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INTRODUCTION

Abstract

Heavy metals are widely known pollutants with a bioaccu-
mulative nature that can be transferred and accumulated in
biota, such as mullet fish (Mugil sp.). The heavy metals Cd and
Cu have different anthropogenic and natural sources. Heavy
metals can potentially absorb existing biota, such as mullet
fish. Fish absorb metals from the water in the body through
gills, skin surfaces, and food. This study aims to identify Cd
and Cu metals in distributed water, sediment, and mullet fish
in the Plawangan Timur, Segara Anakan lagoon, Cilacap, Cen-
tral Java, and the relationship between aquatic media and sed-
iment and mullet fish. The study used a research method with
a targeted random sampling method at five stations with four
replications. The survey was conducted from April to Septem-
ber 2022. The data obtained were analyzed descriptively using
the ANOVA test, including F-test, regression, and correlation.
The results showed that the Cd and Cu content in water, sedi-
ment, and mullet fish showed variation values between sta-
tions. The correlation between the Cd and Cu metals in water,
sediment, and mullet fish showed a positive correlation with
moderate to strong proximity. The content of heavy metal Cd
in mullet fish media in Plawangan Timur Segara Anakan
Cilacap has exceeded the specified quality standard based on
the national standard of water quality, while heavy metal Cu
in mullet fish is still below the specified quality standard
namely 0.01 mg/dm?.

The lagoon in the Plawangan Timur
area received input from the Donan River,
the Kembang Kuning River, and the
Sapuregel River (Siregar et al., 2007;
Subianto et al., 2008). Environmental con-
ditions in the East Plawangan area are the

center of community activity in Cilacap,
including PT. Solusi Bangun Indonesia
Tbk., Cilacap Industrial Area (KIC), Per-
tamina Oil Refinery IV Cilacap Processing
Unit, Sleko Port and other industries hous-
ing, agriculture and shipping routes for
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industry, public transportation and fishing
boats (Siregar et al., 2020). High activity
in the east Plawangan area can cause a
buildup of heavy metals and changes in
the physical and chemical properties of the
surrounding waters. In addition, increas-
ing human activity in this region can cause
anthropogenic stress and water pollution
(Hidayati et al., 2023).

Heavy metals that end up in the wa-
ter are deposited, diluted and dispersed,
and then absorbed by organisms living in
these waters (Murtini and Pernginangin,
2006). A settling process occurs when the
industrial waste is discharged into the wa-
ter. This leads to an increase in the sedi-
ment content (Begum et al., 2009). The
heavy metal contents in sediments are
generally higher than in water and biota
(Tarigan and Edward, 2003). Sediment
plays an important role as a buffer for
compounds including Cd and Cu. Com-
pounds in water will settle and accumulate
in sediment and certain amounts can be-
come pollutants so it is very necessary to
test samples from sediment. Apart from
that, sediment is an abiotic factor that can
have an impact on the life of the organism
within it (Yu et al., 2001).

The level of water pollution can be
determined by analyzing the heavy metal
content accumulated in aquatic biota.
Heavy metal content that exceeds the safe
threshold can be used as analysis data for
water pollution. Analysis of the Cu and Cd
metal content in the aquatic environment
was carried out to determine the level of
heavy metal pollution in an organism and
the waters where it lives (Prastyo et al.,
2017). It was further explained that the
heavy metal content in water and organ-
isms is toxic and can cause disease for
those who use and consume them (Mitra
et al., 2022). The impact of high Cu and
Cd contents, which in high concentrations
can harm biocoenosis. Heavy metals can
be dispersed in water, sediments, and bio-
media (Deng et al., 2020). According to El-
lis et al.(1993), the distribution of heavy
metals in water bodies is essentially
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characterized by heavy metals dispersed in
biotic and abiotic elements in different
amounts, which are influenced by environ-
mental conditions. The distribution of he-
avy metals in water, sediments, and bio-
media will continue to increase improve-
ment the amount of heavy metals that get
into the water. In addition, the distribut-
ion of heavy metals is also influenced by
changes in water's physical and chemical
properties.

