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Abstract
Copper (Cu) is a heavy metal that is absorbed by organisms, such as Oreochromis mos-
sambicus fish. This research aims to measure the bio-concentration of  Cu in Oreochromis 
mossambicus and to predict the daily consumption of  the fish. Samples of  Oreochromis 
mossambicus fish were obtained from fishermen and collectors. The Cu concentration 
in the water and 30 fish was identified using the Atomic Absorption Spectrophotom-
etry method. Questionnaires were employed to identify the demographic data of  101 
respondents. The average concentration of  Cu in the Oreochromis mossambicus fish and 
Rawapening Lake's water was 0.063 mg/l and 0.6 mg/kg, respectively. Furthermore, 
the bio-concentration of  Cu in the Oreochromis mossambicus fish was 10.26±5.17 and 
categorized as low, while the average daily consumption of  fish was 225±36.89 g/day. 
Therefore, it was concluded that the average bio-concentration and the daily consumption 
of  the fish are in the low and safe category respectively. 
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INTRODUCTION
The water sources in Rawapening Lake 

are from the rainwater, groundwater, and the 
river flow originating from the nine sub-water-
sheds (Kementerian Lingkungan Hidup Repub-
lik Indonesia, 2011). The activities of  the people 
around the watersheds and Rawapening Lake 
such as wood industry, plantations, paddy irri-
gation, household waste disposal, fisheries, and 
tourism could cause the contamination of  heavy 
metals Copper (Cu) in the lake water (Piranti et 
al., 2018). Based on the previous research, it was 
found that the content of  heavy metals Cu in the 
lake water was 2.032 mg/l and the standard qua-
lity in Indonesia was 0.02 mg/l (Peraturan Peme-
rintah, 2001; Hidayah et al., 2012). According to 

ATSDR (Agency for Toxic Substances and Dise-
ase Registry), the content of  Cu in the surface wa-
ter (lake and river) was obtained with the median 
value of  10 ppb (Agency for Toxic Substances 
and Disease Registry, 2004). The previous rese-
arch found that the level of  Cu in the water of  
Rawapening Lake was 0.063 mg/l. This research 
discovered that there was an increase of  Cu level 
in the water of  Rawapening Lake compared with 
the previous studies which obtained the level of  
Cu at 0.049 mg/l (Hidayah et al., 2012).

The contamination of  Cu in the water of  
Rawapening Lake can be accumulated in the or-
ganisms and the ecosystem on it, including the 
fish. The accumulation could happen directly by 
entering through gills and skins or known as bio-
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concentration, or indirectly or known as bio-mag-
nification through the oral route (Ali et al., 2019)

The Oreochromis mossambicus fish is a car-
nivorous fish, so in the Rawapening Lake ecosys-
tem, it is on the trophic level one. Besides eating 
plants, worms, and planktons, this O. mossambicus  
fish is also eating the smaller fishes. It causes the 
accumulation of  heavy metals in the O. mossambi-
cus   becomes higher. The heavy metals entering 
the body of  the fish will be accumulated in a long 
time (Mukhtasor, 2007).

The O. mossambicus  fish is the majority of  
fish caught by the fishermen in the Rawapening 
Lake. The O. mossambicus  fish caught by the fis-
hermen are sold to the people in this area to be 
consumed. Therefore, the Cu contains in the fish 
will be transferred into the human body. Then, 
the Cu will quickly enter the bloodstream and 
distribute it to the whole body. Although Cu is 
one of  the essential metals needed by the human 
for the metabolism in the hemoglobin and could 
be excreted through hair, sweat, menstruation, 
feces, and urine, this process could take a long 
time, thus the heavy metals can be accumulated 
in the body tissue especially in the liver and kid-
neys (Jaishankar et al., 2014). Therefore, if  the 
concentration of  Cu entering the body is high, 
the Cu will be poisonous in the body since it is 
hard to excrete (WHO, 2000). The measurement 
of  the bio-concentration value of  Cu is needed to 
know the level of  accumulation in the Oreochro-
mis mossambicus fish in Rawapening Lake and 
predict the amount of  safe fish consumption for 
the people around the Rawapening Lake.  This re-
search is important in efforts to prevent exposure 
to Cu and can be used to analyze health risks in 
humans who consume this fish.

