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Abstract

A study was conducted on Sombori Island, Central Sulawesi. The purpose of this study was to determine the content of heavy metals
and the origin of contamination and the impact of heavy metal contamination. Seawater samples totaling 30 stations were analyzed in the
form of total suspended solids (TSS), pH, salinity and heavy metal content of hexavalent chromium (Cr¢*) and nickel (Ni) using Atomic
Absorption Spectrometry (AAS) analysis. The heavy metals chromium (Cr) and nickel in the sediment were analyzed using flame Atomic
Absorption Spectrometry (AAS). The results of the study showed that heavy metals in seawater in the form of Ni are still safe for the marine
ecosystem of the research area. However, the heavy metal Cré* has contaminated several marine waters stations because it has exceeded
the established quality standards so that it can have a negative impact on the marine ecosystem including humans through the food chain.
The content of heavy metal Cr in marine sediments has not passed the established sediment quality standards. However, for heavy metal
Ni in sediment, it has exceeded the established sediment quality standards so that it has had a negative impact on the marine ecosystem
that lives and feeds around/on the sediment including humans through the food chain. Sources of contamination of heavy metals in water
and sediment are from the weathering of ultramafic rocks containing heavy metals, mining activities, shipping activities using fossil fuels,

the use of ship paint containing heavy metals, solid waste from ships containing heavy metals and domestic waste.
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1. Introduction

Indonesia is an archipelago with five large islands,
namely Kalimantan, Sumatra, Papua, Java and Sulawesi.
These islands have their own characteristics, especially
Sulawesi Island which has a complex tectonostratigraphic
evolution. (Maulana et al, 2020) and a unique shape
resembling the letter K (Figure 1). This island was
formed as a result of the collision of three of the world's
tectonic plates, namely the Indo-Australian plate, the Pacific
plate and the Eurasian plate (Hamilton, 1979). Sulawesi
Island is part of a highly active and diverse tectonic
complex, formed by plate interaction. This tectonic activity
resulted in the Ophiolite Complex, which was uplifted to the
surface as part of the accreted oceanic crust embedded in
the plate interface. Extensive exposures of ultramafic rocks,
one of the rocks of this Ophiolite Complex, created a nickel-
rich basement rock that served as the primary source rock
for lateritization under intense tropical climates (Ahmad,
2001; Elias, 2002; Kadarusman et al., 2004). This condition
also causes Sulawesi Island has various potential mineral
resources as a result of the interaction of these plates, such
as asphalt, coal, orogenic gold deposits, cobalt, manganese,
Fe laterite, chromite, nickel laterite and so on (Leeuwen and
Pieters, 2011; Hasria et al., 2019a; 2019b; 2021a; 2021b;
2021c; 2024a; 2024b; Hasria and Septiana, 2024).

Geologically, nickel laterite can be found in the East
Sulawesi Ophiolite Belt in ultramafic rocks. The ophiolite
complex is a collection of oceanic crust rocks that have
experienced emplacement during the process of convergent
plate movement (Permana and Surono, 2013). Nickel
laterite is a deposit formed as a result of a very intensive
weathering process on ultramafic rocks containing nickel
such as peridotite, dunite and serpentinite in subtropical to
tropical climates over a long geological period.

Sombori Island is located in Morowali Regency, Central
Sulawesi Province and is included in the Lasusua-Kendari
Geological Map Sheet, Central Sulawesi (Rusmana et al,
1993). Some areas have lithology in the form of ultramafic
rocks that host laterite nickel deposits so that there are
several nickel mining companies. The existence of these
companies can be a source of pollution for several heavy
metals associated with nickel. This is because nickel mining
activities involve stripping of soil and rock layers
(overburden), as well as moving mining materials.

As a result, when it rains, it will be easily eroded, then
these soil particles will be transported to rivers/seas which
can cause increased contamination of heavy metals in
waters that can be toxic if they exceed the established
quality standards. The toxicity of heavy metals in the
marine environment has a high potential risk for a number
of flora and fauna including humans, through the food chain.
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Fig 1. Tectonic setting and simplified regional geology of Sulawesi
(modified from Maulana et al., 2020).

