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Abstract 

The artisanal and small-scale gold mining (ASGM) within residential areas becomes one of the sources of mercury 

contamination in the environment, which has neurotoxic effects on humans, such as dementia. This has garnered 

significant global interest, and based on a survey conducted by the United States Geological, that around 16 

million people are employed in the small-scale mining and processing of gold, primarily in countries such as 

Ghana, Ecuador, and Indonesia. In this study, a biomedical scientific method was adopted to explore the 

correlation between neurotoxic effects on cognitive functioning and the magnitude of mercury exposure. The 

findings of this research showed a direct relationship between the concentration of mercury in hair and the levels 

of Amyloid-beta (Aβ) 40. Higher levels of mercury in hair are linked to increased levels of Aβ 40 in plasma. 

Furthermore, there is an inverse association between plasma Aβ 40 levels and the MoCA-Ina score. ASGM 

processing has become a matter of worldwide concern due to the potential neurotoxic impacts caused by heavy 

metal contamination, especially mercury, in the resulting tailing waste. The presence of mercury can lead to 

cognitive impairments of a dimensional type within the local community residing in those regions.  

Keywords: Neurotoxic Impact, Mercury, Exposure, Small-Scale Gold Mining, Indonesia. 

 

1. INTRODUCTION 

Dementia is one of the most common neurodegenerative diseases in the elderly. Early 

symptoms of dementia include episodic deficits, difficulty remembering things for a long time, 

and progressive impairment in declarative and non-declarative memory. When entering the 

next phase of dementia, a person with dementia will experience changes in behavior due to loss 

or reduction of cognitive function. And these changes in behaviour can interfere with their 

daily lives. These symptoms can finally be diagnosed clinically as Alzheimer's disease [1–4]. 

Many factors can cause neurodegenerative diseases such as the presence of comorbid diseases 

such as diabetes, and cardiovascular.  In addition, obesity, stress levels, brain injuries, 

cerebrovascular accidents, Huntington's disease, and the human immunodeficiency virus can 

also affect cognitive function [5–9]. But now several studies have proven that impaired 

cognitive function or dementia is neurotoxic effects resulting from exposure to some heavy 

metals especially mercury. The case of mercury poisoning which first became the center of 
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world attention was the case in Minamata Bay, Japan and is currently receiving special 

attention by WHO [10–14]. Mercury can be sourced from anthropogenic activities or natural 

processes. [15, 16]. In recent years, mercury has received increasing attention from the world 

as a pollutant originating from the tailings of ASGM processing 1,350 tons of mercury per year 

are released into the environment [17,18]. Mercury can enter the human body through three 

exposure routes, namely inhalation, ingestion, and absorption through the skin. However, food 

chain factors and skin absorption are the dominant factors for mercury entry into the body. The 

mechanism of exposure to mercury through the skin can be through two routes, namely 

transdermal which is transportation through the epidermal layer and transappendageal which 

is transportation through sweat glands, sebaceous glands and hair follicles [19–22].Great 

concern about the impact on people living in ASGM processing locations has been discussed 

internationally by United Nations Environment Programme (UNEP) with the aim of reducing 

the risk to human health from Hg releases, as well as increasing global public knowledge about 

Hg emissions which have actually been discussed in the Minimata Convention. The Minamata 

case is the case most widely known to the world due to mercury pollution which was then 

discussed in the Minamata Convention and signed in October 2013 where the convention aims 

to control the global release of Hg into the environment [23]. 

Based on the laboratory tests are known that Pollution Load Index (PLI) in the village of 

Sukamenang is 4492.027119 that Sukamenag Village is included in the extremely polluted 

category. This is a critical point that will be discussed in this research where this research will 

review how much mercury accumulates in the hair of residents living in Sukamenag Village 

which will be linked to the cognitive function of the population by assessing the MoCa Ina 

number and analyzing beta amyloid 40 in blood plasma. which is a biomarker for diagnosing 

cognitive impairment or dementia with an accuracy of about 90% [24–27]. So, this study aims 

to see whether the cognitive impairment that occurs in the people of Sukamenang Village is a 

neurotoxic effect from mercury used in processing gold ore at that location. 

