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Abstract

Heavy metals like cadmium (Cd) and lead (Pb) are pollutants that are toxic, difficult to decompose and accumulate in
biota. One of the biota that lives in the waters is mullet fish. This fish is demersal, has a relatively long life period, has
a specific tolerance to the aquatic environment and highly consumable in Indonesia. Therefore need to know the metal con-
tent of Cd and Pb in water, sediments and mullet fish and their relationship in Indonesia. The study used a survey method
with purposive random sampling at four stations, three replications. The study was conducted from June to November
2019. Analysis of data was descriptive, F-test and correlation. The results showed that the heavy metal content of Cd and
Pb between stations in the water media, sediment and in mullet fish there was a significant difference. The highest Cd and
Pb were showed in station I11, coming from the oil industry, domestic waste and transportation activities. The heavy metal
content of Cd and Pb in water, sediment and mullet fish (Planiliza subviridis) in the Donan River, Cilacap shows results
exceeding the allowed threshold and danger to human health.
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INTRODUCTION Heavy metal contamination of plants and trophic chains
can cause environmental problems and endanger human

Heavy metal contamination in the aquatic environment health [LENOBLE et al. 2013; SRIVASTAV et al. 2018]. In

has become a worldwide concern, due to the toxicity of the addition, heavy metals can cause harmful effects on physi-
heavy metal. Heavy metals can also accumulate and have ological functions, individual growth rates, reproduction

harmful effects on aquatic organisms (fauna, flora and mi- and death in aquatic organisms [MAURYA et al. 2019; NA-
croorganisms) [GUPTA et al. 2019; KUMAR et al. 2019a; ZIR et al. 2015].
SIREGAR et al. 2019a]. Humans can be exposed to this tox- Sediments are environments where micropollutants

ic metal through the consumption of contaminated water can be accumulated for a long period of time, thus sedi-
and food can also be a source of bioaccumulation of heavy ment analysis is a good indicator for determining pollution
metals that affect aquatic life [BELABED et al. 2017; Ku- levels [BUGGY, TOBIN 2008]. Coastal areas which are
MAR et al. 2019b]. Heavy metal, including Zn, Fe, and Cu known as urban and industrial areas are highly polluted by
[CHEN et al. 2016], pollution can be toxic if it is above high heavy metal waste due to anthropic activities [PEKEY

threshold limit value (TLV) [KUCUKSEZGIN et al. 2006]. 2006; SIREGAR et al. 2019b]. In this case, the study focused
Heavy metals are dangerous pollutants that are persis- on the Donan River, Segara Anakan Cilacap, Indonesia.
tent and toxic, that cannot be metabolized and cannot be The Donan River is located in the Plawangan Timur
excreted through biological processes, because heavy met- area of Segara Anakan Cilacap [NADIA et al. 2017]. Along
als can accumulate in various components of the ecosys- the Donan River is one of the centers of community activi-
tem (water, sediment, flora, and fauna) [PRAYOGO et al. ty in Cilacap. These activities include cement industry,
2016; SIREGAR, PRAYOGO 2017; SIREGAR et al. 2018]. industrial estate, oil refinery, Sleko Port, ship workshops,
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settlements, agriculture and shipping e e

lines for industry, public transportation v
and fishing boats.

The Donan River has now become
an area that is utilized in various activi-
ties, namely industrial activities, agricul-
ture, fisheries, ports and domestic activi-
ties. The use of these activities can cause
heavy metal pollution in waters, one of
which is Pb, Cu and Cd logan. The big- 2
gest impact that is happening in the Do-
nan River today is the pollution of water $
bodies that originate from the disposal of
oil industry waste. The results of water ¢
quality monitoring conducted in 2000— £
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content was around 56.8 ppm, Cu was
around 3.6 ppm and Cd was around 3.6
ppm [RISTANTI et al. 2013]. Other re-
sults show that the highest Pb content in
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the Donan River around the Tanjung
Intan Port area of Cilacap is 0.165-0.309
ppm [RISTANTI et al. 2013]. The Donan
River has indicated the presence of metal weight of Pb,
where the average content of heavy metal Pb in water was
0.0176 mg-dm™ and 3.4478 mg-dm™ in sediments. In addi-
tion, according to PRASTYO et al. [2017] the Cu content in
August—October is quite high and has exceeded the quality
standard (around 2.3032-2.6021 mg-kg™). This value indi-
cates that the concentration of Cu has exceeded the quality
standards set by the FAO/WHO that is equal to 1.0 mg kg ™.

Waste entering the waters contains organic and inor-
ganic materials. Inorganic materials contained from these
activities include heavy metals cadmium (Cd) and lead
(Pb). This is based on port activities that produce waste
(Cd and Pb) fuel and lubricants originating from fishing
motorboats. The use of coal fuel in the cement industry
[DARMONO 2001]. The contamination of the Donan River
waters by inorganic Cd and Pb metals causes biota along
these waters to potentially absorb metal in the body. One
of the biota that is able to regulate the metal is mullet
(Planiliza subviridis). Fish absorb metal from the waters
into the body through the gills, the surface of the skin and
food. Metal absorption through gills and contaminated feed
is then transported by blood distributed throughout the
body. The metal will accumulate in the liver, kidneys, pan-
creas, gills and meat. The use of fish meat for the fulfill-
ment of animal protein sources by surrounding communi-
ties has a negative impact on health because of the dangers
of the metal. Therefore, this research needs to be done. The
objective of the research were to determine the content of
heavy metals Cd and Pb in water, sediment and fish be-
tween stations on the Donan River, Segara Anakan, Ci-
lacap from June to November 2019.

MATERIAL AND METHODS
This research was use survey method. The sampling

technique uses purposive random sampling (representing
the surrounding area). The research sites included four

Mides |

Fig. 1. Sample mapping in the Donan River, Cilacap Indonesia: source: own elaboration

sampling stations on the Segara Anakan River in Cilacap,
namely station | is the upstream area of the Donan River
around Tritih Kulon Village, station Il is the area around
the cement industry, station 111 is the area of oil refinery
and station 1V is downstream of the Donan River around
the Port of Sleko (Fig. 1). Determination of sampling sta-
tions based on environmental conditions on the Donan
River and the presence of sources of pollutants. Water,
sediment and Planiliza subviridis samples were taken in
a composite manner at three points at each station, and
sampling was repeated three times at one week intervals.