The aim of this research is to determine the heavy metal
content and origin of contamination as well as the impact of

heavy metal contamination in the form of hexavalent

chromium (Cré+) and nickel (Ni) in seawater and chromium
(Cr) and Ni in sediment.

2. Research Methodology

The location of water and sediment sampling was
carried out in the sea waters around Sombori Island,
Morowali Regency, Central Sulawesi. The number of
sampling stations was 30 stations (Figure 2) consisting of
30 water samples and 30 sediment samples. Water samples
were taken directly below the water surface with varying
depths ranging from 3 to 9 meters with an average distance
of 5 cm from the seabed. Then the water was put into a
sample bottle and the bottle was given a station code which
was then put into a coolbox. Meanwhile, sediment sampling
used a grab sampler which was then put into a sample bag
and given a station code then put into a coolbox.
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Fig 2. Map of research area stations (modified from Rusmana et
al, 1993).

Level Seawater and sediment samples were analyzed
for their heavy metal content at the Biomolecular and
Environmental Laboratory Unit of the Faculty of
Mathematics and Natural Sciences, Halu Oleo University,
Kendari. Seawater samples were analyzed for total
suspended solids (TSS), pH, salinity and heavy metal
content of Cr6+ and Ni using Atomic Absorption
Spectrometry (AAS) analysis. Meanwhile, heavy metals in
sediment were analyzed using flame Atomic Absorption
Spectrometry (AAS). Determination of seawater quality
standards for TSS, pH and salinity as well as heavy metal
content in the form of Cr6+ and Ni is based on Government
Regulation of the Republic of Indonesia Number 22 of 2021
on the Implementation of Environmental Protection and
Management. The determination of marine sediment

quality standards for heavy metal content Cr is based on
marine sediment quality standards according to
Department of Ecology State of Washington, 2013 chapter
WAC 173-204-320, while the heavy metal content Ni is
based on Guidelines for the Protection and Management of
Aquatic Sediment Quality in Ontario, 1993.

3. Result and Discussion

Results and discussion of the content and sources and
impacts of heavy metal contamination including total
suspended solids (TSS), pH, salinity, hexavalent chromium
(Cré+) and nickel (Ni) in seawater, as well as chromium (Cr)
and nickel in sediments

3.1 Content, Sources and Impacts of Heavy Metal
Contamination in Seawater

A. Total Suspended Solids (TSS) Suspended Solids (TSS)

The results of TSS measurements in the research area
showed varying values ranging from 40-84 mg/L (Table 2).
The standard for TSS quality in seawater is based on
Government Regulation of the Republic of Indonesia
Number 22 of 2021 is 20 mg/L for coral and seagrass; and
80 mg/L for mangrove. This shows that TSS at all stations
in the research area has exceeded seawater quality
standards. According to (Bilotta and Brazier, 2008) that
suspended solids refer to the concentration of inorganic
and organic materials, which are suspended in the water
column due to turbulence. The addition of suspended solids
in a water body, can increase turbidity, thereby limiting the
penetration of sunlight into the water.

The sources of suspended solids are indicated to come
from natural and anthropogenic processes. Natural sources
include weathering of rocks which are then eroded by wind
or rain and carry soil and sediment particles into the sea;
the presence of high waves and strong ocean currents that
can stir sediment from the seabed causing particles to
become suspended and rise into the water column; and
tidal changes that can cause the lifting of mud or sand from
the seabed to the surface. Anthropogenic sources are
indicated to come from mining activities, shipping activities
that use fossil fuels, domestic waste and so on.

The decrease in sunlight penetration will have an
impact on the photosynthesis process of phytoplankton and
aquatic plants which will not take place perfectly. If TSS has
a value of 40 to <100 mg/L, it will have an impact on the
decrease in primary productivity by 13-50% in macrophyte
and algae organisms due to the blocking of light penetration
into the water, thus disrupting the photosynthesis process.
(Bilotta and Brazier, 2008). However, this concentration
has not harmed other marine biota, but only reduces the
amount of productivity of certain marine organisms.

