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Abstract. Cilegon City is an industrial city with an area of 175.51 km?, approximately 43.6% of
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heavy metals. Common heavy metals found are Cadmium (Cd), Copper (Cu), and Lead (Pb). This

/i) research was conducted in February 2022 in the waters of Cilegon. Heavy metal concentration

) measurements were conducted at an ISO 17025:2017 accredited laboratory. One liter of seawater
Tpasten samples was from the surface (0-50 cm), filtered, and HNOs preservative was added to a pH of 2 in
polyethylene bottles. Measurements of aquatic environmental quality parameters, including tem-
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1. Introduction

Cilegon City is an industrial city, with a significant portion of its industrial activity being the steel industry,
producing 6 tons of steel annually. The city covers 175.51 km?, with 43.6% of its area being coastal and marine. Industry
in the city is growing, both in terms of quantity, technology, production levels, and waste generation (Putra Nia et al.,
2025). Most industrial and port activities are located along the coast, and even household waste, such as marine debris,
textiles, wood, rubber, paper, and metals, enters rivers and drains into the sea (Fikri et al., 2024). The abundance of
pollutants in coastal environments can lead to coastal pollution. One potential pollutant in waters is heavy metal.

Commonly found heavy metals are cadmium (Cd), copper (Cu), and lead (Pb). Cadmium (Cd) originates from
industrial waste from metal, plastic, fertilizer, paint, and oil industries. Meanwhile, copper (Cu) is an essential heavy
metal. Although required by organisms for metabolic processes in small amounts, if concentrated in high amounts in
water, it can harm humans who consume these organisms (fish) (Agristiyani et al., 2022). Lead (Pb) is a heavy metal
whose benefits for marine biota are unknown. If lead concentrations exceed quality standards, it can disrupt the sur-
vival of aquatic organisms (Purbonegoro et al., 2024). Shipping activities play a role in the spread of heavy metals be-
cause marine transportation emissions enter marine waters (Haryati et al., 2022). The agricultural sector also discharges
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pesticides that enter through rivers and flow into the sea, and human-produced household waste almost all contains
metal elements, albeit at very low levels (Zai et al., 2024).

Heavy metal pollution is very dangerous to the environment and living things because it is non-degradable.
Heavy metals can accumulate in the water column, sediments, and marine biota (Gao et al., 2021). High concentrations
of heavy metals in waters can harm marine organisms, such as inhibiting metabolic processes and even causing biota
death (Maisalda et al., 2024). This study analyzed the concentrations of dissolved Cadmium (Cd), dissolved Copper
(Cu), and dissolved Lead (Pb) in Cilegon waters. The results can provide relevant parties with information on heavy
metal concentrations for formulating, managing, and evaluating the environment sustainably.

2. Method

2.1. Time and Location of Research

This research was conducted in February 2022 in Cilegon waters using purposive sampling. The study area was
divided into five research stations located near residential areas, coastal tourism areas, ports, and industrial areas
(Figure 1). Heavy metal concentration measurements were conducted at the Integrated Laboratory of IPB University
which is accredited ISO 17025:2017.
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Figure 1. Research location map
2.2. Data retrieval

The data collection obtained in this study consists of primary and secondary data. Primary data were obtained
from field observations and laboratory sample measurements. Measurement of environmental quality parameters of
water is carried out in situ including temperature, salinity, pH and brightness. The samples taken in this study were
seawater samples analyzed for the concentration of dissolved heavy metals, Cadmium (Cd), Copper (Cu), and Lead
(Pb). Seawater samples were taken at the surface seawater (0-50 cm) as much as 1 liter (Fakoubun et al., 2023), filtered,
and added with HNOs preservative to a pH of 2 in polyethylene bottles (SNI 6964.8.2015). Measurements of aquatic
environmental quality parameters, including temperature, salinity, and pH, were carried out in situ. Secondary data
were obtained from a literature review of journals and books related to the research.

