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ABSTRACT

Background: Mining activities can produce large amounts of heavy metals that are discharged
uncontrollably, causing widespread ecosystem pollution. Heavy metal pollution is a serious problem, as
heavy metals are toxic and non-degradable, polluting air, water and soil. Although some heavy metals
are considered essential for normal physiological functions, concentrations that exceed the prescribed
limits can have negative impacts on human health and biota. Exposure to heavy metals can cause toxicity
to various tissues, organs and systems such as circulatory, respiratory, endocrine, immune, nervous,
urinary and reproductive systems. Due to the differences in toxicity of heavy metals, risk assessment
is very important in environmental management. Objective: To describe the probabilistic simulation
and sensitivity of health risks due to Nickel and Cobalt deposition around the mine using monte carlo
simulation. Methods: The method used in this study was literature review. Data collection was done
through searching online databases such as: Pubmed and Science Direct. The keywords used in the
article search were "Heavy Metal Toxicity', "Heavy Metal Effects", "Heavy metal risk analysis" and "Monte
Carlo Simulation”. Inclusion criteria were quantitative or qualitative research, target population was
heavy metals Nickel and Cobalt, published in the last 10 years (2013-2023) articles in English and articles
in original, fulltext and open access. Exclusion criteria are articles that are not relevant to the topic of
discussion. Results: 14 articles were found, of which 3 articles on diseases or health problems caused
by nickel, 3 articles on nickel risk analysis, 5 articles on diseases or health problems caused by cobalt,
3 articles on cobalt risk analysis. Conclusion: The environment around the mine shows a high level
of toxicity, caused by the presence of heavy metals. This can result in serious environmental pollution
and pose a great threat to human health. Chronic exposure to heavy metals can cause various health

problems, such as mutagenesis, carcinogenesis, teratogenesis, deformation and organ damage.
Keywords: Heavy metal contamination, Nikel, Cobalt, health risk, Monte Carlo Simulation.

INTRODUCTION

Contamination of potentially toxic metals in air,
soil, water, and food products remains a global
concern'. These potentially toxic heavy metals
can originate from geogenic and anthropogenic
activities 2 However, most environmental
pollution and human exposure comes from
anthropogenic activities such as mining, household
and agricultural activities, and the use of metal-
containing compounds *. These heavy metals are
persistent in the environment, contaminate the
food chain, and cause various health problems due
to their toxicity *.

The alarming level of toxicity makes heavy metals
such as As, Cd, Hg, and Pb, Ni and Co rank highest
among the 10 heavy metals that are the focus
of most concern in maintaining public health °.
Heavy metals are prioritized for human health
considering exposure to metal mine dust, including
the transition metals Co, Cu, Ni and Zn due to their
ability to generate reactive oxygen species (ROS) in
biological tissues via Fenton's reaction °.

After entering the environment, heavy metals
have the potential to accumulate in the food chain,
causing serious ecological impacts. In addition,
these metals can have carcinogenic effects and
adverse impacts on human health. Accumulation of
heavy metals over a long period of time, especially

through the consumption of foodstuffs such as
fish, can result in chronic accumulation involving
mutagenesis, carcinogenesis, teratogenesis,
deformation, and organ damage °.

Mining activities can generate large quantities of
heavy metal-containing wastes that are released
uncontrollably, causing widespread ecosystem
pollution 7. All of the environmental components
such as soil, sediment, air, water, flora and fauna
can be severely impacted . Dust generated from the
mining process has physico-chemical compound
properties °. These particles can be carried by the
wind and pollute the air around the mine '° adverse
impact on air quality and human health, especially
for people living in the vicinity .

Exposure to heavy metals in humans can be through
inhalation, oral and skin contact which has a negative
impact on human health . Exposure through
inhalation can cause damage to the respiratory
system, such as irritation of the respiratory tract,
coughing, and shortness of breath. Oral exposure
includes organ damage, metabolic disorders, and the
potential for acute toxicity such as gastrointestinal
irritation, nausea, and vomiting and dermal
exposure causes skin irritation, dermatitis, and even
skin cancer '2

Some previous studies that discuss heavy metal
contamination of nickel and cobalt children have a
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high risk of contamination due to frequent activities such as putting
their hands in their mouths and the occurrence of asthma in children
living near mining sites . In addition to children, heavy metal
contamination also has a negative impact on the lungs of workers
and communities living around the mine due to decreased air quality,
ultimately causing Acute Respiratory Infections (ARI) ™.

Therefore, efforts to prevent heavy metal pollution need to be carried
out through health risk assessment using the monte carlo simulation
model recommended by United Static Environmental Protection
Agency 2009. Given that the purpose of probability in the context
of risk assessment is to measure the level of uncertainty in pollutant
concentrations, it is important to recognize the importance of
probability *°.

Based on the negative impacts of nickel and cobalt heavy metals and
previous research on pollutants in air, water and soil contaminated with
nickel and cobalt heavy metals. For this reason, literature study-based
research is needed related to "Probabilistic Simulation and Sensitivity
of Health Risks Due to Nickel and Cobalt Deposition Around Mining".
So that it can be a recommendation for further improvement and
evaluation for companies and governments, related to efforts to reduce
exposure sources and impacts that may arise.

