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ABSTRACT
The research aimed to monitor the pollution level at Kamal estuary by assessing the concentration
of heavy metal (Hg, Cd and Pb) using green mussel (Perna viridis L).  There were 3 study sites
which were near the coast of Kamal estuary (station 1), in the middle between station 1 and 3
(station 2) with length of 2 km from the coast and length of 3 km from the coast, near Bidadari
Island (station 3).  Each stations was comprised in 3 samplings site and  it was 1 km length
between one to the others.  Water sampling was conducted with 3 times repetition at each
sampling site. It was found that the concentration of Hg, Cd  and Pb in sea water around Kamal
estuary were 0.0001-0.0002 mg/l,  0.00001-0.00002 mg/l,  and 0.0013-0.004 mg/l, which were
still lower than treshold standard issued by Indonesian government. Neverthelles, it was much
higher concentration of heavy metals in green mussel which were 0.0017-0.012 mg/l, 0.46-0.743
mg/l, and 0.92-1.485 mg/l.  It seems that green mussels absorbed  heavy metal dissolved in sea
water which were accumulated in their body, indeed. The weight of green mussel did not differ
significantly  to accumulate heavy metal (p>0,05), although higher concentration of heavy metals
was found in the small green mussel than the bigger ones. Thus, green mussel could be used as
bioindicator of heavy metal pollution in sea water. 
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INTRODUCTION

The green mussel (Perna viridis) has been a
suitable candidate for biomonitoring studies in
the Asia-Pacific coastal waters1. Based on the
international Mussel Watch approach
developed a few decades ago2, many studies
proposed the use of P. Viridis as a potential
biomonitoring agent for heavy metals in the
aquatic environment3-7.  It fulfills the important
criteria to be a good biomonitor namely its wide
geographical distribution, sedentary lifestyle,
reasonable abundance and availability throughout
the year, easy identification and sampling and

importance both ecologically and economically.
The marine mussels as filter feeder organisms
are also bioaccumulative and they have
correlative properties with the average pollutants
of the environment, tolerance to natural
environmental fluctuations and pollution7-9. In
addition, mussels are able to integrate metal
concentration in water over time10.
Green mussels are abundance in Jakarta Bay
which have been polluted by heavy metals very
bad. Pollutants originating from waste
discharges from factories, shipping lines, and
residential areas which are derived from 13
rivers around Jakarta and Bogor cities constantly
elevate the levels of metals in major aquatic*Author for correspondence
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resources in the country which leads to Jakarta
Bay. These trace metals pile up on sediment
and are eventually accumulated by filter feeder
organisms such  in the soft tissues as mussels
in11.
Metal accumulation in mussels can be of
importance from the public point of view
regarding to health impact. Evidence of this
concern to public health was shown by the
number of papers reporting on metals
contamination in the biota related to human
beings12,13. This situation poses a great hazard
to Jakarta residents who are known to be
seafood consumers especially mussels.
Moreover, there area abundance mussel in
Jakarta Bay which are catching by fishermen to
be sold with very low price so that many
peoples in Jakarta chooses this as high protein
daily food.  
In this study, the concentrations of metals such
as mercury (Hg), lead (Pb) and cadmium (Cd)
present in the soft tissues of P. viridis obtained
form seaside fish markets along Jakarta Bay
were determined. In additon, the values were
compared with known standards and criteria
(based on Regulation of Health Ministry of
Indonesia No. 38214, FAO/WHO15, and US
EPA16 to asses their safety for human consumption.
Water samples originating from Kamal Estuary
were also analyzed to establish possible
accumulation of theses metals in the soft tissues
of P. viridis.

