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BIOCONCENTRATION OF HEAVY METAL
CADMIUM (CD) IN GREEN MUSSLE (Perna Viridis
Linn, 1758) CULTIVATED IN PASARAN ISLAND
WATERS, LAMPUNG, INDONESIA
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Ringkasan Pasaran Island waters is the
location of green mussel cultivation (Per-
na viridis), where the waters has the
potential to experience heavy metal po-
llution including Cadmium (Cd). Gre-
en mussels are filter feeders and have a
slow movement, thus they have the po-
tential to experience heavy metal bio-
concentration on their bodies. The aim
of this study was to determine the bi-
oconcentration of heavy metal cadmi-
um (Cd) in green mussels (Perna viri-
dis) which were cultivated in the wa-
ters of Pasaran Island. Samples were
collected in February 2018 in green mus-
sel cultivating cages of Pasaran Island
water with 3 and 6 cm mussel size. Sam-
pling was taken at three stations with
three replications each. The Cd con-
tent was analyzed using AAS method.
The results showed that the water con-
tent of Cd at the observation location
ranged from 0.022 to 0.024 mg/l. The
content of Cd of mussel meat is 0.030
to 0.033 mg/kg, the value is below the
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threshold based on Indonesian Natio-
nal Standard (SNI). The BFC value of
3 cm mussel is 1.33 mg/kg, while the 6
cm mussel is 1.47 mg/kg which indica-
tes that the green mussels on Pasaran
Island are accumulatively low on Cd.
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PENDAHULUAN

Pasaran Island is located in the coas-
tal area of Bandar Lampung City, In-
donesia. The waters of Pasaran Island
have the potential to experience heavy
metal pollution including heavy metal
Cadmium (Cd). According to Wiryaw-
an et al. (1999) the coastline of Ban-
dar Lampung City is one of the loca-
tions that has experienced a lot of coas-
tal land conversion into industrial are-
as including the coal industry, power
plants, tourism, commercial ports and
settlements. Waste from these industri-
al activities can cause pollutant increa-
se in Pasaran Island water. In addition,
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ship traffic activities and overcrowding
can also pollute coastal waters.

Cadmium is a non-essential metal for
organisms (Martin and Pognonec, 2010),
but is an important material in indus-
trial activities. Naturally, Cd is present
in nature and may cause pollution in
water, air and soil. Cd can accumula-
te strongly in plant and animal tissues
and enter the human body through the
food chain (Isani et al., 2009). Industri-
al activities include coal mining acti-
vities, which affect the occurrence of
water pollution caused by heavy me-
tal Cd. According to Rukmana et al.
(2013), liquid waste generated from the
coal washing process contains dange-
rous heavy metals, including cadmium
derived from soil and rock which is car-
ried away during the coal exploitation
process.

Based on the data reports of Lampung
Province Environmental Status regarding
seawater quality in the coastal areas of
Bandar Lampung City, Panjang conta-
iner port traffic area has Cd content of
0.014 mg/l. The content of Cd in the
estuary area of Pasaran Island condu-
cted by Sembel (2011) obtained a va-
lue ranging from 0.013-0.018 mg/L. This
value has increased compared to previ-
ous research conducted by Yudha (2007)
who only obtained a value of 0.001 mg/l.
Based on the Decree of Minister of En-
vironment of Republic of Indonesia, the
quality standard for seawater Cd con-
tent for marine biota is 0.001 mg/l, the-
refore the water has exceeded the qua-
lity standard or in a polluted state.

The waters of Pasaran Island are cur-
rently used as a location for cultivating
green mussels (Perna viridis). Green
mussels are organisms that are easy to
cultivate. Life requirements for green

mussels are not as complicated as pearl
shells that require contamination-free
water quality (Yulianto et al., 2016).Mus-
sels have the potential to accumulate
heavy metal content in waters (Duma-
lagan et al., 2010). It can be due to gre-
en mussels are filter feeders and ha-
ve a slow movement (Kamaruzzaman
et al., 2011). Cadmium (Cd) is one of
the heavy metals that is harmful to se-
dentary organism type(Biagioli et al.,
2008). The nature of cadmium tends
to sediment and it is difficult to degra-
de by organism, thus if it is absorbed
by organismbody, its concentration wi-
ll increase with time. According to Be-
esley et al. (2000), mussels are the most
likely accumulating heavy metals com-
pared to other aquatic biota.

