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Abstract. Commodities of fresh water fish consumption which is generally marketed in Bandung,
Indonesia and surrounding areas are carp, tilapia and catfish. These types of fish are from post-harvest
fish farming in Floating Fish Net (FFN) in Cirata Dam. This study aimed to evaluate the accumulation
rate of heavy metals Cd, Zn, Pb and Hg contained in fish meat in Cirata Dam namely common carp
(Cyprinus carpio L.), Nile tilapia (Oreochromis niloticus L.) and striped catfish (Pangasianodon
hypophthalmus). The method used in this research was survey method. Heavy metal tests were
conducted by using AAS (Atomic Absorption Spectrometry). The results showed that heavy metals
were detected in fish meat (C. carpio, O. niloticus and P. hypophthalmus) which cultured in Cirata FFN
were Pb and Zn whereas Cd and Hg were found to be negative. Pb that were containing in fish meat
ranged from 2.0318 to 3.1553 ppm. This range exceeds the allowance standard quality (2 ppm) of the
Food and Drug Administration of Republic Indonesia (FDA RI). The contamination of Zn found in fish
meat was observed ranged from 7.3985 to 10.4972 ppm which is within the limits that do not exceed
the standard quality (40 ppm) of the FDA RI.
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Introduction. Along with the increasing of education and knowledge about nutrition, the
consumption level of fish in a society is also increasing. Fish, in addition, contain
proteins, minerals and vitamins that are essential for humans (Medeiros et al 2012). Fish
also contains unsaturated fatty acids such as omega 3 and 6 which prevent coronary
heart disease and provide nutrients for the human brain. Therefore, the fish has two
virtues as a source of nutrition and materials treatment (El-Moselhy et al 2014).

Fish consumption of community in Bandung city, Indonesia has been increasing
recently, in 2014 has reached 33.90 kg/capita/year, while the World Health Organization
recommended that level of fish consumption per capita is 36 kg/year (Department of
Agriculture and Food Security in Bandung 2015). Most of fresh water fishes distributed in
Bandung are largely supplied from Cirata Dam. Types of fish that are supplied namely
Cyprinus carpio, Oreochromis niloticus, Pangasianodon hypophthalmus.

Cirata waters contain heavy metals Cd, Cu, and Zn in which the concentrations
has exeeded the quality standards set by the Government of the Republic of Indonesia
through Government Regulation No. 82 of 2001 (Damayanti et al 2010). In addition to
heavy metal contamination, the water of Cirata Dam also contains very high ammonia
concentration of 0.45 mg/L, while the standard quality limit is 0.016 mg/L (Sudradjat et
al 2010).

The fish which is cultivated in water area contaminated by heavy metals are very
likely containing heavy metals on its flesh (Benzer et al 2013). The higher the
contamination of heavy metals in the water body, the higher are the bio-accumulation of
heavy metals contained in the network aquatic organisms (Tapia et al 2012). This
represents a serious threat to humans (Shafei 2015).

The rate of heavy metal accumulation in fish meat depends on the species of fish,
age, gender and location where the fish are cultivated (Thakur & Mhatre 2015). The
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purpose of this study was to evaluate the rate of heavy metal accumulation in the fish
meat cultivated in Cirata Dam namely C. carpio, O. niloticus and P. hypophthalmus.

Material and Method

Acquiring of samples. Fish samples are consist of three species of fish namely C.
carpio, O. niloticus and P. hypophthalmus. The samples were taken from Floating Fish
Net (FFN) located in three locations of Cirata Dam, West Java, Indonesia (Figure 1)
namely; inlet area (FFN in Calincing block), middle (FFN in Maleber block) and outlet
(FFN in Gandasoli block). The size of sampled fish was at a rage of 200-250 grams. The
samples were transported to the laboratory alive. The distance from the sampling
location to laboratory is approximately 30 Km.
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Figure 1. Map showing Cirata Dam.

