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Risk Assessment of Heavy Metal Exposure from Sinanodonta 
woodiana in Krueng Meureubo River, West Aceh. The increasing 
intensity of industrial activities in the coastal area of West Aceh has 
the potential to contaminate aquatic environments with heavy 
metals such as chromium (Cr), lead (Pb), and mercury (Hg), which 
can accumulate in aquatic biota and pose health risks to humans. 
This study aimed to analyze the concentration of heavy metals in 
Sinanodonta woodiana, assess community exposure levels based on 
consumption patterns, and estimate non-carcinogenic health risks 
using the Environmental Health Risk Assessment (EHRA) approach. 
The study was conducted at four sampling sites along the Krueng 
Meureubo River and involved 141 respondents. Heavy metal 
concentrations were analyzed using Atomic Absorption 
Spectrophotometry, while health risks were assessed based on daily 
intake and Hazard Quotient (HQ) values. The results indicated that 
Pb (2.36–5.65 mg/kg) and Hg (1.10–53.27 mg/kg) concentrations in 
mussel tissue exceeded national food safety limits, whereas Cr 
concentrations (<0.0001 mg/kg) remained within acceptable levels. 
Risk characterization showed that 71.7% of respondents had HQ 
values greater than 1 for Pb and Hg, indicating potential non-
carcinogenic health risks associated with regular mussel 
consumption. In contrast, Cr exposure did not present a significant 
health risk. These findings highlight that the consumption of 
freshwater mussels from the Krueng Meureubo River may pose 
health risks to coastal communities, underscoring the need for 
continuous monitoring of water quality and aquatic food safety to 
prevent long-term adverse health effects. 

Keywords: 

EHRA 

Chromium (Cr) 

Lead (Pb) 

Mercury (Hg) 
Shellfish 
 

This is an open access article under the CC BY-SA license. 

 
 

INTRODUCTION 

The coastal area of West Aceh is a densely populated region that has experienced a rapid 
increase in human activities, particularly industrial operations. Several high-intensity 
industrial activities, including coal processing, gold mining, and steam power plants, are 
located in this region and exert considerable pressure on aquatic environments⁽¹⁾. 
Uncontrolled discharges of organic, inorganic, and suspended wastes into water bodies have 
the potential to degrade water quality and contribute to environmental pollution⁽²⁻³⁾. Among 
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these pollutants, heavy metals are of major concern due to their persistence, bioaccumulative 
properties, and potential to cause adverse health effects when entering the human body 
through the food chain. 
Chromium (Cr), lead (Pb), and mercury (Hg) are among the most hazardous heavy metals 
commonly associated with industrial and anthropogenic activities and are widely recognized 
for their toxicological impacts⁽⁴⁾. Chromium may originate from natural geological processes 
such as groundwater interactions, erosion, and rock–water contact⁽⁵⁻⁶⁾; however, industrial 
activities and mining operations can significantly increase its concentration in aquatic 
environments. Chromium is non-biodegradable and capable of accumulating in biological 
tissues, posing risks to aquatic organisms and humans⁽⁷⁾. Its toxicity is associated with its 
ability to penetrate cell membranes and induce DNA damage through oxidative stress 
mechanisms⁽⁸⁾. 
Lead (Pb) is a non-essential metal that accumulates in body tissues, particularly in bones, 
kidneys, and the nervous system, and is well known for its high toxicity⁽⁹⁾. Mercury (Hg), 
especially in its methylated form, is considered one of the most toxic heavy metals in aquatic 
ecosystems due to its ability to cross the blood–brain barrier and the placenta, potentially 
causing neurological damage and developmental disorders in fetuses⁽¹⁰⁾. 
Freshwater mussels such as Sinanodonta woodiana are commonly found in the Krueng 
Meureubo River in West Aceh and serve as an important source of animal protein for local 
communities. This species is widely consumed due to its relatively large meat size and ease 
of collection. In addition to its nutritional value, including protein and other bioactive 
compounds⁽¹¹⁻¹²⁾, S. woodiana is a filter-feeding organism capable of processing large 
volumes of water to obtain nutrients. This feeding behavior also facilitates the accumulation 
of heavy metals and other pollutants in its tissues, often at concentrations exceeding those in 
the surrounding environment⁽¹³⁻¹⁴⁾. Consumption of shellfish contaminated with heavy 
metals can have serious impacts on human health, including kidney dysfunction, liver 
damage, and carcinogenic effects⁽¹⁵⁻¹⁶⁾. Lead is particularly concerning due to its neurotoxic 
effects, which are associated with DNA damage and oxidative stress⁽¹⁷⁾, while mercury, 
especially methylmercury, has been linked to disorders of the nervous system and renal 
function⁽⁴⁾. Chronic exposure to Cr, Pb, and Hg through the regular consumption of 
contaminated shellfish may therefore increase long-term health risks in exposed populations. 
Several studies conducted in West Aceh have reported heavy metal contamination in aquatic 
environments exceeding established quality standards. Previous investigations by Munandar 
and Alamsyah (2016)⁽¹⁸⁾, Edwarsyah and Iqbal (2017)⁽¹⁹⁾, Warni et al. (2017)⁽²⁰⁾, and Ukhty 
et al. (2020)⁽²¹⁾ documented elevated concentrations of Hg, Cd, and Pb in water bodies in this 
region. More recent research by Qoriansas et al. (2024)⁽²²⁾ confirmed Cr⁶⁺ contamination in 
the Krueng Meureubo River at concentrations of 0.10 mg/L and 0.08 mg/L, exceeding the 
safety limits specified in the Ministry of Health Regulation No. 492 of 2010. These findings 
indicate a serious environmental and public health concern for communities that rely on river 
water and aquatic organisms as food sources. 
Studies from other regions in Indonesia further support these concerns. Nurhayati et al. 
(2019)⁽²³⁾ reported bioaccumulation of Pb and Hg in green mussels from the coastal waters 
of Java, while Andriani et al. (2022)⁽²⁴⁾ documented similar findings in mussels collected from 
the Makassar fish auction. Mursidi (2015)⁽²⁵⁾ reported a cancer risk of 1.5 per 10,000 
population due to Cr⁶⁺ exposure in East Java, and Fatmayani et al. (2022)⁽²⁶⁾ identified renal 
function disorders among communities consuming contaminated mussels in Makassar. 
However, most existing studies have focused primarily on environmental contamination 
levels or isolated toxic effects, while comprehensive assessments of non-carcinogenic health 
risks resulting from combined exposure to Cr⁶⁺, Pb, and Hg through freshwater mussel 
consumption remain limited, particularly in West Aceh. 
Considering the high frequency of mussel consumption among the local population, reaching 
3–5 servings per week⁽¹⁾, a comprehensive health risk assessment is urgently required. 
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Therefore, this study aims to quantify the concentrations of Cr⁶⁺, Pb, and Hg in Sinanodonta 
woodiana consumed by communities along the Krueng Meureubo River, West Aceh, and to 
characterize non-carcinogenic health risks using an Environmental Health Risk Assessment 
(EHRA) approach. The findings of this study are expected to provide a scientific basis for risk 
mitigation strategies and to support environmental quality management policies aimed at 
protecting public health in the coastal areas of West Aceh. 
 