2.3. Seawater Sample Destruction Process

In the laboratory, 500 mL of seawater sample was filtered with a 0.45 um filter paper. The pH was adjusted to
around 3.5-4 by adding concentrated HNO3, and then 1 mL of concentrated HNO3 solution and 5 mL of acetate buffer
mixture were added. Then, 5 mL of ammonium pyrrolidine dithiocarbonate (APDC) was added, homogenized for
about 5 minutes. After that, 10 mL of methyl iso butyl ketone (MIBK) solvent was added, homogenized for about 3
minutes, and allowed to separate into two phases. The water phase was collected; this water phase was used to make
laboratory blanks and standard solutions. 10 ml of distilled water was added and homogenized for about 5 seconds,
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and allowed to separate into two phases. Discard the water phase and add 1 mL of concentrated HNO3, after which it
was left for about 15 minutes. Next, 10 ml of distilled water was added and shaken for about 2 minutes, and the two
phases were allowed to separate. The water phase was collected and ready to be measured with AAS using an
air-acetylene flame. After that, the samples were analyzed using the AAS instrument (SNI 6989.84:2019).

2.4. Data Analysis

The concentrations of dissolved heavy metals Cadmium (Cd), Copper (Cu), and Lead (Pb) obtained were ana-
lyzed descriptively, and the results were compared with seawater quality standards in accordance with Government
Regulation Number 22 of 2021 concerning the implementation of environmental protection and management in Ap-
pendix VIII. The concentration of dissolved heavy metals with water environmental quality parameters will be statis-
tically tested with Pearson correlation using SPSS 25 software. Water quality assessment was carried out by calculating
the Pollutant Index in accordance with the Decree of the Minister of Environment Number 115 of 2003, Appendix II.
The Water Pollution Index (IPJ) method, as Equation (1) follows:

(D

IP] = Pollution Index for designated use, ]

Ci = Concentration of water quality parameters (measurement results)
Lij = Quality standard for parameter I for designated use J

M = Maximum; R = Average.

3. Result and Discussion
3.1. Water Environmental Quality Parameters

Observations of surface water temperature, salinity, acidity (pH), and brightness showed varying values and only
slightly differed from previous studies (Table 1). The water temperature measurements ranged from 28.8 to 30.4°C,
which aligns with the quality standards stipulated in Government Regulation No. 22 of 2021 concerning the imple-
mentation of environmental protection and management, which state that the temperature standard ranges from 28 to
32°C. These results differ slightly from the research of Putra Nia et al. (2025), which showed results of 31 to 35.5°C.
Water temperature can influence enzymatic chemical reactions in the photosynthesis process in marine biota.

Table 1. Water Environmental Quality Parameters

Stations Temperature (°C) Salinity (ppm) pH Brightness (m)
1 30.2 30 8.4 0,27
2 29.6 30 8.1 0,42
3 28.8 31 7.7 0.74
4 30.4 29 7.9 0.52
5 29.5 30 8.0 0.68
Average 29.7 30 8.02 0.53
Quality standards 28-32 Natural 7-8.5 >3

Temperature plays a role in regulating physical, chemical, and biological processes in water. At high tempera-
tures, dissolved oxygen in water decreases, and oxygen consumption by marine biota increases (Mariau et al., 2023).
Temperature also affects water corrosivity, which in turn affects the resistance of metals in the water (Putri et al,,
2024)). Salinity measurements range from 29 to 31 ppm, with other observations finding values of 17 to 29 ppm (Putra
Nia et al., 2025). Salinity is also an important parameter in the aquatic environment because it significantly affects ma-
rine biota (Dildar et al., 2025). The highest salinity value was 31 ppm, and the lowest was 29 ppm. The salinity quality
standard according to Government Regulation No. 22 of 2021 concerning the implementation of environmental pro-
tection and management is 15 to 32 ppm, so the salinity in the waters of Cilegon City is categorized as natural.

