernocchi P, Lanciotti R., Guerzoni M.E., Bel-
letti N., Gardini F. (2009): Depuration of striped venus
clam (Chamelea gallina L.): Effects on microorganisms,
sand content, and mortality. Journal of Food Science,
74, 1-7.

Manfra L., Accornero A. (2005): Trace metal concentra-
tions in costal marine waters of the center Mediter-
ranean. Marine Pollution Bulletin, 50, 686—962.

Mason J.W., Cho J.H., Anderson A.C. (1976): Uptake and
loss of inorganic mercury in the eastern oyster (Crassos-
trea virginica). Archives of Environmental Contamina-
tion and Toxicology, 4, 361-376.

Okazaki R.K., Panietz, M.H. (1981): Depuration of twelve
trace metals in tissues of oysters, Crassostrea gigas and
Crassostrea virginica. Marine Biology, 63,113-120.

Parsons T.R., Matia Y., Malli G.M. (1985): Determination
of Petroleum Hydrocarbons. A Manual of Chemical
and Biological Method for Seawater Analysis. Perga-
mon Press, Oxford.

Rainio K., Linko R.R., Ruotsila L. (1986): Polycyclic aro-
matic hydrocarbons in mussel and fish from the Finn-
ish Archipelago Sea. Bulletin of Environmental Con-
tamination and Toxicology, 37, 337-343.

Rantamiki P. (1997): Release and retention of the selected
polycyclic aromatic hydrocarbons (PAH) and their
methylated derivatives by the common mussel (Mytilus
edulis) in the brackish water of the Baltic Sea. Chem-
osphere, 35, 487-502.

Rippey S.R. (1994): Infectious diseases associated with
molluscan shell fish consumption. Clinical Microbiol-
ogy Reviews, 7, 419-425.

Roesijadi G. (1980): The significance of low molecular
weight, metallothionein-like protein in marine inver-
tebrates: Current status. Marine Environmental Re-
search, 4, 167-179.

Ruddell C.L. (1971): Elucidation of the nature and func-
tion of the granular oyster amebocytes through histo-
chemical studies of normal and traumatized oyster
tissues. Histochemie, 26, 98—112.

Sericano J.L., Wade T.L., Brooks J.M. (1996): Accumula-
tion and depuration of organic contaminants by the
American oyster (Crassostrea viriginica). Science of
the Total Environment, 179, 149-160.

Seymour A.H., Nelson V.A. (1971): Biological half-lives
for zinc and mercury in the Pacific oyster, Crassostrea
gigas. In: Nelson D.J. (ed.): 3" Nat. Symp. on Radioecol-
ogy. United States Atomic Energy Commission, Oak
Ridge: National Laboratory, Ecological Society of
America, Vol. 2, 849-856.

Singhet P., Prakash A. (2008): Isolation of Escherichia
coli, Staphylococcus aureus and Listeriae monocy-
togenes from milk products sold under market condi-

353



Original Paper

Czech J. Anim. Sci., 56, 2011 (8): 345-354

tions at Agra region. Acta Agriculture Slovenia, 1,
83-88.

Sobsey M.D., Jaykus L.A. (1999): Human enteric viruses
and depuration of bivalve molluscs. In: Otwell W.S.,
Rodrick G., Martin R.E. (eds): Molluscan Shellfish
Depuration. CRC Press, Boca Raton, 74 pp.

SPSS (2006). SPSS Base 15.0 User’s Guide. SPSS Inc.,
Chicago, USA.

Stegeman J].J., Teal ].M. (1973): Accumulation, release
and retention of petroleum hydrocarbons by the oyster
Crassostrea virginica. Marine Biology, 44, 37—-44.

Szefer P. (1986): Some metals in benthic invertebrates in
Gdansk Bay. Marine Pollution Bulletin, 17, 503-507.

Tarek S.J., Ali O.A. (2007): The effect of industrial waste
of oil companies on the distribution of organic pollu-
tion in Ismailia Canal water. Bulletin National Research
Center, Egypt, 32, 647-659.

Van Slooten K.B., Tarradellas J. (1994): Accumulation,
depuration and growth effects of tributyltin in the
freshwater bivalve Dreissena polymorpha under field
conditions. Environmental Toxicological Chemistry,
3,755-762.

Wahi A R., Vun L.W., Mohd Harun A. (2009): Accumula-
tion and depuration of heavy metals in the hard clam

(Meretrix meretrix) under laboratory conditions. Trop-
ical Life Science Research, 20, 17-24.

WHO (1982): Toxicological evaluation of certain food
additives. WHO Food Addit. Ser. No 17, World Health
Organization, Geneva, 28-35.

Wilson J. G. (1980): Heavy metals in estuarine macro-
fauna of the east coast of Ireland. Journal of Life Scien-
ces, 1, 183-188.

Wong-Gonzilez E., Antillén-Guerrero F., Glenn E.,
Gonzélez-Lutz M.I. (1997): Microbiological depuration
of Anadara tuberculosa (Mollusca: Arcidae). Revista
de Biologia Tropical, 45, 1445-1452. (in Spanish)

Yap C.K, Kamarul A.R., Edward F.B. (2009): Heavy metal
concentrations (Cd, Cu, Ni, Pb, Fe and Zn) in different
soft tissues and shells of Pholas orientalis collected
from Sekinchan and Pantai Remis, Selangor. Malaysian
Applied Biology Journal, 38, 21-27.

Zaroogian G.E. (1979): Studies on depuration of cadmium
and copper by the American oyster, Crassostrea virgi-
nica. Bulletin of Environmental Contamination and
Toxicology, 23, 117-122.

Received: 2010-11-17
Accepted after corrections: 2011-01-26

Corresponding Author

Dr. Mona Mabrouk El-Gamal, Tanta University, Faculty of Science, Department of Zoology, Tanta 31527,

Gharbia, Egypt
Tel. +20 40 331 79 28, e-mail: drmona2005@hotmail.com

354



