
i 

 

Medical Geology Study of An Urban 

Artisanal Gold Mining (UAGM) Area 

in Makassar, South Sulawesi, Indonesia 

 
 

 

 

 

 

 

 

 

 

 

 

 

Hasriwiani Habo Abbas 

 

 

2018 

 
 



ii 

 

ACKNOWLEDGMENTS 

 

I would like to express my sincere gratitude to my supervisor, Professor Masayuki 

Sakakibara for his lecture, encouragements, guidance, and invaluable suggestions during my 

experiments, writing papers and all of my study activities.  

I would like to extend many thanks to Professor Koichiro Sera and Professor Sakae 

Sano for sharing his knowledge about PIXE analysis and ICP-MS analysis.  

I wish to thank Dr. Idham Andry Kurniawan for his assistance of conducting mapping 

analysis and sharing knowledge about geology science. I also wish to dr. Ana Zaharina for 

her assistance of medical checkup and neurological assessment in my research.  

I also wish to thank Mrs. Kyoko Jomae, Mrs. Miho Otani and Mr. Myo Han Htun for 

their assistance to arrange my study. 

My great appreciation to Sakaken’s laboratory members: Ms. Hazuki Tokai, Mrs. 

Nurfitri Abdul Gafur, Mr. Hendra Prasetya, Mr. Basri Mahmud (Chairman of Association of 

Indonesian Students (PPI)), Mr. Masulili Febryanto, Mrs. Sri Manovita Pateda and Ms. Andi 

Arumansawang for their willing cooperation. 

I am deeply grateful to Professor Ruth Vergin and Mr. Ozaki Kimiyuki for their 

invaluable supports during my stay in Matsuyama. I would like to thank management staffs 

of Graduate School of Science and Engineering, Ehime University for their sincere help and 

assistance during my study period. Also, I would like to acknowledge Indonesian government 

and Universitas Muslim Indonesia (UMI) for providing DIKTI-BLN scholarship.  



iii 

 

I thank to my friends Dr. Dede Haris Yulianto and his family, Dr. Yumena Yuyi and 

her family, Dr. Fadhli Syahrial (Malaysian), Mr. Muhammad Fadly and his family, Mr. 

Anshar and his family, and all of my friends in Matsuyama for their great supports. Many 

thanks to Mrs. Namiko Senju and her family for their hospitality to my family, especially 

providing apartment with very kind neighborhood and also Mrs. Liez Ami, Mrs. Takeuchi 

and Mrs. Silvya for their assistance of studying my son. 

Finally, I wish to dedicate this thesis to my mother, brothers & sisters, my husband Dr. 

Eng. Lukmanul Hakim Arma for all their endless love, supports and prayers, and to my 

children Imam Fatih Alfathonah, Alifiah Kasihki, Muh.Azzam, Muhammad Khaidir, 

Muhammad Yusuf, Zayyan Dhaiyaurrahman, Sophia, for all of their inspirations. 

 

 

 

Hasriwiani Habo Abbas 



iv 

 

 

TABLE CAPTIONS 

Table 2.1. Toxicology established threshold limits, for mercury in blood, urine and hair, 

HBM = Human Bio-Monitoring (Commission Human-Biomonitoring of the 

Federick Environmental Agency Berlin, 1999) 

Table 3.1. Socio demographic characteristic of Urban Artisanal Gold Mining (UAGM) 

Table 3.2. Heavy metals concentrations in aquatic system in UAGM area, Makassar, South 

Sulawesi, Indonesia 

Table 3.3.  Heavy metals concentrations in windows dust house in UAGM area, Makassar, 

South Sulawesi, Indonesia 

Table 3.4. Total mercury concentrations in the scalp hair of exposed and control groups  

Table 4.1. Occurrences of the 10 neurological symptoms and mercury level in the gold 

workers and control group in Makassar, South Sulawesi, Indonesia 



ii 

 

FIGURE CAPTIONS 

Figure 1.1. The gold extraction process in ASGM showing mercury was released from the 

processes. 

Figure 1.2. Cycles of toxic elements pollution on the urban environment. 