METHODS
The research was an exploratory study ai-

med to know the level of  Cu in the water and O. 
mossambicus  fish. 

Location
The site of  this research was in the Rawa-

pening Lake spread in four villages of  Semarang 
district (Tuntang: Cikal; Rowoboni: Muncul; Asi-
nan: Krajan; Bejalen: Tambakrejo). The Rawa-
pening Lake is a lake located in 455-465 meters 
above the sea level and astronomically located in 
the coordinate of  7°4’–7°30’ South Latitude and 
110°24’46”–110°49’06 East Longitude. This lake 
has an area of  about 2770 Ha. Administrative-
ly, it is located in the area of  Semarang District, 
Central Java, Indonesia. Rawapening Lake has a 
depth of  65 cm – 550 cm. 

Population and Sample
Sample of respondent

The respondents were 101 people residing 
in Tuntang (30 respondents), Rowoboni (20 res-
pondents), Asinan (27 respondents), Bejalen (24 
respondents). The respondents were the people 
residing near Rawapening Lake. The sampling 
was conducted using purposive sampling. Res-
pondents were selected based on the area closest 
to the Rawapening Lake.
Sample of the environment

The population of  objects in this study was 
all O. mossambicus fish and water in the Rawape-
ning Lake. The samples in this study were 30 of  
O. mossambicus   fish. 
Data Collection and Analyze

The data were collected using interviews 
and questionnaires for sample subjects. The va-
riables asked in the interview including the cha-
racteristics of  the respondents such as gender, 
age, occupation, education, income, the amount 
of  O. mossambicus fish consumption. Those data 
were used as the measurement of  Cu intake of  
the respondents. Similarly, the age and body 
weight were used to measure the maximum con-
sumption allowed.

For sample object, the O. mossambicus fish 
that was used as the samples were the wild ones 
or the one living outside of  the karamba (fish far-
ming pond). The fish used as the samples were 
the fish obtained from direct catch and which 
were available in the local market thus classified 
as fresh fish. The fish was obtained by buying it 
from the fish catcher or fish collector around the 
Rawapening Lake. The adult O. mossambicus fish 
were 15-20 cm long and weigh around 200 – 300 
grams. The measurement was conducted using 
scale and meter instruments. The fish that did not 
meet the criteria of  weight and length were not 
used as samples. There is no different weight and 
length between male and female fish.

For the lake water was obtained by grab 
or temporary sample (Bartram & Ballance, 1996) 
from three points of  the lake area, they are in Be-
jalen village, the outlet point of  Panjang River, 
and the inlet point of  Tuntang River. The samp-
les were taken in a cleaned bottle, and 1000 ml 
were taken from each point. Then, the samples 
were put in the cold box and transported into the 
laboratory to be tested. The test of  Cu content 
in the lake water using the Atomic Absorption 
Spectrophotometry (AAS) method (Kojuncu et 
al., 2010; Lemos et al., 2007; Gentscheva et al., 
2012). 

The test of  heavy metal Cu concentration 
in the fish was conducted in the Laboratory of  
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the Center for Industrial Pollution Prevention 
Technology (BBTPPI) Semarang and the Labora-
tory of  the Center for Goods Quality Testing and 
Certification Surakarta by using AAS method. 
Bio-concentration factor or BCF (Arnot & Go-
bas, 2006), obtained using the formulation below:

BCF=Ct÷Cw
Note: https://www.epa.gov/iris
C

t
 = concentration of  Cu in the Oreochromis 

mossambicus fish muscle
C

w
 = concentration of  Cu in the water where the 

organisms live
The fish obtained from the fish catcher, 

market and fish collector were taken into the 
laboratory. The scales of  the fish were removed 
and cleaned before the muscles were taken, and 
the other parts were used to be analyzed. Before 
the test was conducted, 100-gram muscles were 
weighed. Then, it was pulverized and put into the 
clean jar. The test of  Cu concentration in the fish 
muscle using the Atomic Absorption Spectropho-
tometry (AAS) method.

The calculation of  the maximum con-
sumption level of  fish containing Cu was as 
follows (Lemos et al., 2007; Agency for Toxic 
Substance and Disease Registry, 2010): CRlim = 
(RfD x BW)/Cm. Reference dose or RfD was ob-
tained from the USEPA as the determiner of  ma-
ximum level of  fish consumption. The reference 
dose (mg/kg-day) of  Cu = 0.0371 mg/kg-day 
(Lee et al., 2005). Body weight (BW) in kg was 
obtained from the survey of  body weight measu-
rement towards the male and female respondents. 
Meanwhile, the Cm was the level or average con-
centration of  the Cu in the O. mossambicus  fish 
muscle that was consumed (mg/kg).