Observations. Observations of heavy metal contamination found in fish flesh were
carried out on Cd, Zn, Pb, and Hg. Observations of heavy metals is also carried out to the
medium of water where fish are cultivated. Heavy metal testing was performed by AAS
method (Atomic Absorption Spectrometry). The test procedure is based on the procedure
of 1SO 2354.5: 2011.

Data analysis. Data were analyzed descriptively and compared to the standard quality
or the standard from FDA RIl. Maximum standards allowed are as follows: up to Cd =
0.01 ppm, Zn = 40 ppm, Pb = 2 ppm and Hg = 0.03 ppm (Suyanto et al 2010).

Results. Levels of heavy metal concentrations in the fish cultivated in FFN of Cirata Dam
are shown in Tables 1 & 3. Sampling was conducted at three locations, namely Cirata
Dam namely FFN in Calincing block, FFN in Maleber block (inlet) and FFN in Gandasoli
block (outlet).
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Table 1
The test results of heavy metals in fish samples from Cilincing block (inlet)

Fish sample Pb cd Zn Hg
(ppm) (ppm) (ppm) (ppm)

C. carpio 3.001 0 11.808 0

O. niloticus 3.871 0 8.900 0

P. hypophthalmus 3.905 0 8.587 0
Standard quality* 2 0.01 40 0.03

* - FDA Rl (Suyanto et al 2010).
Table 2

The test results of heavy metals in fish samples from Maleber block (middle)

Fish sample Pb cd Zn Hg
(ppm) (ppm) (ppm) (ppm)

C. carpio 2.641 0 12.926 0

O. niloticus 2.789 0 10.207 0

P. hypophthalmus 3.971 0 9.654 0
Standard quality * 2 0,01 40 0.03

* - FDA RI (Suyanto et al 2010).
Table 3

The test results of heavy metals in fish samples from Gandasoli block (outlet)

Fish sample Pb cd Zn Hg
(ppm) (ppm) (ppm) (PpmM)

C. carpio 2.032 0 14.779 0

O. niloticus 2.504 0 10.212 0

P. hypophthalmus 3.683 0 7.399 0
Standard quality * 2 0.01 40 0.03

* - FDA RI (Suyanto et al 2010).

Heavy metals of Cd and Hg were not detected in any samples of fish meat from all FFN
locations of Cirata Dam. Heavy metals of Pb and Zn were found in all samples of fish
meat from all locations of FFN in Cirata Dam. Pb concentration in fish flesh samples
ranged from 2.032 to 3.905 ppm, Zn concentration ranged from 7.399 to 14.779 ppm. Pb
concentration exceeds the standard quality according to FDA RI in all sampled fish
species. While the content of heavy metals Zn, Cd and Hg is still below the allowance
standard quality. The result of the heavy metals concentration in the water where the fish
are cultivated is shown in Table 4.

Table 4
The test results of heavy metals contamination in the water cultivation media of Cirata
Dam
FFN Calincing block FFN Maleber block FFN Gandasoli block
(Inlet) (Middle) (Outlet)

Pb Cd zn Hg Pb Ccd zn Hg Pb Ccd zn Hg
(EPpm)  (EPm) (Epm) (Epm) @EPMm) @EEeMm) @EEem) @EEem)  (@Eem)  (EPpm)  (Epm)  (ppm)

0.042 0 0.057 0 0.042 0 0.085 0 0.021 0 0.060 0

Heavy metals of Cd and Hg were not detected in the water body at any location of FFN in
Cirata Dam. Pb and Zn heavy metals were identified in the water body at any location of
FFN in Cirata Dam. Pb contamination in the water body of Cirata Dam ranged from 0.021
to 0.042 ppm, while Zn concentration ranged from 0.057 to 0.085 ppm.
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Discussion. The contamination of heavy metals into the flesh of fish can happen through
penetration of the skin, food and gills (Fatima & Usmani 2013). Furthermore, heavy
metals are absorbed by the blood and bind to blood proteins (Fatima et al 2013) and are
distributed to all tissues of the organism and forms deposits (Thakur & Mhatre 2015).
The rate of accumulation of heavy metals in fish tissue is strongly influenced by the
concentration of metal, temperature, pH, salinity and dissolved oxygen in the water
(Lakshman et al 2015). The rate of accumulation is also influenced by the periods of time
of fish living in the contaminated water (Sthanadar et al 2013). These transfer factors of
heavy metals from water into the flesh of the fish also affect the level of bio-
accumulation (Praveena & Lin 2015).