 
MATERIALS AND RESEARCH METHODS 
Study Design and Location 
This study employed a quantitative approach to determine heavy metal concentrations in 
freshwater clams, assess community consumption patterns, and estimate non-carcinogenic 
health risks using the Environmental Health Risk Analysis (EHRA) approach. The research was 
conducted at four sampling points along the Krueng Meureubo River, West Aceh, representing 
upstream to downstream river conditions and illustrating the spatial distribution of heavy 
metal contamination. 
Mesjid Tuha Waters (Point 1) are located in the upstream section of the Krueng Meureubo 
River and are predominantly influenced by residential settlements and agricultural land use. 
Marek Waters (Point 2) are situated in the middle section of the river and receive inputs from 
several tributaries as well as agricultural activities along the riverbanks. Rundeng Waters 
(Point 3) are located in the mid-lower section of the river and are characterized by relatively 
calm water flow, making this area a potential site for sediment deposition and accumulation 
of heavy metals transported from upstream. Pasi Mesjid Waters (Point 4) are located in the 
downstream area near the estuary and coastal zone, where community fishing activities and 
tidal influences are prominent. 
 
Sample Collection and Respondents 
Biological samples consisted of Sinanodonta woodiana clams, with one kilogram collected from 
each sampling point. Human subjects included 141 members of coastal communities, evenly 
distributed across the four study locations. The number of respondents was determined using 
the Kadam and Bhalerao formula⁽²⁷⁾. Inclusion criteria were: age between 18 and 65 years, 
shellfish consumption of at least three times per week, and residence within a 1 km radius of 
the river. 
 
Heavy Metal Analysis and Health Risk Assessment 
The concentrations of Pb, Hg, and Cr in clam samples were analyzed using Atomic Absorption 
Spectrophotometry (AAS) at the Laboratory of the Standardization and Industrial Service 
Center, Banda Aceh. Data on intake rate, exposure frequency, exposure duration, and other 
risk-related variables were collected using a structured questionnaire developed based on the 
WHO Human Health Risk Assessment Toolkit⁽²⁸⁾. The questionnaire was validated by two 
environmental toxicology experts prior to field implementation. Respondents’ body weight 
was measured directly using a digital scale and incorporated into the calculation of Pb, Hg, and 
Cr intake. 
A systematic evaluation of health risks associated with the consumption of shellfish 
contaminated with Cr, Pb, and Hg was conducted using the Environmental Health Risk 
Analysis (EHRA) framework, which consists of four stages: hazard identification, exposure 
assessment, dose–response analysis, and risk characterization. 
 
Hazard Identification 
Hazard identification was conducted to determine specific risk agents that may cause adverse 
health effects upon exposure. Measured concentrations of Pb and Hg were compared with the 
limits established in the Indonesian Food and Drug Authority (BPOM RI) Regulation No. 9 of 
2022⁽²⁹⁾, which sets maximum permissible levels of <1.0 mg/kg for Pb and <0.5 mg/kg for Hg 
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in processed foods. Chromium concentrations were evaluated using international reference 
standards from the Centre for Food Safety (CFS), Food and Environmental Hygiene 
Department, Hong Kong SAR⁽³⁰⁻³¹⁾, which specify a limit of 1.0 mg/kg for Cr in certain 
categories of seafood, such as oysters and crustaceans. This reference was applied due to the 
absence of an established Cr limit in processed foods under current BPOM RI regulations⁽²⁹⁾. 
 