Figure 2.1. Location of Urban Artisanal Gold Mining (UAGM) in Makassar, South Sulawesi, 

Indonesia. 

Figure 2.2. Sampling point of sediment in aquatic system in Urban Artisanal Gold Mining 

(UAGM) area, Makassar, South Sulawesi, Indonesia. 

Figure 2.3. Sampling point of windows dust house in Urban Artisanal Gold Mining (UAGM) 

and residential area, Makassar, South Sulawesi, Indonesia. 

Figure 2.4. Procedures of preparation washing hair samples. 

Figure 2.5. Procedures of preparation for soil and rock powder samples (Internal standard 

method). 

Figure 3.1. The scheme of Urban Artisanal Gold Mining (UAGM) area, relationship between 

gold shop, goldsmith and gold smelter in Makassar, South Sulawesi, Indonesia. 

Figure 3.2. Distribution of income based on age in goldsmith in Wajo sub district, Makassar, 

South Sulawesi, Indonesia. 

Figure 3.3. Distribution of unskilled, skilled worker and owner classified by educational level 

in goldsmith Wajo sub district, Makassar, South Sulawesi, Indonesia. 

Figure 3.4. Distribution of working year based on skilled in goldsmith Wajo sub district, 

Makassar, South Sulawesi, Indonesia. 



iii 

 

Figure 3.5. Distribution of income based on age in goldsmith Manggala sub district, 

Makassar, South Sulawesi, Indonesia. 

Figure 3.6.  Distribution of unskilled, skilled worker and owner classified by educational 

level in Manggala sub district, Makassar, South Sulawesi, Indonesia. 

Figure 3.7. Distribution of working year based on skilled in goldsmith in Manggala sub 

district, Makassar, South Sulawesi, Indonesia 

Figure 3.8. Distribution of income based on age in gold smelter in Tallo sub district, 

Makassar, South Sulawesi, Indonesia. 

Figure 3.9. Distribution of unskilled, skilled worker and owner classified by educational level 

in gold smelter Tallo sub district, Makassar, South Sulawesi, Indonesia. 

Figure 3.10. Distribution of working year based on skilled in gold smelter in Tallo sub 

district, Makassar, South Sulawesi, Indonesia. 

Figure 3.11. Relationship between income and educational level to gold worker and other 

workers in Makassar, South Sulawesi, Indonesia. 

Figure 3.12. The urban artisanal gold mining process showing waste from goldsmiths’ work 

was recovered by gold smelter, Makassar, South Sulawesi, Indonesia. 

Figure 3.13. Mercury (Hg) concentrations in sediment of aquatic system in UAGM area, 

Makassar, South Sulawesi, Indonesia. 

Figure 3.14. Mercury (Hg) concentrations in windows dust house in gold smelter and 

residential area, Makassar, South Sulawesi, Indonesia.  

Figure 3.15. Gold (Au) concentrations in windows dust house in gold smelter and residential 

area, Makassar, South Sulawesi, Indonesia. 



iv 

 

Figure 3.16. Silver (Ag) concentrations in windows dust house in gold smelter and residential 

area, Makassar, South Sulawesi, Indonesia.  

Figure 3.17. Lead (Pb) concentrations in windows dust house in gold smelter and residential 

area, Makassar, South Sulawesi, Indonesia.  

Figure 3.18. Arsenic (As) concentrations in windows dust house in gold smelter and 

residential area, Makassar, South Sulawesi, Indonesia.  

Figure 3.19. Relationship between age and mercury exposure to gold workers and control 

group in Makassar, South Sulawesi, Indonesia.  

Figure 3.20. Relationship between mercury exposure in hair of gold workers (gold smelter 

and goldsmith) and working year in Makassar, South Sulawesi, Indonesia. 

Figure 3.21. Relationship between mercury exposure in hair of direct and indirect exposed 

and working year in Makassar, South Sulawesi, Indonesia.  

Figure 3.22.  Occurrences of the 10 neurological symptoms in gold workers and control 

group in Makassar, South Sulawesi, Indonesia. 

