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ABSTRACT

Aquatic organisms exposed to low level
natural heavy metals pollutant tend to accumulate
in their tissue by means of metabolic and
biosorption processes. However, the influence of
external environment to heavy metal bioavailability
and internal organism characteristics to
biocaccumulation processes remain uncertain. In
this work, the influence of Cu, Zn, Cd and Hg
bioavailability, feeding strategies and heavy metals
homeostasis regulations or detoxification
mechanisms to bioaccumulation pattern in aquatic
bioindicators were studied.

Only Hg in Segara Anakan water samples was
determined, while Cu, Zn and Cd were not detected.
Sediment samples of Segara Anakan indicated
higher heavy metals level than those of Serang river
mouth, but only Hg concentration in sediment
samples of Segara Anakan which is significantly
higher than those of Serang river mouth, while Cd
was not detected. The trend of heavy metals
bioconcentration ratio of filter feeder Geloina spp
and planktonic grazer Penaeus marguensis follows
the desorption coefficient, i.e. Zn>Hg>Cu, but the
bioconcentration trend in Scilla serrata, which is
macrobenthos predator, is Hg>Zn>Cu.

The exposed Cu was not accumulated by
Geloina spp., but accumulated at highest
concentration in the exoskeleton of Penaeus
marguensis and cartilage of Scilla serrata. Highest
accumulation concentration of Zn and Hg were
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determined in meat, and lower concentrations were
determined at other tissues. The extent of heavy
metals bioaccumulation in Geloina spp. and Scilla
serrata reflect the pollution of the surrounding
environment, but the extent of heavy metal -
bioaccumulation in Penaeus marguensis were
influenced more by its physiological status. Since
the environmental exposure of Hg in Segara
Anakan estuary was relatively high, pregnant
women from this region should consider the
potential hazard of Hg to their fetus when
consuming aquatic organism of higher trophic level
such as estuarine crabs.

INTRODUCTION

Trace metals find their way into the
environment by natural (e.g., volcanic eruptions
and erosion of rocks) and anthropogenic means.
Metals are nonbiodegradable, and therefore, tend
to accumulate in the environment, especially in the
sediments (Tessier and Campbell, 1990; Birch et
al., 1996). Aquatic organisms exposed to low level
natural heavy metals pollutant tend to accumulate
in their tissue by means of metabolic and
biosorption processes. The bioaccumulation studies
of metals by the tissues led to the adoption of the
bioindicator concept (Langston and Spence, 1995).
The heavy metal levels measured in bioindicators
assumed to be representing an integrated value of
the mean ambient load that is biologically available.
However, the influence of external environment to
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heavy metal bioavailability and internal organism
characteristics to bioaccumulation processes
remain uncertain.

Trace metals may be taken up by aquatic

organisms mainly from solution and from food.

Abiotic key factor that influence the bioavailability
and toxicity is metals distribution between the
sediment and the aqueous phase. In the ocean
margin environment, the sorption-desorption
equilibrium mainly determined by salinity
(Noegrohati, 2005). The undisturbed K of heavy
metals Cu, Zn Cd and Hg in brackish water
determined in this study were between 10-10%,
indicating of relatively more metals present in
aqueous phase, and therefore, more metals are
taken up from solution compared to food (Luoma,
2002). When these metals are taken up by organism,
the metals bonded in sediment will immediately
replace the taken up metal form through sorption-
desorption equilibrium. Therefore, sediment
analysis may be more useful to detect metal
pollution problems and sources.

Inside the organisms, internal factors such as
metals distribution among cytosol, detoxified forms
and tissues or organelles (lysosome and related
vesicles), also influence metal bioavailability. Due
to the constant exposure to metals, sophisticated
detoxification processes have developed.
Detoxified metal forms occur as conjugates (e.g in
granules within tissues) or associated with metal-
specific protein systems (metallothioniens, MTs).
MTs bind specifically to Cu, Zn, Cd and Hg ions
and, therefore, can be considered regulatory
~ molecules for essential metals (Cu and Zn) or
detoxification proteins for non essential metals (Cd
and Hg). These bonded heavy metals were then
incorporated into lysosomes. After accumulated in
lysosomes, they are excreted out of the cell and
transported into the integument epithelia. The
mantle epithelial cells of bivalves accumulate Cd,
Cu, Fe, Hg and Zn in lysosomes. Metal ions become
incorporated into the crystalline structure of the
shell by replacing Ca in the carbonate complex;
therefore the shell serves as a storage matrix for
toxic metals. These mechanisms ensure continuous
metal uptake. However, metals bioaccumulation
pattern in organisms at the same location differ
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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).