Exposure Assessment 
Exposure assessment estimated the amount of heavy metals entering the human body through 
shellfish consumption. Calculations were based on questionnaire data and included 
parameters such as intake rate, exposure frequency, exposure duration, and body weight, 
which was measured directly using a digital scale. The exposure intake value was calculated 
using the following equation: 
 
  
 
 
   
where: 
I = intake value or Estimated Daily Intake (EDI) (mg/kg/day)  
C = concentration of heavy metals in clams (mg/kg)  
IR = clam consumption rate per day (kg/day)  
EF = exposure frequency per year (days/year)  
ED = exposure duration or consumption period (years)  
BW = respondent's body weight (kg)  
AT = average exposure time for non-carcinogenic effects (days) 

 
Dose–Response Analysis and Risk Characterization 
Dose–response analysis was conducted to evaluate the relationship between the exposure 
dose of heavy metals (Cr, Pb, and Hg) and potential non-carcinogenic health effects. The 
reference value used was the Reference Dose (RfD), representing the safe threshold for non-
carcinogenic exposure. In the absence of nationally established RfD values, reference values 
were obtained from the Integrated Risk Information System (IRIS) of the United States 
Environmental Protection Agency (US EPA)⁽¹⁰⁾. This approach is consistent with the 2012 
Environmental Health Risk Analysis Guidelines, which permit the use of international toxicity 
benchmarks when national data are unavailable. 
The RfD values applied in this study were 0.0035 mg/kg/day for Pb, 0.0003 mg/kg/day for 
Hg, and 0.003 mg/kg/day for Cr. Non-carcinogenic risk was assessed by comparing the 
estimated daily intake (I) with the corresponding RfD value using the Hazard Quotient (HQ), 
calculated as follows: 
 
 
 
where: 
HQ = Hazard Quotient, the ratio between the actual dose and the reference doseI  
I      = Intake (mg/kg/day) 
RfD =Reference Dose (mg/kg/day) 

 
An HQ value <1 indicates that exposure is within acceptable limits, whereas an HQ ≥1 suggests 
a potential non-carcinogenic health risk requiring further attention⁽³²⁻³³⁾. 
 
Ethical Considerations 
This study received ethical approval from the Health Research Ethics Committee of Poltekkes 
Kemenkes Aceh (Approval No. DP.04.03/12.7/132/2025). All research procedures were 
conducted in accordance with ethical principles for human research. Informed consent was 
obtained from all participants prior to data collection. Participant safety and comfort were 
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prioritized, potential risks were minimized, and data confidentiality was strictly maintained 
in compliance with applicable ethical standards. 

 

 
RESEARCH RESULTS AND DISCUSSION 
Hazard Identification 
Hazard identification is the initial stage in Environmental Health Risk Analysis (EHRA), aimed 
at recognizing potential hazards that may arise from exposure to heavy metals on human 
health. In this study, the identified sources of hazard come from the heavy metals Pb, Hg, and 
Cr, which accumulate in the tissues of the clam Sinanodonta woodiana consumed by the local 
community around the Krueng Meurebo River, West Aceh.  
 
Profile of the Mussel Sinanodonta woodiana in the Meureubo River   
The Meureubo River is a major river in West Aceh Regency and serves as an important habitat 
for freshwater organisms, including the mussel Sinanodonta woodiana, which is commonly 
found in calm, muddy river sections and functions as a bioindicator of water quality. S. 
woodiana is a freshwater bivalve from the family Unionidae that is widely distributed in 
tropical and subtropical regions, including Indonesia, and has adapted well to riverine 
environments in West Aceh 34. Morphologically, this clam has a dark brown to black shell with 
a smooth and glossy surface (Figure 1). The shell is elongated and ovoid, measuring 8–15 cm 
in length, and the inner side of the shell (nacre) is silvery white. The dorsal part of the shell 
tends to be thick and strong, serving to protect the internal organs from fluctuating aquatic 
environmental conditions. 
 
 
 
 
 
 
 
 

Figure 1. Sinanodonta woodiana clams from the Krueng Meureubo River, West Aceh. 

 
As a filter-feeding organism, S. woodiana has the ability to accumulate heavy metals dissolved 
in the water column or associated with suspended particles, particularly within its soft tissues. 
Its high bioaccumulation capacity, coupled with tolerance to environmental fluctuations, 
makes this species a suitable bioindicator for assessing heavy metal contamination in 
freshwater ecosystems⁽³⁵⁾. 
 
Heavy Metal Concentrations in Sinanodonta woodiana from the Meureubo River 
Table 1 presents the concentrations of Pb, Hg, and Cr in Sinanodonta woodiana clams collected 
from four sampling points along the Meureubo River: Point 1 (upstream), Point 2 (midstream), 
Point 3 (mid–downstream), and Point 4 (downstream). 
 

Table 1. Concentration of Heavy Metals Pb, Hg, and Cr in Sinanodonta woodiana Clams in the 
Meureubo River Estuary 

Concentration of Heavy 
Metals 

Point 1 Point 2 Point 3 Point 4 

Pb (mg/kg) 3,91 5,65 2,36 5,34 
Hg (mg/kg) 53,27 3,71 1,10 13,29 
Cr (mg/kg) < 0,0001 < 0,0001 < 0,0001 < 0,0001 

