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Abstract

The aim of this review article 1) to explain the types of heavy metal contamination
found in water bodies from reservoirs in the river flow area of Citarum. 2) to identify the
types of fish that are cultivated and the exposure to heavy metals in these fish and 3 to
explain the health effects of heavy metals in human consumption. Based on the results, it can
be concluded that the types of heavy metals that pollute the waters in the river over flow
Cirata (Saguling, Cirata and Jatiluhur are lead (Pb), Zeng (Zn), Cadmium (Cd) and Cromium
(Cr). The concentration of the presence in these water bodies is still below the quality
standard set by BPOM Indonesia. The types of fish cultivated in the river over flow Cirata
Reservoir (Saguling, Cirata and Jatiluhur are goldfish, tilapia, catfish, and hard-lipped barb
fish. All types of the fish are fish for consumtion. The types of heavy metals found in these
fish are Pb, Cd and Cr. It is present at concentrations below the exposure limits by BPOM
Indonesia. Humans exposed to heavy metals can have an impact on their health and can
even cause death.
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INTRODUCTION

Reservoirs are river flow dams that can be used by the local community as irrigation,
hydropower, raw water sources, and flood control (Kartini and Permana 2016). Reservoirs
also have potential in the field of fisheries such as for fish cultivation activities with floating
net cages and places for fishing (Mulyadi and Atmaja 2016; Selmi et al. 2019) so that the
quality of reservoir waters must be in accordance with water quality standards so that fish
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cultivation activities can be continue to run and there is a guarantee of the safety of the fish
produced for human consumption.

Reservoirs can become aquatic ecosystems that are more susceptible to pollution such as
chemical with types, Hazardous and toxic materials. If the reservoir location is close to
residential, agricultural, or industrial environments that use chemicals because the waste from
these activities will be discharged into the river and can contaminate the reservoir because the
river is one of the sources of reservoir water (Sutrisno et al. 2007). One type of hazardous
chemical is a class of heavy metals such as cadmium (Cd), chromium (Cr), lead (Pb), copper
(Cu), zinc (Zn) which can be toxic to the aquatic environment. Reservoir contaminated with
heavy metals can cause the quality of the reservoir waters to decline (Priyanto et al. 2008).
Heavy metals in waters can come from nature such as volcanic dust, erosion of rocks and and
from human activities, namely domestic waste and industrial waste (Maddusa et al. 2017).
According to Komarawidjaja (2017) heavy metals can come from textile industry waste
which uses heavy metals in the dying process. According to Istarani and Pandebesie (2014),
in addition to the textile industry, heavy metals can come from the alloy industry, pesticides
and others.

Fish can be contaminated because heavy metals cause biotransformation and
bioaccumulation processes in living organisms. In the body of aquatic biota, the amount of
accumulated metal will continue to increase through food, gills and digestive tracts and then
accumulate in body tissues such as liver and kidney (Nur 2013). The content of heavy metals
in the body of fish and where the fish comes from is important to know because fish is part of
the human diet. Heavy metals in fish meat can be distributed and accumulate in the human
body who eat these fish and in the long term can cause human health problems (Yulaipi and
Aunurohim 2013). Therefore, the aim of this review article 1) to explain what heavy metal
contaminants are found in the reservoir waters in the river over flow Citarum. 2) to identify
the types of farmed fish and their exposure to heavy metals and 3 to explain the health effects

of heavy metals if consumed by humans.

Heavy Metal Contamination in Reservoir Waters

The Citarum River is the longest river in West Java - Indonesia. In the river flow area
Citarum, there are three reservoirs, from upstream to downstream are Saguling, Cirata and
Jatiluhur. These three reservoirs are used, among others, for fish farming and hydroelectric
power plants.

According to Pratiwi et al. (2011) there are several problems that occur in reservoir
waters such as in the waters of the Jatiluhur reservoir. These problems are experiencing a

decrease in water quality, a decrease in fish production, and an increase in corrosion and
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weathering in hydropower construction. The problem is due to the increase in nutrients or
metals from the leftover feed (fish meal) or fish metabolism residue in the marine cage
maintenance that enters the reservoir waters.