RESULTS AND DISCUSSION
The maximum load volume is ±65 million 

m3, while the minimum load volume is ±25 mil-
lion m3. The water sources of  the Rawapening 
Lake are from the springs inside the lake and 
from the rivers flowing into the lake.

Some villages around Rawapening village 
produce fish from the fish catching in the lake. 
Asinan Village is the village with the highest fish 
production for 171,192 kg/year. The second vil-
lage to produce a great number of  fish is Beja-
len Village with 103,372 kg/year. The third place 
is Rowoboni Village with a total production of  
95,523 kg/year. The fourth with the total fish pro-
duction of  90,054 kg/year is Tuntang Village.
The respondents

Based on the survey data from 101 res-
pondents, there were 28 male respondents and 
73 female respondents. The median value of  res-

pondents’ age was 24±3.5 years old with the age 
range of  20-30 years old. The average bodyweight 
was 55.7±7.0 kg with the body weight range of  
42-72 kg. If  it was distinguished by the gender, 
the average body weight for the adult female was 
53±5.6 kg with the range of  42-65 kg and the ave-
rage body weight for the adult male was 63±5.1 
with the range of  54-72 kg. The information on 
demography is vital and use to estimate the level 
of  risk of  consumption of  fish containing Cu.
Cu concentration in the lake and in the fish 
and the BCF value

The content of  metal Cu in three points/
locations including Tuntang River inlet, Panjang 
River outlet, and the lake water in Bejalen Village 
showed that the content of  Cu was around 0.02 
mg/l – 0.11 mg/l, the average content of  Cu in 
the lake water was 0.063 mg/l. The Cu concent-
ration is above the Indonesian National Standard 
is 0.02 mg / l of  water samples.

The content of  Cu in O. mossambicus fish in 
Rawapening Lake was around 0.002 – 1.57 mg/
kg with a mean of  0.6±0.28 mg/kg. There were 
only three samples of  fish that did not exceed the 
standard quality of  Cu in the food according to 
SNI (Indonesia National Standard) which was 
around 0.3 mg/kg. The calculation data found 
that the BCF value in the O. mossambicus fish was 
around 0.032 – 24.92 and the mean of  BCF was 
10.26±5.17. The BCF value was classified into 
the low level of  BCF because it was <100. The-
refore, it can be concluded that the accumulation 
level of  O. mossambicus  fish in Rawapening Lake 
towards the Cu was still low.
The Safe Limit of Maximum Daily Consump-
tion of the Fish

The finding showed that the people re-
siding around Rawapening Lake consumed O. 
mossambicus  fish for 75 – 300 grams a day. The 
mean of  O. mossambicus fish consumption was 
225±36.89 gram/day. Based on the provision of  
the US Environmental Protection Agency (USE-
PA), the Reference Dose (RfD) value of  Cu was 
used as the determination of  maximum fish con-
sumption (Agency for Toxic Substances and Di-
sease Registry, 2004). The maximum limit of  fish 
consumption was measured based on the body-
weight of  the respondents. Based on the measu-
rement, it was found that the maximum limit of  
fish consumption for adult females was 3.28 kg/
day, while the maximum limit of  fish consumpti-
on for adult males was 3.90 kg/day. Based on the 
total consumption of  the people residing around 
Rawapening Lake, it is categorized in the safe le-
vel.
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The potential sources of Cu in Rawapening 
Lake 