SAMPLING OF CADMIUM AND LEAD

600 cm® of water was taken into a sample bottle, then
added 0.75 cm® of concentrated HNO;. Sediment samples
were taken as much as +250 g using Ekman Grab at
a depth of 15-20 cm. Fish samples are taken using a net,
the meat is taken and mashed, then put in a plastic bag.
Furthermore, the sample is cooled in an ice box and ana-
lysed in a laboratory [NADIA et al. 2017].

SAMPLE PREPARATION FOR CD AND PB METAL

A sample of water is taken as much as 100 cm®, put in
an Erlenmeyer flask, shake until homogeneous. Add con-
centrated HNO; as much as 5 cm?, heat it slowly until the
volume becomes 15-20 cm® and a change in colour from
originally turbid to clear. If it is not complete (not clear)
then add 5 cm?® of concentrated HNO; and heat it again,
after that the sample is cooled and added with 50 cm® of
distilled water. The sample was put into a 100 cm® measur-
ing cup through filter paper Whatman No. 40 and added
distilled water until the volume becomes 100 cm®, the
sample is ready to be analysed by atomic absorption spec-
trometry (AAS). Sediment and fish samples are first
cleaned and dried, then mashed in a porcelain cup. Sam-
ples are taken +5 g, put in a porcelain cup, then heated in
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a muffle furnace with a temperature of 500°C for 5 h. The
obtained ash was dissolved in aqua regia of 5 cm® and
heated until the ash dissolved, transfer it to a 25 cm® volu-
metric flask and add 5 cm® of 1 M HNOs, then add distilled
water to a measuring flask to a volume of 25 cm®. The so-
lution was filtered with Whatman No. paper 41. Filtrate is
ready to be analysed by AAS [NADIA et al. 2017].

STANDARD CURVES OF Cd AND Pb

The Cd metal standard solution is needed to find out
the equation of the Cd metal standard curve used to calcu-
late the Cd metal content of the analysed sample. A stand-
ard solution of Cd 1000 mg-dm™, made by dissolving Cd
(NOs), as much as 0.15984 g in 100 cm? of nitric acid 0.1
N. Furthermore, the solution was diluted and made in vari-
ous concentrations, namely 0.25; 0.50; 1,00; 2.00; 3.00;
4.00; 5.00 mg-dm™, then each concentration is measured
using the AAS and a standard Cd metal curve will be ob-
tained [ELMER 1996].

Pb metal standard solution is needed to find out the
equation of the standard Pb metal curve used to calculate
the Pb metal content of the analysed sample. Standard so-
lution of Pb 1000 mg-dm™, made by dissolving Pb (NOs),
as much as 0.15984 g in 100 cm® of 0.1 N nitric acid. Fur-
thermore, the solution was diluted and made in various
concentrations, namely 0.25; 0.50; 1,00; 2.00; 3.00; 4.00;
5,00 mg-dm™3, then the absorbance of each concentration is
measured using an AAS tool and a standard Pb metal curve
will be obtained [ELMER 1996].

Cd AND Pb ANALYSIS

The metal content of Cd and Pb in water, sediment and
mullet media was measured by the Flame Atomic Absorp-
tion Spectrometry method using a set of AAS tools that
had a precision level of 10~ mg-dm™. The resulting fil-
trate, each smoked with a respirator tube of 20 cm® and put
in a Nabulyzer, then atomized and evaporated. The va-
pours that are formed are burned with a burner flame and
followed by the atomization process, then irradiated with
cathode rays at certain wavelengths. Cd metal is measured
at a wavelength of 228.8 nm and a strong current of 3.5
mA. Pb metal is measured at a wavelength of 217 nm and
astrong current of 3.5 mA. The light absorption results
will be captured by the detector. The absorbance value of
the sample or standard solution will appear on the AAS
screen, along with the line equation.

DATA ANALYSIS

Concentration of Cd and Pb heavy metal content in
water media, sediments and mullet fish were analysed by
ANOVA statistical analysis with F test (SPSS) to deter-
mine differences in Cd and Pb heavy metal content in wa-
ter, sediment and mullet fish between stations. If the results
are different, then proceed with the least significant differ-
ence test (LSD). Pearson correlation analysis to determine
the relationship between heavy metal content in water with
sediment and mullet fish.

RESULTS AND DISCUSSION
CONTENT OF HEAVY METAL Cd AND Pb IN WATER

The heavy metal content of Cd in water media be-
tween stations has a significant difference (F-test = 56.91)
(Fig. 2). This is due to the source of Cd metal contamina-
tion and water temperature. Station 1 is still relatively natu-
ral waters. Its location is far from industry and the lack of
domestic activity causes low Cd metal content in the water
media at this station. This is consistent with the statement
of RISTANTI et al. [2014] also states that the content of
heavy metals in waters is strongly influenced by the
source. The main cause of heavy metal contamination in
aquatic environments is the presence of human activities
(anthropogenic).
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Fig. 2. Heavy metals content in water media on the River Donan,
Cilacap: a) cadmium, b) lead; a, b, c, d at bars mean homogenous
groups; source: own study

The content of Cd metals at station 111 and stations 11
and 1V has a significant difference due to the amount of
waste input containing Cd metal likely to be greater at sta-
tion Il coming from the oil industry, domestic waste and
transportation activities. This is in accordance with MAR-
ZUKI [2014], the activity of oil refineries, tankers carrying
crude oil and processed oil, oil spills either intentionally or
unintentionally have the potential to cause water pollution,
where each oil spill in it contains heavy metals such as
cadmium. AMALIA et al. [2016] also stated that diesel fuel
spills from fishing boats, household waste, engine lubri-
cants resulting from transportation activities and the re-
moval of ship coatings paint are sources of contaminated
Cd metals in the waters. Same cases found in Seybouse
watershed, North Africa, that the anthropogenic impacts
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are marked by high contaminations of Meboudja wadi par-
ticularly in downstream areas of the steel factory and the
nearby industrial areas. The direct industrial discharges
into the water and atmosphere (iron, lead, cadmium) as
well as urban disposals and agricultural activities are at the
origin of contaminations [BELABED et al. 2017].

