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Abstract: Mercury is a hazardous chemical that significantly impacts both the environment and human
health. In Central Kalimantan, gold mining activities contribute to mercury contamination, particularly in
aquatic ecosystems. Lake Lais, an oxbow lake along the Kahayan River, is potentially affected by mercury
from upstream mining activities. This study aims to assess mercury contamination in Lake Lais water and
sediment, and evaluate the ecological risks associated with mercury pollution. In September 2024, water and
sediment samples were collected from five sites in Lais Lake. Water samples were collected from the surface
using polypropylene bottles with added nitric acid to preserve mercury content. Sediment samples were taken
using an Ekman grab and analyzed for mercury using Atomic Absorption Spectrophotometry (AAS) at Balai
Standarisasi Pelayanan Jasa Industriin Banjarbaru, South Kalimantan. The results showed that water mercury
concentrations ranged from 0.00 to 0.002 mg/I, which is within the limits set by the Indonesian government
(PP No. 22/2021). However, sediment mercury levels ranged from 0.14 to 0.47 mg/kg, which can negatively
impact the ecosystem based on international standards. Lais Lake was classified as having mild to moderate
mercury contamination, with an ecological risk ranging from moderate to very strong. The Risk Quotient (RQ)
exceeded 1, indicating high ecological risk. These findings highlight the need for regular monitoring and
stricter regulation of mercury use in mining. Future research should focus on long-term impacts and seasonal
variations in mercury levels to better assess ecological risks.
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1. Introduction waters containing mercury (Marsyalita et al.,
Mercury or mercury (Hg) is a type of metal 2012). In general, mercury enters the waters in
as an organic and inorganic compound. This  the form of elemental Hg (HgO) and has a high
type of metal is found in nature and is widely density. This element can be converted into
distributed in rocks, ore, soil, water, and air. organic mercury caused by the action of
Mercury (Hg) is liquid, grey in colour and methane bacteria, namely methyl mercury.
odourless. At room temperature, mercury has  This element has toxic properties and strong
liquid properties and has high electrical binding properties, as well as good solubility in
conductivity, which causes mercury to be the body of fish and other aquatic biota (Elvince
widely wused in industry, mining and et al., 2008).
laboratories. Mercury is very dangerous for In Central Kalimantan, mercury has been
both human life and other aquatic biota in using in gold processing since the 2000s.
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Mercury left over from gold processing can
enter the environment from several processes,
namely the disposal of liquid waste that still
contains mercury, tailings and smoke from the
gold refining process. All of these processes can
enter the surrounding environment and the
aquatic environment. Mercury waste that
enters the waters can settle into the sediments
at the bottom of the waters and then mercury
is converted into the very dangerous
methylmercury. Methyl mercury is known to be
one of the most dangerous types of mercury in
fish. If fish containing methylmercury is
consumed by humans, human health may be
compromised. The presence of mercury in the
aquatic environment can pose risks that can
cause harm. Risk of ecology related to mercury
have been conducted by some researchers
such as Guo, et al (2010), Mulyaningsih, T.R,
and Suprapti, S. (2015), Abdullah et al (2020),
Kho, et al. (2022), Handayani, et al (2024)

Mercury contamination of river waters can
occur in several ways, one of which is the
extraction of gold from illegal gold mines
located along river banks. Liquid mercury is
used in gold extraction to form amalgam.
Amalgam is then melted through a combustion
process releasing mercury in gaseous form into
the atmosphere. Mercury released into the
atmosphere will be reabsorbed through various
media by plants, animals and humans causing
health problems (Nakazawa et al., 2021). Hg
(0) emitted to the atmosphere isoxidized,
trapped by the rain, and deposited in
environmental waters; Hg is also discharged
directly into environmental waters. These
processes may increase Hg concentrations in
aquatic organisms such as fish, potentially
increasing the risk of Hg intake among people
who eat fish on a daily basis. (Nakazawa, et al.,
2016)

According to the US EPA (2024), ecological
risk assessments can be used to predict the
likelihood of future impacts (prospective); or to
evaluate the likelihood that observed effects
are due to past or ongoing exposure to specific
stressors (retrospective). In addition, ecological
risk assessments are used to support various
types of actions, including regulation of
hazardous waste disposal sites, industrial
chemicals, and  pesticides,  watershed
management; protection of ecosystems from
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chemical, physical, or biological stressors.
Information from ecological risk assessments
can be used by risk managers to communicate
with interested parties and the general public;
limit exposure to ecological stressors; negotiate
remediation options with stakeholders; or
develop monitoring plans to ensure risk
reduction and ecosystem restoration.