In Plawangan Timur, Segara
Anakan, Cilacap, the heavy metals have
the potential to be absorbed into existing
biota, such as mullet fish (Siregar et al.,
2020). Belanak fish was chosen as an indi-
cator because of the habit of people
around the waters of East Plawangan who
consume mullet fish (Putra & Rahayu,
2016). Belanak fish absorb metals from
the water in the body through gills, skin
surfaces, and food. The metal uptake via
the gills and contaminated food is then
transported through the blood and distrib-
uted throughout the body. The use of fish
meat to meet animal protein sources by
the surrounding community will have neg-
ative health effects. This research aims to
determine the distribution content of
heavy metals Cd and Cu in water media,
sediments, and mullets between stations
in the lagoon of Plawangan Timur Segara
Anakan, Cilacap, Central Java.

METHODOLOGY
Ethical Approval

All research procedures are carried
out according to standards without dam-
aging or polluting of environment and
testing laboratory.

Place and Time

This research was conducted in May-
September 2022. Water, sediment, and
mullet fish samples were collected in the
waters of East Plawangan, Segara Anakan,
Cilacap. Meanwhile, cu and cd analysis
was carried out at the Aquatic Animal In-
teraction Laboratory, Fisheries and Marine
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Science Faculty, and Integrated Research,
Jenderal Soedirman University.

Research Materials

Materials used in this research were
Petri dish, oven (Memmert, UNS55),
Micropastle, microtube 1,5 eppendorf,
NHOs, H,SO,4, aquadest, Whatman paper,
bottle, atomic absorption
spectrophotometer (ZA3000, Hitachi).

Research Design

The method used in this research is
a survey method. The sampling technique
uses purposive random sampling (repre-
senting the surrounding area) (Siregar et
al., 2020). The research area includes five
sampling stations in the lagoon of Pla-
wangan Timur Segara, Anakan, Cilacap,
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and Central Java. Sampling of water, sed-
iment, and mullet fish was repeated three
times at one-week intervals. Station I is an
estuary, with Kembang Kuning River flow-
ing into it (108096'02 "BT; 07070'04" LS),
Station II is the confluence of the Sapure-
gel (10809506  "East Longitude;
07071'06" LS), Station III is the confluence
of the Kembang Kuning river and the
Sapuregel River (108096 '05 "East Longi-
tude; 07071'05" LS), Station IV is the con-
fluence of the Donan River (108099'01
"BT; 07072'03" LS) and Station V is the
confluence of the Kembang Kuning,
Sapuregel and Donan Rivers (108098 '05
"East Longitude; 07073'05" LS). The sam-
pling was carried out on water, sediments,
and mullet fish media was performed in a
composite at three points at each station,
and sampling was repeated four times.
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Figure 1. Map of the research areas in Plawangan Timur Laguna Segara Anakan Cilacap.

Work Procedure
Collection and Preservation of
Samples for Analysis of Cd and Cu
metals

Sample 600 ml of water was placed
in the sample bottle, and then HNO; was
added concentrated not less than 0.75 ml
+ 250 grams sediment samples were
taken with Ekman Grab at a depth of 15 to
20 cm. Fish samples were taken with a net,
the meat removed and mashed, and then
placed in a plastic bag. In addition, the
sample is cooled in the refrigerator and
analyzed in the laboratory (SNI, 2009).

Preparations Samples for Cd and Cu
Analysis

100 ml of water samples were taken,
put in the Erlenmeyer, and shaken until it
was homogeneous. Add HNO;
concentrated to 5 ml, heat slowly until the
volume reaches 15-20 ml and the color
changes from cloudy to clear. If the
digestion is incomplete (not clear), 5 ml of
HNO; is added again, concentrated, and
repeated, then the sample is cooled, and
50 ml of distilled water is added. The
sample obtained was then filtered with
Whatman filter paper no. 40, then put into
a 100 ml measuring cup and mixed with
distilled water until the volume is 100 ml,
the sample is ready for Atomic Absorption
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Spectrophotometry analysis (SNI, 2009).
The sediment and mullet samples were
first cleaned and dried and then mashed in
a china masher. Sediment and mullet are
cleaned and dried, then crushed. = 5 g
were taken and heated for 5 hours in a
muffle furnace at 500 °C. The ash obtained
was dissolved in 5 ml of distilled water and
heated until dissolved, then transferred to
a 25 ml volumetric flask and added 5 ml
of 1 M HNO:;. Distilled water was given in
a volume of 25 ml. The solution was
filtered with Whatman no. 41. The filtrate
was analyzed by AAS (SNI, 2009).