Cadmium entering human body throu-
gh the food chain has potency to cau-
se various diseases for humans (Whyte
et al., 2009). According to Yestyani (2010),
Cd can cause miscarriages in pregnant
women, chest tightness, dry esophagus,
decreased ability to smell, decreased bo-
dy weight, teeth aching and golden ye-
llow colored. Other health impacts acco-
rding toLampe et al. (2008) may leads
to disease in the lung organs. In addi-
tion, Cd consumption can cause bone
damage (Schutte et al., 2008), as well
as increasing potencyof cancer and ca-
using death (Menke et al., 2008). Ba-
sed on these conditions, it is necessary
to have information regarding cadmi-
um content (Cd) in the location of gre-
en mussel cultivation in the waters of
Pasaran Island, as well as the Cd con-
tent in green mussel meat and their fe-
asibility for consumption.

This study aims to determine the bi-
oconcentration of heavy metal cadmi-
um (Cd) in green mussels (Perna viri-
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Gambar 1 Map of the sampling location, Pasaran Is-
land

dis L.) cultivated in the waters of Pa-
saran Island. The benefit of this study
is providing information about the Cd
content in green mussel (Perna viridis)
cultivation location in the waters of Pa-
saran Island and its accumulation im-
pact as well asits feasibility to be con-
sumed by the community.

MATERI DAN METODE

This research was carried out in Febru-
ary 2018. Sampling was conducted in
green mussel cultivating cages in Pa-
saran Island waters. Analysis of heavy
metal content of Cadmium (Cd) was
done at Analysis Laboratory of Lam-
pung State Polytechnic.

The research method used was purpo-
sive sampling technique. The tools used
were GPS, AAS tools, surgical instru-
ments, scales, plastic zips, film bottles,
ovens, thermometers, pH paper, DO ki-
ts and refractometers. The ingredients
used were sea water and green mus-
sel meat. The collection of mussels and

water was carried out in 3 cage loca-
tions (Figure 1) which were determi-
ned based on the characteristics of ea-
ch location. T1 location is a central lo-
cation for green mussel cultivation, T2
location is a cultivation location clo-
ses to the mainland and residential are-
as, and T3 location is a cultivation lo-
cation located near the location of fi-
shing vesselsas well as and container
and industrial vessels traffic area. Mus-
sels sampling was carried out in 3 re-
plications based on the cage (front, mi-
ddle and back). The samples of green
mussels used consisted of two groups,
namely 3 and 6 cm mussels size.

Water quality parameters such as tem-
perature, pH, dissolved oxygen (DO),
and salinity were measured directly at
each research location. Total of 25 ml
water samples for analysis of cadmi-
um (Cd) were taken at each location of
mussels sampling using bottle of sam-
ple for analysis at laboratory. The sam-
ples of green mussels used were 30%
of the total population per cagesusing
random sampling methodat 30 ropes.
Green mussels were grouped according
to their size, which were 3 and 6 cm.
Then, each group of mussels was se-
parated from its shell. The meat that
had been separated was chopped un-
til homogeneous and taken 100 grams
as sample to be analyzed in the labora-
tory.

Analysis of Cd content in water was
carried out on water sample that had
been taken. Total of 25 ml of water sam-
ple was put into tube digestions and 5
drops of HNO3 were added. The sam-
ples were heated in digestions blocks
with a temperature of 100 ºC for an
hour, then the samples were measured
with Atomic Absorption Spectropho-
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tometry (AAS) and the adsorbed valu-
es were recorded. Analysis of Cd con-
tent in mussels was conducted by using
100 grams of mussels meat that had
been chopped, then being dried in oven.
After the drying process, 0,5 g of mus-
sels meat samples were put into tube
digestions, then added 5 ml of HNO3
and 0,5 ml of HClO4, left for one night.
The next day, the sample was heated
in digestions blocks with a temperatu-
re of 100 ºC for an hour, then the tem-
perature was increased to 150 ºC. Af-
ter the yellow steam ran out, the tem-
perature was increased to 200 ºC. Des-
truction was complete after white smo-
ke appeared and the remaining extra-
ct was ± 0.5 ml. Tube digestions were
removed and left to cool, then extra-
ct was diluted using 49,5 ml of dis-
tilled water, thus the final sample vo-
lume was 50 ml. Followed by, stirring
using stirrer for 5 minutes until homo-
geneous. Samples of homogeneous gre-
en mussels extractwas injected into AAS
tool to determine the value of heavy
metal cadmium(Cd).