The Cd metal content in the water media at all Sungai
Donan Cilacap stations has exceeded the threshold value
according to FAO [2019], which is 0.001 mg-dm™. This is
because the Donan River has been used as a dumping
ground for anthropogenic activities such as waste of sever-
al types of industry, domestic and water transportation.

The Pb heavy metal content in water media showed
significantly different results (F-test = 15.41) (Fig. 2). This
is caused by the surrounding activities that produce heavy
metal Pb and COD values. Increased levels of heavy met-
als in water are caused by the entry of industrial, mining,
agricultural and domestic wastes that contain heavy metals.
The waste that contains the most heavy metals is industrial
waste at station 11 and station Il1. This is due to heavy met-
al compounds often used in industrial activities, both as
raw materials, additives and catalysts [NUGRAHA 2009].
Port activity at station 1V is the cause of the high Pb metal
content in the waters. Fuel oil from ships in general gets
additional tetraethyl containing Pb to improve quality.
Heavy metal Pb as an anti-oil solver (such as Pb tetraethyl
and tetramethyl) is then released into the atmosphere
through a smoke removal device and this section is then
dissolved in water. In addition, at station I, there are do-
mestic activities that produce heavy metal waste which is
also the cause of the entry of heavy metals in waters [IKA
etal. 2012].

The Pb heavy metal content in the water media at all
Sungai Donan Cilacap stations has exceeded the threshold
according to FAO [2019], which is 0.008 mg-dm™. This is
because the Donan River has been used as a dumping
ground for anthropogenic activities such as waste of sever-
al types of industry, domestic and water transportation.

CONTENT OF HEAVY METAL Cd AND Pb
IN SEDIMENT

The Cd heavy metal content in sediment media between
stations had a significant difference (F-test = 5.13) (Fig. 3).
This is due to differences in sources of heavy metal con-
tamination, heavy metal content of Cd in water media, TSS
and COD. Station 1 is still relatively natural waters. Its lo-
cation is far from industry and the lack of domestic activity
causes low Cd metal content in sediments at this station.
Station 111 is an oil industry area, near settlements and used
as a transportation route. This results in a high Cd metal
content in sediments at station I1l. The activities of oil re-
fineries, tankers carrying crude oil and processed oil, diesel
spills from fishing boats, household waste, engine lubri-
cants resulting from transportation activities and the re-
moval of shipbuilding paints are sources of Cd metal con-
tamination in waters [AMALIA et al. 2016].

The Cd metal content in water media also influences
the Cd metal content in sediments. Increased heavy metals
in water media will increase heavy metals in sediments
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Fig. 3. Heavy metals content in sediment on the Donan River,
Cilacap: a) cadmium, b) lead; a, b, c, d at bars mean homogenous
groups; source: own study

because heavy metals will experience precipitation. This is
consistent with the statement of NADIA et al. [2017], that
heavy metals have properties that tend to form complexes,
then bond and settle in sediments. This causes the heavy
metal content in sediments to be higher than the heavy
metal content in the water column.

TSS can affect the content of heavy metals in sedi-
ments. TSS at station Il has a higher value than other sta-
tions. This suspended solid affects the dissolved heavy
metal adsorption process. Heavy metals which are adsorp-
tion by suspended solids will go to the bottom of the water
and settle, causing the heavy metal content in the sediment
to be higher [RACHMAWATIE et al. 2009].

COD also affects the metal content of Cd in sediments.
COD shows the levels of organic matter. If the COD value
is high, there is a tendency that the content of heavy metals
in the sediment will be high. COD measurement results
show that the highest COD is at station Ill. According to
RISTANTI et al. [2014], organic matter is the most im-
portant geochemical component in controlling the binding
of heavy metals from estuary sediments. Metal compounds
that are dissolved in water are adsorbed by particulates and
are deposited in sediments. Heavy metals contained in the
water column will undergo a process of combining with
other compounds in the form of both organic and inorganic
materials which will increase the density, then will accel-
erate the deposition process. The form of heavy metals
bound in the sediment will be relatively more stable than in
the form of ions dissolved in water [HIDAYATI et al. 2014].
This shows that the sediment is a place of accumulation of
heavy metals in the waters.

Factors that can affect the metal content of Cd in sed-
iments are current, organic matter content and type of sed-
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iment. Currents will affect the stirring process, sedimenta-
tion or sedimentation rate and affect the size of sediment
grains deposited in the river. Heavy metals have properties
that easily bind organic material and settle to the bottom of
the water and bind with sediment particles, so that the con-
centration of heavy metals in sediments is higher than in
water [KINASIH et al. 2015]. WARDANI et al. [2014] states
that the type of sediment can affect the levels of heavy
metals in it, with the category of heavy metal content in
mud > sandy mud > sandy.

The Cd metal content in sediment media at all stations
has exceeded the threshold value according to CCME
[1999], which is 0.7 mg-kg™. This is because the Donan
River has been used as a waste disposal site from anthro-
pogenic activities, such as wastes of several types of indus-
try, domestic and water transportation.

The Pb heavy metal content in sediment media be-
tween stations was significantly different (F-test = 66.07)
(Fig. 3). This is due to the influence of activities around the
station that produces Pb heavy metal waste, chemical oxy-
gen demand (COD) and total suspended solid (TSS). The
Pb heavy metal content in sediments can be influenced by
anthropogenic activity around the sampling location. At
station | there is domestic activity, stations Il and Il are
industrial estates and station Il is port areas. The highest
Pb heavy metal content in sediments is highest at station
Il around the PT industry. Pertamina (oil mining). The
industry is a source of Pb heavy metal pollutants in the
waters of the Donan River. This is in accordance with the
statement of WULANDARI [2008] the type of waste gener-
ated from the oil industry is oil sludge. Qil sludge is the
residual waste oil that enters the drain. Qil sludge consists
of oil (hydrocarbon), water, ash, tank rust, sand and other
chemicals. The content of hydrocarbons include benzene,
toluene, ethylbenzene, xylenes and metals such as lead.