The bioindicators used in this study are those
lead double lives, sometimes swimming and some
times burrowing in the sediments, i.e. estuarine
bivalves Geloina spp. and estuarine crustaceans:
penaeid shrimps (Penaeus marguensis) and
estuarine crabs (Scilla serrata). These organisms
are widely used as bioindicators of aquatic
pollution. They have different feeding habit:
Geloina spp. is a sessile epibenthic filter feeder;
therefore they may integrate over time various
water qualities (Day et al, 1989). Penaeid shrimps
are higher in trophic level since their natural food
is phytoplankton, benthic algae, detritus, and
zooplankton. While estuarine crab is the highest
trophic level bioindicator in this study, they are
macrobenthos predator, deposit feeding, and
scavenging dead organisms (Day et al, 1989).
Differences in feeding strategy may significantly
affect the bioaccumulation of heavy metals (Lee
et al. 2000). '

In this work, the influence of feeding strategies
and heavy metals regulations or detoxification
mechanisms to bioaccumulation pattern of heavy
metals Cu, Zn, Cd and Hg in Geloina spp., penaeid
shrimps and estuarine crabs will be evaluated. The
obtained data will be used for safety assessment of
seafood consumers.

MATERIALS AND METHODS
Study area

Two sites of Southern Central Java ocean
margin were chosen for this study. The first site,
Segara Anakan Estuary, which scavenges water
borne heavy metals influx from Citanduy river.
These heavy metals were originated from
weathered rock of Gunung Galunggung eruption.
The second site is Serang river mouth, around 150
km from Segara Anakan, which is expected to
represent an ocean margin environment without
natural pollutions from volcanic area.
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Field sampling .

The samples of water, sediment and biological
samples: Geloina spp., penaeid shrimps (Penaeus
marguensis) and estuarine crab (Scilla serrata).of
Segara Anakan were collected at the same time at
May 2004. Similar samples were collected from
the mouth of Serang river at June 2004.

Water and surficial sediment samples were
taken at lowest tide. The water samples were
acidified with nitric acid to pH less than 2. The
- upper 5 cm sediment layer was collected and
packed in a polyethylene bag. Penaeid shrimps
were wrapped in a polyethylene bag
and stored in an ice chest at -4°C,
and transported into the laboratory as soon as
possible. Geloina spp. and estuarine crab samples
were scrubbed with water at the sampling sites.
All of the samples were transported into the
laboratory as soon as possible in wet condition

Analytical methods

The quality of reagents used in this study was
pro analysis. The analytical instruments for Cu, Zn
and Cd determination were Flame/Zeeman Atomic
Absorption Spectrophotometer Hitachi Model 180-
60/80, with air-acetylene flame. The resonance line
used for Cu, Zn and Cd determination were 324,8
nm, 213,8 nm, and 228,8 nm, and the limit of
detections were 0,181 mg/mL, 0,033 mg/mL and
0,059 mg/mL respectively.

Determination of mercury was done in Perkin
Elmer AAS model 3400 system, equipped with a
continuous cold vapor generator connected to an
electrically heated quartz tube atomizer, at
resonance line of 253,7 nm and limit detections of
4,12 ng/mL.

The analytical procedure for saline water was
based on the EPA method 200.12 (Creed and
Martin, 1997), while sediment and biota were based
on the Standard Method for Examination of Water
and Wastewater of APHA, AWWA, WEF, 1992..

Samples preparation
Water

Heavy metals were extracted into C'HCl3 after
ammonium pyrolydine dithiocarbamate (APDC)
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complexation at pH 4, and then re-extracted into
aqueous HNO, solution pH 2. The aqueous extract
was then subjected into the appropriate AAS.