Rawapening Lake is located in a lower 
area and surrounded by hills and highlands, thus 
the water flow from those areas will flow into the 
lake. The content of  Cu in the water of  Rawape-
ning Lake is suspected to be caused by the waste 
from several activities such as farming and plan-
tation, household activities, livestock, hospitality, 
and hospital. According to Zaidi et al. (2019), 
the increase of  Cu concentration in the water’s 
ecosystem could happen naturally as a result of  
human activities (Agency for Toxic Substances 
and Disease Registry, 2004; Zaidi et al, 2019). 
The plantation around Rawapening Lake such as 
coffee, cocoa, tea, banana, and orange plantations 

used pesticides. The pesticides used for plantati-
on and farming activities such as fungicides and 
herbicides were proven to contain Cu (Zaidi et 
al, 2019; Liu et al., 2007; Kuehne et al., 2017). 
The livestock activities such as dairy cows, pigs, 
goats, and sheep produced cattle manure and it 
contains a quite high level of  Cu from the animal 
feed containing Cu (Norell, 2005; Xu et al., 2013; 
Panagos et al., 2018). Similarly with the human 
waste (Taylor et al., 2020) and the use of  fertilizer 
in the agricultural around the Rawapening Lake 
that were suspected as the main factors causing 
the fluctuation of  Cu contents in the water of  Ra-
wapening Lake. It was because the fertilizer con-
tained Cu (Malhi & Karamanos, 2006). The non-
household activities that have the potential for Cu 

Figure 1 Location Points of  Sampling

Sample point of the water of 
Tuntang River Inlet

Sample point of the fish in 
Tuntang village

Sample point of the 
fish in Asinan village

Sample point of 
the water of Pan-
jang River outlet

Sample point of the water of 
Bejalen village
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contamination in Rawapening Lake include the 
hospitality and hospital through the laundry acti-
vity. The detergent used in the laundry/washing 
produced heavy metals such as Cu (Aonghusa & 
Gray, 2002).  

The important factors determining the fate 
of  Cu in the water environment are the interacti-
on between metal and the physical and chemical 
properties of  water. Another study found that the 
order of  metal concentration in the water was as 
follows: Fe > Zn > Cu >Mn > Ni > Cr (Licona & 
Negrete, 2019). The characteristics of  the water 
in the river and lake are different and very depen-
dent on the geochemistry of  the location. Almost 
all Cu (>99.99%) are strongly bound by the li-
gand in the river water (Kiaune & Singhasema-

non, 2011), both inorganic and organic ligands 
such as dissolved organic materials. The Cu in 
the water is bounded by the natural organic ma-
terials dissolved in the water (Hullebusch et al., 
2003). Therefore, the more organic materials dis-
solved in the water, the higher the concentration 
of  the Cu (Louis et al., 2009). The Rawapening 
Lake contains many organic materials since the 
water sources are coming from the household, 
agricultural, and livestock activities. Moreover, 
many hyacinths grow in this lake, thus it produ-
ces organic materials dissolved in the water. The 
Cu concentration in the Rawapening Lake which 
is exceeding the threshold value is may cause by 
the bounding of  Cu by the organic materials dis-
solved in the water. Furthermore, the concentrati-

Table 1. Concentration and Bio-concentration (BCF) of  Cu in the O. mossambicus fish in Rawapening 
Lake 

Sample Code Fish Weight (gram) Long (cm) Cu Concentration (mg/kg) BCF

A-1 230 17.5 0.574 9.1

A-2 280 18.6 1.043 16.6

A-3 210 16.4 1.153 18.3

A-4 300 20 0.634 10.1

A-5 250 18.2 0.289 4.6

A-6 200 16.5 0.945 15

A-7 300 20 0.387 6.14

A-8 250 18.5 0.368 5.84

B-1 220 18.5 0.26 4.13

B-2 240 19.8 0.93 14.76

B-3 235 19 0.88 13.97

B-4 300 20 0.59 9.37

B-5 260 18.9 0.68 10.79

B-6 215 19.4 0.49 7.78

B-7 200 17.8 0.39 6.19

B-8 205 17.9 0,36 5.71

B-9 215 18.5 0.81 12.86

B-10 230 19.5 0.38 6.03

B-11 205 18.4 0.33 5.24

B-12 200 18 0.80 12.7

B-13 220 20 0.44 6.99

B-14 290 20 0.97 15.87

B-15 200 18 1.57 24.92

B-16 230 18.4 <0.002 0.032

B-17 200 17.5 0.90 14.29

B-18 200 17.5 0.63 10

B-19 300 20 0.34 5.6

B-20 205 18 0.74 11.75

B-21 300 20 0.74 11.75

B-22 260 20 0.74 11.75
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on of  heavy metal Cu in the water is also affected 
by pH, temperature, and alkalinity. The degree of  
acidity of  the water (pH) showed a positive corre-
lation towards the Cu concentration in the water, 
as well as the temperature and the alkalinity (Ok-
pashi et al, 2018).