Figure 4.1.  Relationship between mercury concentration in scalp hair and windows dust 

house in gold smelter and residential area, Makassar, South Sulawesi, Indonesia. 

Figure 4.2.  Relationship between working years and sum of neurological symptoms in gold 

workers in Makassar, South Sulawesi, Indonesia. 

Figure 4.3.  Relationship between mercury concentration in hair and sum of neurological 

symptoms in gold workers in Makassar, South Sulawesi, Indonesia. 

Figure 4.4.  Scheme of concept of medical geology in urban environment in Makassar, South 

Sulawesi, Indonesia. 



2 

 

Contents 

Medical Geology Study of An Urban Artisanal Gold Mining (UAGM) Area in Makassar, South 

Sulawesi, Indonesia ...................................................................................................................................... i 

ACKNOWLEDGMENTS .......................................................................................................................... ii 

TABLE CAPTIONS .................................................................................................................................. iv 

FIGURE CAPTIONS ................................................................................................................................. ii 

CHAPTER 1 INTRODUCTION ............................................................................................................... 4 

1.1. Medical geology ................................................................................................................................. 4 

1.1.1. Mercury disaster ............................................................................................................................... 5 

1.1.2. Mercury in gold mining .................................................................................................................... 6 

1.1.3. Geological factors ............................................................................................................................. 8 

1.2. Medical geology in urban environment ............................................................................................. 9 

1.3. Heavy metals pollution in urban environment ................................................................................. 12 

1.4. Human health problem due to mercury intoxication ....................................................................... 14 

1.5. Construction and purposes of study ................................................................................................. 19 

CHAPTER 2 MATERIALS AND METHODS ..................................................................................... 21 

2.1. Description of study area .................................................................................................................. 21 

2.2. Observation and interview ................................................................................................................ 29 

2.3. Sample collection ............................................................................................................................. 24 

2.4. Analytical procedures ....................................................................................................................... 30 

2.4.1. Hair samples ................................................................................................................................... 30 

2.4.2. Sediment and dust samples ............................................................................................................. 31 

2.4.3. Neurological examinations ............................................................................................................. 35 

2.4.4. Statistical analysis ........................................................................................................................... 35 

CHAPTER 3 RESULTS ........................................................................................................................... 37 

3.1. Socio demographic characteristic of goldsmith in Wajo sub district .................................................. 38 

3.1.1. Geography of Wajo sub district ...................................................................................................... 38 

3.1.2. Distribution of income based on Age ............................................................................................. 38 

3.1.3. Distribution of unskilled and skilled worker, and owner classified by educational level. ............ 39 

3.1.4.  Distribution of unskilled and skilled worker, and owner classified by working year .................. 40 

3.2. Socio demographic characteristic of goldsmith in Manggala sub district ....................................... 46 

3.2.1. Geography of Manggala sub district .............................................................................................. 46 

3.2.2. Distribution of income based on age .............................................................................................. 46 

3.2.3. Distribution of unskilled and skilled worker, and owner classified by educational level. ............ 49 

3.2.4. Distribution of unskilled and skilled worker, and owner classified by working year ................... 49 



3 

 

3.3. Socio demographic characteristic of gold smelter in Tallo sub district. .......................................... 50 

3.3.1. Geography of Tallo sub district ...................................................................................................... 50 

3.3.2. Distribution of income based on age .............................................................................................. 50 

3.3.3. Distribution of unskilled and skilled worker, and owner classified by educational level. ............ 51 

3.3.4. Distribution of unskilled and skilled worker, and owner classified by working year ................... 54 

3.3.5. The educational level and income of gold workers and people with other occupations in Makassar
 54 

3.4.  Urban Artisanal Gold Mining (UAGM) process ............................................................................ 60 

3.4.1. Goldsmith activities ........................................................................................................................ 60 

3.4.2. Gold smelters activities................................................................................................................... 61 

3.5. Mercury pollution in environment (UAGM site, aquatic systems, and window dust house) ......... 69 

3.5.1. Mercury pollution ........................................................................................................................... 69 