Analysis of Cd and Cu

To calculate the Cd content curve,
an equation was performed, prepared with
standard solutions. A standard solution of
1000 mg/L Cd was prepared by dissolving
0.18545 g of CdSO, in 100 ml of 0.1 N
HNOs. Then the solution was diluted and
made in various concentrations, e.g., O,
0.25, 0.50, 1.00, 2.00, 3.00, 4.00, and
5.00 mg/L. After that, the absorbance
concentration was measured using the
AAS, Perkin Elmer PinAAcle 900T, and a
standard curve for Cd was obtained
(Elmer, 1996; APHA, 2017).

To calculate the Cu content, perform
a curve equation for heavy metal Cu
prepared with standard solutions. A
standard solution of Cu 1000 mg/L was
prepared by dissolving 0.18545 g of
CdSO4 in 100 ml of 0.1 N HNO3. Then,
the solution was diluted and made in
various concentrations, e.g., 0.25, 0.50,
1.00, 2.00, 3.00, 4.00, and 5.00 mg/L.
After that, the absorbance concentration
was measured using the AAS, Perkin
Elmer PinAAcle 900T, and a standard
curve for Cu was obtained (BSN, 2009).

The analysis method was validated
using Canadian Certified Reference
Materials (CCRM) STSD-3 for the
sediments and DORM-4 certified reference
material for the fish samples (National
Research Council of Canada). The
accuracy and precision of the analysis
were ensured by analyzing the certified
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reference material under the same
conditions. The limit of detection (LOD)
for each metal was defined as the smallest
mass of the compound, resulting in an S/N
ratio that was equal to or greater than 3.
The limit of quantitation (LOQ) was
defined as the concentration in a standard
yielding an S/N ratio of 10 :1. The LOD for
Cd is 0.00048 mg/L for water, 0.0006
mg/g dry weight (dw) for sediment and
0.00011 mg/g dry weight (dw) while the
LOD for Cu is 0.0014 mg/L for water,
0.0001 mg/g dry weight (dw) for
sediment, and 0.0039 mg/g dry weight
(dw) for fish.

Measurement of the Cd and Cu con-
tent

Cd metal in water, sediment, and
mullet was measured by spectrometric
methods and using a set of AAS instru-
ments. Cd was detected at a wavelength of
228.8 nm with a current of 10 mA. The de-
tector records the light absorption. The ab-
sorbance values of the sample and stan-
dard solutions appear on the AAS. Existing
values form the equation of the line.

Cu concentrations in water, sedi-
ment, and whole blood dishes were meas-
ured with flame AAS using a set of AAS
tools. The Cu is measured at a wavelength
of 324.7 nm. The detector records the re-
sults of the lamp absorption. The same
treatment is carried out with the sample
for the Cu standard solution. The absorb-
ance value of the sample and the Cu stand-
ard solution is displayed on the AAS screen
along with the line equation (BSN, 2009).

Data Analysis

Data on Cu in water, sediment, and
mullet were tested by statistical analysis
ANOVA, F test (SPSS Statistics 2.1 Ver-
sion). If the results were different, then
continue with the LSD (Least Significant
Difference) test. Correlation analysis was
used to see the relationship between heavy
metal content in water, sediment, and mul-
let.
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RESULTS AND DISCUSSIONS
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Heavy metals content (a) Cd, (b) Cu in water medium between stations in the

lagoon of Plawangan Timur Segara Anakan, Cilacap (letters show significantly

different).