Sediment

Sediment samples were wet digested with 3:2
mixture of HNO,:HCI at 80°C, the obtained clear
solution, was than subjected into the appropriate
AAS

Biota (Texas Parks and Wildlife Department
(TPWD), 2003).

Geloina spp samples were determined its
volume individually. To drain the shell liquor, the
Geloina spp were frozen until they open up slightly
and open the shell with a precleaned knife and the
weighed individually. Cut the muscle from the
upper shell and cut away the meat. Both, the meat
and shells were weighed individually. The nutrition
index of Geloina spp. was quantified as weight of
meat/volume. The separated meat and shells were -
homogenized.

Penaeid shrimps samples were weighed
individually, and then measured its length from the
tip of the rostrum to the tip of the telson. The
nutrition index of penaeid shrimps was quantified
as weight/length. The separated meat and shells
were homogenized.

Estuarine crab samples were weighed
individually and measured its total width of the
carapace from the tip of one lateral spine to the tip
of the opposite lateral spine. They were
anesthetized on ice prior being sacrificed. The
nutrition index of estuarine crab was quantified as
meat weight/ total width of the carapace. Meat,
cartilage and a section of dorsal carapace from
above the pericardium were dissectéd and
homogenized. .

All homogenized tissues were kept frozen
prior to analysis. A portion of homogenized tissues
were separated for dry weight determinations, and
other portions were wet digested as in sediment
samples to obtain clear solution and then subjected
into the appropriate AAS.

39



Data Processing

The Cu, Zn, Cd and Hg concentration of all
abiotic and biotic samples were quantified using
standard addition methods.

The heavy metal bioaccumulation of each
tissues in organisms are quantified as concentration
ratio to sediment as their heavy metal source, while
the extent of heavy metals accumulated in the
organisms are described as the ratio of total heavy
metal concentration in organisms to sediment
concentration.

Evaluations were carried out at 95%
confidence level.

RESULT AND DISCUSSION

Quality control

Ideally, calibration standards solution should
have similar composition with the samples solution
to be analyzed. The complexity of the matrix of
seawater, sediments and tissues samples may cause
chemical and spectral interferences which can be
minimized by the standard addition method.
Therefore, to overcome all possible interferences,
standard addition method is applied in
quantification of all samples. The result of the
analytical procedure validations, including limit of
quantitation (LOQ), linear range, correlation
coefficient and recovery are presented in table 1.
The results showed that the analytical procedure
is valid and reliable with an overall 95 %
confidence level.

Heavy metals distribution in abiotic system

In the ocean margin ecosystem, where fresh
water and seawater are mixed, sedimentation
occurred rapidly. All metals influx from continental
streams are natural constituents of the environment,
tend to accumulate in the sediments (Tessier and
Campbell, 1990; Birch et al., 1996). However,
sediments are not only functioning as heavy metal
scavenger, but also as one of potential sources for
heavy metals to the ecosystem (Noegrohati, 2005,
b). The sediment texture was heavy clay with
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Table 1. Validations of analytical procedures for heavy
metals determinations in several
environmental samples, including limit of
quantitation (LOQ), linear range, correlation
coefficient and recoveries

Samples Heavy metals L0Q Linearityupto  Comrelation  Recovery
Waler mglormgky mglormghky  Coelficert %
o 0,059 0510 0997  88.9
n 0,113 0,129 0798  80-9
od 0,024 04T 0996  98-106
Hg 001 -0,048 0982 T8-102
Sediment Cu 503 ~84,08 099  88-103
b3 20t -16,13 0966  85-105
cd 350 -218 094 N-1
Hg o 236 0999 9%5-101
Geloina spp
meat o 197 -7 098 . %-120
p3 289 3166 0,949 101
o 040 ~1636 09% 07103
Hg 0,014 ~101 0,99 %
shel Cu 431 ~6471 0997  88-103
, In 592 -3341 0,947 106
od o7t 3152 0999  93-106
Hg 039 -3 099  100-103
Penaeus marguensis
meat Cu 448 -3749 098  80-11
I 1,15 ~2160 099t  97-115
d 0% ~16,01 0999  95-103
Hy 037 -1,04 08%
shel Cu 1156 ~12423 0,960
b2y 339 -%3 0,054
o 072 ~31,60 0,09
Hy 136 -383 097
Scilla serala _
meat Cu 2% ~58.30 09%5  %-100
In 5,18 100,94 0917 1141
cd oM -1628 099  97-102
Hg 042 -129 0932 %
9201 0983  74-109
1091 . ;
Garpace gn“ 2 156 082 9112
o 048 3180 0999  85-104
s 065 426 096  99-104
carilage Cu 22 - 27586 0892  89-135 |
nn 8t -B085 08% 113
d 070 -3189 09%  94-102
Hy 121 11,86 0,782 100