MATERIAL  AND  METHODS
Green mussel samples (Perna viridis L.) were
taken in four occasion between February and
April 2009 from each of the three different mus-
sel farming sites,  namely station 1 (1 km from
Kamal Estuary), station II (2 km from Kamal
Estuary), and station III (3 km from Kamal
Estuary, near Bidadari Island) (Fig. 1). The
samples were collected from farming sites four
times in two weeks and divided into small size
group (<4 cm) and large size (> 6 cm).
Determination is based on the size of the shells,
which are grouped in the fish market. Pooled
mussels in different size were placed in
separate polyethylene bags and were kept in a
cooler with ice during transport. The bags used
for storing and treating the samples were
cleaned using 5% nitric acid and followed by
three washes of distilled water.
The collected mussels were cleansed with
deionized water to remove sand, shell and other
particles.  To remove the soft tissues from the
shell, a clean stainless steel scalpel was used.
Soft tissues were then transferred in washed
and solvent-rinsed glass containers with size
labels. In addition to mussel collection, three of
composite water samples each were collected in
three sampling stations at Kamal Estuary for
metal analyzes. Composite samples of mussel
soft tissues (5 g) in different size were inserted
into the vaporizer cup. The samples were then
inserted into the oven and heated at 105°C for

Fig. 1 : Site Studies at Kamal Estuary, Jakarta Bay
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12 hours. The dried samples were stored in
dessicator prior to analysis, then were digested
with 10 ml HNO3. Moreover, for wet destruc-
tion process the dried samples were added 3 ml
with H2O2, then were heated again on hot plate
at 85°C for 8 hours and finally were added with
distilled water until the volume of 20 ml after
the samples cooled. Then, the green mussel
samples was allowed to stand for overnight. Hg

content was determined using the grafite fur-
nace atomic absorption spectrophotometry
(GBC type 906 AA). Pb and Cd contents were
determined using AAS (Shimidzu type 680
AA). Composite water samples from Kamal
estuary were also analyzed for trace metal
content by AAS. To check for contamination,
procedural blanks were analyzed in every
samples. Quality control samples, made from
standar solutions of Hg, Pb and Cd, were
analyzed to check for the metal recoveries.
Percentage recoveries were above 96% in all
metals.
Mercury content in mussel soft tissue was
calculated according to the formula17 : 
Level of Hg = a / b  (ppm)
Where : 
a = total content of Hg  (g)
b = weight of sample (5 g) 
Lead and cadmium content in mussel soft tissue
is computed using formula17 : 
Level of Pb or Cd = a x b / c  (ppm)
a = total content of Pb or Cd  
b = final volume of sample solution (dilution
factor) 
c = weight of sample
Decreased levels of metals content was
calculated using the formula18: 
I = (Io-It) / It x 100% 
I = rate of decline of heavy metal content (%)
Io = metal content at the beginning of the study
(ppm) 
It = metal content at the end of the study (ppm) 

All data were analyzed quantitatively.
Estimation of heavy metal content in mussel
soft tissue with heavy metal content in water, is
calculated using Concentration Factor Index (CFI)19.
All data were presented in average concentration
decriptively and analyzed the variance
(ANOVA) between different metal content in
mussel soft tissue. The level of significance was
set at p<0.05. The statistical analysis was

carried out using the JMP version 3.2.6
Statistical Software (SAS Institute Inc.).

RESULTS AND DISCUSSION 
Seawater from mussel farming sites in Kamal
estuary, Jakarta Bay was found to be contaminated
with trace metals such as mercury, lead and
cadmium. Concentrations of heavy metals in
seawater around Kamal estuary were found rel-
atively in safe value, because they were still
below the standard criterion set by Indonesia
Government DMED No. 5121, ASEAN20 and
US EPA16 (Table. 1). Among the metals lead
(0.002433 mg/l) accounted for the highest
concentrations in the seawater of Kamal
Estuary, followed by mercury (0.000133 mg/l)
and then by cadmium (0.000013 mg/l). These
data indicate that the current level of Hg, Pb
and Cd in Kamal estuary, Jakarta Bay make it
suitable for the propagation of shellfish and
other marine biotas whereas the permissible
value was far below criteria set by Indonesia
Goverment. Nevertheless, it has to be
concerned the concentration of trace metals in
sediment. It was reported that higher level of
heavy metals found in sediment than in waters
along Jakarta Bay22. Other study also supported
that there were significantly correlation
between mussel and concentration of Hg and
Cd in sediment at Paria Gulf, Trinidad and
Venezuela6 and for Cd and Pb at West coastal
waters of Peninsular Malaysia23. Sediments are
an important source of metals to filter feeders,
among mussels and oysters23. 
The presence of heavy metals in seawater of
Kamal estuary was contributed from variety of