The content of Cd in water media
shows a different distribution pattern be-
tween the stations. The content of Cd in
water media is significantly different be-
tween stations IV and V at other stations
(P <0.05) (Fig.2a). This is caused by the
source of the Cd contamination and envi-
ronmental factors. The high content of Cd
in water media at stations IV and V is re-
lated to the activities in the PT. Cement
Nusantara, which includes the cement-
making process and the distribution of ce-
ment raw materials, both the process of
loading lime from Nusakambangan Island
to the port in the industrial area of Semen
Nusantara, and loading and unloading
coal raw materials and production prod-
ucts. According to Darmono (2001), in the
production process, the cement industry
uses a lot of petroleum, which contains Cd
from 0.03 to 2.10 mg/L, as fuel and coal,
and Cd metal from 0.01 to 300.00 mg/kg
as raw material.

The tides that occur with the Cd me-
tal content from agricultural activities and
household waste at stations IV and V result
in high CD content in the aquatic media.
The Cd metal content in agriculture comes
from the use of phosphate and su-
perphosphate fertilizers, as well as pestici-
des. This is in line with the statement by
Darmono (2001) that phosphate fertilizers
have a content of Cd = 100 mg Cd/kg and
that Cd metal is also contained in

polycyclic aromatics in pesticides. In ad-
dition, Connel and Miller (1995) found
that the waste from household activities
contained heavy metals such as Cu, Pb,
Cd, Zn, Co, Ni, and Cr.

Akbar et al. (2014) found the heavy
metal content in water strongly depends
on the source. The presence of human
(anthropogenic) activities was the main
source of heavy metal contamination in
water. According to Marzuki (2014),
crude and oil tankers, oil refineries, and
accidental or deliberate oil spills can lead
to water pollution, with any oil spill con-
taining Cd. Amalia et al. (2016) also stated
that diesel spills from household waste,
engine lubricants, fishing boats, and the
release of paint on the hull are sources of
Cd metal contaminants in water. Acciden-
tal or intentional oil spills can lead to
water pollution, with each of the oil spills
containing heavy metals like cadmium.
Diesel waste from fishing boats, household
waste, engine lubricants from transportat-
ion activities, and the release of marine
coatings are sources of Cd contamination
in water. Accidental or intentional oil
spills can lead to water pollution, with all
oil spills containing heavy metals such as
Cd.

The Cu content in water shows a dif-
ferent distribution pattern between the
stations. Figure 2b shows that the Cu con-
tent in the water medium differs
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significantly between stations III and IV at
other stations (P <0.05). This is likely due
to the difference in the amount of input
and the source of the heavy Cu metal con-
tamination. The amount of waste that con-
tains Cu is likely to be greater at Stations
III and IV due to the shipping, loading, and
unloading of coal and household activities.
This result is consistent with the view of
Komarawidjaja et al. (2017) that high or
low heavy metal concentrations are
caused by the amount of waste in the wa-
ter.

Ship  transportation  activities,
loading and unloading activities for coal,
and household activities at Stations III and
IV are the most potential sources of Cu.
Ship transportation activities contribute to
the introduction of Cu into the water by
releasing antifouling paint on the ship's
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hull. When loading and unloading coal,
which involves moving coal from barges to
bulk carriers and then to large trucks, coal
falls into the water, and the concentration
of Cu heavy metals in the water increases.
It is believed that this leads to the
concentration of Cu heavy metals in the
water being higher at stations III and IV
than at other stations. According to
Rajeskhumar and Li (2018), high marine
activity, use of antifouling paint on ships,
and oil pollution from  ships.
Worakhunpiset (2018) states that
domestic waste originating from cables,
wires,  electrical equipment, and
phosphate fertilizers can also cause high
levels of Cu concentration.

Cd and Cu content in sediment
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Figure 3. Content of Cd (a) and Cu (b) in the sediment between stations in the lagoon of
Plawangan Timur Segara Anakan, Cilacap. (letters indicate significantly

different).