Pb concentration in the flesh of consumption fish (C. carpio, O. niloticus and P.
hypophthalmus) which were cultivated in FFN in Cirata Dam had exceeded the quality
standards set by the FDA RI (Table 1). Pb does not have a significant biological function
in the the fish organism but can be carcinogenic for humans who consume it (Ugokwe &
Awobode 2015). If the fish meat, which contains of Pb is consumed by human, can not
be metabolized and will be accumulated in the body (Yousafzai et al 2009). The capacity
of the body tissue has limited ability to accommodate the accumulation of Pb and if it
exceeds its capacity, it will cause a very serious illness (Praveena & Lin 2015). The excess
of Pb on the human body can cause serious damage to the brain, heart, nervous system
and red blood cells (Rao 2014). Moreover, it can lead to leukemia (Maiti & Banerjee
2012). Adult human blood has a normal capacity of Pb content of approximately 0,2 to
0,4 ppm; and if it already contains of 0.8 ppm, it can leads to anemia, liver damage, and
convulsions (Sabir et al 2003).

Pb was more commonly found in P. hypophthalmus than O. niloticus and C. carpio
in all location of FFN (Table 1). This result indicates that the species of fish is very
influential on bio-accumulation of Pb. In addition, the rate of heavy metal accumulation in
the flesh of the fish is also affected by its feeding behavior (habits) and the location of
the cultivation site (Benzer et al 2013). The species of fish is related to its ability in the
regulation of homeostasis (Irerhievwie & Akpoghelie 2015).

Based on Table 1, in addition to Pb, Zn also was found in the flesh of consumption
fish cultivated in FFN Cirata Dam. Zn heavy metal contamination were found higher
compared to Pb in every species of fish from each FFN cultivation location in Cirata Dam.
This is due to contamination of Zn in the body of water where the fish are cultivated, and
is higher than Pb contamination (Table 2). The existence of Zn in the water body in Cirata
can be derived from the remaining unconsumed feed of the fish, the use of chemicals, or
waste of engine oil discharged into the body of the dam water.

Zn is one of the essential metal for fish (Tapia et al 2012). Zn serves as a cofactor
of enzymes involved in the metabolism of the fish and is involved in many biological
processes (Irerhievwie & Akpoghelie 2015). Nevertheless, bio-accumulation of excessive
Zn in the flesh of fish can cause toxicity, slow growth and reproductive disorders (Ntiforo
et al 2012). In addition, this will slowly harm the humans who consume it because of
biomagnification occurrence (Singare et al 2013). Excess of Zn in human body can cause
dizziness, rapid fatigue and decrease of immune system functions (Ugokwe & Awobode
2015).

C. carpio accumulates more Zn than P. hypophthalmus and O. niloticus (Table 1).
The high Zn accumulation in C. carpio can be derived from food sources. Zn is a mineral
that is intentionally added to the fish feed (Tawwab et al 2013).

Conclusions. Heavy metals that were detected in the flesh of consumption fish (C.
carpio, O. niloticus and P. hypophthalmus) cultivated in FFN of Cirata Dam were Pb and
Zn, while Cd and Hg were found negative. Pb contained in fish meat observed was ranged
from 2.0318 to 3.1553 ppm. This range exceeds the allowance of standard quality (2
ppm) of FDA RIl. Zn contained in fish meat observed were ranged from 7.3985 to
10.4972 ppm which is still within the limits that do not exceed the standard quality (40
ppm) of FDA RI.