3.5.2. The other heavy metals pollution ................................................................................................... 64 

3.6. Mercury exposure in the gold worker .............................................................................................. 74 

3.6.1. Relationship between age and mercury exposure .......................................................................... 74 

3.6.2. Relationships between working years and mercury exposure ....................................................... 74 

3.7. Health problem related to mercury intoxication (neurological assessment).................................... 79 

CHAPTER 4 DISCUSSION .................................................................................................................... 81 

4.1.    Urban Artisanal Gold Mining (UAGM) activity .............................................................................. 82 

4.2. Mercury pollution in environment (UAGM site, aquatic systems, and window dust house) ......... 84 

4.3. Mercury exposure to the UAGM workers........................................................................................ 86 

4.4. Health problem related to mercury intoxication (neurological assessment).................................... 87 

4.5. Concept of medical geology in urban environment ......................................................................... 94 

CHAPTER 5 SUMMARY........................................................................................................................ 97 

REFERENCES ........................................................................................................................................ 102 

APPENDIX’S .......................................................................................................................................... 112 

1. Table mercury (Hg) concentrations in hair of gold smelters in Tallo sub district, Makassar, South 
Sulawesi, Indonesia. ......................................................................................................................... 112 

2. Table mercury (Hg) concentrations in hair of goldsmith Wajo sub district, Makassar, South Sulawesi, 
Indonesia. ......................................................................................................................................... 114 

3. Table mercury (Hg) concentrations in hair of goldsmith Manggala sub district, Makassar, South 

Sulawesi, Indonesia. ......................................................................................................................... 115 

4. Table mercury (Hg) concentration in hair of inhabitants (control group), Makassar, South Sulawesi, 
Indonesia. ......................................................................................................................................... 116 

5. Typical waste from goldsmith activities. ......................................................................................... 119 

6. Gold smelter activities. ..................................................................................................................... 119 

7. Neurological assessment to mercury intoxication ........................................................................... 120 



4 

 

 

CHAPTER 1  

INTRODUCTION 

1.1. Medical geology 

Medical geology is defined as the science dealing with the relationships between 

natural geological factors and human health problems (Olle Selinus, Robert Finkelman, 

2010). Through weathering processes, rocks break down to form soils on which crops, and 

animals are raised. Natural water travel through rocks and soils as part of the hydrological 

cycle. Much of the dust and some of the gas contained in the atmosphere are of geological 

origin, and also soil, water, crops and animals are the major part of food chain. Through food 

chain and inhalation, human health is linked directly to geology. The clearest example of this 

relationship is when the geologic materials contained too little (deficiency) or too much 

(toxicity) have been a naturally occurring single element, they might affect human health. 

Therefore, medical geology study has been invited many contribution from geologist, 

physician, epidemiologist, and toxicologist (Bunnell, 2004). 

There have been many studies showing the effect of element deficiency such as iodine 

on human health. Human need enough iodine in their body which are consumed from various 

food because the body does not produce this element. If not enough iodine in the body, it can 

lead to the enlargement of thyroid, hypothyroidism, and mental retardation. Through soil and 

water, geological factors may affect the presence of iodine in the route of food chain. Iodine 

deficiency disorders (IDDs) in China and India occurred most frequently below the mountain 

slopes in the retile silt plains that have been leached out of iodine by snow waters and 
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glaciation (A. Leung, Cai, & Wong, 2006). Flood also contributed to the erosion of iodine in 

soil causing the prevalence of IDDs among inhabitants of mount Merapi, Indonesia (J. & M. 

et al., 1999).  

Human activities strongly impacted on the toxicity of natural elements. The 

anthropogenic activities have increased dramatically with increasing population, 

urbanization and industrialization. The activities included mineral extraction and process; 

smelting and refining of mineral ores; power generation; chemical industries; cement, 

plastics, and fertilizer manufactures; and waste disposal. Those activities introduced toxicity 

of trace elements (e.g. mercury, lead and arsenic) and afterward altered the composition of 

geochemical elements in that environment. 