The content of Cd in the sediment
media shows a different distribution pat-
tern between the stations. Figure 3a shows
that the Cd in the sediment media be-
tween stations I and IV differed signifi-
cantly from those of other stations (P
<0.05). This is due to different sources of
heavy metal contamination and environ-
mental factors. Station I is a water
transport route from the East Plawangan
Area to West Plawangan (the mouth of the
Kembang Kuning River). Station IV is the
mouth of the Donan, an oil industrial area
near residential areas that serves as a
transport route. Oil refineries, tankers

with crude oil and refined oil, spilled die-
sel from fishing boats, household waste,
engine lubricants from transportation ac-
tivities, and the release of paint on the hull
are sources of Cd metal contamination in
the aquatic environment (Amalia et al.,
2016). The Cd content in water also influ-
ences the Cd content in the sediment. Due
to the increase in heavy metals in aquatic
media, heavy metals in sediment increase
as heavy metals are deposited.

The Cd content in sediments affects
chemical oxygen demand (COD) values.
COD indicates the content of non-
biodegradable organic material. The
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higher COD value will correlate with
higher heavy metal content in the
sediment. The highest COD values is at
station III. According to Akbar et al.
(2014), organic matter is the main
geochemical component in controlling the
binding of heavy metals in estuary
sediments. Heavy metals dissolved in
water are adsorbed by particles and
deposited in the sediment. Heavy metals
in the water column are combined with
organic and inorganic materials, their
density is increased, and then the
deposition process is accelerated. The
bond of heavy metals in sediments will be
more stable than ions that dissolve in
water (Hidayati et al., 2014).

The Cu content in the sediment
media shows a different distribution pat-
tern between stations 5, shows that the Cu
content in the sediment media between
stations V, IV, and II differed significantly
from other stations (P <0.05). This is
likely due to differences in the amount of
input, the source of heavy metal contami-
nation, and Cu and COD levels. At Station
V (the confluence of the three estuaries of
the Kembang Kuning, Sapuregel, and Do-
nan Rivers), the amount of waste contain-
ing the heavy metal Cu is likely to be sig-
nificant From shipping activities to loading
and unloading coal to household activi-
ties. This is thought to cause the heavy
metal Cu concentration at station V to be
higher and significantly different than that
of other stations. In line with the state-
ment of Komarawidjaja et al. (2017), high
or low concentrations of heavy metals are
caused by the amount of waste input into
the water.

In addition, the transportation
activities of fishing boats, ferries, and the
loading and unloading of coal in Station V
are the most potential sources of Cu. Ship
transportation activities bring heavy metal
Cu into the water by releasing antifouling
paint on the hulls of boats and ships. The
loading and unloading of coal, when coal
is moved from barges to bulk carriers and
then onto large trucks, causes the coal to
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fall into the water, increasing the heavy
metal Cu content in the water. According
to Rajeskhumar and Li (2018), they also
state that the high activity of shipping, the
use of antifouling paint on ships, oil spills
on ships, and the loading and unloading of
coal all cause high Cu content.

The COD content at station II
(mouth of the Sapuregel) was 52.9 ppm,
and station V (confluence of 3 river
mouths, namely Kembang Kuning,
Sapuregel, and Donan) was 51.1 ppm
higher than the COD content at other
stations. When the COD content is high,
the heavy metal content in the sediment
tends to be high. According to Akbar et al.
(2014), organic matter is the main
geochemical component in controlling the
binding of heavy metals from estuary
sediments. Metal compounds dissolved in
water are adsorbed by particles and
deposited in the sediment. The heavy
metals in the water column combine with
other compounds in the form of organic
and inorganic materials and then
accelerate the precipitation. The form of
the heavy metals bound in sediments is
relatively more stable than the form of the
ions dissolved in water (Hidayati et al.,
2014). This shows that sediment is a place
for heavy metals to accumulate in water.

The heavy metal content of Cu in
water media at Station III (the confluence
area of 2 estuaries, namely the Kembang
Kuning and Sapuregel rivers) is lower and
differs significantly from Stations II, IV,
and V. Heavy metal concentrations in
water influence the heavy metal
concentrations in the water. Sediment,
because heavy metals in the water bind to
organic substances and then settle in the
sediment, which increases the
concentration of heavy metals in the
sediment. It is believed that this leads to
the Cu concentration of heavy metals in
the sediment being lower in Station III and
significantly different from Station IV.
According to Ong et al. (2015), heavy
metals that enter the waters will bind to
organic material, which will then settle in
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the sediments. The deposition of heavy
metals together with organic material will
affect the quality of sediments and the
levels of heavy metals in the sediments.
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lagoon of Plawangan Timur Segara Anakan, Cilacap. (letters indicate signifi-

cantly different).