Bioconcentration factor (BCF) was ca-
lculated to determine the ability of gre-
en mussels to accumulate heavy metal
Cd from the waters. BFC values can be
obtained using the formula: (Vassiliki
& Konstantina, 1984 in Falusi & Ola-
nipekun, 2007).

BCFo−w =
[C]org

[C]water
(1)

Description : BCF (o-w) = Bioconcen-
tration factor (organism with water) C
org = Concentration of heavy metals in
organisms C water = concentration of
heavy metals in water.

The datas had been collected were wa-
ter quality data, water Cd concentra-

tion data, data on Cd content on the
mussels body, and data on bioconcen-
tration of Cd metal on the mussels then
compared to the established quality stan-
dards. Data of Cd metal content based
on the size of green mussels (3 cm and
6 cm) were compared and analyzed using
the t-Test with a significant level of 95%.
Data of Cd metal content based on ca-
ge location and shell size were analyzed
using Factorial Completely Randomi-
zed Design (ANOVA) with treatment
in the form of cages and groups in the
form of shell size.

HASIL DAN PEMBAHASAN

Environmental conditions are important
factors that influence mussels growth
(Pattikawa and Ferdinandus, 2009). Wa-
ter quality values include temperature,
pH, and salinity in each research sites
showing optimum conditions for the cul-
tivation of green mussels, while DO va-
lues of 5 and 4 mg/l show DO con-
tent of the waters are below the opti-
mum value for green mussel cultiva-
tion (Table 1). Dissolved oxygen con-
centration in Pasaran Island is quite low
compared to the results of the study
according toYulianto et al. (2017) in
Lampung Bay which is 5.63 ± 0.42 mg/l.
According to Nurdin (2000), optimum
DO for green mussels cultivation is 8
mg/l, and according to Minister of En-
vironment’s Decree regarding seawa-
ter quality standards for marine biota
is 5 mg/l, therefore the DO content in
the research sitescan be concluded as
below the DO quality standard for ma-
rine biota.

The low DO can be caused by vari-
ous factors, including the increase in
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Tabel 1 Water quality in each research si-
te/observation location

Parameter
Locations

Optimum condition for green mussels
T1 T2 T3

Temperature (0C) 30.8 30.9 31 26-32*

pH 8 8 8 7-9**

DO (mg/L) 5 4 4 8***

Salinity (0/00) 30 30 30 24-30****

* According to Power et al. (2004); ** According to Sreedevi et al.
(2014); *** According to Nurdin (2000); ****According to Kripa
et al. (2009)

organic waste in the waters. This ca-
uses oxygen in the waters to be uti-
lized by bacteria to decompose orga-
nic substances into inorganic substan-
ces (Simanjuntak, 2012). In addition,
the type of substrate can also affect the
concentration of dissolved oxygen. The
waters of Pasaran Island have sandy mud
substrate types that are suitable to be
used as location of green mussel cul-
tivation, but the muddy substrate will
cause oxygendiffusion from the air in-
to the sediment, resulting in lower oxygen
concentration (Khaisar, 2006). Less op-
timum of DO consentration in the lo-
cation of green mussel cultivation lea-
ds to less optimal cultivation result.

Based on the analysis results (Table 2)
the concentration of Cd in water at the
observation location/research site was
0.022 mg/l at T1 and T2 as well as 0.024
mg/lat T3. Cd content in seawater has
exceeded the threshold or quality stan-
dards according to Minister of Enviro-
nment’s Decree No. 51 of 2004 con-
cerning seawater quality standards for
marine biota. This shows that the wa-
ters of Pasaran Island have experien-
ced water pollution of heavy metal Cd,
and are unsuitable to be used as aqua-
culture areas.

Cadmium (Cd) content in the three lo-
cations of green mussel cultivation has
considerably high amount of concen-
tration. According to Mohiuddin et al.

Tabel 2 Cadmium(Cd) content in the water of the re-
search site

Location
Cd heavy metal content Quality standard

(mg/l) (mg/l)*
T1 0.022

0.001T2 0.022
T3 0.024

* According to [KEPMENLH RI] Decree of the Minister of En-
vironment No. 51 of 2004 concerning sea water quality standards
for marine biota

(2011), heavy metals are the most com-
mon pollutants found in waters. Cadmi-
um (Cd) in the waters can come from
natural content in the nature and hum-
an activities. Another factor that influ-
ences the high cadmium content in the
research site is the cultivation location
is located around the estuary area and
is influenced by tidal dynamics. Gan-
dri et al. (2017) stated that, the high
content of heavy metals in estuary are-
as was caused by the region was a trap
zone for all pollution components thro-
ugh tidal dynamics events. The Cd exis-
tence in the bay area not only comes
from the land, but can also come from
various areas that are carried by the cur-
rent and sediment in the bay area whi-
ch is the research sites. The metal will
be carried by the current during high ti-
de from the sea to the land, then when
it is entering the bay the current veloci-
ty will be slightly decreased, therefore
Cd metal accumulates in the area (Pan-
jaitan et al., 2014).