The pH value of the waters obtained was 7.7 to 8.4, which is in accordance with the quality standards of Gov-
ernment Regulation No. 22 of 2021 concerning the implementation of environmental protection and management,
which has a value of 7 to 8.5. Most marine biota are sensitive to changes in pH. When the pH increases, the concentra-
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tion of heavy metals decreases because they dissolve more quickly in seawater. Very low or very high pH can be
harmful to marine biota because it can disrupt respiration and metabolism (Cantika et al., 2023). Marine biota can live
in waters with a neutral pH. When the pH increases (alkaline), it will increase the nitrate content (Amelia & As’adi,
2024). The results of the brightness measurements obtained a value of 0.27-0.74 m, this result is far from the standard
set by PP No. 22 of 2021 concerning the implementation of environmental protection and management which has a
value of >3 m. Brightness can affect the penetration of sunlight into the water, good brightness for the growth of marine
biota is >5 m (Raharjo et al., 2022). Brightness is affected by measurement time, weather, turbidity, and TSS. Therefore,
low clarity values during clear weather indicate a high concentration of suspended particles in the water.

3.2. Dissolved Cadmium (Cd) Concentration

Dissolved Cd concentrations were <0.00003 at all stations (Table 2). These concentrations were so low that they
were undetectable by the instrument. The concentration was so low that it was undetectable by the instrument. These
results are consistent with research on dissolved Cd in the waters of Merak Kecil Island conducted by (Cantika et al.,
2023), and on pelagic fish on the coast of Cilegon City which was carried out by (Putra Nia et al., 2025). The low Cd
concentrations at all stations were due to Cd values below the Limit of Detection (LoD) of the measuring instrument
used. The Limit of Detection (LoD) is the smallest value that can be measured by an instrument. Each testing instru-
ment has a varying minimum value. If there are very low heavy metal results below the minimum detection value of
the instrument or are not detected by the instrument, it is usually marked with a less than symbol (<) (Ardiyanti &
Kuntjoro, 2022).

Table 2. Dissolved Cadmium (Cd) Concentration

Stations Dissolved Cadmium Concentration (mg/l) Quality Standard (mg/1)
1 <0.00003 0.002
2 <0.00003 0.002
3 <0.00003 0.002
4 <0.00003 0.002
5 <0.00003 0.002

The factors influencing low Cd concentrations include the ability of the heavy metal Cd to dissolve in the sea-
water column, which is influenced by various factors such as Dissolved Oxygen (DO), current patterns, wind, and
tides. According to Ersan Noviansyah et al. (2021) that the low concentration of Cd metal in waters is caused by waves,
currents, wind, tides and large waves resulting in a flushing rate or washing process and the residence time of the
heavy metal Cd being very short in the waters. The low availability of heavy metal Cd is a result of the dilution process
due to rainfall (Valentino, 2025). The presence of heavy metal Cd in waters in large quantities can threaten the survival
of marine organisms. If these organisms (fish) are consumed by humans, it will endanger human health. (Kusuma et
al., 2022).

3.3. Dissolved Copper (Cu) Concentration

Cu is an essential metal because living things need it in certain amounts. However, Cu can be toxic if it accumu-
lates in high amounts. The dissolved Cu concentrations found ranged from <0.006 to 0.0129 mg/1 (Table 3). Two sta-
tions were below the Limit of Detection (LoD), namely stations one and two. Station three had concentrations that
almost exceeded the quality standard. Meanwhile, stations four and five had concentrations that exceeded the quality
standard, namely 0.0121 mg/l and 0.0129 mg/l. Two stations, stations one and two, fell below the Limit of Detection
(LoD). Station three recorded concentrations nearly exceeding the quality standard. Stations four and five recorded
concentrations exceeding the quality standard, at 0.0121 mg/L and 0.0129 mg/L, respectively. These results are lower
than the heavy metal content in the waters of Merak Kecil Island, which reached concentrations of 0.17-0.25 mg/L.
Weather factors significantly influenced the difference in concentrations obtained compared to previous studies, as
sampling was conducted in February (the rainy season), which significantly affects dissolved heavy metal concentra-
tions. When rainwater enters, dilution occurs, leading to a decrease in heavy metal concentrations in the waters
(Tampubolon et al., 2021). Sources of heavy metals in waters are caused by domestic waste, industrial waste, and
shipping activities close to ports.
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Table 3. Dissolved Copper (Cu) Concentration