The Cd in mullet fish in the lagoon
of Plawangan Timur Segara Anakan, Ci-
lacap, shows a different distribution pat-
tern between the stations. Figure 4 shows
that the heavy metal content in the hard-
ener differs significantly between station
IV and other stations (P <0.05). This cor-
related with the Cd content in the water,
the Cd content in the sediment, and the
water temperature. Heavy metal in water
contaminates the fish living in it with the
heavy metal (Masriadi et al., 2019). The
results of the measurement of the Cd con-
tent in the highest water medium at sta-
tion IV. The increasing heavy metals in the
water were followed by an increase in the
heavy metals in fish. The heavy metal in
fish is higher than the heavy metal in the
environment (Arkianti et al., 2019). In ad-
dition, Supriyantini and Endrawati (2015)
stated that the metals in the body of the
biota correspond to the metal concentra-
tions in the environment. Aquatic organ-
isms absorb heavy metals from water and
accumulate in the body up to 100-1000
times higher than environment (Irawati et
al., 2018).

The Cd content in the sediments can
influence the Cd content in fish. Cd enters
into the fish body through water, sedi-
ments, and food consumed by fish. Heavy
metals that enter the water generally end

up at the bottom of the water and then ac-
cumulate in debris and sediments. When
fish eat waste and sediment, heavy metals
are more likely to get into their bodies. Ac-
cording to Suryono et al. (2018), mullet
fish are fish that get their food by filtering
water and eating waste in the mud, so the
fish is easily contaminated by heavy met-
als in water and sediments.

The high Cd content in the mullet in Stat-
ion IV was related to the high Cd content
in the water and sediment. Palar (2004)
states that Cd can exist in a stable form in
water, so the Cd content in water and se-
diment is relatively high, which in turn is
taken up and accumulated by organisms.
In addition, the Cd in an organism under-
goes a process of biotransformation and
bioaccumulation. According to Soegianto
et al. (2002) and Darmono (2001), Cd**
metal ions dissolved in water are a form of
availability (bioavailability) of Cd metal in
water that water Biota can directly absorb.
That being said, Cd metal is known to have
the potential to harm aquatic life because
it has the most significant penetration ca-
pacity in the tissue of the organism com-
pared to other metals. The content of Cd
in red mullet fish will also continue to
increase as a result of the biomagnification
process. This phenomenon is in line with
Palar (2004), who states that the level of
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organisms in the food chain also determi-
nes the amount of Cd that accumulates in
body tissues. Organisms with higher levels
usually have higher levels of Cd in the
body than organisms with lower levels.
The Cd content in mullet fish will also con-
tinue to increase as a result of the biomag-
nification process. Organisms with higher
concentrations usually have higher levels
of Cd in the body than organisms with lo-
wer concentrations. This shows that the le-
vel of organisms in the food chain system
also determines the amount of Cd that
accumulates in body tissue.

The content of Cu in mullet fish in
the lagoon of Plawangan Timur Segara
Anakan in Cilacap shows a different distri-
bution pattern between the stations. Fig
4b shows that the heavy metal content in
the hardener between stations III and IV
differs significantly from other stations (P
<0.05). This is probably because the Cu
concentration in the water is highest at
stations III and IV compared to other sta-
tions. The heavy metal content in the wa-
ter affects the heavy metal content of the
mullet fish as it gets its food by filtering
the water around it. This is related to the
statement by Jiao et al. (2018) that an

Cd in Sediment (mg.dm-3)

1 y = -209.11x + 3.8147
R2 = 0.1387
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increase in the heavy metal content in the
water is followed by an increase in the
heavy metal content in the aquatic biota
because heavy metals accumulate in the
body of the biota via the food chain. Ac-
cording to Krishnakumar et al. (2018), dif-
ferent types of shellfish filter food out of
water as it is fed as filter feed. Heavy met-
als dissolved in water can get into the body
of red mullet fish, and heavy metals bound
in their diet, such as phytoplankton, also
accumulate in body tissue. According to
Wang and Lu (2017), the ability of biota
to accumulate heavy metals affects the
concentration of heavy metals in the body.
Hossen et al. (2015) stated that the ability
of biota to accumulate heavy metals de-
pends on type and will increase as the bi-
ota grows.