1.1.1. Mercury disaster 

Minamata disease, which is an example of industrial pollution in Japan, was first 

discovered around Minamata Bay in Kumamoto Prefecture in 1956 (Harada, 1995). After 12 

years of investigated, the government announced its opinion that neurological damage 

suffered in over 12,000 people in Kumamoto and Kagoshima prefectures was due to the 

toxicity of methyl-mercury compounds discharged from a chemical plant. Beginning in the 

Taiso period (1912–1926), pollution of the ocean by the waste water from the Chisso factory 

occasionally became problems. However, from 1932 to 1968 the company continued to use 

inorganic mercury as a catalyst in producing acetaldehyde, which was used to produce acetic 

acid and vinyl chloride. Methyl mercury, an untreated by product of the production process, 

was discharged into the sea until 1966. This compound modified the natural elements and 

the organism in the ecosystem of Minamata bay like fish and shellfish. By consuming large 
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quantity of fish and shellfish from the sea, the methylmercury entered the human body. Some 

early severe victims of the disease became unconscious and died within a month of the onset 

of the disease. Mercury disaster in Minamata does teach us the interdependence of people, 

soil, rivers and sea. 

1.1.2. Mercury in gold mining 

Heavy metal such as mercury, is a growing cause of environmental pollution worldwide 

(Pacyna et al., 2010). Mercury can occur in soil naturally or as a result of human activity such 

as gold mining. Mercury takes three chemical forms in the environment, namely elemental 

mercury, inorganic mercury and organic mercury or methylmercury. Humans are mainly 

exposed to organic mercury through consumption of fish, inorganic mercury exposure occurs 

mostly through the inhalation of mercury vapor. Mercury exposure in urban area generally 

from anthropogenic sources such as industrial pollution, transportation, waste incineration, 

and fossil fuel combustion while ore processing such as artisanal small-scale gold mining 

(ASGM) was always associated with the source of mercury exposure in rural or mining town.  

Large quantity of elemental mercury has been used for extraction of gold ores and 

released to the environment by means of smelting and refining process. It is estimated that 

annually, between 800 and 1000 tons of mercury have been released from artisanal and small-

scale gold mining (ASGM) to the environment. As a result, mercury exposed to atmosphere 

as gases, aerosols, and particles, and they were subsequently precipitated, and bio 

accumulated in the soil, lakes and rivers, and living organisms in the food chain (Marcello 

M. Veiga, 2004).  
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Figure 1.1. The gold extraction process in ASGM showing mercury was released 

from the processes. 

The first stage of gold extraction is excavation. The gold ore excavates from 

underground of the earth or pump sediments from river bottoms. The excavated ore is crushed 

then milled using ball mills or other grinding machines to produce a powder of mineral 

concentrate. In whole ore amalgamation, mercury is added in this stage forming Hg-Au 

amalgam. In addition to cost-effective method for gold extraction, an amalgamation is easy 

to learn and use. Therefore, it is still retained by artisanal miners in various ASGM in the 

world. Excessive mercury is often removed by squeezing in a piece of fabric using the bare 

hands. The used mercury from milling and amalgamation stages is often discharged into 

tailing reservoir that was naturally washed out to the rivers. The resulting amalgam 

containing about 60% of gold is then smelted, which is burned it in open pans (fast and easy) 

or retorts (greater recovery of mercury and substantial reduction of mercury vapor exposure). 

Finally, refining stage that is heating the gold dorè to vaporize residual mercury and is often 

executed indoors in gold shops with or without retorts. Last two stages release mercury to 

the atmosphere. It appears to be a fact from these processes that amalgamation, smelting and 
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refining operation are the most potential process in introducing toxicity of mercury to the 

environment through directly discharging to the rivers or evaporating to the environment 

(Figure. 1.1).  