 

Figure 1: Location of Sukamenang, Musi Rawas Utara Regency, South Sumatra, 

Indonesia 
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2. METHODS  

2.1. Design and Study Site 

The total sample in this study was 92 population samples consisting of 46 people from case 

areas, namely ASGM processing areas that use mercury and 46 people as controls, namely 

residents from areas that do not have ASGM and do not contaminate with mercury. Both case 

areas and control areas, the population sampled was the same age, sex and all samples did not 

have congenital diseases. For age criteria, those included in the sample category of this study 

were residents aged 35-60 years and living in the village. Determination of population age 

criteria in sampling because diffuse amyloid plaques in plasma will only appear in the late 

teens, and pathologically Tau protein will only appear after the age of 35 years [28]. This 

Sukamenang Village is located in Musi Rawas Utara Regency, South Sumatra, Indonesia 

(Figure 1). 

2.2. Measurement 

Examination of mercury levels in hair using the ICP-MS metal method. The concentrations of 

standard solutions, test solutions, and blank solutions were measured using ICP-MS. Samples 

were weighed as much as 0.5–1.5 grams and added HNO3. Before being destroyed, the sample 

is allowed to stand for 15 minutes, then the vessel is closed and digested in a microwave 

digester. After being destroyed, the sample is cooled first. Then the cold sample is put into a 

50 mL volumetric flask. Rinse the vessel with double-distilled water quantitatively, combine 

the rinse results with the results of the digestion in a 50 mL volumetric flask. Then added 

internal standards of a mixture of Ge, In, Bi, Rh 10 mg/L and diluted with double-distilled 

water up to the tera mark. Filter the solution with a 0.20 μm syringe filter. Measure the intensity 

of the test solution in the Hg Analyte MS ICP system with internal standard Bi [29]. 

Diagnosis of dementia as an effect neurotoxic exposure to mercurymeasured using MoCA-Ina 

and measurement of beta amyloid 40 levels in the blood plasma of the population. MoCA-Ina 

is a tool in the form of a questionnaire and has been patented to help diagnose a person's 

cognitive function by value96% sensitivity and 95% specificity in detecting cognitive 

impairment [30–32]. MoCA is a test that contains 30 questions that must be completed in 10 

minutes.  

The parameters tested consist of aspects of short-term detail memory recall (5points), visuo-

spatial ability by drawing a clock (3 points), duplicating a three-dimensional cube (1 point), 

executive function tested using a follow-order test (1 point), a phonemic fluency task (1 point), 

and two verbal abstraction items (2 points), attention, concentration, and working memory were 

tested using a concentration task (1 point), a serial subtraction task (3 points), and a memory 

task that required the test taker to remember a series of numbers forward and backward (1 point 

each). Language is tested by identifying three types of animals that are easy to recognize (lion, 

camel, rhino; 3 points), repeating 2 complex sentences (2 points), finally orientation to time 

and place as well (6 points) [30].  



  
  
 
 

 

695 | V 1 9 . I 0 3  

The interpretation of the results obtained from the MoCA-Ina score or points is that if less than 

26 points indicate that the patient has cognitive impairment [33].Furthermore, for the amyloid 

40 beta test in the patient's blood plasma using the reagent CEA864Hu 96 Immunosorbent Test 

Kit linked to the enzyme For Amyloid Beta Peptide Species Organisms 1-40 (Ab1-40). . The 

plasma used is plasma with the addition of EDTA or heparin as an anticoagulant. Samples were 

centrifuged for 15 minutes at 1000 rpm for 30 minutes. Plasma can be preserved by freezing at 

-20°C and avoiding repeated freezing or thawing cycles. This test uses a competitive inhibition 

enzyme immunoassay technique.  

Monoclonal antibodies specific to Ab1-40 were pre-coated onto microplates. A competitive 

inhibition reaction was launched between biotin labelled Ab1-40 and non-labelled Ab1-40 

(Standard or sample) with pre-coated antibodies specific for Ab1-40. After incubation, 

unbound conjugates were washed thoroughly. Next, avidin conjugated with Horseradish 

Peroxidase (HRP) was added to each well of the microplate and incubated. The amount of 

bound HRP conjugate is inversely proportional to the concentration of Ab1-40 in the sample. 

After the addition of the substrate solution, the intensity of the color developed was inversely 

proportional to the concentration of Ab1-40 in the sample. 