Levels of heavy metals green mussel meat (mg /l) 
CFI    =    

Levels of heavy metals in sea water (mg /l) 
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natural and athropogenic sources whereas
urban and industrial development along the
coastal areas, rivers and estuaries contribute to
a major part of the antropogenic metal load of
the sea24,25. There are many traditional fisheries
Kamal Estuary which use traditional wooden
boats powered by engines of diesel-fueled
motor. Diesel fuel contains lead compounds
that pollute the surrounding waters. That is why
lead showed the highest concentration. Besides
emissions from fishing vessels, port and
maritime activities26-27, rapid urbanization
accompanying population growth in Jakarta
may have also contributed a huge part of metals
pollution in seawater4. 
The low concentration of heavy metals detected
in seawater of Kamal Estuary was assumed that
have a tendency to accumulate in organisms
from the different trophic levels of marine food
webs. These trace metals pile up on aquatic
beds and are eventually accumulated by filter
feeder organisms such as green mussels, oyster
and fish5,6,10,11,27. Furthermore, Jakarta
residents are mostly seafood consumer. This
condition poses a great hazard to Jakarta
residents caused by toxic effect of heavy metals
accumulated in such marine organisms.   
The polluted condition of seawater at Kamal
estuary, Jakarta bay will result in marine
organisms life, where P.viridis is abundant in
the area. Resuspended organic materials
containing nutrients from the bottom are being
consumed by filter feeders28. The means by
which filter feeders acquire their food may also
be the same route in which contaminants enter

the body tissues of P. viridis. In filter-feeding
bivalves like mussels, particulate matters are
carried in suspension by currents of water
pumped through their incurrent siphon, across
the gills, then out to the excurrent siphon. They
are passed through the body without being
digested depending on the size, shape, and
other physical characteristics of that particle29.
In this study was reported that soft tissues from
collected green mussels were also found to be
contaminated with Hg, Pb and Cd (Table. 2).
Lead was the most accumulated in soft tissues
of mussels collected from three sampling
station at Kamal Muara with average concentration
was 1,258 mg/kg, followed by cadmium (0,556
mg/kg), then the lowest was that mercury
(0,0054 mg/kg). Many studies reported that the
highest accumulated metal in mussels was Pb
then followed by Cd5,10,11. Based on condition
index, P.viridis is a sensitive organism to Pb
and Cd23 and as a suitable bioindicator for
metal. 
These concentrations were all below human
consumption criteria of RHM No. 382, but
exceeded TDI criteria set by FAO/WHO and
IPCS31. Lead, the highly detected metal in
seawater was accumulated well in soft tissue of
mussels, although still below marine water
criteria set by Indonesian goverment, ASEAN
and USEPA. Similarly, the average concentrations
of cadmium in soft tissues of mussel were
above TDI criteria, although its concentration
was below the marine water criteria. This indicates
that as filter feeding organism, green mussels
consumed nutrient dissolved in polluted seawater

Heavy Metals Concentration (mg/l)

Average values

Criteria for ASEAN marine water US EPA (2006)

marine water quality criteria (1999) Marine Marine    

(DMED acute criteria

No.51 2004) chronic criteria

Mercury (Hg) 0.000133 0.5 0.00016 0.0021 0.000025

Lead (Pb) 0.002433 2 0.0085 0.21 0.0081

Cadmium (Cd) 1.33E-05 1 0.01 0.042 0.0093

Table 1 : Heavy metals concentrations of Hg, Pb, and Cd (mg/l) in Kamal Estuary,
Jakarta Bay
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around Jakarta bay, then hazard materials
accumulated in soft tissue of bivalves
organisms such as mussels.  This is unsafe for
human health. The health effect for human
consuming mussels regularly (at 40 ug/100 ml
of lead in blood) is on the central nervous
system which have symptoms like fatigue,
headache, anemia and paralysis of the nerves.
Prolonged exposure may lead to coma, mental
retardation and death (ASEAN).  Nevertheless,
based on Indonesia Government, concentration
of metals found in all sampling stations were
safe for human health because they were below
the human consumption guidelines of RHM No.
382.  Indonesia Government should review the
criteria of human consumption contaminated
with metals which has higher criteria than
FAO/WHO because this is related to the risk to
human health.
The highly concentrations of lead in Kamal
estuary Jakarta Bay were because of industrial