Measurements of Cd content on two
mussels sizes showed that the size of
6 cm had Cd content of 0.033 mg/kg,
while the 3 cm musselswas 0.030 mg/kg
(Table 3). Based on the results of t-test,
the Cd content in mussels of 3 and 6
cm was not significantly different (p>
0.05), it showed that the difference in
mussels size did not significantly affe-
ct cadmium content in the body.
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Tabel 3 Cadmium (Cd) content based on the size of
green mussels (Perna viridis)

Mussels size Cd heavy metal content Quality standard
(cm) (mg/kg) (mg/kg)*

3 0.030 ± 0.0047a
1

6 0.033 ± 0.0067 a
* According to SNI 7387: 2009 concerning the maximum limit of
cadmium heavy metal contamination in food in the form of biva-
lves
** Values with the same superscript letters are not significantly
different at the test level of 5%

The Cd content in green musselssize 3
and 6 cm almost have the same value.
This is presumably because the size of
the green mussels used is not much di-
fferent, the size of 3 cm is 3-4 mon-
ths old mussels, while 6 cm mussels
are 6-7 months old where the size is
ready for harvest. Body size indicates
that the age of mussels taken is not mu-
ch different, thus the exposure length
of metal cadmium in these waters is
not much different. Therefore, the im-
pact of Cd metal accumulation on gre-
en mussel body is not too different or
relatively the same.

The cadmium content value of green
mussels is 0.030-0.033 mg/kg which is
still below the threshold based on SNI,
therefore it is still suitable for consump-
tion. However, the amount of consump-
tion needs to be watched because Cd
has high toxic effect even at low con-
centrations (Almeida et al., 2009). Cd
is accumulative and has a long half-
life in the body of living organisms so
that if consumed continuously can ca-
use adverse effects on human health.
Provisional Tolerable Weekly Intake (PTWI)
or limit tolerance value for consump-
tion of cadmium heavy metals per we-
ek according to FAO / WHO (2004) is
7 μg/kg body weight per week. Based
on PTWI value calculation results, ca-
dmium is 0.007 mg/kg assuming that
individuals who consume 50 kg are ob-
tained MWI (Maximum Weekly Inta-

Tabel 4 Cadmium (Cd) content in green mussels ba-
sed on the size and cages location

Mussels size (cm)
Cd heavy metal content

(mg/kg)
Location T1 Location T2 Location T3

3 0.0333a 0.0300a 0.0267a

6 0.0300a 0.0333a 0.0367a

Mean 0.0316 0.0316 0.0317
* Values with the same superscript letters are not significantly di-
fferent at the test level of 5%

ke) value of 0.35 mg. This value indi-
cates that the maximum amount of ca-
dmium that can be consumed by an in-
dividual weighs 50 kg is 0.35 mg/week.
If the Cd content exceeds MWI, it will
cause Cd heavy metal poisoning. The
value of MTI (Maximum Tolerable In-
take) at 3 cm mussels size is 11.667 kg
and 6 cm size is 10.601 kg. The MTI
value can be used as a reference for the
weekly consumption of green mussels
that are cultivated in the waters of Pa-
saran Island. If an individual weighing
50 kg consumes green mussels exce-
eding the MTI value, the heavy metal
Cd will be toxic to humans.

ANOVA results using CRD Factorial
showed that differences in mussels size
and cultivation location differences did
not affect Cd heavy metal concentra-
tion in the mussels body (Table 4). Qu-
ality standard value according to SNI,
limit of Cd heavy metal content in allo-
wed mussels is 1.0 mg/kg. Based on
SNI, the Cd content in mussels culti-
vated in the waters of Pasaran Island at
locations I, II and III is below the qu-
ality standard, therefore it is still suita-
ble for consumption.

The discovery of Cd content in the mus-
sels body cultivated at locations of T1
and T2 is assumed to originate from
human activities. According to Vino-
dhini and Narayanan (2008), marine aqu-
atic ecosystems are the main place for
heavy metal contamination, among whi-
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ch comes from household waste chan-
nels. In addition, solar spills of fishing
vessels also resulted in the presence of
Cd in the waters (Azhar et al., 2012).