TSS have an effect on increasing the content of heavy
metals in sediments. The content of heavy metals will in-
crease with increasing suspended particles. Station | total
suspended solid (TSS) (279.0 mg-dm™) increased at station
Il and station 111 (302.5 mg-dm™; 312.0 mg-dm™) thereby
increasing the Pb heavy metal content in sediments from
the station I, station Il, and station Ill. Particles in waters
have the ability to adsorb dissolved metals. The destabili-
zation process causes the concentration of dissolved metals
in the estuary to experience a reduction (removal) and in-
crease its concentration in the sediment [OUALI et al.
2018].

The increase and decrease of heavy metals in water
causes an increase in metals in sediments due to the dilu-
tion, deposition and binding of organic matter [PRIANTO et
al. 2008]. In addition there is also the influence of envi-
ronmental factors and different types of sediment in each
sampling. An aquatic environment will generally be found
in metal compounds whose existence is influenced by en-
vironmental factors such as temperature, pH, DO and sed-
imentary characteristics [DARMONO 2001].

Pb heavy metal content in sediment media in the Do-
nan Cilacap River at each station is still below the thresh-
old (25 mg-kg™) [SEPA 2000]. This is caused by the influ-
ence of the season on the time of sediment sampling. Sea-

sonal effects can increase the value of heavy metal content
in sediment, which is low in the dry season and high in the
rainy season [PRASTYO et al. 2017]. The high content of
heavy metals in the rainy season is due to the rate of soil
erosion carried into river waters [PRASTYO et al. 2017].

CONTENT OF HEAVY METAL Cd AND Pb IN FISH

The heavy metal content in mullets between stations
had a significant difference (F-test = 42.11) — Figure 4.
This is due to the Cd metal content in water media, Cd
metal content in sediments and water temperature. Waters
that have been contaminated with a heavy metal will also
contaminate the fish that live in it by the heavy metal
[MASRIADI et al. 2019]. The results of measuring the metal
content of Cd in the highest water media at station 111, then
followed by station 1V, station Il and lowest at station 1.
The increase in heavy metals in water will be followed by
an increase in heavy metals in fish. According to ARKIANTI
et al. [2019], the levels of heavy metals contained in the
body of fish are higher when compared to the levels of
heavy metals found in their environment. Furthermore Su-
PRIYANTINI and ENDRAWATI [2015], also stated that the
metals in the biota's body are in line with the concentration
of metals in their environment. Water organisms take
heavy metals from water bodies and concentrate them in
the body up to 100-1000 times larger than their environ-
ment [IRAWATI et al. 2018].
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Fig. 4. Heavy metals content in mullet fish on the Donan River,
Cilacap: a) cadmium, b) lead; a, b, c, d at bars mean homogenous
groups; source: own study

The Cd metal content in sediments can also indirectly
affect the Cd metal content in fish. Cd metal enters the
body of the fish through water, sediment and food con-
sumed by the fish. Heavy metals that enter the water will
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generally settle to the bottom of the water, then the metal
will accumulate in sediment and detritus. If fish belong to
sediment and detritus-eating groups, the chance of heavy
metals to enter the body will be even greater. According to
SURYONO et al. [2018], mullets are fish that get their food
by filtering water and eating detritus that is in the mud so
that the fish is easily contaminated by heavy metals con-
tained in water or sediments.

Water temperature can also affect the metal content of
Cd in mullets. The range of temperature values at station
Il is higher compared to other stations. Increased water
temperatures tend to increase the accumulation of heavy
metals in fish bodies [HANIFAH et al. 2019]. This is be-
cause the increase in temperature can increase the speed of
metabolism and respiration, so the amount of absorption of
heavy metals into the body of the fish also increases
[MANULLANG et al. 2014].

Factors that can affect the Cd metal content in fish are
fish species (size and weight weight), physical chemistry
and the duration of exposure [NADIA et al. 2017]. Biomag-
nification also influences the content of heavy metals in
fish's body. This is in accordance with the opinion of ARK-
IANTI et al. [2019], that the process of biomagnification in
waters causes heavy metal concentrations to continue to
increase. Biomagnification itself is the process by which
pollutants increase in concentration with the increasing
position of living things in a food chain. Heavy metals in
the water and sediments are absorbed by bacteria, phyto-
plankton, and zooplankton, then eaten by fish.

The Cd metal content in mullets at all stations has ex-
ceeded the threshold value set by FAO/WHO [1999],
which is 0.01 mg-kg™. This is because the Donan River
has been used as an anthropogenic waste disposal site,
such as the waste of several types of industry, domestic
and water transportation.

The correlation coefficient Pearson (R) = 0.815, shows
that the Cd metal content in water media with mullet fish
has a positive relationship or is directly proportional to the
very strong closeness. According to HAFIZULHAQ et al.
[2017], guidelines for providing interpretation of correla-
tion coefficients as follows: 0.00-0.199 = very low, 0.20-
0.399 = low, 0.40-0.599 = moderate, 0.60-0.799 = strong,
0.80-1,000 = very strong. Positive values on the correla-
tion coefficient indicate that if the Cd metal content in wa-
ter rises, it will be followed by an increase in the Cd metal
content in mullets. This case found in Gulf Annaba pollut-
ed with lead, chopper and cadmium. The flathead grey
mullet (Mugil cephalus) live in Gulf Annaba found that
increase of metal in water significant increased in the sed-
iment metal and a significant increase in muscle metal lev-
els [OUALI et al. 2018]. This proved that pollution in the
Donan River can affect the metal level in mullet.

The Pb heavy metal content in the mullet media in the
Donan River Cilacap shows significantly different results
(Fig. 4). The Pb heavy metal content in the mullet media
between station | and station 1, station | and station IlI,
station Il and station 111 was significantly different (P <
0.05). The difference in Pb heavy metal content in mullets
can be influenced by heavy metal content in water and sed-
iment, temperature, and tides.