METHODS

The method used in writing this article is a literature review, namely
researchbyreviewing several articlesboth nationallyand internationally.
The source of literature in this study is mainly from online database
journals that provide journal articles in PDF format such as: Pubmed,
Science Direct Elsevier. Other reference sources that were also utilized
were theses and dissertations. To keep the information up-to-date, the
literature used mainly comes from literature collected over the last 10
(ten) years (spanning 2013 to 2023).

There were 14 articles that met the inclusion criteria, namely: 1)
quantitative or qualitative research and other studies relevant to the
purpose of the literature review; 2) the target population is heavy
metals nickel and Cobalt; 3) published between 2013-2023; 4) articles
in English; and 5) articles in fulltext. The following word combinations
were used in the search: "Pathways of exposure AND nickel", "Impact
of exposure to nickel AND humans AND air”, "Impact of exposure to
nickel AND air AND the environment”, "Impact of nickel AND human
exposure”, "Risk analysis due to nickel exposure on humans", "Pathways
of exposure AND cobalt”, "Impact of exposure to cobalt AND humans
AND air", "Impact of exposure to cobalt AND air AND the environment”,
"Impact of cobalt AND human exposure”, "Risk analysis due to cobalt
exposure on humans” and "Monte Carlo Simulation”. The following

prism diagram of the literature search is presented in Figure 1.

RESULTS AND DISCUSSION

Based on the results of the literature review on 14 articles, the authors
found that in water, soil and air pollution due to heavy metals nickel
and cobalt are the most common components. The articles analyzed
have main themes, such as "diseases / health problems due to heavy
metals nickel and cobalt" and "health risk analysis on heavy metals
nickel and cobalt". Presented in the following table:

Industrial developments such as metal plating and mining lead
to increased concentrations of heavy metals in water, soil and air,
potentially triggering health problems . Carcinogens such as nickel,
cadmium, chromium, arsenic and beryllium can cause brain cancer *.
Workers exposed to industrial dust with high heavy metal content may
experience allergic reactions and respiratory problems ?'. Exposure
to nickel, especially from mining environments, can cause a range
of health problems including allergies, DNA damage, neurological
disorders, and risk of cardiovascular, lung, and kidney diseases. Nickel
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Figure 1. Prism Study Flow Chart.
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Table 1. Diseases/Health Problems Due to Nickel (Ni).

No. Title Study Design

Effects of Nickel at Environmentally Relevant Human Corneal Epithelial
Concentrations on Human Corneal Epithelial Cells

Cells: Oxidative Damage and Cellular (HCEC)

Apoptosis

Environmental Nickel Exposure and Diabetes
2 in a Nationally Representative Sample of US
Adults

Probability Sampling

Korean National Health
and Nutrition Examination
Survey

(KNHANES)

Dose-Response Relationship between
Environmental Exposure to Nickel and
Pulmonary Function in the Korean General
Population Aged 40 or Older

Table 2. Nickel (Ni) Risk Analysis.

No. Title Analysis Method

Evaluation of nickel toxicity and potential
1 health implications of agriculturally diversely
irrigated wheat crop varieties

Randomized Whole Block
Design (RCBD)

Comparative Study of Potentially Toxic
Nickel and Their Potential Human Health
Risks in Seafood (Fish and Mollusks) from
Peninsular Malaysia

Flame Atomic Absorption
Spectrophotometer (FAAS)

Photon Cross-Correlation
Spectroscopy (PCCS),
Calcium-dependent cyto- and genotoxicity of inductively coupled plasma
3 nickel metal and nickel oxide nanoparticles mass spectrometry (ICP-
in human lung cells MS) and The annexin
V-FITC/propidium iodide
(PT) kit (Calbiochem).

Table 3. Diseases/Health Problems Due to Cobalt (Co).

No. Title Study Design
Work-related asthma in cobalt-exposed .
Interview
workers

Effects of occupational cobalt exposure on the
heart in the production of cobalt and cobalt
compounds: a 6-year follow-up

Observation Study

NS

Urinary cobalt and ferritin in four-year-old

5 uestionnaire
children Q

Hard Metal Lung Disease: Updates in

. . Literature Review
Diagnosis and Management

Dermal and inhalable cobalt exposure-
Uptake of cobalt for workers at Swedish hard Observation study and
metal plants laboratory analysis

canalso displace zinc in the body, resulting in changes to normal protein
function. The incidence of obesity can also be affected by exposure to
certain pollutants such as phthalate and perfluoroalkyl metabolites *>%.

Exposure to heavy metals in various regions, mainly associated with
industries such as oil production and mining, leads to significant
levels of pollution. Health risk evaluations indicate potentially adverse
carcinogenic and non-carcinogenic risks, especially in children. The
content of heavy metals such as Cr, Ni and Pb exceeded the threshold
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Results Existence SoSource

Ni exposure may contribute to the risk of
dry eye, mainly through the mechanisms of
oxidative damage and induction of apoptosis
in human corneal epithelial cells.