According to Riani (2010) Cirata Reservoir experienced an increase in heavy metal
inorganic waste as a result of industrial activities by dumping the waste into the Citarum
River which then entered the Cirata Reservoir. The inorganic waste is toxic and can
accumulate in living organisms. According to Sutrisno et al. (2007) and Wicaksono et al.
(2016) heavy metals are elements that are harmful to the aquatic environment and can cause
ecological disturbances in the reservoir ecosystem. According to Wicaksono et al. (2016) in
the Cirata Reservoir sediments there are heavy metal concentrations ranging from 0.29 to
5.32 mg / kg, the lead content is thought to have come from fish feed for floating net cage
cultivation which has been contaminated with lead.

According to Adani et al. (2018) based on research results, the concentration of heavy
metal Zn in the waters of the Saguling Reservoir ranges from 0.1441 mg /L - 0.5976 mg / L
and there are two out of 10 locations that exceed 0.50 mg / L, as the quality standard limit of
PP No. 82, Tahun 2001, namely the inlet area or the place where the river flows into the
reservoir. The high of Zn concentration is due to the fact that there are many industrial
activities that use chemical materials for product refinement and fiber preservation.
According to Paramita et al. (2017) the highest concentration of Cd in the Saguling reservoir
was 0.0015 mg / L while the highest Cr concentration was 0.02 mg / L, the two heavy metals
were still below the quality standard. However, regardless of the concentration of cadmium
metal in a per day, it must be considered because heavy metals can accumulate in fish body
tissues through the process of metabolic activity or bio-absorption (Coban et al. 2013).

Reservoir waters that are polluted by industrial or domestic waste can be toxic and have
the potential to produce products such as fish which are also polluted because pollutants such
as heavy metals can enter the body's tissues through food or respiration organs (gills)
(Murtini and Rachmawati 2007). The high pollution of heavy metals in waters and sediments
will cause the concentration of heavy metals in fish meat to increase due to the accumulation

process (Cahyani et al. 2016).

The fish that cultivated in the reservoir

River flows that are dammed into reservoirs can change to form a new ecosystem that is
different from river ecosystems because not all fish can adapt to reservoir waters. The types
of fish that can adapt to reservoir waters are usually fish that dominate and can grow and
reproduce well compared to fish that cannot adapt so that they can disappear over a long

period of time (Purnamaningtyas and Hedianto 2012). The types of fish cultivated in the
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Jatiluhur Reservoir in the floating net cages are ornamental carp kumpay (Carassius auratus),
carp (Cyprinus carpio) and tilapia (Oreochromis niloticus). These types are economically
valuable consumption fish (Purnamaningtyas and Hedianto 2012). In addition, Hard-lipped
barb fish (Osteochilus hasselti C.V) is also one of the consumption fish cultivated in the
Jatiluhur reservoir (Pratiwi et al. 2011). The dominant types of fish cultivated in Jatiluhur
reservoir are goldfish, tilapia, and catfish (Karunia 2015).

Tilapia and goldfish are also common fish cultivated in Cirata reservoir using floating
net cages with an intensive cultivation pattern, namely fish stocking is carried out at high
density and using commercial feed during the enlargement process (Ardi 2013).

Based on the research results, koi ornamental fish and pomfret fish can be cultivated in
the Cirata reservoir by diversifying the cultivated fish because the two fish can grow well and
in accordance with the characteristics of the reservoir waters. Diversification is an
aquaculture activity by adding the types of fish that are cultivated so that it can increase the

income of floating net cage farmers (Gandhy 2017).

Accumulation of Heavy Metals in Cultivated Fish in the river over flow Citarum
Reservoir

Fish can be used as bioindicators of chemical pollution in waters which can be shown by
abnormal growth and death in fish. Based on the research results of Priyanto et al. (2008) fish
originating from Cirata reservoir contains heavy metal Hg of 0.25 - 151.6 ppb, Pb of 2 - 65
ppb, Cd of 0 - 34 ppb, and Cu of 1< - 154 ppb. All concentrations of heavy metals are still
below the threshold set by the Indonesian Food and Drug Administration (BPOM), namely
Hg at 500 ppb, Pb at 2,000 ppb, Cd at 1,000 ppb, and Cu at 20,000 ppb. However, the
concentration of heavy metals in the body of fish must still be watched out because it can
have an impact on health if consumed.