The heavy metal content of Pb in water and sediment
affects the heavy metal content of Pb in mullet fish. This is
due to the presence of heavy metal content in water and
sediments that are absorbed by bacteria, phytoplankton and
zooplankton. Then the small fish eat the bacteria and
plankton resulting in the accumulation of heavy metals in
the body's tissues. Station I11 is a source of Pb metal pollu-
tants, namely the oil mining industry, where the waste of
production results flows near the sampling site. Although
the content of heavy metals in the river is relatively small,
it is very easy to absorb and accumulate biologically by
aquatic organisms [NADIA et al. 2017].

The condition of waters with low salinity will reduce
the chloride ion which causes inhibition of the chloride
complex, so that the concentration of free heavy metals
will increase. The existence of tides and movements in the
waters when fish sampling also affects the high content of
heavy metals in the body of the fish. If at the time of the
tide fish are taken then the state of the water at that time is
possible to contain high heavy metals. The existence of
these tides moves the water mass horizontally, resulting in
mixing [HANANINGTYAS 2017]. The difference in the
heavy metal content of Pb at each station is also influenced
by changes in water temperature. This is due to the in-
crease in water temperature can increase the metabolic rate
of organisms so that the bioaccumulation of organisms is
greater [SAENAB et al. 2014].

Based on the analysis of the correlation coefficient
Pearson between the content of heavy metal Pb in water
and the heavy metal content of Pb in mullet fish (R =
0.671) with a coefficient of determination (R?) of 0.449.
This value indicates that 44.9% of the Pb heavy metal con-
tent in sediments is influenced by the Pb heavy metal con-
tent in water, while 55.1% is influenced by other factors.
The correlation coefficient (R) shows that the relationship
between Pb metal in water and mullet fish is included in
the strong category.

These conditions can illustrate that heavy metal con-
tent in mullets is thought to enter the body of the fish
through various transportation routes in the water
[PRASTYO et al. 2017]. The process of absorption of Pb
heavy metals by fish through three main processes namely
from water through the gills, absorption from water into
the surface of the body and through the food chain. The
speed of absorption of heavy metals is influenced by
changes in physical chemical factors such as pH, salinity,
physiological characteristics and behaviour of the fish
[PrRABOWO 2005].

CONCLUSIONS

The heavy metal Cd and Pb in water, sediment and
mullet fish (Planiliza subviridis) in the Donan River, Ci-
lacap showed high levels. This is because the source of
pollution from each location was very high. The levels of
heavy metals Cd and Pb in the Donan River, Cilacap show
results that exceed safe thresholds for human consumption
due to international standard, so they must be avoided for
consumption.




www.czasopisma.pan.pl P N www.journals.pan.pl

=

Heavy metal contamination in water, sediments and Planiliza subviridis tissue in the Donan River, Indonesia 163

REFERENCES

AmMALIA W.R., HALANG B., NAPARIN A. 2016. Kandungan kad-
mium (Cd) pada air, daging serta mikroanatomi insang ikan
kelabau (Osteochillus melanopleurus) di Muara Sungai
Martapura. Di: Prosiding Seminar Nasional Tahun 2016
“Mengubah Karya Akademik Menjadi Karya Bernilai
Ekonomi Tinggi” [The content of cadmium (Cd) in water,
meat and microanatomy of gill fish of the fish (Osteochillus
melanopleurus) at the estuary of the Martapura. In: Proceed-
ings of the National Seminar Turning Academic Work into
High Economic Value Work]. Vol. 1 p. 84-92.

ARKIANTI N., DEwi N.K., MARTUTI N.K.T. 2019. Kandungan
logam berat timbal (Pb) pada ikan di Sungai Lamat Kabupat-
en Magelang [Lead heavy metal (Pb) content in fish in Lamat
River, Magelang Regency]. Life Science. Vol. 8(1) p. 54-63.
DOI 10.15294/lifesci.v8i1.29998.

BELABED B.E., MEDDOUR A.N., SAMRAOUI B., CHENCHOUNI H.
2017. Modeling seasonal and spatial contamination of surface
waters and upper sediments with trace metal elements across
industrialized urban areas of the Seybouse watershed in North
Africa. Environmental Monitoring and Assessment. Vol. 189
p. 1-19. DOI 10.1007/s10661-017-5968-5.

Buccy C.J., ToBIN J.M. 2008. Seasonal and spatial distribution of
metals in surface sediment of an urban estuary. Environmen-
tal Pollution. Vol. 155 p. 308-319. DOI 10.1016/j.envpol.
2007.11.032.

CCME 1999. Canadian sediment quality guidelines for the pro-
tection of aquatic life; Cadmium. In: Canadian environmental
quality guidelines. Winnipeg. Canadian Council of Ministers
of the Environment pp. 1299.

CHEN H., CHEN R., TENG Y., WU J. 2016. Contamination charac-
teristics, ecological risk and source identification of trace
metals in sediments of the Lean River (China). Ecotoxicology
and Environmental Safety. Vol. 125 p. 85-92. DOI
10.1016/j.ecoenv.2015.11.042.

DARrRMONO 2001. Logam Dalam Sistem Biologi Makhluk Hidup
[Metals in the biological systems of living creatures]. Jakarta.
Penerbit Universitas Indonesia Press pp. 140.

FAO/WHO 2019. World Health Organization, Food and Agricul-
ture Organization of the United Nations & International Pro-
gramme on Chemical Safety Expert Committee on Food Ad-
ditives Geneva. ILSI. ISBN 9241561971.

GUPTA N, YADAV K.K., KUMAR V., KUMAR S., CHADD R.P., Ku-
MAR A. 2019. Trace elements in soil-vegetables interface:
Translocation, bioaccumulation, toxicity and amelioration —
A review. Science of the Total Environment. Vol. 651
p. 2927-2942. DOI 10.1016/j.scitotenv.2018.10.047.

HAFIZULHAQ M., HAERUDDIN., SEDJATI S. 2017. Korelasi konsen-
trasi logam Pb dan Cd dengan struktur komunitas makrozoo-
bentos di Sungai Plumbon, Mangkang, Semarang, Jawa Ten-
gah [Correlation of Pb and Cd metal concentration with
macrozoobenthos community structure in Plumbon River,
Mangkang, Semarang, Central Java]. Journal of Maquares.
Vol. 6(3) p. 264-273.