Stations Dissolved Copper (Cu) Concentration (mg/l) Quality Standard (mg/1)
1 <0.006 0.05
2 <0.006 0.05
3 0.0024 0.05
4 0.0121 0.05
5 0.0129 0.05

In general, Cu metal values in seawater are lower than those in sediments. This is thought to be because Cu metal
is usually tightly bound to organic matter, which reduces its mobility in water, making it more likely to settle in sedi-
ments (Rahman et al., 2022). The low concentration of dissolved heavy metals in the water column is due to their na-
ture of being easily dissolved and changing from carbonate to hydroxide, forming a particle bond, then settling at the
bottom of the water (sediment) (Polapa et al., 2022). Seawater naturally contains heavy metals at low concentrations,
but if the amount increases in a body of water, it can be toxic to marine organisms and humans who consume these
organisms (Nuri et al., 2023).

3.4. Dissolved Lead (Pb) Concentration

The dissolved Pb concentrations obtained ranged from <0.00012 to 0.017 mg/l, with two stations below the Limit
of Detection (LoD), namely stations one and three (Table 4). Station two obtained a value of 0.0018, and station four
obtained a value of 0.0023. The low results obtained were most likely influenced by ocean current patterns, wind di-
rection, and tide, which resulted in dilution, resulting in low heavy metal content in the area (Palar 1994). Meanwhile,
at stations four and five, the concentrations obtained were 0.0153 mg/l and 0.017 mg/l, this result is smaller than the
research conducted by (Cantika et al., 2023) with a concentration of <0.02-0.6 mg/L. Dissolved Pb concentrations at
stations two, four, and five exceeded the quality standard, but at other stations they remained below it. This difference
in concentration is due to the purification process becoming more effective during increased water flow (rainy season),
which can lead to dilution, which triggers a decrease in Pb in seawater.

Table 4. Dissolved Lead (Pb) Concentration

Stations Dissolved Copper (Cu) Concentration (mg/l) Quality Standard (mg/1)
1 <0.00012 0.005
2 0.0018 0.005
3 <0.00012 0.005
4 0.0153 0.005
5 0.017 0.005

The high dissolved Pb content values at stations two, four and five are influenced by the large number of in-
coming and outgoing sea vessels carrying out loading and unloading activities and the disposal of residual gas re-
sulting from the fuel combustion process located under the vessel (below the sea surface) which contains additional
substances in the form of tetraethyl which contains Pb as an antiknock in ship engines to improve the quality of the
vehicle (Igomatuddin et al., 2024). Continuous increase in dissolved Pb concentration in water has the potential to
cause pollution in aquatic ecosystems (Paundanan and Khaery 2023).

3.5. Correlation of Dissolved Heavy Metals with Environmental Factors

The fluctuating distribution of dissolved heavy metals is caused by various physical processes in the water. The
most influential physical processes in this case are agitation and sedimentation, which are also influenced by water
velocity, depth, and clarity. In shallow waters, the sediment suspension process is higher, so it is suspected that heavy
metals present in the sediment are released back into the water column. The correlation between the dissolved heavy
metal Cd and temperature, salinity, pH, and Brightness is not significant because the dissolved Cd concentration is
below the limit of detection (LoD) (Table 5).
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Table 5. Pearson Correlation of Dissolved Heavy Metals with Environmental Parameters

Dissolved Heavy

Metals Parameter  Temperature Salinity pH Brightness
Dissolved Cd Value 0 0 0 0
Correlation There isn't any There isn't any There isn'tany  There isn't any
Dissolved Cu Value 0.227 -0.529 -0.369 -0.743
Correlation Weak Negative Negative Negative
Dissolved Pb Value 0.329 -0.631 -0.229 0.356
Correlation Weak Negative Negative Weak