organic matter ranging from 2,65% to 4,55%,
indicating of relatively high organic matter.

The average salinity at the sampling time was
23,8 %eo. In saline water condition, Cd and Hg
cations form chlorocomplexes which prefer to be
in water phase, while Cu and Zn cations are more
retained in the sediment due to organocomplex
formation.
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No heavy metals could be detected in water
samples, except Hg in water samples of Segara
Anakan estuary (Table 2). Similarly, higher level
of Hg was also observed in sediment samples of
Segara Anakan (P 0,05). No significant difference
was observed for Cu and Zn concentration in both
sediment samples, and Cd could not be detected in
sediments of both sampling sites.

The trend of sediment concentration in both
sampling sites were Cu>Zn>Hg>Cd, which is in
_ agreement with the adsorption coefficient (K )
pattern obtained by Noegrohati (2005,b).at salinity
25%o.

Table 2. Heavy metals distribution in abiotic system of
Segara Anakan Estuary and Serang River

mouth
Water Samples Sediment Samples
Heavy | SegaraAnakan Serang Segara Anakan Serang
metals Estuary River mouth Estuary River kmouth
mglL mgl mg/kg mg/kg
Cu nd. ng.. 36,27+1.68 31,50+3,90
Zn nd. nd. 9,76+0,67 9,74£1,32
Cd nd. nd. nd nd
Hg 0,04710,000 nd. 0,80:0,04 0,35£0,07

Heavy Metals Bioaccumulation

Bioaccumulation starts with the uptake of
chemicals from the environment. In the field,
exposure, bioavailability, and bioaccumulation are
linked. Since much higher level of heavy metals
were determined in sediments (table 2), the
appropriate bioindicators should be those lead
double lives, some times swimming and sometimes
burrowing,in the sediment, such as estuarine
bivalves Geloina spp.; estuarine crabs (Scilla
serrata) and penaeid:- shrimps (Penaeus
marguensis). These bioindicators are exposed to
both waterborne and particulate metals.

Under such circumstances, if one particular
metal form is taken up from the exposure solution,
the external equilibrium will immediately adjust
to replenish the metal form that has been taken up.
The metals mobility within the sediment column
and its relative strength of the association of metals
with suspended particulate matter and sediment,
. are quantified as desorption coefficient, (1/K
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x1000). In undisturbed condition, which is closer

. to the real condition in the field, the desorption

coefficient of Cu, Zn and Hg were 0,1, 2,5 and 0,2,
and its exchangeable fraction were 0,11%, 6,40%,
and 0,92% respectively (Noegrohati, 2005, b).
Similar trend of lower Cu exchangeable fraction,
0.86%, and higher for Zn, 35.09%, were observed
at disturbed condition in Masan Bay, Korea, by
Kwon and Lee (2001)

Cu and Zn are essential heavy metals; therefore
these heavy metals are tightly homeostasis
regulated leading to stable levels throughout their
life span, while non essential Cd and Hg were less
or not regulated (Bustamante and Caurant, 2002,
Noegrohati, 2006, c). For that reason, Cd and Hg
have been reported to accumulate at very high
levels (Furness, 1993; Aguilar and Borrell, 1996).
Evans et al. (2000) and Se-Jong Ju and H. R.
Harvey (2002) reported that Cd and Hg are
accumulated by crustaceans in proportion to
environmental exposure, on the contrary, no
correlation between their tissue concentrations and
their levels in ‘ambient seawater or sediment for
Cu and Zn. However, since Cd was not detected in
abiotic system, the heavy metals studied were Cu,
Zn and Hg.