B. pH

The results of pH measurements in the research area
varied and ranged between 8.12-8.45 (Table 2). Based on
Government Regulation of the Republic of Indonesia
Number 22 of 2021 that the standard pH quality for marine
biota is 7-8.5. This shows that the pH of seawater in the
research area is still within the tolerance limit according to
the standard quality of seawater and has not endangered
the marine biota ecosystem.

C. Salinity

The results of seawater salinity measurements in the
research area vary and range between 30-31%o (Table 2).
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Referring to the seawater salinity quality standards,
especially for marine biota according to Government
Regulation of the Republic of Indonesia Number 22 of 2021
is 33-34%o, then the research area has a low salinity level.
A decrease in salinity can cause an increase in the
accumulation of heavy metals. (Laing et al., 2007; Syaifudin
etal, 2025) The low salinity value can be influenced by the
movement of water masses caused by wind or mixing due
to sea waves and mixing with fresh water carried by river
flows. The low salinity of seawater in the research area is
also influenced by several factors, namely river flow, water
circulation patterns, rainfall and evaporation.

D. Hexavalent Chromium (Cr6+)

The content of hexavalent chromium Cré* in the
research area ranges from 0.0011-0.0514 mg/L (Table 2).
The standard value of Cré+ quality in seawater is based on
Government Regulation of the Republic of Indonesia
Number 22 of 2021 is 0.050 mg/L. This shows that several
stations in the research area have Cr6+ content that exceeds
the established quality standard (Figure 3). There are 15
stations in the research area that exceed the quality
standard, namely stations ST 1, 2, 3, 7, 8, 10, 11, 12, 13, 14,
15, 16, 18, 20 and ST 21. Based on the distribution of
existing stations, it shows that only 2 stations are polluted
near the mining area, namely ST 21 and ST 22. The other 13
polluted stations are located quite far from the mining area
(Figure 4).

—&—Measurement results

—e—Quality standards

Content Cr* (mg/L)
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Fig 3. Comparison graph between the Cr6+ content from the
measurement results (blue) and the quality standard (orange).

There are 15 stations in the research area that exceed
the quality standard, namely stations ST 1, 2, 3,7, 8, 10, 11,
12, 13, 14, 15, 16, 18, 20 and ST 21. Based on the
distribution of existing stations, it shows that only 2
stations are polluted near the mining area, namely ST 21
and ST 22. The other 13 polluted stations are located quite
far from the mining area (Figure 4).

Based on the results obtained, it shows that the high Cré+
contamination in the research area is indicated not only to
originate from nickel mining activities but is also influenced
by other factors. (Khare et al.,, 2018) stated that the source of
hexavalent chromium is commonly found in industrial waste
from electroplating, tanning, cement, mining activities,
textiles, domestic waste, solid waste, fertilizers and
photography. Referring to the above, it is indicated that the
source of pollution from Cré* metal in the research area is
through natural and anthropogenic sources. Natural sources
come from the weathering process of ultramafic rocks
containing heavy metal Cr6* which then undergo rosion and
transportation to the sea and enter sea waters.
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Fig 4. Distribution map of stations experiencing Cré* heavy metal
contamination (green) and those not experiencing Cr¢+
contamination (red) (modified from Rusmana et al., 1993).

Anthropogenic sources can come from mining activities,
shipping activities that pass through the research area
which leave waste containing heavy metal Cré* and
domestic waste because in some sampling areas, there are
residential areas.

Hexavalent chromium has persistent, bioaccumulative,
toxic, and non-biodegradable properties in the
environment, and accumulates in the human body through
the food chain. Hexavalent chromium is produced from the
natural oxidation process of Cr3+ carrier minerals. This
heavy metal is easily soluble and very mobile compared to
the trivalent form (Cr3+). Cré* is highly carcinogenic and is
known to be 100-1000 times more toxic than Cr3+ (trivalent
chromium). The impact of this heavy metal if above the
standard quality standards can cause lung cancer; stomach,
nasal cavity, larynx and paranasal sinuses (Linos et al,
2011). Hexavalent chromium Cr (VI) is a class 1 carcinogen
classified by multiple complex mechanisms that trigger the
development of cancer (DesMarias and Costa, 2019).