Some research related to ecological risk of
mercury in Indonesia has been conducted by
some researchers (Maulana, et.al., 2023;
Mulyaningsih and Suprapti, 2015; Nugrayani, et
al., 2023; Astuti, et al., 2023)

Lake Lais is one of the lakes located in
Tanjung Sangalang Village, Kahayan Tengah
Sub-district, Pulang Pisau Regency, Central
Kalimantan. Lais Lake is utilized by the
community as a fishing ground area. As a
source of protein, fish is one of the sources of
mercury entry into the human body. This study
aims to assess the ecological risk of mercury
(Hg) concentrations in water and sediment in
Lake Lais.

2. Materials and Method
2.1. Sampling Location
This research was conducted in Lake Lais on

03 September 2024. The lake located in

Tanjung Sangalang Village, Kahayan Tengah

District, Pulang Pisau Regency, Central

Kalimantan Tengah (Figure 1). The lake is one

of the oxbow lakes in Central Kalimantan with

an area of 5,4 ha.

2.2. Research Procedure

Water and sediment sampling was carried

out at each station (5 stations) by following

procedures:

i. Water samples were taken from each
station at the surface of the water using a
50 ml polypropylene bottle at each station.
Then the water samples taken were added
with nitric acid (HNO3) to stabilize the
mercury concentration in the samples and
put in a box filled with ice before the
samples sent to the Balai Standarisasi dan
Pelayanan Jasa Industri, Banjarbaru, South
Kalimantan.

ii. Sediment samples were collected using an
Ekman Grab at each sampling station and
the sediment samples were put into a 50
ml polypropylene bottle that had been
prepared and labelled, then put into
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Styrofoam box before the samples were
sent to the Balai Standarisasi dan
Pelayanan Jasa Industri, Banjarbaru, South

Kalimantan.
iii. Mercury analysis for both samples were
analysis using  Atomic  Absorption

Spectrometry (AAS) method.

2.3. Data analysis
Pollutant accumulation index

Index of Geographic Accumulation (I-Geo) is
used to assess mercury pollution of Lake Lais.
In order to obtain the I-Geo value or the level
of mercury pollution, the formula is used as
follows (Nugraha et al., 2022).

I-Geo = Log2 (Cn/1.5 Bn) .. Eq.1

where:

Cn: Heavy metal concentration in
sediment

Bn: Normal concentration of metal

(background) in nature 0.08 mg/kg
(Panggabean et al., 2022).

Table 1. Classification of Geoaccumulation

Index
I-Geo Range Pollution Class
I-Geo £ 0 Unpolluted
0 <I-Geo <1 Unpolluted to moderately
polluted
1 <I-Geo £ 2 Moderately polluted
2 <I-Geo £ 3 Moderately to heavily polluted
3 <I-Geo £ 4 Heavily polluted

4 <I-Geo £ 5
I-Geo > 5

Heavily to extremely polluted
Extremely polluted

The CF was calculated by dividing the metal

concentration in the sediment by the
background value (Huang, et al., 2023)
CF = C (contaminants)/C .. Eq.2

(background) = Ci /Cb

where:

Ci: the Hg concentration in the sediment
sample
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Cb: Cb is background concentration of
metal in nature 0.08 mg/kg
(Panggabean et al., 2022).