Physiological status of Bioindicators

Bioindicators integrate pollutant in their body
with time, therefore, the extent of heavy metal
accumulation will be determined by their residence
time. Several physiological factors such as molting,
age and animal size, may significantly influence
the levels of metals in bioindicators. Since the
protective shell may shed off in regular intervals
(molting), their physiological status was quantified
by the nutrition index, but their residence time was
approached by their size.

The nutrition index of Geloina spp. of Segara
Anakan estuary was not significantly different from
those of Serang river mouth. They are 0,6210,19
and 0,6310,05 respectively. The size of Geloina
spp. samples, quantified as volume, from Serang
river was significantly larger (P 0.05) than those
from Segara Anakan estuary, they are 77,6%11,2
mL and 38,0+22,8 mL respectively. These data
indicate that Geloina spp. of Serang river mouth
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may integrate heavy metal for longer period than
those from Segara Anakan estuary

The nutrition index of penaeid shrimps of
Serang river mouth, 0,61+0,09 was relatively
higher than those of Segara Anakan estuary
0,4010,13, as well as their length, 10,9+1,6 cmto
8,6+1,6 cm. Even though these data are not
significantly different (P 0.05), they indicate that
penaeid shrimps of Serang river mouth may
integrate heavy metal for longer period than those
from Segara Anakan estuary

The nutrition index of estuarine crab of Segara
Anakan estuary was not significantly different from
those of Serang river mouth. They are 4,2*1,2 and
3,9+0,2 respectively, similarly are their width,
9,6+1,6 cm and 10,911,2 cm. These data indicate
the same time integration for estuarine crab in both
sampling site. '

Heavy metals bioaccumulation in bioindicators

The moisture content of the individual tissues
differed from one another and to some extent also
from one individual to the next, therefore the
analytical results of heavy metals concentrations
were reported on dry weight basis (table 3). The
significance test was carried out at P 0,05. The
extent of heavy metals accumulated in bioindcators
is described as bioconcentration ratio, which is the
ratio of heavy metal concentration in tissues or
organisms to heavy metal concentration in
sediments (table 4).

Since only very small proportions of copper
occur in the water phase, less than 0,051 pg/mL
(table 1), Cu was not detected in Geloina spp.,
neither in meat nor in exoskeleton samples.
However, Cu was detected in penaeid shrimps and
estuarine crab in increasing manner following their
position in trophic level. It is interesting to note
that highest Cu concentration was observed in
exoskeleton of penaeid shrimp and cartillage of
estuarine crabs. As expected, due to longer time
integration, Cu concentrations in meats,
exoskeleton of penaeid shrimp and cartilage of
estuarine crab from Serang river mouth were
significantly higher than those of Segara Anakan.
However, only bioconcentration ratios of penaeid
shrimp showed similar trend with its external
exposure. Due to the longer time in integrating Cu
into their body, the bioconcentration ratio of
Penaeid shrimp from Serang river mouth was
higher than those of Segara Anakan estuary.

Zn has the highest desorpton coefficient,
therefore, more Zn are in the aqueous phase,
therefore Zn concentration in meat of filter feeder
Geloina spp. was relatively high and no significant
difference were observed between the two
sampling sites, indicate of strong homeostasis
regulation. Similar condition was observed in
penaeid shrimp and estuarine crab, except that in
estuarine crab, it was followed by cartilage
concentration, not exoskeleton concentration.
These concentrations increase with trophic level.
The bioconcentration ratios did not follow the

Table 3. Heavy Metals Concentrations (dry weight basis) in Tissues of Geloina spp., Penaeus marguensis and Scylla serrata
Samples from Segara Anakan Estuary (S.A.) and Serang River Mouth (Serang), and their Differences

Geloina spp. Penaeus marguensis Scylla serrala

Cu SA. Serang Difference SA. Serang Difference SA Serang Difference
Meat nd. nd. 23,7+0,8 30,2+3,6 sig. 88.213,3 121,118,4 sig.
Exoskeleton nd. nd. 60,513,8 108,7¢3,6 sig. 28,3:3,6 27,4217 not sig.
cartillage 212,219,7 137,7t84 sig.