HANANINGTYAS |. 2017. Studi pencemaran kandungan logam
berat timbal (Pb) dan kadmium (Cd) pada ikan tongkol (Eu-
thynnus sp.) di Pantai Utara Jawa [Studies on the contamina-
tion of contents of heavy metals (Pb) and cadmium (Cd) on
Fish (Euthynnus sp.) on the North Coast of Java]. Biotropic.
Vol. 1(2) p. 41-50. DOI 10.29080/biotropic.2017.1.2.41-50.

HANIFAH N.N., RUDIYANTI S., AIN C. 2019. Analisis konsentrasi
logam berat timbal (Pb) dan kadmium (Cd) di Sungai Silan-
dak, Semarang [Analysis of lead metal (Pb) and cadmium
(Cd) heavy metal concentration in Silandak River, Sema-
rang]. Management of Aquatic Resources Journal. Vol. 8(3)
p. 257-264.

HIDAYATI N.V., SIREGAR A.S., SARI L.K., PUTRA G.Y., HARTONO,
NUGRAHA |.P., SyakTI A.D. 2014. Pendugaan tingkat kon-
taminasi logam berat Ph, Cd dan Cr pada air dan sedimen di
Perairan Segara Anakan, Cilacap [Estimation of the level of
heavy metal Pb, Cd and Cr contamination in water and sedi-
ments in Segara Anakan waters, Cilacap]. Omni-Akuatika.
Vol. 13(18) p. 30-39. DOI 10.20884/1.0a.2014.10.1.14.

IKA I., TAHRIL T., SAID I. 2012. Analisis Logam Timbal (Pb) dan
Besi (Fe) Dalam Air Laut di Wilayah Pesisir Pelabuhan Ferry
Taipa Kecamatan Palu Utara [Analysis of lead metal (Pb) and
iron (Fe) in seawater in the coastal region of the ferry port of
Taipa, North Palu District]. Jurnal Akademika Kimia. Vol.
1(4) p. 181-186.

IRAWATI Y., LumBANBATU D.T.F., SuLisTioNO S. 2018. Logam
berat kerang totok (Gelonia erosa) di Timur Segara Anakan
dan Barat Sungai Donan, Cilacap [Heavy metal clams (Gelo-
nia erosa) in the far east and west of the Donan River, Ci-
lacap]. Jurnal Pengolahan Hasil Perikana Indonesia. Vol.
21(2) p. 233-243. DOI 10.17844/jphpi.v21i2.22843.

KiNAsIH A.R.N., PURNOMO P.W., RuswaHYUNI 2015. Analisis
hubungan tekstur sedimen dengan bahan organik, logam berat
(Pb dan Cd) dan makrozoobentos di Sungai Betahwalang,
Demak [Relationship Analysis of Sediment Textures with or-
ganic materials, heavy metals (Pb and Cd) and macro-
zoobenthos in the Betahwalang River, Demak]. Diponegoro
Journal of Maquares. Vol. 4(3) p. 99-107.

KucuksezGIN F., KoNTAs A., ALTAY O., ULUTURHAN E.,
DARILMAZ E. 2006. Assessment of marine pollution in Izmir
Bay: Nutrient, heavy metal and total hydrocarbon concentra-
tions. International Environment. Vol. 32 p. 41-51. DOI
10.1016/j.envint.2005.04.007.

KuMAR A., CHATURVEDI A.K., YADAV K., ARUNKUMAR K.P.,
MALYAN S.K., RAJAP.., KUMAR R., KHAN S.A., YADAV K K.,
RANA K.L., KOur D., YADAV L., YADAV A.N. 2019a. Fungal
phytoremediation of heavy metal-contaminated resources:
Current scenario and future prospects. In: Recent advance-
ment in white biotechnology through fungi. Fungal biology.
Eds. A. Yadav, S. Singh, S. Mishra, A. Gupta. Vol. 1. Cham.
Springer p. 85-120. DOI 10.1007/978-3-030-25506-0_18.

KUMAR S., PRASAD S., YADAV K.K., SHRIVASTAVA M., GUPTA N.,
NAGAR S., BACH Q.-V., KAMYAB H., KHAN S.A., YADAV S.,
MALAV L.C. 2019b. Hazardous heavy metals contamination
of vegetables and food chain: Role of sustainable remediation
approaches — A review. Environmental Research. Vol. 179
p. 475-514. DOI 10.1016/j.envres.2019.108792.

LENOBLE V., OMANOVIC D., GARNIER C., MOUNIER S., DONLAGIC
N., LE Poupron C., PizeTa I. 2013. Distribution and chemical
speciation of arsenic and heavy metals in highly contaminated
waters used for health care purposes (Srebrenica, Bosnia, and
Herzegovina). Science of the Total Environment. Vol. 443
p. 420-428. DOI 10.1016/j.scitotenv.2012.10.002.

MANULLANG C.Y., HUTABARAT J., WiDOWATI |. 2014. Bioaccu-
mulation of cadmium (Cd) by white shrimp Penaeus Mergui-
ensis at different salinity in Kedungmalang Estuary, Jepara
(Central Java). Marine Research in Indonesia. Vol. 39(1)
p. 31-37. DOI 10.14203/mri.v39i1.84.

MARzukI |. 2014. Analisis logam berat pada sedimen laut asal
pantai Melawai Balikpapan Kalimantan Timur [Analysis of
heavy metals in sea sediments from Melawai beach, Balikpa-
pan, East Kalimantan]. Proceeding on Int. Conference of the
Indonesian Chemical Society (ICHS). Vol. 2 p. 16-21.