2.3. Informed Consent Statement 

Information on the population that was used as the subject of this study was conveyed when 

conducting a location survey at the beginning of the study. All residents or research subjects 

have read and understood and are willing to participate in this research and the operational 

standards carried out in this research are in accordance with applicable regulations and ethical 

guidelines. 

2.4. Ethics 

This research has received ethical approval from the health research committee of the Health 

Polytechnic of the Palembang Ministry of Health. This study was guided by 7 WHO and 

CIOMS 2016 standards where the residents who were sampled in this study voluntarily and 

there was no therapy that could affect and change the lives of the participants in this study. All 

examination results will be notified to them and also explained to them that this research is 

only for academic purposes. 

2.5. Data Analysis 

In accordance with the purpose of this study was to see whether the cognitive impairment that 

occurred in the people of Sukamenang Village was a neurotoxic effect from the mercury used 

in processing gold ore at that location, so the data was included in three different tests.  

To test the appearance of amyloid beta in each regional group, the test was used Independent 

Sample T-Test because both groups are normally distributed. And to see the difference in 

MoCA-Ina values or points in each group, the Mann-Whitney test was used because one group 

was not normally distributed. Finally, to assess the relationship between mercury accumulation 

in hair and dementia, which was seen from MoCA-Ina points and Amyloid beta levels, the Chi-

Square test was carried out. 
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3.  RESULTS 

3.1. Mercury Concentration in Hair 

To assess the level of mercury exposure in residents in ASGM areas, identification of the value 

of mercury accumulation in hair was carried out, which is a biomarker to assess the level of 

mercury accumulation in humans by comparing population groups exposed to mercury from 

ASGM industries and residents not exposed to mercury shows in Figure 2. Residents living in 

ASGM areas have an average concentration of mercury in their hair of 6.14 Ppm which is 

categorized as high because it exceeds the permissible threshold value of 2 Ppm. For control 

areas, namely residents who live in areas free from sources of mercury pollution, the 

concentration of mercury in the hair of the population is very small, namely 1.3 ppm and is 

considered safe because it does not exceed the threshold value. 

 

Figure 2: Mercury Concentration in Hair between Groups of Mercury Contaminated 

Areas (Gold ore Processing Industry Areas) and Mercury Not Polluted Areas (Areas 

That Do Not Have Gold Ore Processing Industries) 

Table 1: Analysis of the Relationship of Mercury Contamination in the Environment 

with Mercury Concentrations in the Hair of the Residents 

Variable Category 

Mercury Levels in Hair p-value 

High Low Total 
Chi 

Square 

Risk 

Estimates 

Mercury 

Concentration 

in People's Hair 

Gold Ore Processing 

Area 
32 14 46 

0.000 
32.7 (8,680-

123,658) Areas That Do Not Have 

Gold Ore Processing 
3 43 46 

Correlation test was conducted to see the relationship between mercury accumulation in the 

hair of residents and the environment where they live is shows in the Table 1. The results of 
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this test show the p-value of 0.000 is less than alpha 5% (0.05), which means that the 

concentration of mercury in the environment where you live has an influence on the 

concentration of mercury that accumulates in the hair of people living in that area. The odds 

ratio in the Table 1 is 32.7. This shows that residents who live in small-scale gold ore 

processing industrial areas have a 32 times greater risk of exposure to mercury compared to 

residents who do not live in small-scale gold ore processing industrial areas. This is also clearly 

reflected in the distribution of mercury levels in hair. The number of residents with high levels 

of mercury is more in small-scale gold ore processing areas compared to control areas. 

3.2. Correlation Between Mercury Concentration in Hair and Amyloid-beta (Aβ) 40 

Value in Plasma 

To assess the relationship between cognitive impairment as a result of mercury exposure, an 

Independent Samples Test was conducted to see the relationship between mercury 

concentrations in hair and amyloid beta 40 values in blood plasma (Figure 3). Beta Amyloid 

40 plasma is a biomarker from human blood specimens that is used to diagnose cognitive 

impairment of the dementia type. The test results determined a p-value of 0.004, meaning that 

there was a significant relationship between the concentration of mercury in the hair of the 

population and the level of beta amyloid 40 in the blood plasma of the population. In the graph 

below it is known that the correlation has a positive pattern where the graph line goes straight 

up. This means that the higher the mercury concentration in the hair, the higher the Amyloid-

beta (Aβ) 40 value in the blood plasma of the population in the ASGM area. 