Air and water

Individuals with diabetes had higher urinary

nickel concentrations compared to those

without diabetes. This suggests a correlation Food, water and air
between nickel exposure and diabetic
conditions.

It showed that the level of nickel in the blood
can affect lung health in Korean men aged 40
years or older.

17

Air

Existence Source

Groundwater (GW),
sewage water (SW) and ,

industrial wastewater
(Iw)

Results

nickel concentrations in soil and grains were
within safe limits and all Ni indices were
less than 1.

Consumption of nickel-contaminated
seafood does not pose a non-carcinogenic
risk and therefore has no adverse impact on
society.

ood

Demonstrated that Ni and NiO as well as Ni
ionic species trigger chromosome damage
in human lung cell lines

Air

Results Existence Source

Cobalt-exposed workers develop two lung Air
conditions: asthma or pulmonary fibrosis.
Cobalt exposure affects the heart muscle
very little compared to the impact of
physiological changes due to aging,
medication and traditional cardiovascular
factors such as increased blood pressure.

Air ek

children with iron deficiency anemia
statistically showed a much higher urine Co
concentration than children without iron
deficiency anemia.

air, water and food 22

Exposure to hard metal lung diseases such
as Cobalt causes asthma and parenchymal
lung diseases that can potentially lead to
respiratory failure

Air

There is a significant correlation between
exposure to cobalt in air and cobalt uptake

in blood and urine. The absorption of cobalt , .
in the blood and urine is absorbed through

the skin and or through direct consumption

of cobalt-contaminated food.

values of soil elements at some sites, posing potential ecological
hazards ¥. Health risk assessments in metal-producing regions such
as Southeast Asia and Melanesia highlight the difficulty of applying
risk models without adjustments for different geochemical conditions
and animal physiology *. Studies on heavy metal exposure in aquatic
environments show variable correlations between water, sediment and
fish tissue, with health implications for aquatic organisms #. In urban
environments, heavy metal pollution levels can vary, and dust from
vehicle and industrial fumes can pose health risks in certain areas.

Pharmacognosy Journal, Vol 16, Issue 5, Sep-Oct, 2024
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Table 4. Cobalt (Co) Risk Analysis.
No. Title

Assessing the environmental risk and
mobility of cobalt in sediments near

1 nonferrous metal mines with risk
assessment indexes and the diffusive
gradients in thin films (DGT) technique

Analysis Method
The Potential Human Health

Risk

Cobalt toxicity in humans-A review of the The Potential Human Health
potential sources and systemic health effects risk

The Potential Human Health
Risk and Ecological Risk

Cobalt's Role in Modulating Antioxidant
Systems and Semen Quality in Males

The use of Cobalt is considered crucial in achieving energy
transformation, decarbonization, and green transport to support
sustainable development and net zero emission transition *. Although
it has important functions in human metabolism in small amounts,
large-scale exposure to Cobalt can be toxic to the body. Airborne Cobalt
exposure can negatively affect male fertility by causing an imbalance
between reactive oxygen production and the body's antioxidant
defenses, resulting in sperm DNA damage, decreased motility and low
sperm count. In addition, exposure to Cobalt through various sources
such as air, water, food, drink, and skin can cause a variety of chronic
diseases, including lung cancer, kidney failure, reproductive disorders,
and damage to human DNA *. With the largest battery industry in
Indonesia, Cobalt exposure in mining areas may increase, increasing
the risk of negative impacts on public health.

Risk assessments of mining activities show that small-scale artisanal
mining, especially in children and artisanal miners without personal
protection, can result in significant health impacts. The results show
that mining areas are polluted, with the highest non-cancer risks in
children, mainly related to concentrations of heavy metals such as
cobalt. At a gold mining site in Obuasi, Ghana, a Potential Ecological
Risk (PER) analysis showed that most of the surrounding communities
face high risks to ecological systems from metal contamination.
Cobalt and mercury (Hg) contributed significantly to such risks *°. In
addition, mining-induced air pollution, especially particulate matter
(PM), is a major concern. Studies in China assessed the health risks
associated with inhalation of PM2.5 and PMI0 related to six heavy
metals (arsenic, chromium, cadmium, nickel, cobalt and lead). Cobalt
(Co) and chromium (Cr) showed significant contributions to non-
carcinogenic and cancer risks, with Co accounting for most of the non-
carcinogenic risks after inhalation exposure *

CONCLUSIONS

The mining industry increases concentrations of heavy metals in
groundwater and air, potentially causing health problems. Exposure
to nickel and cobalt in mining has health impacts including allergies,
DNA damage, neurological disorders, and risk of cardiovascular, lung,
and kidney diseases Heavy metal pollution from the mining industry
creates significant levels of pollution, with carcinogenic and non-
carcinogenic risks especially in children. Therefore, mitigation and
environmental management measures are crucial to protect human
and ecosystem health, especially in mining areas.
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