Despite the fact that it is illegal, ASGM is increasing in Indonesia (IPEN, 2013), mining 

has expanded into the countryside of Sulawesi and Kalimantan. Several studies have 

examined the environment and health of miners engaged in various ASGM activities in rural 

areas of Sulawesi and Kalimantan. In the Tatelu (North Sulawesi) and Galangan regions 

(Central Kalimantan), mercury accumulation in the water, local fish, and bottom sediments 

of the rivers that receive drainage from ASGM activities has reached levels that pose risks 

for human health (Bose-O’Reilly, Drasch, et al., 2010; Limbong, et al., 2003).  

1.1.3. Geological factors 

Several investigations also have revealed that the direct discharge was not the only 

way of contaminating the environment, but also geological factors were found to have 

contribution to the distribution of mercury in the Amazonian rivers. Physical erosion of the 

mining induced sediment from the gold mines (Garimpos) to the Tapajos river was 

considered to be dominant cause of mercury emission and not direct discharge of mercury 

(Kevin Telmer, et al., 2003). On the other hand, the Amazonian soils constituted major 

natural mercury reservoirs (Mainville et al., 2006). Soil erosion and leaching resulting from 

deforestation practices facilitated to release mercury from this reservoir into the aquatic 

ecosystem (Magarelli & Fostier, 2005). Anthropogenic activity can be considered as a factor 

introducing mercury toxicity, but the geogenic factors preceding or following might also 

catalyzed the contamination. Such cases have been reported in Negro river, Basin of 
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Amazonian region. Deforestation in that region had opened the surface of soil which was 

itself the mercury reservoir. Then, an increase of soil temperatures triggered the mercury soil-

atmosphere emission over the deforested area (Magarelli & Fostier, 2005).  

 

1.2. Medical geology in urban environment 

The relationships between toxicity of trace elements and health problems, diseases, and 

adverse health effects are continued to study for many different geographical situations 

including urban environment. A concern to contamination in urban environment is of major 

importance in medical geology because a large majority of the world’s population lived in 

this environment. In addition, the urban environment is a complex system where processes 

of contamination are dependent on multiple sources, which are themselves often 

interconnected.  

Mercury in urban environment comes from various sources such as occupational or 

industrial activities, fuel combustion or waste incineration. Urban people were exposed 

directly through inhalation mercury vapor or gaseous, and indirectly via soil, fish and edible 

plants. Urban people living in gold mining town have experienced high inorganic mercury 

level through inhalation of mercury vapor emitted from burning amalgam and gold dorè in 

the gold shops. Whereas urban people living in coastal area with high fish consumption 

might be subjected to methylmercury through their dietary as occurred in Japan (Akira, 

Miyuki, Masako, & Noriyuki, 2004), ; Italy (Díez et al., 2008). In industrial sites, the soil 

and edible plants like vegetables that urban people planted in the vicinity of factory were 

potentially contaminated by mercury. Such situation occurs in Zhejiang province, China, 

where urban people around the fluorescent lamp factories consumed those vegetables and 
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they have higher hair mercury concentration than those of far away from the factory sites 

(Shao et al., 2012).  

In recent years, recycling of product that was out of use are growing in the developing 

countries. By relying on simple process, electrical and electronic waste, such as used 

batteries and fluorescent lamp, etc. are recycled to recover valuable matter such as gold, Pb, 

and rare earth elements. Inappropriately, many of the artisanal recycling activities are 

conducted near the residential areas. These activities have been reported as a potentially 

introducing trace element toxicity to urban environment. Nanyang district of Guiyu, 

southeast China is the place where several hundred printers and computer hardware’s are 

discharged (A. Leung et al., 2006) causing chemical soil modification in that site. Elements 

like Cu, Pb, and Ni were the most abundant metals detected in the soil sample. As the major 

sources of household dust, the soil and street dust are presenting a major pathway into the 

human body via inhalation and inadvertent ingestion from hands to mouth which is a 

particularly health problem for urban youth. Majority of children in the residential areas of 

Guiyu have been suffering from medical problems such as breathing ailments, skin 

infections, and stomach diseases. Pb intoxication seemed to occur as there have a strong 

correlation of Pb contained in soil and house dust with Pb contained in blood of those 

children (Gulson, Anderson, & Taylor, 2013; Ondayo, Simiyu, Raburu, & Were, 2016).  