 
Table 1 shows that Pb concentrations in Sinanodonta woodiana ranged from 2.36 to 5.65 
mg/kg. The highest concentration was observed at Point 2 (5.65 mg/kg), while the lowest was 
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recorded at Point 3 (2.36 mg/kg). All measured Pb concentrations exceeded the maximum 
permissible limit for heavy metal contamination in processed fishery products established by 
BPOM RI Regulation No. 9 of 2022, which is 1.0 mg/kg. The elevated Pb concentration at Point 
2 (Marek Waters) may be attributed to agricultural activities along the riverbanks and 
tributary inputs transporting pesticide residues, phosphate fertilizers, and metal-laden 
sediments from the surrounding watershed in the midstream section of the river. Relatively 
high Pb concentrations were also detected at Point 1 (3.91 mg/kg) and Point 4 (5.34 mg/kg), 
indicating that Pb contamination is widespread from upstream to the estuarine area, likely 
due to domestic wastewater discharges and residues from community activities along the 
riverbanks. This finding is consistent with a study by Lahati et al. (2022), which reported that 
elevated Pb concentrations in clams are closely associated with human and agricultural 
activities surrounding aquatic environments⁽³⁶⁾. 
As presented in Table 1, Hg concentrations ranged from 1.10 to 53.27 mg/kg, with the highest 
value detected at Point 1 (53.27 mg/kg), an upstream area dominated by residential 
settlements and agricultural land use. This concentration far exceeded the safety limit 
stipulated by BPOM RI Regulation No. 9 of 2022, which is 0.5 mg/kg. The extremely high Hg 
levels in the upstream section suggest potential inputs from domestic wastewater, the 
application of heavy metal–based pesticides, or effluents from household and agricultural 
activities. Given the volatile nature of mercury and its propensity for bioaccumulation through 
the food chain, S. woodiana clams at this location are at a particularly high risk of mercury 
accumulation. Although the Hg concentration at Point 3 (1.10 mg/kg) was relatively lower 
than at other sampling points, it still exceeded the regulatory threshold, indicating persistent 
Hg contamination along the river continuum to Point 4 (13.29 mg/kg), which is located near 
the estuary and influenced by fishing activities and tidal dynamics. Similar findings were 
reported by Nur et al. (2023), who demonstrated that elevated Hg levels in shellfish are 
associated with the accumulation of domestic waste and other anthropogenic inputs⁽³⁷⁾. 
In contrast, Cr concentrations at all sampling points were below the instrument detection limit 
(<0.0001 mg/kg), as shown in Table 1. These values are substantially lower than the 
international safety threshold of 1.0 mg/kg established by the Centre for Food Safety (CFS), 
Hong Kong (2025). This result indicates that anthropogenic activities along the Meureubo 
River have not led to significant Cr contamination in the aquatic environment. Chromium in 
this system is likely present predominantly in its trivalent form (Cr³⁺), which is relatively 
stable and less soluble than other heavy metal species. These findings are in agreement with 
the study by Rudiyanti et al. (2023), which also reported low Cr concentrations (<0.3 mg/kg) 
in clams from Semarang waters, suggesting that Cr is generally not a dominant 
bioaccumulative metal in Indonesian aquatic ecosystems⁽³⁸⁾. 
 
Characteristics of Subject/Respondent Samples 
 

Table 2. Demographic Characteristics of Respondents (n=141) 

Characteristic Mean ± SD Min–Max n (%) 

Age (years) 44.78 ± 15.57 17–80 – – 

Sex     

Male – – 48 34.0 

Female – – 93 66.0 

Educational Level     

Primary – – 44 31.2 

Secondary – – 83 58.9 

Higher – – 14 9.9 

Occupation     

Employed – – 65 46.1 

Unemployed – – 76 53.9 

Health Check-Up When Ill     

Yes – – 69 48.9 
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Characteristic Mean ± SD Min–Max n (%) 

No – – 72 51.1 

Symptoms Experienced While Consuming Shellfish     

Abdominal pain – – 12 8.5 

Nausea and vomiting – – 12 8.5 

Diarrhea – – 7 5.0 

Loss of appetite – – 3 2.1 

Weakness and fatigue – – 13 9.2 

Headache – – 31 22.0 

Skin rash and itching – – 47 33.3 

Weight loss – – 8 5.7 

Mild fever – – 4 2.8 

 

Based on Table 2, the mean age of the respondents was 44.78 ± 15.57 years, with an age range 
of 17–80 years. This distribution indicates that the respondents represent adult to elderly age 
groups, which are generally active in economic and social activities within coastal 
communities. Female respondents constituted the majority of the study population (66%). 
This predominance may be attributed to the greater involvement of women in household 
activities, which increased their availability during the data collection process. 
Regarding educational attainment, most respondents had completed secondary education 
(58.9%), while more than half were unemployed (53.9%). These characteristics suggest that 
the community in the study area predominantly has a low-to-middle educational background. 
Such conditions may influence the level of awareness and knowledge regarding potential 
health risks associated with the consumption of shellfish contaminated with heavy metals⁽²³⁾. 
Only 48.9% of respondents reported seeking health check-ups when experiencing illness, 
whereas 51.1% had never undergone a medical examination, indicating limited health-seeking 
behavior at formal healthcare facilities. Health complaints reported during shellfish 
consumption varied among respondents. The most frequently reported symptoms were skin 
rashes and itching (33.3%), followed by headaches (22.0%), as well as abdominal pain and 
nausea or vomiting, each reported by 8.5% of respondents. These symptoms may be indicative 
of exposure to heavy metals such as mercury and lead, which are known to accumulate in 
shellfish⁽²³⁻²⁴˒³⁹⁾. Although the reported symptoms were generally mild to moderate, these 
findings highlight a potential health risk associated with the long-term and repeated 
consumption of shellfish in the study area. 
 
Exposure Analysis 
Exposure analysis is conducted to calculate the amount of heavy metal intake entering the 
human body through the consumption of shellfish. The exposure pathway used in this study is 
oral ingestion, as shellfish are directly consumed by the local community as a source of animal 
protein.  
 