The correlation between dissolved Cu and Pb heavy metals and temperature is weak, indicating that temperature
is not a major determinant or significant predictor of the presence of heavy metals. Changes in heavy metal levels do
not significantly affect changes in temperature, indicating that dissolved heavy metal concentrations are not consist-
ently followed by significant changes in temperature (Atangana & Oberholster, 2021). Meanwhile, the correlation of
dissolved heavy metals Cu and Pb with salinity has a negative correlation indicating a negative relationship between
heavy metals and salinity indicating that heavy metal concentrations tend to decrease as the salinity of the aquatic
environment increases, or vice versa. The correlation of dissolved heavy metals Cu and Pb with pH has a negative
relationship meaning that when the pH increases (the environment becomes more alkaline), heavy metal concentra-
tions tend to decrease, and vice versa. Meanwhile, the correlation of dissolved heavy metals Cu and Pb with brightness
has a weak relationship. The direct relationship between dissolved Pb or Cu concentrations with brightness meas-
urements is often weak or difficult to measure consistently compared to other biological impacts.

3.6. Water Pollution Index

Based on the results of field observations at stations 1-2 close to residential areas and coastal tourism, while sta-
tions 3-5 close to ports and industry, the following water pollution index values were obtained (Table 6).

Table 6. Water quality status based on the Pollution Index method

Calculation Station 1 Station 2 Station 3 Station 4 Station 5
Average value (Ci/Lij)r 1.37 1.13 0.91 1.63 1.57
Maximum Value (Ci/Lij)m 6.2 5.27 4.04 4.81 422
Pollutant Index (IP)) 4.49 3.81 2.92 3.59 3.18
slightly slightly slightly slightly slightly
Category
polluted polluted polluted polluted polluted

Measurement results show that the IP values at all stations ranged from 2.92 to 4.49, indicating the waters are
"lightly polluted." Heavy metal pollution at this location is not a single source, as residential areas, coastal tourist at-
tractions, ports, and industrial areas are located close together. This will impact the tourism sector and public health
(Maduan & Marzuki, 2022). These results can affect the suitability of coastal tourism for recreation because several
parameters exceed the quality standards which reduce the aesthetic value of the beach (Fikri et al., 2025). Although
overall sea water can still be used according to its intended use, it is necessary to control it through monitoring the
processing of industrial liquid waste and household waste to increase public awareness not to dump liquid and solid
waste into rivers (Kamila et al., 2024). Consuming food contaminated with heavy metals can be fatal. Acute heavy
metal poisoning can cause nausea, vomiting, abdominal pain, hemolysis, neutrophilia, seizures, and even death.
Chronic heavy metal poisoning causes heavy metals to accumulate in the liver, leading to hemolysis (Ohiagu et al.,
2022). Heavy metal contamination can also enter through the food chain in water, dissolved heavy metals will be
consumed or absorbed by plankton (phytoplankton and zooplankton) through their cell membranes in a process called
bioaccumulation, then plankton will be eaten by small fish, small fish will be eaten by larger fish, and ultimately will be
consumed by humans. Heavy metals have properties that will settle and accumulate with body tissues in humans,
because they are difficult to degrade so they easily accumulate in the aquatic environment and their presence is natu-
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rally difficult to decompose, and can also accumulate in aquatic organisms, so it will endanger human health if they
consume these biota (Parui et al., 2024).

4. Conclusion

The results of the measurement of the concentration of dissolved Cd heavy metals obtained results below the
limit of detection (LoD) of the measuring instrument used, which stated that the Cd content in the waters was very
low. The concentration of dissolved Cu and Pb heavy metals showed that there were two stations (stations 4 and 5) that
exceeded the quality standards, and there were three stations (stations 1 to 3) that had very low Cu concentrations.
Water Environmental Quality Parameters at all stations showed temperature, salinity, and acidity (pH) values that met
quality standards. There was no Pearson correlation between dissolved Cd and any environmental parameters. There
is no Pearson correlation between dissolved Cu heavy metal with salinity, pH, and brightness, while it is weak with
temperature. There is no Pearson correlation between dissolved Pb heavy metal with salinity and pH, while it is weak
with temperature and brightness. Meanwhile, the brightness measurements at all stations did not meet the quality
standards stipulated in Government Regulation No. 22 of 2021 concerning the implementation of environmental pro-
tection and management. The Pollution Index (IP) values at all stations (stations 1-5) were rated " slightly polluted".
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