At the T3 location, the cage is direct-
ly facing industrial locations and ship
traffic. One industry that is thought to
affect the presence of CD in the wa-
ters is the coal mining industry activi-
ties. According to Shastri and Diwekar
(2008) human activity (anthropogenic)
contributing the most to the heavy me-
tals existence in nature is burning fos-
sil fuels (coal). The liquid waste ge-
nerated from the coal washing process
contains dangerous heavy metals, in-
cluding cadmium which comes from
the soil and rocks which are carried away
during the coal exploitation process (Ruk-
mana et al., 2013). Other activities that
can lead to the occurrence of Cd are
port activities (Galindo et al., 2010),
one of the ports close to the location of
green mussel cultivation, namely Pan-
jang Port. Panjang Port has many acti-
vities such as loading and unloading
of ships, export, import and container
ship traffic.

Other factor affecting cadmium heavy
metal content in the body of green mus-
selsis the condition of the green mussel
organ. Green mussels are able to pro-
duce Metalotionein which is a speci-
al protein that functions to bind heavy
metal metals including Cd (Thirumo-
orthy et al., 2007). According to Kla-
assen et al. (1999) the role of Metalo-
tionei as a protein involved in metabo-
lism for the growth and development
of organisms. According to Darmono
(2006), cadmium heavy metals can be
buried in tissues and bind to Metalotio-
nein protein which is rather permanent
and has a long half-life.

Green mussels have the ability to deto-
xify heavy metals. Detoxification itself
is the ability to hold or concentrate me-
tal elements (including toxic heavy me-
tals) in the body by binding to metals
in the metabolic circle without elimi-
nating it, it is a temporary solution whe-
re the ability of confinement has its li-
mitations (Bebianno and Langston, 1992).
According to Sutamihardja (2006), ba-
sed on heavy metal protein complexes,
the Cd complex is not too toxic compa-
red to Cd2+, but in the renal tubule cell
complex Cd Metalotionein will release
Cd2+ and produce toxic effects.

BCF calculations are needed to deter-
mine the body’s ability to accumulate
heavy metals. The higher the BCF va-
lue shows the higher the occurrence of
bioconcentration in aquatic organisms
body against heavy metals. The results
of the calculation show that the avera-
ge value of BFC in green mussels si-
ze 3 cm is 1.33 mg/kg, while in green
mussels size 6 cm is 1.47 mg/kg (Table
5). According to Hutagalung and Suto-
mo (1996), the size of BFC is influen-
ced by the type of heavy metals, orga-
nisms, length of exposure, and enviro-
nmental conditions of the waters. BFC
can be categorized into 3 namely, (1)
BFC values> 1000 as high accumulati-
ve, (2) BFC 100-1000 value as mode-
rate accumulative, and (3) BFC value
<100 as accumulatively low (Amriarni
et al., 2011).

Based on BFC calculation, the green
mussels cultivated in the waters of Pa-
saran Island belongs to class 3. This
finding shows that the ability of gre-
en mussels cultivated in the waters of
Pasaran Island is still low in accumu-
lating the presence of Cd in the waters.
Although included in the low accumu-
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Tabel 5 BFC values of green mussels in the waters of
Pasaran Island

Mussels size
Location

Cd content
BFC value

(mg/kg)
(cm) Mussel Water (mg/kg)

3
T1 0.0333 0.022 1.53
T2 0.03 0.022 1.36
T3 0.0267 0.024 1.11

6
T1 0.03 0.022 1.36
T2 0.0333 0.022 1.51
T3 0.0367 0.024 1.53

lative category, the presence of Cd in
green mussel meat needs to be heed
because it has accumulative properti-
es, therefore if consumed continuously
and over a long period of time can ha-
ve health effects, including damage on
lung organs (Lampe et al., 2008), and
lead to bone damage (Schutte et al., 2008).

SIMPULAN

Green mussels (Perna viridis) which are
cultivated in the waters of Pasaran Is-
land have low bioconcentration capa-
bilities around <100 mg/l. The Cd con-
tent in seawater has exceeded the qu-
ality standard according to Minister of
Environmental’s Decree No.51 of 2014
(KEPMENLH RI No.51 of 2014) whi-
ch is 0.022 and 0.024 mg/l. The Cd
content in green mussel meat is 0.030-
0.033 mg/kg which is still below the
threshold based on SNI.
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