Table 3. Analysis of Heavy Metal Exposure of Pb, Hg, and Cr in Communities Consuming Sinanodonta 
woodiana Clams in the Krueng Meureubo River 

Location Concentration N Intake (mg/kg/day) 
Min Max Mean Std.Deviasi 

Point 1-4 
 

Cr      141 0.00000 0.00023 0.00006 0.00004 
Pb 0.00000 9.80816 2.67452 2.01455 
Hg 0.00000 94.00588 10.19342 16.57924 

 
Table 3 presents the results of heavy metal exposure to Cr, Pb, and Hg among communities 
consuming Sinanodonta woodiana clams from four sampling points in the Krueng Meureubo 
River. The calculations indicate that the highest average intake value is found for Hg at 
10.19342 mg/kg/day, with a range of 0.00000–94.00588 mg/kg/day, followed by Pb at 
2.67452 mg/kg/day, and Cr at 0.00006 mg/kg/day. The highest standard deviation was also 
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observed in Hg (16.57924 mg/kg/day), indicating substantial variation in exposure among 
respondents, presumably due to differences in consumption locations and the frequency of 
clam intake. 
In general, the findings indicate that mercury (Hg) exhibits the highest exposure levels 
compared to other heavy metals. This aligns with the characteristic of Hg, which easily 
accumulates in the tissues of aquatic organisms through the food chain and is subject to 
biomagnification. Meanwhile, chromium (Cr) exposure shows the lowest value (<0.00023 
mg/kg/day) due to Cr levels at all sampling points being below the laboratory detection limit. 
Lead (Pb) intake values still demonstrate considerable variation among respondents, 
reflecting potential differences in exposure at each river site. When compared to the Reference 
Dose (RfD) recommended by the US EPA (0.0030 mg/kg/day for Cr, 0.0035 mg/kg/day for Pb, 
and 0.0003 mg/kg/day for Hg), the average intake value for Hg exceeds the safe limit. This 
indicates a potential non-carcinogenic risk to the community from consuming shellfish from 
the Krueng Meureubo River, whereas Cr and Pb levels remain below the safe threshold. 
 
Risk Characterization 
The risk characterization or Hazard Quotient (HQ) is the final stage in the EHRA process, 
conducted to determine the extent of potential health risks arising from heavy metal exposure 
through the consumption of Sinanodonta woodiana clams by communities around the Krueng 
Meureubo River. The risk characterization calculation process is carried out by comparing the 
daily intake of heavy metals (obtained from the exposure analysis stage) with the Reference 
Dose (RfD), which is the threshold dose considered safe for humans for non-carcinogenic 
effects. The risk is deemed acceptable if HQ ≤ 1, whereas HQ > 1 indicates a potential non-
carcinogenic health risk to individuals or populations exposed. 
 

Table 4. Distribution of Heavy Metal Risk Values of Pb, Hg, and Cr in Communities Consuming 
Sinanodonta woodiana Clams in the Krueng Meureubo River 

Heavy Metals 
HQ ≤ 1 HQ> 1 Total 

n (%) n (%)        n (%) 
Cr 141 (100 %) 0 (0 %) 141 (100 %) 

Pb 40 (28.3 %) 
101 (71.7 

%) 
141 (100 %) 

Hg 16 (11.3 %) 
125 (88.7 

%) 
141 (100 %) 

 
Table 4 presents the distribution of non-carcinogenic risk values, expressed as Hazard 
Quotients (HQ), for Cr, Pb, and Hg among individuals consuming Sinanodonta woodiana 
clams. The analysis showed that all respondents (100%) had HQ values ≤1 for Cr, indicating 
that chromium exposure through clam consumption remains below the reference dose and 
does not pose a non-carcinogenic health risk. 
In contrast, Pb exposure exhibited substantially higher risk levels. A total of 71.7% of 
respondents (n = 101) had HQ values >1, suggesting that the majority of individuals 
consuming clams from the Krueng Meureubo River are potentially at risk of non-carcinogenic 
health effects due to lead exposure exceeding the established reference dose (RfD = 0.0035 
mg/kg/day). 
The highest non-carcinogenic risk was observed for mercury (Hg), with 88.7% of 
respondents (n = 125) exhibiting HQ values >1. This finding indicates that mercury 
represents the most dominant health risk among the three heavy metals evaluated in this 
study. Overall, these results demonstrate that exposure to Hg and Pb may pose significant 
non-carcinogenic health risks to local communities, particularly among individuals who 
routinely consume shellfish from the Krueng Meureubo River. This elevated risk is likely 
attributable to the strong bioaccumulation and biomagnification potential of these metals 
within aquatic organisms, which subsequently enter the human food chain⁽⁴⁾. 
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CONCLUSIONS AND RECOMMENDATIONS 
The findings of this study demonstrate that freshwater clams (Sinanodonta woodiana) 
collected from the Krueng Meureubo River are contaminated with heavy metals at varying 
concentrations. Risk characterization revealed that exposure to mercury (Hg) and lead (Pb) 
through clam consumption exceeds the acceptable non-carcinogenic threshold (HQ > 1), 
indicating potential health risks for communities that regularly consume these clams. In 
contrast, chromium (Cr) exposure remained within safe limits (HQ ≤ 1) and did not pose a 
significant non-carcinogenic health risk. 
Based on these results, continuous monitoring of water quality and aquatic food safety in the 
Krueng Meureubo River is strongly recommended. Risk mitigation measures, including 
increased public awareness regarding safe shellfish consumption and stricter regulation and 
control of potential pollution sources, are essential to reduce long-term health risks 
associated with heavy metal exposure among coastal communities. 
 