E. Nickel

The nickel (Ni) content in the research area ranges from
0.014-0.0274 mg/L. The nickel quality standard is based on
Government Regulation of the Republic of Indonesia
Number 22 of 2021 is 0.005 mg/L Based on this, the
research area has not been contaminated by nickel heavy
metals. This indicates that the aquatic ecosystem of the
research area is still safe from nickel heavy metals. The low
Ni content value is indicated because some of the Ni that
enters the marine environment is carried to the open sea
due to the influence of the tides and then carried by the
current and then deposited in the sediment.

3.2. Content, Sources and Impacts of Heavy Metal
Contamination in Sediments

A. Chromium

The measurement results show that the heavy metal Cr
in the sediment (Table 3), based on marine sediment
quality standards according to Department of Ecology State
of Washington, 2013 chapter WAC 173-204-320, then the
presence of heavy metals is still in accordance with the
established standards and has not contaminated marine
sediments. This means that marine biota that live and feed
around/on sediments or the bottom of the waters are still
safe and have not been adversely affected by the presence
of heavy metals Cr so that they can still maintain a healthy
and diverse population.
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Table 2. Results of measurements of total suspended solids (TSS), pH, salinity and heavy metal content of Cr¢* and Ni in seawater.

Heavy metal (mg/L)

. Total Suspended Solids pH (Degree of Salinity - - -

No Station (TSS) (mg/L) Acidity) (%0) Nickel (Ni) Hexaval(zgi il)lromlum
1 ST1 52 8.12 31 0.0101 0.0514
2 ST 2 58 8.33 32 0.0245 0.0262
3 ST3 40 8.37 31 0.0158 0.0388
4 ST 4 60 8.43 31 0.0101 0.0011
5 ST5 58 8.40 31 0.0101 0.0011
6 ST6 78 8.31 32 0.0072 0.0011
7 ST7 62 8.32 31 0.0158 0.0137
8 ST8 54 8.32 31 0.0072 0.0137
9 ST9 84 8.34 31 0.0101 0.0011
10 ST 10 62 8.33 30 0.0158 0.0137
11 ST 11 58 8.32 31 0.0158 0.0262
12 ST 12 76 8.34 30 0.0130 0.0137
13 ST 13 48 8.44 30 0.0361 0.0262
14 ST 14 60 8.43 31 0.0101 0.0137
15 ST 15 72 8.45 30 0.0101 0.0262
16 ST 16 50 8.40 30 0.0014 0.0388
17 ST 17 52 8.41 32 0.0130 0.0011
18 ST 18 62 8.38 31 0.0274 0.0137
19 ST 19 50 8.38 31 0.0245 0.0011
20 ST 20 54 8.39 31 0.0158 0.0262
21 ST 21 50 8.12 31 0.0014 0.0262
22 ST 22 62 8.28 31 0.0014 0.0012
23 ST 23 50 8.33 31 0.0187 0.0011
24 ST 24 62 8.38 31 0.0014 0.0016
25 ST 25 66 8.36 31 0.0014 0.0011
26 ST 26 66 8.38 30 0.0101 0.0017
27 ST 27 76 8.40 30 0.0101 0.0011
28 ST 28 74 8.39 30 0.0158 0.0018
29 ST 29 68 8.38 31 0.0470 0.0019
30 ST 30 74 8.38 31 0.0072 0.0014
Quality standards 20 for coral and seagrass; « %

and 80 for mangroves* 7-85 33-34 0.05* 0.005*

*Seawater quality standards are based on Government Regulation of the Republic of Indonesia Number 22 of 2021 on the

Implementation of Environmental Protection and Management.

B. Nickel

The heavy metal Nij, if it is based on sediment quality
guidelines according to Guidelines for the Protection and
Management of Aquatic Sediment Quality in Ontario, 1993
has passed the sediment quality standards set at 4 stations,
namely ST 20, 21, 22 and ST 23 (Figure 5). This describes
that the presence of Ni in the sediment has had a negative
impact on marine biota that live and feed around/on the
sediment or the bottom of the waters around the 4 stations.
Indirectly, this will have a significant impact on human
health through the food chain.
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Fig 5. Comparison graph between the Ni content from the
measurement results (blue) and the sediment quality standards
(orange).