AACL Bioflux, 2017, Volume 10, Issue 2. 244
http://www.bioflux.com.ro/aacl



Acknowledgements. The authors would like to thank to Assistants Heru Candra, Rian
Hermawan and Cindy Maisela for their help in the research process and the Ministry of
Research and Technology as funding sources through the Priority Research Universities
programme (PUPT) corresponding to decree no. 393/UN6.R/PL/2015.

References

Benzer S., Arslan H., Uzel N., Gul A., Yilmaz M., 2013 Concentrations of metals in water,
sediment and tissues of Cyprinus carpio L., 1758 from Mogan Lake (Turkey).
Iranian Journal of Fisheries Sciences 12:45-55.

Damayanti F. N., Koswara B., Lily W., 2010 Effect of heavy metal pollution against
histology condition of tilapia (Oreochromis niloticus Linn) in floating fish net of
Jangari Block of Cirata Dam. Journal of Fisheries and Marine Sciences 1:14-23.

ElI-Moselhy K. M., Othman A. 1., Abd El-Azem H., El-Metwally M. E. A., 2014
Bioaccumulation of heavy metals in some tissues of fish in the Red Sea, Egypt.
Egyptian Journal of Basic and Applied Sciences 1:9-105.

Fatima M., Usmani N., 2013 Histopathology and bioaccumulation of heavy metals (Cr, Ni
and Pb) in fish (Channa striatus and Heteropneutes fossilis) issue: a study for
toxicity and ecological impacts. Pakistan Journal of Biological Sciences 16:412-420.

Fatima M., Usmani N., Hossain M. B., 2013 Heavy metal in aquatic ecosystem
emphasizing its effect on tissue bioaccumulation and histopathology: A review.
Journal of Environmental Science and Technology 7:1-15.

Irerhievwie G. O., Akpoghelie J. O., 2015 Assessment of the bioaccumulation and the
excretion rate of Cd, Zn and Pb in blood, kidney and liver of an African catfish
juvenile in an artificial fish pond. International Journal of Science and Research
4:1910-1916.

Lakshman N., Priyadarsini P. M., Das S. S., 2015 Bioaccumulation of trace metals in two
species of crabs from chilika lagoon, east coast of India. Journal of Atmosphere 1:1-
7.

Maiti P., Banerjee S., 2012 Fate of metals in fish under variable sewage input in fish
ponds. International Journal of Scientific and Research Publications 2:1-13.

Medeiros R. J., dos Santos L. M., Freire A. S., Santelli R. E., Braga A. M. C. B., Krauss T.
M., Jacob S. C., 2012 Determination of inorganic trace elements in edible marine
fish from Rio de Janeiro State, Brazil. Food Control 23:535-541.

Ntiforo A., Dotse S. Q., Gyampo M. A., 2012 Preliminary studies on bioconcentration of
heavy metals in Nile tilapia from Tono Irrigation facility. Research Journal of Applied
Sciences, Engineering and Technology 4:5040-5047.

Praveena S. M., Lin C. L. S., 2015 Assessment of heavy metal in self-caught saltwater fish
from Port Dickson coastal water, Malaysia. Sains Malaysiana 44:91—-99.

Rao D. L., 2014 Heavy metals causing toxicity in humans, animals and environment.
Journal of Chemical and Pharmaceutical Sciences 3:172—-174.

Sabir S. M., Sardar W. K., Imran H., 2003 Effect of environmental pollution on quality of
meat in District Bagh, Azad Kashmir. Pakistan Journal of Nutrition 2:98-101.

Shafei H. M. E. L., 2015 Some heavy metals concentration in water, muscles and gills of
Tilapia Niloticus as biological indicator of Manzala Lake Pollution. Journal of
Aquaculture Research and Development 6: 358. do0i:10.4172/2155-9546.1000358.