 
REFERENCES 
1.  Dinas Lingkungan Hidup Kabupaten Aceh Barat. Laporan Kinerja Instansi Pemerintah LKjIP 

2020. Aceh Barat; 2020.  
2.  Hardyanti N, Nugraha WD, Edgar B VS. Analysis of The Impact of Industrial Activities Towards 

River Vacancy Viewed from BODS, CODS, and TSS Using The QUAL2KW Software Method 
Approach (Case Study: Klampok River, Semarang District). In: ICENIS 2020 [Internet]. E3S Web 
of Conferences 202; 2020 [cited 2025 Apr 4]. Available from: 
https://doi.org/10.1051/e3sconf/202020204008 

3.  Menteri Lingkungan Hidup dan Kehutanan Republik Indonesia. Peraturan Menteri Lingkungan 
Hidup dan Kehutanan Republik Indonesia Nomor 5 Tahun 2021 [Internet]. Menteri Lingkungan 
Hidup dan Kehutanan Republik Indonesia Menteri Lingkungan Hidup dan Kehutanan Republik 
Indonesia; 2021. Available from: 
https://jdih.menlhk.go.id/new/uploads/files/2021pmlhk027_menlhk_12312021144624.pdf 

4.  Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR, Sadeghi M. Toxic Mechanisms of Five Heavy 
Metals: Mercury, Lead, Chromium, Cadmium, and Arsenic. Front Pharmacol [Internet]. 2021 Apr 
13 [cited 2025 Oct 9];12:643972. Available from: 
https://pmc.ncbi.nlm.nih.gov/articles/PMC8078867/ 

5.  Moraetis D, Nikolaidis NP, Karatzas GP, Dokou Z, Kalogerakis N, Winkel LHE, et al. Origin and 
mobility of hexavalent chromium in North-Eastern Attica, Greece. Applied Geochemistry. 2012 
Jun 1;27(6):1170–8.  

6.  Kazakis N, Kantiranis N, Kalaitzidou K, Kaprara M, Mitrakas M, Frei R, et al. Origin of hexavalent 
chromium in groundwater: The example of Sarigkiol Basin, Northern Greece. Science of The Total 
Environment. 2017 Sep 1;593–594:552–66.  

7.  Nair DS, Kurian M. Chromium-zinc ferrite nanocomposites for the catalytic abatement of toxic 
environmental pollutants under ambient conditions. J Hazard Mater [Internet]. 2018 Feb 15 
[cited 2024 Mar 30];344:925–41. Available from: https://pubmed.ncbi.nlm.nih.gov/29195103/ 

8.  Shin DY, Lee SM, Jang Y, Lee J, Lee CM, Cho EM, et al. Adverse Human Health Effects of Chromium 
by Exposure Route: A Comprehensive Review Based on Toxicogenomic Approach. International 
Journal of Molecular Sciences 2023, Vol 24, Page 3410 [Internet]. 2023 Feb 8 [cited 2025 Oct 
9];24(4):3410. Available from: https://www.mdpi.com/1422-0067/24/4/3410/htm 

9.  Vogel N, Murawski A, Schmied-Tobies MIH, Rucic E, Doyle U, Kämpfe A, et al. Lead, cadmium, 
mercury, and chromium in urine and blood of children and adolescents in Germany – Human 
biomonitoring results of the German Environmental Survey 2014–2017 (GerES V). Int J Hyg 
Environ Health. 2021 Aug 1;237:113822.  

10.  United States Environmental Protection Agency (US EPA). Health Effects of Exposures to Mercury 
[Internet]. US EPA. 2024 [cited 2025 Oct 6]. Available from: 
https://www.epa.gov/mercury/health-effects-exposures-mercury 

11.  Stangierski J, Rezler R, Grześ B, Andrzejewski W, Konieczny P. Physicochemical characteristics of 
surimi-like material made from the muscle tissues of freshwater mussels (Sinanodonta woodiana 
Lea, 1834). Journal of Food Measurement and Characterization [Internet]. 2021 Apr 1 [cited 2025 



84 Jurnal Kesehatan Lingkungan Vol. 23 No. 1, January 2026 

 

 

Apr 4];15(2):2161–72. Available from: https://link.springer.com/article/10.1007/s11694-020-
00801-w 

12.  Dwiyantini R. Pengujian Aktivitas Antioksidan Pada Daging Kijing (Sinanodonta Woodiana) Di 
Daerah Cineam  Menggunakan Metode Dpph (2,2-Diphenyl-1-Picrylhydrazyl) [Internet]. 
[Tasikmalaya]: Universitas Bakti Tunas Husada; 2019 [cited 2025 Apr 4]. Available from: 
https://repository.universitas-bth.ac.id/125/ 

13.  Chan WS, Routh J, Luo C, Dario M, Miao Y, Luo D, et al. Metal accumulations in aquatic organisms 
and health risks in an acid mine-affected site in South China. Environ Geochem Health [Internet]. 
2021 Nov 1 [cited 2025 Apr 3];43(11):4415–40. Available from: 
https://link.springer.com/article/10.1007/s10653-021-00923-0 

14.  Jamil Emon F, Rohani MF, Sumaiya N, Tuj Jannat MF, Akter Y, Shahjahan M, et al. Bioaccumulation 
and Bioremediation of Heavy Metals in Fishes—A Review. Toxics [Internet]. 2023 Jun 1 [cited 
2025 Apr 4];11(6):510. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC10302055/ 