The content of Cd and Cu in mullets
in all Plawangan Timur Segara Cilacap
stations has exceeded the threshold value
according to FAO (2019), which is 0.01
mg/dm®and 1.0 mg/dm®.

Relationship between Cd and Cu
content in aquatic media with sedi-
ment and mullet fish

o Co,

,000 0,001 0,002

6

5

4 o ¢ o
3 S
2

1

0

0

0,004 0,005 0,006

Cd in water (mg.dm-3)

Figure 5. The relationship between the content of Cd between water and sediment me-

dium (R = 0.372).

Fig. 5 shows the relationship be-
tween the Cd content in water media and
sediment the equation obtained is
y=209.11x + 3.8147. The coefficient of
determination (R®») = 0.1387, which
means that the Cd metal influences
13.87% of the Cd content in the sediment
in the water, while the sediment

influences the remaining 86.13% of the Cd
metal content in the water influences
other factors. Rivers, organic matter con-
tent, and sediment type influence the Cd
metal content in sediment. The current in-
fluences, the rate of sedimentation, the
stirring process, and the grain size of the
sediment deposited in the river. Heavy
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metals have properties that easily bind or-
ganic substances, settle at the bottom of
the water, and bind to sediment particles.
The heavy metal concentration in the sed-
iment was higher than in the water (Ki-
nasih et al., 2015). Wardani et al. (2014)
found that the type of sediment can affect
the heavy metal content, with the heavy
metals category included in sludge> sand
sludge> sand. The correlation coefficient
(R) = 0.372 indicates that the content of
Cd metal in water media with sediment

0,03 - R2 = 0,2096
0,03 -
0,02 -

0,01 -
0,00 : :

Cd in mullet fish (mg.-3)

0,04 - y = 1,7622x + 0,0081
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has a positive relationship or is directly
proportional to low proximity (Hafizulhaq
et al., 2017). A positive value for the cor-
relation coefficient indicates that as the Cd
content in the water increases, the Cd
metal content in the sediment increases.

The relationship between Cd in wa-
ter media with mullet fish (P. subvi-
ridis)

2
0,02 - M
0,01 -

0,000 0,001 0,002

0,003 0,004 0,005 0,006

Cd in water (mg.dm-3)

Figure 6.

Fig 6 shows the relationship be-
tween the content of Cd in water media
with sulfur, the obtained equation is y =
1.7622x + 0.0081. The coefficient of de-
termination (R*) = 0.2096, which means
that the Cd metal content influences
20.96% of the Cd content in the hardener
in the water, while the remaining 79.04%
of the Cd content are heavy metals in the
hardener is influenced by other factors.
Factors that can influence the content of
Cd metal in fish are fish species (size and
weight), water physics and chemical fac-
tors, and exposure time (Nurfitriani,
2017). Biomagnification also affects the
heavy metal content in fish bodies. This is
consistent with the view of Arkianti et al.
(2019) that the biomagnification process
in water ensures that heavy metal concen-
trations continue to rise. Biomagnification
itself is a process in which the concentra-
tion of pollutants increases with the in-
creasing position of living beings in a food
chain. Heavy metals in water and sedi-
ments are absorbed by bacteria, phyto-
plankton, and zooplankton and then eaten

The relationship between the Cd content in water and mullet fish (R = 0.458).

by fish. The correlation coefficient (R) =
0.458 indicates that the content of Cd
metal in water media has a positive rela-
tionship with Mulfish or is directly propor-
tional to the moderate proximity (Ha-
fizulhaq et al., 2017). A positive value for
the correlation coefficient indicates that
the higher the Cd content in the water, the
higher the Cd metal content in mullet fish.
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Relationship between Cu in water
media with sediment
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Figure 7.
0.701).