Singare P. U., Talpade M. S., Dagli D. V., Bhawe V. G., 2013 Heavy metal content in water
of Bhavan’s College Lake of Andheri, Mumbai. International Letters of Chemistry,
Physics and Astronomy 8:94—105.

Sthanadar 1. A., Sthanada A. A., Yousaf M., Muhammad A., Zahid M., 2013
Bioaccumulation profile of heavy metals in the gills tissue of Wallago attu (MULLEY)
from Kalpani River Mardan, Khyber Pakhtunkhwa Pakistan. International Journal of
Biosciences 3:165-174.

Sudrajat A., Supriya H., Saputra A., 2010 Evaluation of Cirata Dam water area as fish
cultivation zone to support improvement of food security. Research Activity Report.
Research and Development of the Marine and Fisheries, The Centre of research and
development of Aquaculture, Jakarta, 1D, 16 pp.

AACL Bioflux, 2017, Volume 10, Issue 2. 245
http://www.bioflux.com.ro/aacl



Suyanto A., Kusmiyati A., Retnaningsih C., 2010 Residues of heavy metal on fish from
contaminated waters in the North Coast of Central Java. Journal of Food and
Nutrition 1:33-38.

Tapia J., Chacoff L. V., Bertran C., Cortés F. P., Hauenstein E., Schlatter R., Jiménez C.,
Tapia C., 2012 Heavy metals in the liver and muscle of Micropogonias manni fish
from Budi Lake, Araucania Region, Chile: potential risk for humans. Environmental
Monitoring and Assessment 184:3141-3151.

Tawwab M. A., Mousaad M. N. M., Sharafeldin K. M., Ismaiel N. E. M., 2013 Changes in
growth and biochemical status of common carp, Cyprinus carpio L. exposed to
water-born zinc toxicity for different periods. International Aquatic Research 5:11.
doi:10.1186/2008-6970-5-11.

Thakur J., Mhatre M., 2015 Assessment of potential dietary toxicity of heavy metals in
Tilapia mossambica in the industrially polluted area of M.I.D.C. Taloja, India.
International Journal of Engineering Technology, Management and Applied Sciences
3:85-90.

Ugokwe C. U., Awobode H. O., 2015 Heavy metals in organs and endoparasites of
Oreochromis niloticus, sediment and water from River Ogun, Ogun State, Nigeria.
IOSR Journal of Environmental Science, Toxicology and Food Technology 9:101—
109.

Yousafzai A. M., Khan A. R., Shakoori A. R., 2009 Trace metal accumulation in the liver of
an endangered South Asian fresh water fish dwelling in sub-lethal pollution.
Pakistan Journal of Zoology 41:35-41.

*** Department of Agriculture and Food Security in Bandung, 2015 The annual report of
food security Bandung, Bandung, ID, 218 pp.

Received: 26 January 2017. Accepted: 14 March 2017. Published online: 20 March 2017.

Authors:

Junianto, Padjadjaran University, Faculty of Fisheries and Marine Science, Indonesia, West Java, Jatinangor -
45363, JI. Raya Bandung Sumedang Km. 21, e-mail: anto_lisc@yahoo.com

Zahidah, Padjadjaran University, Faculty of Fisheries and Marine Science, Indonesia, West Java, Jatinangor -
45363, JI. Raya Bandung Sumedang Km. 21, e-mail: ibuzah@gmail.com

Izza Mahdiana Apriliani, Padjadjaran University, Faculty of Fisheries and Marine Science, Indonesia, West Java,
Jatinangor - 45363, Jl. Raya Bandung Sumedang Km. 21, e-mail: izzamahdiana@gmail.com

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Junianto, Zahidah, Apriliani I. M., 2017 Evaluation of heavy metal contamination in various fish meat from
Cirata Dam, West Java, Indonesia. AACL Bioflux 10(2):241-246.

AACL Bioflux, 2017, Volume 10, Issue 2. 246
http://www.bioflux.com.ro/aacl