15.  International Agency for Research on Cancer (IARC). Arsenic, Metals, Fibres, and Dusts. Volume 
100 c. A Review of Human Carcinogens. [Internet]. France; 2012 [cited 2025 Apr 4]. Available 
from: 
https://publications.iarc.fr/_publications/media/download/5224/5637a4f4ad9cfd4e81ab40a
8fa057015a3e8911b.pdf 

16.  Agency for Toxic Substances and Disease Registry. Toxicological Profile For Chromium [Internet]. 
Georgia; 2012 [cited 2025 Apr 4]. Available from: 
https://www.atsdr.cdc.gov/toxprofiles/tp7.pdf 

17.  Lubiński K, Lener MR, Marciniak W, Pawłowski J, Sadzikowska J, Kiljańczyk A, et al. Blood Lead 
(Pb) Levels as a Possible Marker of Cancer Risk in a Prospective Cohort of Women with Non-
Occupational Exposure. Biomedicines [Internet]. 2025 Jul 1 [cited 2025 Oct 9];13(7):1587. 
Available from: https://www.mdpi.com/2227-9059/13/7/1587/htm 

18.  Direktorat Jenederal PP dan PL Kementerian Kesehatan. Pedoman Analisis Risiko Kesehatan 
Lingkungan ( ARKL ) [Internet]. Kementerian Kesehatan; 2012. Available from: 
http://ebook.poltekkestasikmalaya.ac.id/2020/08/13/pedoman-analisis-risiko-kesehatan-
lingkungan-arkl/ 

19.  Sharif R, Chong E, Meng CK. Human health risk assessment of heavy metals in shellfish from 
Kudat. Malays J Nutr [Internet]. 2016 [cited 2025 Apr 4];22(2):301–5. Available from: 
https://www.researchgate.net/publication/324974791_Human_health_risk_assessment_of_hea
vy_metals_in_shellfish_from_Kudat_Sabah 

20.  Lee KJ, Kang EH, Yoon M, Jo MR, Yu HS, Son KT. Concentration of heavy metals in shellfishes and 
health risk assessment from Korean coastal areas. Fish Aquatic Sci [Internet]. 2022 Dec 1 [cited 
2025 Apr 4];25(12):626–36. Available from: http://www.e-
fas.org/archive/view_article?pid=fas-25-12-626 

21.  Munandar, Alamsyah. Alwis. Kajian Kandungan Logam Berat Merkuri (Hg) Pada Kerang Air 
Tawar (Anodonta sp) Di Kawasan Hilir Sub DAS Krueng Meureubo, Aceh Barat. Jurnal perikanan 
Tropis [Internet]. 2016 Apr 1 [cited 2024 Mar 30];3(1). Available from: 
http://jurnal.utu.ac.id/jptropis/article/view/32 

22.  Edwarsyah, Iqbal M. Kuantitas Kandungan Logam Berat dan Minyak Solar di Estuaria Krueng 
Cangkoi, Meulaboh, Kabupaten Aceh Barat. Acta Aquatica: Aquatic Sciences Journal [Internet]. 
2017 Oct 30 [cited 2024 Mar 29];4(2):83–7. Available from: https://ojs.unimal.ac.id/acta-
aquatica/article/view/307 

23.  Warni D, Karina S, Nurfadillah N. Analisis Logam Pb, Mn, Cu dan Cd Pada Sedimen di Pelabuhan 
Jetty Meulaboh, Aceh Barat. Jurnal Ilmiah Mahasiswa Kelautan Perikanan Unsyiah [Internet]. 
2017 Apr 14 [cited 2024 Mar 29];2(2):246–53. Available from: 
https://jim.usk.ac.id/fkp/article/view/4862 

24.  Ukhty N, Nufus H, Rozi A, Khairi I. Studi Kandungan Logam Berat pada Kerang Lokan (Geloina 
erosa) di Perairan Aceh Barat: J Pengolah Has Perikan Indones [Internet]. 2020 Apr 30 [cited 
2024 Mar 30];23(1):77–85. Available from: 
https://journal.ipb.ac.id/index.php/jphpi/article/view/30887 

25.  Qoriansas N, Andriani R, Irasahwadi, Rahmayati R, Ficri Harahap A. Study On Hexsavalen 
Chromium Content (Cr6+) In Raw Water Source Of Krueng Meurebo River, West Aceh. In: The 5th 
International Conference on Public Health 2024 Teuku Umar University. 2024. p. 25–6.  

26.  Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN. Toxicity, mechanism and 
health effects of some heavy metals. Interdiscip Toxicol [Internet]. 2014 Jun 1 [cited 2025 Oct 
10];7(2):60. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC4427717/ 



Yannie Isworo, Alfi Prasasti. 
The Relationship of Home Physical Environment and Family History 

with Pulmonary Tuberculosis in Gunung Tabur. 
  

85 
 

 

 

27.  Nurhayati D, Putri DA, Perikanan F, Kelautan I. Bioakumulasi Logam Berat pada Kerang Hijau 
(Perna viridis)  di Perairan Cirebon Beradasarkan Musim yang Berbeda. Akuatika Indonesia 
[Internet]. 2019 Mar 4 [cited 2025 Oct 10];4(1):6–10. Available from: 
https://jurnal.unpad.ac.id/akuatika-indonesia/article/view/23484 

28.  Andriani T, Agustin F, Chadijah S, Adawiah SR, Nur A. Analisa Logam Berat Kadmium (Cd) dan 
Timbal (Pb) pada Kerang Hijau (Perna viridis) yang Beredar di Pelelangan Ikan Paotere Kota 
Makassar. Chimica et Natura Acta [Internet]. 2022 Dec 27 [cited 2025 Oct 10];10(3):112–6. 
Available from: https://jurnal.unpad.ac.id/jcena/article/view/42296 