Towards linking the geological factors and human health, the investigations also have 

revealed other potential factors influenced the link. An investigation of diffuse soil Pb in 

urban environment of Indianapolis, Indiana, US, shows the other potential factors which are 

important points for medical geology perspective. Besides found a positive correlation 
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between the diffuse soil Pb and children’s blood Pb level, the investigation also 

demonstrates that population pattern (e.g. living in urban housing) and socioeconomic (e.g.  

low-income families) are potential contributors on the relationships between geological 

factors and human health in urban environment. For example, an area with the highest 

concentration of diffuse soil Pb but it has few incidences of Pb poisoning. In this case, the 

area is an industrial area with no housing. In another case, the lack of correlation between 

soil Pb and blood Pb correspond with a very high socioeconomic status (Filippelli, Laidlaw, 

Latimer, & Raftis, 2005).  

There may also be health risks to urban dwellers who live long distance from gold-

mining areas because mercury vapor released to the atmosphere in rural areas was dispersed 

by wind to urban areas, as has occurred, for example, in Palu, the capital of Central Sulawesi 

(Nakazawa et al., 2016). Mercury exposure can also extend to the urban environment 

through the trade of gold doré, a type of gold that still contains mercury. A previous study 

reported that the burning of gold doré that was sold to gold shop worker in urban areas of 

Segovia, Columbia, and Andacollo, Chile, caused elevated levels of mercury vapor in the 

urban atmosphere of those cities (Cordy et al., 2013). In figure 1.2, showing the cycles of 

toxic element pollution on the urban environment and human health effect.  

Understanding urban environment in correspond to human health is a challenging task. 

The urban soil is a complicated system with the profound impact of anthropogenic and 

geological factors on its chemical dispersion. The health condition of urban people was also 

influenced by many medical factors. It is essential in urban environment to distinguish the 

source of the elements and determine their classification as anthropogenic or geological 
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factors combined with identification their potential associations to negative human health 

outcomes. Therefore, medical geology in urban environment should be fully understood to 

find good decisions on approaches towards reduction of contamination, minimization of 

human exposure, and protection of populations at risk.  

1.3. Heavy metals pollution in urban environment 

The relationships between toxicity of trace elements and health problems, diseases, and 

adverse health effects are continued to study for many different geographical situations 

including urban environment. The urban environment will soon become the most dominant 

human habitat in history. According to the World Urbanization Prospects: 2001 Revision 

provided by the United Nations, the world’s population is expected to increase from 6.1 to 

8.3 billion in 2000 to 2030. It is estimated that since 2000, the world’s population who already 

lived in urban areas is 47 %. Remarkably, the statistics indicated that nearly all of the 

population growth will take place in urban areas, with almost zero growth in the rural 

population. Even now, the urban environments were subjected intense pressure as 

anthropogenic activities continue to accelerate. The diffuse anthropogenic emission 

characteristically modified concentration of toxic trace elements in urban environment 

geochemistry. There have been many studies revealed that massive use of gasoline, 

lubricants, tires or plastic materials elevated the concentration of Pb, Cd, Zn, Cu, etc. in 

various place worldwide (Duzgoren-Aydin et al., 2006; Ikinguraet al., 2006; Lee, Youm, & 

Jo, 2013; A. O. W. Leung, Duzgoren-Aydin, Cheung, & Wong, 2008; X. Li, Poon, & Liu, 

2001; Z. Li et al., 2013; Marrugo-Negrete, Benitez, & Olivero-Verbel, 2008; Taylor et al., 

2005; Zhu, Sun, Bi, Li, & Yu, 2013).  
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Elevated emissions with their deposition over time can lead to abnormal enrichment, 

causing metal contamination on the surface of environment. The prolonged presence of the 

contaminants in the urban environment, particularly in urban soils, and their close proximity 

to the human population can significantly amplify the exposure of the urban population to 

these contaminants via inhalation, ingestion, and dermal contact. 