activities, especially paints, leather tanning,
textile, printing and battery, fisheries and
unloading timber (warehousing). This activity
contributes to the high concentration of lead. 
The size factors can also affect the content of
heavy metals in the soft tissues of mussels,
using measurement of concentration factor.
This measures the ability of aquatic organisms
in taking direct pollutants from the waters and
shows the tendency of organisms accumulate
heavy metals. There are three categories of the
concentration factors proposed by NRC US31,
(1) low accumulation rate if the concentration
factor is less than 100, (2) moderate accumulation
rate if the concentration factor is between 100
and 1000 and (3) high accumulation rate if con-
centration factor is more than 1000. The more
easily absorbed and accumulate metals in the
aquatic organisms the greater the index. 
The highest average concentration factor was
noted at large size group of mussels (>6 cm)

Heavy Metals Concentration (mg/kg)

Station RHM TDI (mg/kg/day)**

(1989)*

I II III

Mercury (Hg) 0.0017 0.0025 0.012 0.5 0.002-0,004 (adult)

Lead (Pb) 1.485 1.37 0.92 2

0.006 (0-6 years old)

0.015 (7 years old-adults)

0.025 (pregnant)

0.075 (adults)

Cadmium (Cd) 0.743 0.685 0.24 1 0.055

Table. 2 : Metal content in the soft tissues of mussel (mg/l)

Heavy
Fish size

Station
Average

Level of 

metals I II III accumulation

Hg
Large 122,13 210,01 97,66 143,2667 Moderate

Small 76,09 64,68 73,11 71,29333 Low

Pb
Large 8396,23 6920,03 2003,22 5773,16 High

Small 2396,76 2124,41 570,96 1697,377 Moderate

Cd
Large 4198,12 3460,02 1001,61 2886,583 High

Small 1198,38 1062,21 285,48 848,69 Moderate

Table. 3 : Concentration factors of metals in green mussel body
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(Table. 3).  Lead and cadmium showed the high
accumulated in mussel from large size group
but mercury was only at moderate level of
accumulation. At small size group, mercury
was low accumulated in mussels based on
concentration factor compared to lead and cad-
mium. Previous studies also reported negative
relationships between body size and the accu-
mulation of metals in suspension-feeding
bivalves32-35. Inversely23, it was reported that
the smaller mussels accumulated the higher Pb
and Cd11. These were suggested due to the
variations in the metabolic activities at different
ages and body size of organisms which might
effect the uptake and elimiantion of metals.
The decrease in metal concentrations with body
size was observed in various studies which
indicated that a significant proportion of the
metal content was surface-adsorbed as smaller
mussels have a larger surface area to volume
ratio36. However, it was not statistically differ
between body size and metal concentration in
soft tissues of metal (p>0,05).

CONCLUSION 
As a conclusion, soft mussel tissues of P.viridis
is suitable to be used as a bioindicator for heavy
metal contamination due to its natural capacity
to accumulate elevated concentration of Hg, Pb
and Cd. The finding of present study revelaed
that the concentrations of different heavy metal
in seawater at Kamal estuary Jakarta bay were
comparatively lower set by Indonesia
Government, ASEAN and USEPA than the
concentration in soft tissues of green mussels.
The mussels had the highest Pb concentration
followed with Cd, then Hg whereas exceeded
human health criteria set by FAO/WHO and
IPCS. Thus, it is unsafe for human consumption
and Indonesia government should notice this
condition.
Based on the body size of mussel, it did not
differ significantly to accumulate heavy metal
(p>0.05).  In line with this, mussels have
tendency to accumulate metals contaminated in
seawater or sediment so that frequent frequent
monitoring should be done to control the levels
of metals in seawater, and to provide an advisory
to the gneral public regarding the potential hazard
associated with consuming metal-contaminate
seafoods.
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