29.  Mursidi. Analisis Risiko Kandungan Logam Kromium Heksavalen (Cr6+) Dan Arsen (As) Dalam 
Air Minum. Jurnal Vokasi Kesehatan [Internet]. 2015 Nov 30 [cited 2024 Mar 30];1(6):195–204. 
Available from: http://ejournal.poltekkes-pontianak.ac.id/index.php/JVK/article/view/41 

30.  Irma Fatmayani K, Gafur A, Kesehatan Lingkungan P, Kesehatan Masyarakat F, Muslim Indonesia 
U, Epidemiologi P. Analisis Risiko Kesehatan Lingkungan Pajanan Timbal Dan Kromium Pada 
Masyarakat Yang Mengonsumsi  Kerang Marcia hiantina Di Perairan Selat Makassar. Window of 
Public Health Journal [Internet]. 2022 Apr 30 [cited 2024 Mar 30];3(2):309–20. Available from: 
http://103.133.36.91/index.php/woph/article/view/384 

31.  Bhalerao S, Kadam P. Sample size calculation. Int J Ayurveda Res [Internet]. 2010 [cited 2023 Mar 
31];1(1):55. Available from: https://pubmed.ncbi.nlm.nih.gov/20532100/ 

32.  BPOM RI. Peraturan Badan Pengawas Obat Dan Makanan Nomor 9 Tahun 2022 Tentang 
Persyaratan Cemaran Logam Berat Dalam Pangan Olahan [Internet]. BPOM RI, 9 2022. Available 
from: https://standarpangan.pom.go.id/dokumen/peraturan/202x/logam_2022.pdf 

33.  Centre for Food Safety Food and Environmental Hygiene Department The Government of the 
HKSAR. Food Adulteration (Metallic Contamination) Regulations [Internet]. Hongkong; 2025 
[cited 2025 Oct 9]. Available from: 
https://www.cfs.gov.hk/english/whatsnew/whatsnew_fstr/files/Guidelines_Cap_132V%20%2
8E%29_upload.pdf 

34.  Centre for Food Safety Food and Environmental Hygiene Department The Government of the 
HKSAR. Oyster and Shellfish [Internet]. 2025 [cited 2025 Oct 9]. Available from: 
https://www.cfs.gov.hk/english/faq/faq_foodprod_shellfish.html 

35.  World Health Organization. WHO Human Health Risk Assessment Toolkit  : Chemical Hazards 
[Internet]. Geneva: World Health Organization; 2021 [cited 2025 Apr 7]. Available from: 
https://www.who.int/publications/i/item/9789240035720 

36.  Djafri D. Prinsip dan Metode Analisis Risiko Kesehatan Lingkungan: Studi Literatur. Jurnal 
Kesehatan Masyarakat Andalas [Internet]. 2014 Apr 1 [cited 2024 Mar 30];8(2):100–4. Available 
from: http://jurnal.fkm.unand.ac.id/index.php/jkma/article/view/133 

37.  Spyra A, Strzelec M, Lewin I, Krodkiewska M, Michalik-Kucharz A, Gara M. Characteristics of 
Sinanodonta woodiana (Lea, 1834) Populations in Fish Ponds (Upper Silesia, Southern Poland) 
in Relation to Environmental Factors Abstract. Int Rev Hydrobiol. 2012 Feb;97(1):12–25.  

38.  Lajtner J, Crnčan P. Distribution of the invasive bivalve sinanodonta woodiana (Lea, 1834) in 
Croatia. Aquat Invasions. 2011 Jan;6(SUPPL.1).  

39.  Lahati S, Hartoko A, Haeruddin H. Bioconcentration Lead (Pb) Green Mussel (Perna Viridis) in 
Semarang Bay. Jurnal Perikanan dan Kelautan [Internet]. 2022 Jun 14 [cited 2025 Oct 
10];27(2):151–7. Available from: https://www.neliti.com/publications/480375/ 

40.  Nur A pratiwi nur P, Syam N, Sulaeman U. Analisis Risiko Kesehatan Lingkungan Logam Berat 
Merkuri (Hg) pada Kerang Hijau (Perna Viridis) terhadap Nelayan di Kelurahan Kaluku Bodoa 
Kota Makassar. Indonesian Journal of Health [Internet]. 2023 Dec 31 [cited 2025 Oct 10];3(2):52–
63. Available from: https://citracendekiacelebes.org/index.php/INAJOH/article/view/46 

41.  Rudiyanti S, Suryanti S, Ain C. Bioconcentration of Chromium (Cr) on The Soft Tissue of Mussels 
(Perna viridis, Linnaeus 1758) in Tambak Lorok Waters, Semarang. Jurnal Kelautan Tropis 
(Tropical Marine Journal) [Internet]. 2023 [cited 2025 Oct 10];26(2). Available from: 
https://ejournal2.undip.ac.id/index.php/jkt/article/view/17563 

42.  Muhtaroh N, Hidayat JW, Muhammad F. Kandungan Logam Berat Timbal (Pb) dan Seng (Zn) pada 
Kerang Hijau (Perna viridis) di Perairan Pantai Kelurahan Mangunharjo Kota Semarang. Jurnal 
Ilmu Lingkungan [Internet]. 2024 Mar 28 [cited 2025 Oct 10];22(3):600–8. Available from: 
https://ejournal.undip.ac.id/index.php/ilmulingkungan/article/view/53392 

  

  



86 Jurnal Kesehatan Lingkungan Vol. 23 No. 1, January 2026 

 

 

 