Risk of Ecology (RI)

The RI evaluating the degree of contamination
of sediments according to the toxicity of
pollutants was calculated:

RI = 3 Eu=TixCis - Eq3
where:
RI : Total environmental potential index
2 Eir:  Sigma of the potential
environmental index
Eir index of potential environmental risk
of one heavy metal element
Tir toxic response factor (Hg = 40)

Table 2. Classification of ecological risk index

RI Range Ecological Risk Level
RI <40 Low ecological risk
40 <RI <80 Moderate ecological risk
80 <RI = 160 Strong ecological risk

160 < RI < 320 Very strong ecological risk
RI > 320 Extremely high ecological risk

To describe the potential risk of toxic
pollutants, the following formula (Huang et al.,
2023) was used:

RQ = Ci/PNEC .. Eq.4
where RQ is the Risk Qouitient; Ci is the Hg
concentration in the sediment sample and
PNEC is the concentration predicted to have no
effect. According to Portezuela et. al. (2019),
the PNEC of Hg is estimated at 0.04 mg/kg. RQ
> 1 indicates high risk, and RQ < 1 indicates
low risk (Huang et al., 2023).
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Figure 1. Location map of Lake Lais showing the sampling stations, Pulang Pisau District, Central
Kalimantan, Indonesia

3. Result and Discussion
3.1. Mercury Content
Sediment

The presence of mercury in water and
sediment in Lais Lake might come from several
pathways, such as rainwater containing
mercury, particles from the air entering the lake
and also from the Kahayan River water entering
the lake. The sources of mercury to the
environment consist of natural and
anthropogenic sources (Guentzel et al., 2007;
Mao, et al. 2023). Natural sources of mercury
include volcanic eruptions and marine
emissions.  Anthropogenic  (human-caused)
emissions include mercury released from fuels
or raw materials or industrial products or
processes (US EPA, 2024).

Mercury released from natural and
anthropogenic  sources enters  aquatic
ecosystems primarily through river flow and
atmospheric deposition. It is then converted to
highly toxic methylmercury (MeHg) through
methylation by microbes in sediments and the
water column. Sediments are considered a
repository of pollutants and environmental
changes. Therefore, the aquatic environment is
critical to the Hg cycle and human exposure
(Mao, et al. 2023).

in Water and
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Based on the results presented in Table 2,
the mercury content in Lais Lake water ranged
from 0.001 to 0.005 mg/I. The mercury content
in lake water is still within the prescribed range
by Republik Indonesia (2021). Compared to
another research location in  Central
Kalimantan, the mercury content in Lais Lake
water is much higher than the mercury content
in Tilap Lake water, which was below 0.000007
mg/| (Elvince, et al. 2008) and Payawan Lake
(0,000069 mg/l) (Indrajaya and Virgiyanti,
2019). Therefore, the mercury content in Lais
Lake water was lower than that in water from
Limboto Lake (0.0146 mg/l) (Niode, et al.
2021).

Mercury content in Lais Lake sediments
ranged from 0.142 to 0.473 mg/kg. Mercury
content in sediments can have a negative
impact on organisms in the water. Sediment
mercury can be converted by microorganisms
into methylmercury, a highly toxic chemical
that builds up in fish, shellfish and animals that
eat fish (US EPA, 2024). Some countries set the
mercury content in sediments to prevent the
adverse effects of mercury presence in
sediments. The quality standard value of
sediment Hg from ANZECC & ARMACANZ is
divided into two categories, namely low (0.15
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mg/kg) which indicates low toxicity effects but
needs further attention and high (1.00 mg/kg)
indicates the reference value as an evaluation
of the adverse effects experienced by half the
exposed population. Meanwhile, Canadian
quality standards in the CCME also show an
Interim Sediment Quality Guidline (ISGQ) value
of 0.13 mg/kg as the limit of negative effects
experienced by biota and a Probable Effect
Level (PEL) of 0.70 mg/g as an adverse
biological effect experienced by biota due to
exposure to contaminants. In addition, the

National Oceanic and Atmospheric
Administration (NOAA) sets quality standards
based on the Effect Range Low (ERL) value of
0.15 mg/kg and Effect Range Medium (ERM) of
0.71 mg/kg which shows the criteria for the
relationship between chemical concentrations
in sediments and indicators of biological
damage caused (Haryati, et. al., 2022). Based
on the references, the mercury toxicity in
sediment from Lais Lake indicates low adverse
effects.