MASRIADI M., PATANG P., ERNAWATI E. 2019. Analisis laju dis-
tribusi cemaran kadmium (Cd) di perairan Sungai Jeneberang
Kabupaten Gowa [Analysis of cadmium contamination rate
(Cd) distribution in Jeneberang River waters of Gowa Regen-
cy). Jurnal Pendidikan Teknologi Pertanian. Vol. 5(2) p. 14—
25. DOI 10.26858/jptp.v5i2.9624.



https://doi.org/10.15294/lifesci.v8i1.29998
https://doi.org/DOI%2010.1007/s10661-017-5968-5
https://doi.org/10.1016/j.envpol.2007.11.032
https://doi.org/10.1016/j.envpol.2007.11.032
https://doi.org/10.1016/j.ecoenv.2015.11.042
https://doi.org/10.1016/j.scitotenv.2018.10.047
https://doi.org/10.29080/biotropic.2017.1.2.41-50
http://dx.doi.org/10.20884/1.oa.2014.10.1.14
https://doi.org/10.17844/jphpi.v21i2.22843
https://doi.org/10.1016/j.envint.2005.04.007
https://doi.org/10.1007/978-3-030-25506-0_18
https://doi.org/10.1016/j.envres.2019.108792
https://doi.org/10.1016/j.scitotenv.2012.10.002
https://doi.org/10.14203/mri.v39i1.84
https://doi.org/10.26858/jptp.v5i2.9624

164

www.czasopisma.pan.pl P N www.journals.pan.pl

A.S. SIREGAR, I. SULISTYO, N.A. PRAYOGO

MAURYA P.K., MALIK D., Yapav K.K., GupTA N., KUMAR S.
2019. Haematological and histological changes in fish Hete-
ropneustes fossilis exposed to pesticides from industrial waste
water. Human and Ecological Risk Assessment: An Interna-
tional Journal. Vol. 25(5) p. 1251-1278. DOI 10.1080/
10807039.2018.1482736.

NADIA N., RuDIYANT! S., HAERUDDIN H. 2017. Sebaran spasial
logam berat Pb dan Cd pada kolom air dan sedimen di
perairan Muara Cisadane, Banten [Pb and Cd heavy metal
spatial distribution in water and sedimentary columns in
Muara Cisadane waters, Banten]. Jurnal of Maquares. Vol.
6(4) p. 455-462.

NAzIR R., KHAN M., MAsAB M., REHMAN H.U., RAUF N.U., SHA-
HAB S., AMEER N., SAJED M., ULLAH M., RAFEEQ M., SHA-
HEEN Z. 2015. Accumulation of heavy metals (Ni, Cu, Cd, Cr,
Pb, Zn, Fe) in the soil, water and plants and analysis of physi-
cochemical parameters of soil and water collected from
Tanda Dam Kohat. Journal of Pharmaceutical Sciences and
Research. Vol. 7 p. 89-97.

NUGRAHA W.A. 2009. Kandungan logam berat pada air dan sed-
imen di perairan Socah dan Kwannyar Kabupaten Bangkalan
[Heavy metal content in water and sediments in the waters of
Socah and Kwannyar Bangkalan Regency]. Jurnal Kelautan.
Vol. 2(2) p. 158-164.

OuALI N., BELABED B.-E., CHENCHOUNI H. 2018. Modelling en-
vironment contamination with heavy metals in flathead grey
mullet mugil cephalus and upper sediments from North Afri-
can coasts of the Mediterranean Sea. Science of the Total En-
vironment. Vol. 639 p. 156-174. DOl 10.1016/j.scitotenv.
2018.04.377.

PEKEY H. 2006. The distribution and sources of heavy metals in
Izmir Bay surface sediments affected by a polluted stream.
Marine Pollution Bulletin. Vol. 52 p. 1197-1208. DOI
10.1016/j.marpolbul.2006.02.012.

Perkin-Elmer 1996. Analytical method for atomic absorption
spectroscopy. Waltham pp. 300.

PraBOowo R. 2005. Akumulasi kadmium pada daging ikan
bandeng [Cadmium accumulation in milkfish]. Jurnal IImu-
ilmu Pertanian. VVol. 2(1) p. 58-74.

PrasTYO Y., Batu D.T.F.L., SuuisTiono 2017. Kandungan
logam berat Cu dan Cd pada ikan belanak di estuari Sungai
Donan, Cilacap, Jawa tengah [Heavy metal contain Cu and
Cd on the mullet fish in the estuary of Donan River, Cilacap,
central Java)]. Jurnal Pengolahan Hasil Perikanan Indonesia.
Vol. 20 (1) p. 18-27. DOI 10.17844/jphpi.2017.20.1.18.

PrAYOGO N.A., SIREGAR A.S., SUKARDI P. 2016. The disruptive
effect mercury chloride (HgCl) on gene expression of
cGnRH-II, sGnRH and estradiol level in silver sharkminnow
(Osteochillus hasselltii C.V.). Turkish Journal of Fisheries
and Aquatic Sciences. Vol. 16 p. 1003-10009.

PRIANTO N., DWIJAYANTO, ARIANI F. 2008. Kandungan logam
berat Hg, Pb, Cd dan Cu pada ikan, air dan sedimen di waduk
Cirata Jawa Barat [Heavy metal residues (Hg, Pb, Cd, and
Cu) in fish, water, and sediment at Cirata Reservoir, West Ja-
va]. Bioteknologi dan Perikanan. Vol. 3(1) p. 69-78. DOI
10.15578/jpbkp.v3il.11.

RACHMAWATIE R., HIDAYAH Z., ABIDA |.W. 2009. Analisis kon-
sentrasi merkuri (Hg) dan cadmium (Cd) di Muara Sungai
Porong sebagai area buangan limbah lumpur Lapindo [Analy-
sis of mercury (Hg) and cadmium (Cd) concentration at
Muara Sungai Porong as Lapindo mud waste disposal area].
Jurnal Kelautan. Vol. 2(2) p. 125-134. DOI 10.21107/jk.
v2i2.857.

RisTANTI A.D., SURATMAN S., WiDIYANTO A.F. 2013. Analisis
kandungan logam timbal (Pb) dan laju konsumsi aman kerang
kepah (Polymesoda erosa) di Sungai Donan Cilacap [Metal

content analysis of lead (Pb) and safe consumption rate in
flesh shells (Polymesoda erosa) at Donan River Cilacap].
Jurnal Kesmasindo. Vol. 6 (2) p. 85-93.