Stations contaminated with heavy metal Ni in
sediments are located around the nickel mining area of the
research area (Figure 6). Nickel is an element that is
naturally found in water, air and soil. Nickel comes from

natural sources and  anthropogenic  activities.
Environmental pollution due to nickel can be caused by
rock weathering, mining activities, industry, fuel use,
pesticide use, as well as industrial waste, domestic waste
and so on (Ali and Khan, 2018; Genchi et al.,, 2020). Based
on this, it is indicated that the origin of heavy metal
contamination Ni in the research area is due to weathering
of ultramafic rocks containing heavy metal Ni, then
experiencing erosion and transportation to the sea and
entering sea waters which then settle in sediments. nickel
mining activities, ship waste passing through the waters of
the research area and shipping activities that use fuel
around the research area.
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Fig 6. Distribution map of stations that experienced heavy metal
contamination with Ni (black) and those that did not experience
Ni contamination (red) (modified from Rusmana et al., 1993)
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Nickel is one of the nutrients needed by living things
including humans within certain limits. However, if it
exceeds the established standards, it will have an impact on
health such as respiratory cancer, dermatitis, reproductive

disorders, allergies, cardiovascular disease, kidney, lung
and nose cancer and breast cancer (Buxton et al, 2019;
Genchi etal., 2020).

Table 2. Results of measurements of heavy metal content Cr and Nickel in marine sediments in the research area.

Heavy metals in marine sediments (mg/kg)

No Station Chromium (Cr) Nickel (Ni)
1 ST 01 0.3431 0.2525
2 ST 02 0.3348 0.2022
3 ST 03 0.2598 0.1283
4 ST 04 0.2681 0.3234
5 ST 05 0.6263 0.8320
6 ST 06 0.2681 0.0721
7 ST 07 0.3181 0.1519
8 ST 08 0.5014 0.4920
9 ST 09 0.4347 0.2643
10 ST 10 0.6097 0.4388
11 ST 11 0.8429 0.4565
12 ST 12 0.4097 0.3855
13 ST 13 0.5180 0.2968
14 ST 14 0.4847 0.2052
15 ST 15 0.2931 0.5127
16 ST 16 0.6347 0.7315
17 ST17 0.5847 0.5688
18 ST 18 1.0262 14411
19 ST 19 9.4143 14.998
20 ST 20 19.077 26.748
21 ST 21 14.850 24.856
22 ST 22 73.163 26.526
23 ST 23 32.471 23.561
24 ST 24 0.7096 0.8083
25 ST 25 1.1261 0.9651
26 ST 26 1.7259 4.4452
27 ST 27 1.0428 2.2631
28 ST 28 1.1678 1.8994
29 ST 29 3.3502 11.778
30 ST 30 3.4335 5.6072

Quality standards 260* 16**

* Standard values for marine sediment quality according to Department of Ecology State of Washington, 2013 chapter WAC 173-204-320.
" Sediment quality guideline values for heavy metals according to Guidelines for the Protection and Management of Aquatic Sediment

Quality in Ontario, 1993.
Conclusion

The content of heavy metals in seawater in the form of
Ni has a content value that is still below the established
seawater quality standards, while the content of heavy
metals Cr6+ has exceeded the established quality
standards. The content of heavy metals Ni in marine
sediments has exceeded the established sediment quality
standards, while the content of heavy metals Cr is still
below the established quality standards. The impact of the
heavy metal content of Cr6+ in water and Ni content in
marine sediments has polluted the marine environment so
that it has a negative impact on marine ecosystems
including humans through the food chain. Sources of
contamination of heavy metals in water and sediment are
from the weathering of ultramafic rocks containing heavy
metals, mining activities, shipping activities using fossil
fuels, the use of ship paint containing heavy metals, solid
waste from ships containing heavy metals and domestic
waste.
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