According to Suprian and Salami (2011) bioaccumulation of heavy metal Hg in fish
cultivated in the Jatiluhur reservoir, namely Goldfish, Tilapia, and Red Devil respectively is
1.38.10-6; 1,74.10-6; 3,61.10-6 mg / kg. The accumulation of heavy metals is still below the
threshold set by the Indonesian Food and Drug Administration (BPOM), which is 0.5 mg / kg,
but this concentration must be monitored due to the nature of Hg metal which is difficult to
eliminate.

The concentration of heavy metal Pb found in catfish cultivated in floating net cages in
Saguling reservoir is based on research by Mutiara et al. (2013), namely the gills (0.01-120
ppm), liver (0.01-160 ppm) and meat (0.01-130 ppm). In other studies, it was informed that
the concentration of Pb in catfish with a body length of 20 cm, namely the gills of 24.88 ppm,
liver 25.89 ppm and meat of 34.17 ppm and this concentration had exceeded the threshold set
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by the Food and Drug Administration. (BPOM) Indonesia (Indonesian National Standard no.
7387: 2009). The highest concentration is found in catfish meat which can be caused by the
production of mucus on the skin. Heath (1987) in Mutiara et al. (2013) explained that the
production of mucus on the skin will make it difficult to exchange substances from the
environment into the body or vice versa so that heavy metals that stick to the mucus will
accumulate and be absorbed by fish meat. Meanwhile, the highest concentration of Cd heavy
metal was found in catfish with a size of 30 and 40 cm, namely in the liver at 5.65 ppm and
13.99 ppm. The accumulation of heavy metals in the liver is due to the strong binding of
sulfur and nitrogen so that enzyme activity and the immune system are inhibited due to the
accumulation of heavy metals.

Not only in fish, heavy metal concentrations can also accumulate in aquatic biota whose
habitat is in sediments, such as macrobenthos. Based on the results of Wicaksono's research
(2016), the concentration of heavy metal lead in macrozoobenthos in Cirata Reservoir is 0.78
- 3.19 mg / kg. Whereas in sediments, the concentration of lead metal is higher, which is
between 0.29 - 5.04 mg / kg, so it can be said that the concentration of heavy metals in

aquatic sediments can affect the concentration of heavy metals in macrozoobenthos.

Impact of Heavy Metals If Consumed by Humans

Fish is one of the aquatic biota that can be used as a bioindicator to determine the
concentration of heavy metals in waters because heavy metals can accumulate in body tissues.
Fish, which is a source of protein for humans, will be dangerous to consume if the fish
contains heavy metals, because these heavy metals will move and accumulate in the human
body (Cahyani et al. 2016). As a result, it can interfere with human health such as sore throat,
headaches, dermatitis, allergies, anemia, kidney failure, pneumonia, and other diseases
(Effendi et al., 2012 in Pratiwi 2020). Heavy metals are also substances that are toxic and
have both casinogenic (cancer-forming substances) and teratogenic (changes in the shape of
organs, cells, body tissues) (Agustina and Teknik 2014).

According to Pratiwi (2020) the work of enzymes in humans will be hindered because
there are heavy metals and the body's metabolism can be disrupted. Some heavy metals that
can be harmful to humans are lead (Pb), copper, mercury, cadmium, and chromium.
According to Baloch et al. (2020) humans exposed to high Pb concentrations may experience
nervous system damage. kidneys, liver, reproductive system, bones, teeth and immunity,
besides Pb which is found in the blood of children can permanently damage the brain.
Cadmium contamination can cause itai-itai disease which was first discovered in Japan,
namely bending and cracking, showing symptoms of nephropathy and osteomalacia and

causing death (Istarani and Pandebesie 2014).
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CONCLUSION

Based on the results of the above study, it can be collected 1) Types of heavy metals
that pollute the waters in the river over flow Cirata (Saguling, Cirata and Jatiluhur are lead
(Pb), Zeng (Zn), Cadmium (Cd) and Cromium (Cr). these waters are still below the quality
standards set by BPOM Indonesia. 2) The types of fish that are cultivated in the Cirata
reservoir (Saguling, Cirata and Jatiluhur are goldfish, tilapia, catfish, and hard-lipped barb
fish. consumption Types of heavy metals found in these fish are Pb, Cd and Cr. Their
presence is at concentrations below the threshold allowed by BPOM Indonesia 3) Humans

exposed to heavy metals can have an impact on their health and can even cause death.
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