SAENAB S., NURHAEDAH, MUTHIADIN C. 2014. studi kandungan
logam berat timbal pada Langkitang (Faunus ater) di perairan
desa Maroneng kecamatan Duampanua Kabupaten Pinrang
Sulawesi Selatan [Study of lead heavy metal content in Lum-
buang (Faunus ater) in Maroneng village, Duampanua Dis-
trict, Pinrang Regency, South Sulawesi]. Jurnal Bionature.
Vol. 15(1) p. 29-34. DOI 10.35580/bionature.v15i1.1545.

SEPA 2000. Environmental quality criteria. Coasts and seas.
Swedish Environmental Protection Agency. Report p. 51-75.

SIREGAR A.S., PRAYOGO N.A. 2017. The disruptive efffect of
mercury chloride (HgCl) on gene expression of gonado-
trophin hormones and testosteron level in male silver
sharkminnow (Osteochilus hasseltii C.V) (Teleostei: Cypri-
nidae). The European Zoological Journal. Vol. 84 (1) p. 436—
443. DOI 10.1080/24750263.2017.1352040.

SIREGAR A.S., PRAYOGO N.A., LISTIOWATI E., SANTOSO M.,
YUDHA I.G., SHOLEHAH T.W. 2018. Sublethal toxicity tests of
mercury (Hg) to nilem fish (Osteochilus hasselti) gills tissue
damage. E3S Web of Conferences. Vol. 47, 04001 pp. 12.
DOI 10.1051/e3sconf/20184704001.

SIREGAR A.S., PRAYOGO N.A., HARISAM T. 2019a. The accumula-
tion of heavy metals cadmium (Cd) in water, sediments and
aquaculture biota which contaminated by batik waste in
Mulyorejo Village Pekalongan. IOP Conference Series: Earth
and Environmental Science. Vol. 406, 012031. DOI
10.1088/1755-1315/406/1/012031.

SIREGAR A.S., RomDONI T.A., PRAYOGO N.A. 2019b. Water qual-
ity monitoring using WQI method in Cemara Sewu shrimp
farm Jetis Cilacap Regency. IOP Conference Series: Earth
and Environmental Science. Vol. 255, 012038. DOI
10.1088/1755-1315/255/1/012038.

SRIVASTAV A., YADAV K.K., YADAV S., GUPTA N., SINGH J.K,,
KATIYAR R., KUMAR V. 2018. Nano-phytoremediation of pol-
lutants from contaminated soil environment: Current scenario
and future prospects. In: Phytoremediation. Eds. A. Ansari,
S. Gill, R. Gill, R.G. Lanza, L. Newman. Cham. Springer.
Vol. 3 p. 441-452. DOI 10.1007/978-3-319-99651-6_16.

SUPRIYANTINI E., ENDRAWATI H. 2015. Kandungan logam berat
besi (Fe) pada air, sedimen, dan kerang hijau (Perna viridis)
di perairan Tanjung Emas Semarang [Contents of heavy met-
al (Fe) in water, sediment, and green shells (Perna viridis) in
Semarang Golden water]. Jurnal Kelautan Tropis. Vol. 18(1)
p. 38-45. DOI 10.14710/jkt.v18i1.512.

SurYoNO C.A., SusiLo E.S., ARINIANZAH A.R., SETYATI W.A.,
IRWANI., SURYONO S. 2018. Kontaminasi tembaga pada Mugil
dussumieri (Actinopterygii: Mugilidae, Forsskal, 1775) yang
ditangkap di Perairan Semarang, Indonesia [Copper contami-
nation of Mugil dussumieri (Actinopterygii: Mugilidae,
Forsskal, 1775) captured in the waters of Semarang, Indone-
sia]. Jurnal Kelautan Tropis. Vol. 21(2) p. 91-96. DOI
10.14710/jkt.v21i2.2402.

WarDANI D.AK., DEwl N.K., UTami N R. 2014. Akumulasi
logam berat timbal (Pb) pada daging kerang hijau (Perna vi-
ridis) di Muara Sungai Banjir Kanal Barat Semarang [Accu-
mulation of lead heavy metal (Pb) in green shellfish (Perna
viridis) at Muara Sungai Banjir Kanal Barat Semarang]. Un-
nes Journal of Life Science. Vol. 3(1) p. 1-8.

WULANDARI 2008. Pola sebaran logam berat Pb dan Cd di Muara
Sungai Babon dan Seringin di Semarang [Patterns of heavy
metal distribution of Pb and Cd at Babara River and Barrow
in Semarang]. Journal of Marine Sciences. Vol. 4(13) p. 203-
208. DOI 10.14710/ik.ijms.13.4.203-208.



https://doi.org/10.1080/10807039.2018.1482736
https://doi.org/10.1080/10807039.2018.1482736
https://www.researchgate.net/scientific-contributions/2083053863_M_Rafeeq
https://doi.org/10.1016/j.scitotenv.2018.04.377
https://doi.org/10.1016/j.scitotenv.2018.04.377
https://doi.org/10.1016/j.marpolbul.2006.02.012
https://doi.org/10.17844/jphpi.2017.20.1.18
https://doi.org/10.15578/jpbkp.v3i1.11
https://doi.org/10.21107/jk.v2i2.857
https://doi.org/10.21107/jk.v2i2.857
https://doi.org/10.35580/bionature.v15i1.1545
https://doi.org/10.1080/24750263.2017.1352040
https://doi.org/10.1051/e3sconf/20184704001
https://doi.org/10.1088/1755-1315/255/1/012038
https://doi.org/10.1007/978-3-319-99651-6_16
https://doi.org/10.14710/jkt.v18i1.512
https://doi.org/10.14710/jkt.v21i2.2402
https://doi.org/10.14710/ik.ijms.13.4.203-208

	Introduction
	MATERIAL AND METHODS
	Sampling OF CADMIUM AND LEAD
	Sample preparation for Cd and Pb metal
	Standard curves of Cd and Pb
	Cd and Pb analysis
	Data analysis
	RESULTS AND DISCUSSION
	Content of heavy metal Cd and Pb In water
	Content of heavy metal Cd and Pb  In sediment
	Content of heavy metal Cd and Pb In fish
	CONCLUSIONS
	REFERENCES