Fig. 7 shows the relationship be-
tween the Cu content in water media and
sediment, the equation obtained is y=-
604,56x + 5,6885. The coefficient of de-
termination (R*) = 0.4908, which means
that Cu influences 49.08% of the Cu metal
content in the sediment in the water, while
the remaining 40.92% of the Cu content in
the sediment is influenced by other fac-
tors. The factors that can influence the Cu
content in the sediment are rivers, organic
matter content, and sediment type. The
current influences the stirring process, the
rate of deposition or sedimentation, and
the grain size of the sediment deposited in
the river. Heavy metals have properties
that easily bind organic substances, settle
at the bottom of the water, and bind to
sediment particles. So that the heavy
metal concentration in the sediment is
higher than in the water (Kinasih et al.,
2015). Wardani et al. (2014) found that

The relationship between the Cu content In water medium with sediment (R =

the type of sediment can affect the heavy
metal content, with the heavy metals cat-
egory included in sludge> sand sludge>
sand. A positive value for the correlation
coefficient indicates that as the Cu metal
content in the water increases, the Cu
metal content in the sediment increases
with the category heavy metals in Mud>
Sand Mud> Sand. The correlation coeffi-
cient (R) = 0.701 indicates that the Cu
content in water media with sediment has
a positive relationship or is directly pro-
portional to the strong adhesion (Ha-
fizulhaq et al., 2017). A positive value on
the correlation coefficient indicates that if
the Cu content in the water increases, it
will be followed by an increase in the Cd
content in the sediment.

Relationship of Cu in water media
with mullet fish (Mugil sp)

0,300 - y = 15,745x + 0,1181
& 0250 - R2 = 0,0701
: L 2
.E_ 0,200 - ’):}
1]
E 0,150
=) m
< 0,100 ¢
©
& 0,050 -
=
E 0,000 : : : ‘
=0
'S 0,000 0,002 0,004 0,006 0,008
&)

Cu in water (mg.dm-3)

Figure 8.
0.265).

The relationship between the Cu content in aquatic media and mullet fish (R =
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Fig. 8 shows the relationship be-
tween the Cu content in water media, the
obtained equation isy = 15.745x + 0.181.
The coefficient of determination (R?) =
0.0701, which means that the Cu content
influences 7.01% of the Cu content in mul-
let fish in the water, while the remaining
92.99% of the heavy metal content is of Cu
in mullet fish influenced by other factors.
Factors that can influence the content of
Cu in fish are fish species (size and
weight), water physics and chemical fac-
tors, and exposure time (Nurfitriani,
2017). Biomagnification also affects the
heavy metal content in fish bodies. This is
consistent with the view of Arkianti et al.
(2019) that the biomagnification process
in water ensures that heavy metal concen-
trations continue to rise. Biomagnification
itself is a process in which the concentra-
tion of pollutants increases with the in-
creasing position of living beings in a food
chain. Heavy metals in water and sedi-
ments are absorbed by bacteria, phyto-
plankton, and zooplankton and then eaten
by fish. The correlation coefficient (R) =
0.265 indicates that the content of Cu in
water media with mullet fish has a positive
relationship or is directly proportional to
low proximity (Hafizulhaq et al., 2017). A
positive value for the correlation coeffi-
cient shows that as the Cu content in the
water increases, the Cu content in mullet
fish increases.

CONCLUSION

Based on the results and the discus-
sion, various conclusions can be drawn
that the content of Cd and Cu between sta-
tions in water media, sediment, and mul-
let fish was relatively different. The corre-
lation between the content of Cd and Cu
in water, sediment, and mullet fish in the
lagoon of Plawangan Timur Segara
Anakan, Cilacap, has a positive correlation
with moderate to strong proximity. The
content of Cd in mullet fish in Plawangan
Timur Segara Anakan Cilacap has
exceeded the specified quality standard,
while heavy metal Cu in mullet fish is still

doi : 10.20473/jath.v13i2.46862

below the specified quality standard. This
is because the source of pollution from
each location is very high. The levels of
heavy metals Cd and Cu in East Plawangan
Segara Anakan, Cilacap showed results
that exceeded the safe threshold for
human consumption due to international
standards, so they should be avoided for
consumption.
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