Bio-concentration factor (BCF) is the abi-
lity of  organisms in accumulating the chemical 
materials or pollutant in their bodies. BCF can 
also be defined as the ratio between the concent-
ration of  pollutant in the organism body layers 
(C

t
) and the concentration of  chemical mate-

rials in the water where the organisms live (C
w
) 

(Adolfsson-Erici et al., 2012). This study found 
that the Cu concentration in the Oreochromis mos-
sambicus fish was low. The metal in the natural 
water could be in a form of  particles and dissol-
ved. There are several factors affecting the uptake 
and accumulation of  the metals in the fish such 
as the water temperature, in which the high tem-
perature affected the uptake speed of  the metals 
such as Cu. According to previous study the wa-
ter temperature in Rawa Pening lake was 31-32oC 
(Piranti et al., 2018). The temperature supports 
the uptake of  the Cu in the fish faster. Similar-
ly, the water condition with low pH or acid also 
affects the accumulation of  metals in the water. 
However, the hardness of  water and existence of  
carbonate could decrease the uptake of  the hea-
vy metals to the fish (Jezierska & Witeska, 2007). 
The accumulation of  metal in the fish muscle, 
gills, and liver showed the order of  accumulati-
on as follows: Fe > Zn > Cu > Mn > Pb > Cd. 
However, the characteristics of  pH, temperature 
and alkalinity did not affect the accumulation of  
Cu in the fish (Okpashi et al, 2018). Another re-
search found that the order of  heavy metals con-
centration in the fish muscle was Zn > As > Cu 
> Mn > Cr > Ni > Cd > Co >Pb (Alkan et al., 
2016). Meanwhile, another research found that 
the concentration of  metals in the fish muscle 
was in the following order: Fe > Zn > Cu > Mn 
> Pb > Cd (Miller, et al., 2013). Therefore, from 
those two studies it can be said that the metals 
concentration of  Fe, Zn, and Cu were dominant 
in the fish muscle. Several studies found that the 
accumulation of  Cu was the highest in the gills 
and liver (Dobrochna et al., 2018) and the metals 
concentration was increased in the gills. It was 
because the gills that were contaminated by Cu 
would produce mucus as a protection metabo-
lism and with the increase of  mucus there will 
be a Cu bound. From the gills, it would be trans-
ferred into the liver, while the muscles were not 
effective in this metals bound (Tunçsoy & Erdem, 
2014). Even another study found that there was 

no Cu found in the muscle from the experiment 
(Santarossa, et al., 2018). 

Besides the physical and chemical factors 
of  the water in affecting the uptake rate of  Cu in 
the fish, the age and size of  the fish were also af-
fecting the metals accumulation. In this research, 
the weight and length of  the fish had normal 
distribution (p=0.452 and p=0.482); however, the 
size of  the fish was not correlated with the Cu 
concentration in the fish muscle (p>0.05). This 
research was contradicted with the previous stu-
dies which found that the size of  the fish had a 
positive correlation with the Cu concentration in 
the fish. The big fish had a higher Cu concentra-
tion in its muscles (Yi & Zhang, 2012). The con-
centration of  Cu in the water was strongly cor-
related with the concentration of  Cu in the fish 
muscles (Licona & Negrete, 2019).

The daily consumption of  fish containing 
Cu was still in the safe limit, but the consumption 
of  the food containing Cu in a long term could 
cause health problems such as Wilson disease, 
severe autosomal disorders, recessive genetic di-
sease (Araya et al., 2007). Moreover, according 
to WHO, the exposure of  metals through oral 
at 0.011 mg/kg could cause the symptoms of  
gastrointestinal problems such as nausea, vomit, 
diarrhea, and abdominal cramp. Those symp-
toms would arise when the exposure happened 
in 1–2 week (WHO, 2000). The indicator of  the 
bioaccumulation of  the Cu in the human body is 
useful for the health risk assessment related to the 
diseases.

CONCLUSION
The average of  bio-concentration is in a 

low category and the daily consumption of  the 
fish is in a safe category. Although it is within safe 
levels for consumption, further research is needed 
regarding the presence of  Cu in the human body. 
Furthermore, it is necessary to manage waste ge-
nerating from the activities of  residents around 
the lake. 
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