Table 3. Mercury Concentration in Water and Sediment Samples from Lake Lais

Mercury Mercury
Station in Water in Sediment Quality Standards

(mg/L) (mg/kg)
ST.1 0.001 0.473 Water: 0.0001-0.0005 (PP No. 22/2021)
ST.3 0.002 0.217 - 0.15-1.00 (ANZECC & ARMCANZ)
ST.4 0.001 0.263 - 0.1-0.7 (Canadian Guidelines)
ST.5 0.001 0.142 - 0.1-0.7(NOAA, US)

3.2. Ecological Risk Assessment of
Mercury in Lake Lais

Ecological risk assessment is used to
understand the likelihood and consequences
of these impacts on ecosystem receptors (Kho,
et al.,, 2022). The geo-accumulation index
(Igeo) is widely used to assess pollution levels
and sediment health status by comparing the
current concentration status with pre-
industrial levels (Abdullah, et al., 2020). The
geo-accumulation index (Igeo) is calculated to

determine the adsorption rate of heavy metals
in sediments. It is determined by comparing
sediment heavy metal concentrations and
initial concentrations (Ananga et al., 2023).

Based on Table 4, the geoaccumulation
index of mercury in Lake Lais is categorized
as lightly to moderately polluted. ST. 1, ST. 2
and ST. 4 are included in the moderately
polluted (1 < I-Geo < 2), while ST. 3 and ST.
5, are categorized in the lightly polluted
criteria (0 < I-Geo < 1).

Table 4. Contamination Factor (CF), Geoaccumulation Index (I-Geo), Risk Index (RI), and Risk
Quotient (RQ) Calculated from Mercury Content in Sediments of Lake Lais

Station Ci CF I-Geo RI=Eir RQ
ST.1 0473 591 1,979 236,50 11,83
ST.2 0317 3,96 1,401 158,50 7,93
ST.3 0,217 2,71 0,855 108,50 5,43
ST4 0,263 3,29 1,132 131,50 6,58
ST.5 0,142 1,78 0,243 71,00 3,55

Ecological risk assessment is a process to
evaluate how likely it is that the environment
will be impacted as a result of exposure to one
or more environmental stressors, such as
chemicals, land use change, disease, and
invasive species (US EPA, 2024). Table 5 shows
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the ecological risk caused by the presence of
mercury in sediments from each station. ST, 1
has a very strong ecological risk (160<RI<320),
ST. 2, ST.3 and ST.4 have strong ecological risk
(80<RI<160) and ST. 5 has moderate
ecological risk (40<RI<80). In general, Lake
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Lais appears to have a strong ecological risk
from the presence of mercury. Some mercury
risks to human health and ecology are
reproductive disruption, genotoxicity,
endocrine disruption, carcinogenicity, and
immunosuppression (Huang, et al., 2023).

The risk quotient (RQ) index is estimated to
describe the possible hazards of mercury
contaminants in the ecosystem (Maulana, et al.,
2023). Based on Table 3, the RQ value of each
has exceeded 1 (RQ>1), which means that
mercury content in sediments in Lais Lake has
a high risk to the ecosystem.

4, Conclusion

The findings of this study indicate that
mercury content in water samples from Lake
Lais (0.001-0.002 mg/L) remains within the

permissible limits  established by the
Government of Indonesia under Regulation PP
No. 22 of 2021. In contrast, mercury

concentrations in sediment samples, ranging
from 0.01 to 0.47 mg/kg, approach or exceed
the threshold values recommended by
international guidelines (e.g., ANZECC, NOAA,
and Canadian sediment quality standards),
highlighting a potential ecological risk.

According to the Index of Geoaccumulation
(I-Geo), Lake Lais is classified as lightly to
moderately polluted. The Ecological Risk Index
(RI) categorizes mercury contamination as
posing a low to very strong ecological risk.
Additionally, Risk Quotient (RQ) values greater
than 1 further underscore that mercury
contamination in the sediments of Lake Lais
represents a significant ecological threat to the
aquatic environment.

Future research should focus on identifying
pollution sources, expanding spatial and
temporal coverage, and assessing
bioaccumulation in aquatic biota to evaluate
potential human health impacts. Policymakers
are encouraged to use this data to develop
mitigation strategies, particularly by
implementing stricter controls on gold mining
and industrial runoff. Ongoing monitoring,
public awareness, and integrated management
are essential for protecting this vulnerable
ecosystem.
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