In
Meat 76,1134 | 78.3:15 not sig. 48.9+1,6 69,9+4,4 sig. 303,315,8 319,6434,0 not sig.
Exoskeleton 13,4:1,0 8,2:2,3 Sig. 15,2111 19,510,7 sig. 6,6¢0,7 8,6+1,3 not sig.
cartiltage 71,8:2,9 40,749,0 sig.

Hg

" Meat 1,04£0,02 | 0,58:0,10 5‘9: 1,37£0,52 1,04£0,30 nol sig. 21,92+0,46 9,09+0,41 sig.
Exoskeleton ]0,96:0,20 | 0,6610,14 not sig. 0,97£0,45 1,39:0,79 not sig. 1,40£0,22 0,59+0,34 not sig.
cartilage 1023:040 | 3312064 sig.
* sig.. significant
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Table 4.  Heavy metals tissues or organism bioconcentration ratio of Geloina spp., Penaeus marguensis and Scylla serrata
Samples from Segara Anakan Estuary (S.A.) and Serang River Mouth (Serang)

Heavy Desorption Geloina spp. Penaeus marguensis Scylla serrata
Metals Coefficient. Tissues Y ~
rang SA Serang SA Serang
Cu 0,1 Meat nd. nd. 0,65 0,96 243 384
Exoskeleton nd. n.d. 1,67 345 0,78 087
Cartillage 585 437
Organism 1,38 2,65 358 327
Zn 25 Meat 7.79 8,02 5,00 7,66 31,07 32,80
Exoskeleton 1,37 0,84 1,56 1,20 0,67 0,88
Cartillage 735 4,18
Organism 2,62 2,14 2,55 367 12,62 11,73
Hg 02 Meat R ) | 0,73 1,72 2,9 2747 25,98
Exoskeleton 1,20 0,82 122 398 175 1,68
Carlillage ) 12,82 9,48
Organism 1,22 1,84 1,36 365 14,34 12,24

‘external environment, possibly due to the
homeostasis regulation within bioindicators.

Again, among the bioindicators, highest Hg
concentration was determined in meat samples,
followed by exoskeletons, while in estuarine crab,
it was followed by cartilage and then carapace. The
tissue concentrations of Hg in Segara Anakan
estuary were significantly higher than those of
Serang river mouth, due to higher Hg
concentrations in their external environment.
Similar trend of increasing Hg concentrations with
increasing trophic level was also observed. The
highest and similar meat concentration ratios in
both sampling sites indicate that there are Hg
detoxification mechanisms. However, higher
bioconcentration ratios were observed in Geloina
spp- and estuarine crab from Segara Anakan estuary
following its higher in Hg external source, but not
in penaeid shrimp. '

Due to their feeding strategies,
bioconcentration ratio of Geloina spp. (filter
feeder) and penaeid shrimp (phyto and
zooplankton) followed the pattern of heavy metal’s
desorption coefficient, i.e. Zn>Hg>Cu (Noegrohati,
2005,b), but different pattern was observed in
estuarine crab, which is macrobenthos predator, i.e.
Hg>Zn>Cu
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Consumer’s safety

Seafood is the main protein source for local
residences of Segara Anakan estuary and Serang
river mouth. On the other hand, aquatic organisms
in-these ocean margin regions are constantly
exposed to discharge from the continental stream
and those precipitated and deposited in sediments.
Aquatic organisms exposed to low level heavy
metals as natural pollutants originated from
weathering processes of volcanoes debris, will
accumulate in their bodies and transferred to higher
trophic level organisms at higher concentration.

Metals concentrations in organism at the same
location differ between different species and
individuals due to species-specific ability/capacity
to regulate or accumulate trace metals (Reinfelder
etal., 1997; Otchere et al., 2003). Due to the trophic
levels of bioindicators in this study, it was observed
that bioconcentration ratio of Geloina spp. and
penaeid shrimps are lower than estuarine crab. As
the consequence of homeostasis regulation, most
of the exposed Cu is accumulated in the
exoskeleton of penaeid shrimp and cartilage of
estuarine crabs, while Zn is mostly accumulated
in meat of these bioindicators. Cu and Zn are
important micro-nutrients and part of some
enzymes central to the body’s function. National
Research Council, USA (1989) recommended the
uptake of Cu 1,5 — 3 mg/day and Zn 12 mg/day.
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For that reason, seafood consumption is also
recommended as the source for essential metal.