 

Figure 3: Correlation Diagram between Mercury Concentration in Hair and  

Amyloid-beta (Aβ) 40 Value in Plasma 
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Figure 4: Description of Amyloid-beta (Aβ) 40 Concentration between Residents of 

Contaminated and Non-Contaminated Areas 

Further tests were carried out to compare the two sample groups. The first group is a group of 

residents from ASGM areas where mercury concentrations in the environment are high. The 

second group is residents who live not in ASGM areas and where there is no mercury content 

in their environment shows in the Figure 4. This test aims to reinforce previous results that it 

is true that ASGM is a major factor in the occurrence of cognitive impairment in the population 

without any other factors. The graph above shows that there is a significant difference between 

the Amyloid-beta (Aβ) 40 values between polluted and non-contaminated areas of mercury. 

Compared to the control area, residents of Sukamenang Village have an average Amyloid-beta 

(Aβ) value of 40, twice that of the control area. In mercury-contaminated areas, the minimum 

value of Amyloid-beta (Aβ) 40 was 22.71 pg/L and the maximum value was 66.46 pg/mL with 

a mean of 44.35 pg/mL and a median of 44.8 pg/mL. Whereas in areas not polluted by mercury, 

the minimum value of Amyloid-beta (Aβ) 40 was 20.168 pg/L and the maximum value was 

37.04 pg/L with a mean of 24.67 pg/mL and a median of 24.480 pg/mL. 

3.3. Correlation of Amyloid-beta (Aβ) 40 Levels and Moca Ina Score for Diagnosing 

Dementia Type Cognitive Disorder. 

In this study, the researchers considered it necessary to carry out a test that compared the 

concentration of Amyloid-beta (Aβ) 40 and the Moca Ina score to confirm the diagnosis of 

dementia-type cognitive impairment in the treatment group (Figure 5). The results of this test 

show the valuep value 0.000 which meansthere is a significant relationship between 

concentrations Amyloid-beta (Aβ) 40 blood plasma of residents of ASGM areas with MoCA-

Ina points. In the graph below, you can see a straight downward line pattern, which means that 

the correlation formed is a negative correlation. This means that the higher the concentration 

of Amyloid-beta (Aβ) 40 at the population's blood plasma the lower the MoCA-Ina points 

obtained by the population. 
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Figure 5: Correlation between Amyloid-beta (Aβ) 40 Levels and MoCA-Ina Score 

 

4. DISCUSSION 

Amyloid-beta (Aβ) 40 plasma is a biomarker for diagnosing cognitive disorders in a person 

[34,35]. Beta amyloid (Ab) 40 is the result of the breakdown of CTF99 (C-99), where this 

CTF99 will be truncated and turned into 2 versions, namely Ab40 and Ab42. Amyloid-beta 

(Aβ) 40 will be metabolized and some will form plaques. Ab40 production will be faster and 

more formed in patients with dementia or syndromes characterized by decreased 

cognition,[36]. And if the Ab 40 concentration increases by more than 5 pg/mL, this will 

increase or have an association with a worsening of a person's cognitive status which will later 

become dementia [37,38]. 

In this study we try to prove that mercury pollution in the environment as a result of ASGM 

tailings waste can cause neurotoxic effects on the people living in the area. The results of this 

study can be used as a valid reference or source of information both locally and internationally 

and can also be used as a basis for policy making for local governments regarding the existence 

of ASGM in the midst of community settlements.  

This is because the results of this study show with certainty that ASGM in residential areas is 

a source of mercury contamination in the population resulting in bioaccumulation of mercury 

in the population's bodies. The bioaccumulation of mercury in the population's body causes the 

population to experience cognitive impairment of the dementia type. This cognitive disorder 

can even occur at the age of under 60 years as indicated by the high plasma amyloid (Ab) 40 

value of the population's blood and low MoCA-Ina points. 
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Neuritic plaques or senile plaques will form in direct proportion to the valuebeta amyloid (Ab) 

40and this shows the pathology of Alzheimer's type dementia[39]. The data above illustrates 

that an increase in beta amyloid 40 levels in residents in Sukamenang Village, Karang Jaya 

District, North Musi Rawas Regency where there is ASGM in residential areas can be triggered 

by mercury accumulating in the population's bodies. Mercury can inhibit thiol sensitive 

enzymes such as tubulin, creatine kinase and glutamine synthetase quickly so that it can affect 

the metabolism of axonal structures and tubulin release occurs. Tubulin release can result in 

formation Neurofibrillary Tangles (NFT) and Protein Tau which can result in hyper-

phosphorylation and increased production of β-amyloid protein which can aggregate into senile 

plaques [40]. 

Many theories and studies say that one of the most dangerous toxic effects of mercury is that 

it can attack the human nervous system [10,41]. Juhan Azhar in 2020 revealed that even the 

slightest level of mercury in the atmosphere over a long period of time would still be harmful 

to humans. And from the results of his research it has been revealed that mercury is very 

influential in the beta amyloid deposition pathway and the formation of tau tangles [42]. Even 

since 2007 it has been found that patients suffering from Alzheimer's disease (AD) have higher 

levels of mercury in the brain tissue and blood of patients [43]. Cognitive disorders such as 

dementia are one result of damage to the nervous system from the toxic effects of mercury. In 

this study it has been proven that people living in gold ore processing areas have high levels of 

mercury in their hair and can be said to have cognitive impairment type dementia based on 

screening conducted either from MoCA-Ina points or plasma amyloid beta values in the 

population's blood. 

This cannot be considered as a local case only or only in Indonesia. This needs great attention 

globally because almost all cities in the world have the same or even greater potential. Many 

countries have a ASGM. Based on a survey by the United States Geological Agency, it is 

estimated that there are 16 million small-scale artisanal gold miners working as miners or 

small-scale gold ore processors, especially in global countries such as Ghana, Ecuador and 

Indonesia. More than 19 million people in more than 70 countries in the world use mercury in 

ASGM so that mercury pollution becomes a global issue [44]. Mercury pollution due from 

ASGM in Ghana is of major concern because there is a very significant increase in the amount 

of mercury in the water, soil and sediments in the area which can be a public health hazard 

[45]. In addition, in the sediments of the watershed of southern Zimbabwe where there is 

processing and small-scale gold ore mining, mercury concentrations of 6 µg/kg to 1541 µg/kg 

were detected [46].  

 

5. CONCLUSIONS 

The main cause of mercury poisoning primarily stems from anthropogenic pollution in the 

environment, with ASGM activities being one significant contributor. In this process, inorganic 

mercury is produced as a by-product and disposed of along with the tailings waste. 

Consequently, mercury-laden waste from the amalgamation process is discharged directly into 

the environment or nearby water bodies. This form of gold ore processing not only results in 
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environmental pollution but also leads to bio magnification and bioaccumulation of mercury 

in living organisms. High levels of mercury have been detected in the hair of individuals 

residing in areas where ASGM occurs, posing a serious risk to their health. The neurotoxic 

effects of mercury are particularly concerning, as evidenced by an increased presence of 

Amyloid-beta (Aβ) 40 in the blood plasma of residents and the occurrence of cognitive 

impairment, such as dementia, even before the age of 60, as indicated by lower MoCA-Ina 

score. 

It is crucial to recognize that this issue extends beyond local circumstances or solely Indonesia, 

demanding significant attention globally. The potential for similar or even greater issues exists 

in nearly all cities worldwide due to the prevalence of ASGM. Various countries, including 

Ghana, Ecuador, and Indonesia, engage in such activities. According to a survey conducted by 

the United States Geological Agency, it is estimated that approximately 16 million people are 

involved in small-scale gold mining or processing. The scale of this industry necessitates urgent 

action and awareness. It is imperative to address the hazards associated with mercury exposure, 

given its detrimental effects on the human nervous system. Cognitive disorders, including 

dementia, are among the consequences of mercury's toxic impact on the nervous system. The 

present study has provided evidence of elevated mercury levels in the hair of individuals 

residing in gold ore processing areas, indicating cognitive impairments consistent with 

dementia through clinical symptoms and screening assessments based on MoCA-Ina score and 

plasma amyloid beta values in blood. 

Nomenclatures 

Aβ Amyloid-beta 

Abbreviations 

ASGM Artisanal and Small-Scale Gold Mining 
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WHO World Health Organization 
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CIOMS Council for International Organizations of Medical Sciences 
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