Hg is mostly accumulated in the edible part of
these bioindicators, and only a prt which is
accumulated in exoskeleton and catrtilage. Despite
that there are detoxification mechanisms for toxic
non-essential heavy metals, this study and others
found that seafood is the major source of Hg in the
diet (National Food Authority, 1994, Noegrohati,
2005,a). It is generally assumed that over 90% of
Hg in seafood is in the form of methylmercury,
which is accumulated and can induce neurological
changes in adults. In pregnant women, it can be
transferred into the developing fetus through
placental barrier, and after birth, through the mother
milk to the infants, which may induce alterations
in the normal development of the brain of infants.
Therefore, Joint FAO/WHO expert committee on
food additives (2003) considered a PTWI
(Provisional tolerable weekly intake) of 1.6 pg/kg
bw, is sufficient to protect the developing fetus,
the most sensitive subgroup of the population.

The indirect exposure through food can be
calculated through food basket study by

Exposure = g(C of each intake media x intake
rate of each media)

According to GEMS/Food regional diets of Far
Eastern diet (2003), the consumption of crustaceans
(fresh/frozen) is 2.3 g/persom/day, and mollusk
including cephalopods is 4.0 g/person/day.
Assuming the local residents consume the same
amount of Geloina spp., penaeid shrimps and
estuarine crabs, seafood contributions to weekly
intake of Hg will be 9%, 5% and 110% respectively
for residents of Segara Anakan estuary, and 6%,
3% and 53% respectively for residents of Serang
river mouth regions.

These data indicate that seafood originated
from Serang river mouth and certain seafood from
Segara Anakan estuary, i.e. Gelloina spp. and
penaeid shrimps are safe for pregnant women, but
it is better that pregnant women recognized the
potential hazard of consuming estuarine crabs from
Segara Anakan estuary. Similar suggestion has been
provided for Mugil spp. and Geloina spp.
consumption in dry season (Noegrohati, 2005).

CONCLUSION

For aquatic organisms, sediment in ocean
margins is the source of heavy metals to be
accumulated in their bodies; therefore, the level of
heavy metals in sediment is a better predictor for
heavy metal pollution problems. Cu and Zn
determined in sediment samples of Segara Anakan
were indicating a higher level than those of Serang
river mouth, but the level of Hg in water and
sediment samples of Segara Anakan were
significantly higher than those of Serang river
mouth, while Cd was not detected in sediment and
water samples of both sampling sites. No Cu, and
Zn were not detected in water samples, only Hg
could be determined in Segara Anakan water
samples.

Heavy metals distribution and
bioaccumulation pattern in organisms not only
influenced by environmental sorption desorption
characteristics, but also by physiological status,
feeding strategy, biochemistry and capacity to
accumulate heavy metals in their body.

The trend of heavy metals bioconcentration
ratio of filter feeder Geloina spp and planktonic
grazer penaeid shrimps follows the desorption
coefficient, i.e. Zn>Hg>Cu, but the trend in
estuarine crab, which is macrobenthos predator, is
Hg>Zn>Cu. '

The exposed Cu was not accumulated in
Geloina spp., but accumulated at highest
concentration in the exoskeleton of penaeid shrimp
and cartilage of estuarine crabs. Highest
accumulation concentration of Zn and Hg were
determined in meat, and lower concentrations were
determined at other tissues. These distribution
patterns may be due to Cu and Zn homeostasis
regulations and Hg detoxification mechanisms.

The extent of bioaccumulation in Geloina spp.
and estuarine crab reflects the pollution of the
surrounding environment, but the extent of
bioaccumulation in penaeid shrimps were
influenced more by its physiological status. Since
the environmental exposure of Hg in Segara
Anakan estuary was relatively high, pregnant
women from this region should consider the
potential hazard of Hg to their fetus when
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consuming higher trophic level aquatic organisms
such as estuarine crabs.
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