Many issues of environmental phenomena uniquely found in every urban setting which 

have been investigated. It is now well documented that the main sources of toxic trace 

elements in urban area are occupational and industrial activities, fuel combustion and waste 

incineration. In addition to such activities, simple recycling technology of used product was 

frequently practicing in recent years, particularly in developing countries.  

Used battery recycling in Nairobi city, Kenya (Ondayo et al., 2016) was operated in 

open shed with only bordered by trees. Pb dust released due to breaking of the batteries with 

axes, broken materials were manually sorted and loaded into containers moved by forklifts 

to the furnace area. Those activities generated Pb dust and may lead to high concentrations 

of Pb reaching the edible plant in the vicinity through the wind blowing. 

E-waste recycling city in Guiyu, Guandong Province, China (A. Leung et al., 2006) 

conducted dismantling electronic equipment, open burning wires to recover copper, heating 

circuit boards over honeycombed coal blocks, and using acid chemical strippers to recover 

gold and other metals. Operations for the recovery of copper wires through burning the cables 

released toxic polychlorinated dibenzo-p-dioxins and polybrominated dibenzo-p-dioxins and 

furans, and the open burning of computer casings and circuit boards stripped of metal parts 

produced toxic fumes and ashes containing polycyclic aromatic hydrocarbons.  
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The deposition of such contaminants from the atmosphere can be enrich the urban soil 

with toxic elements and dispersed them to urban aquatic system via urban runoff. 

Atmospheric deposition was found to elevate the level of mercury in vegetables planted 

around the factories of fluorescent lamp (Shao et al., 2012). Shockingly, such atmospheric 

factors were also found to have contribution to the elevated Cu and Cd level in the vegetables 

during their way of transport from production place to market place as occurred in Varanasi 

city, India (Sharma, Agrawal, & Marshall, 2008) 

Such unique urban people activities are also found in Makassar, Indonesia. A group of 

urban people conducted a simple waste recycling process using mercury to recover gold fine 

particles named urban artisanal gold mining (UAGM). Therefore, in this present study, urban 

environment of Makassar was investigated to reveal mercury enrichment including other 

trace elements in the atmosphere, soil and aquatic system due to anthropogenic activities, 

particularly UAGM activity.  

1.4. Human health problem due to mercury intoxication 

Mercury is one of toxic elements. Because of uncontrolled mercury-based practices, it 

become a global pollutant. Mercury has three chemical compounds; elemental mercury, 

inorganic mercury, and organic mercury or methylmercury. Elemental mercury in the form 

of atmospheric/gaseous mercury has a long-time residence in the atmosphere from 0.5 to 2 

years (N. Pirrone et al., 2010; Nicola Pirrone & Mason, 2009; Salameh Azimi & Sadeghi 

Moghaddam, 2013; Veiga & Hinton, 2002; Wip et al., 2013). It can be transported and 

deposited to remove area even 1,000 km away from the sources (Barbosa, et al., 2001; P. Li, 

Feng, Qiu, Shang, & Li, 2009; Wang et al., 2007). The most prominent health effects of 
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elemental mercury (Hg0) toxicity are kidney damage, and neurological and behavioral 

disorders. 

Acute inhalation of elemental mercury can directly affect the lung, causing airway 

irritation, chemical pneumonitis, and pulmonary oedema, with consequent chest tightness 

and respiratory distress (Chase, 2006). High inhalational exposures can also lead to 

respiratory failure and death (Landrigan & Etzel, 2013). Systemic absorption of elemental 

mercury via the lungs causes nausea, vomiting, headache, fever, chills, abdominal cramps, 

and diarrhea. When ingested, elemental mercury causes direct irritation of the gastrointestinal 

tract.  

Chronic, lower level exposure to elemental mercury causes gingivostomatitis, 

photophobia, tremors and neuropsychiatric symptoms such as fatigue, insomnia, anorexia, 

shyness, withdrawal, depression, nervousness, irritability and memory problems (J. Hinton, 

2005). It can also cause damage to the peripheral nerves and kidneys (Dart & Sullivan, 

2004). Elemental and inorganic mercury toxicity in children can also manifest in 

oedematous, painful, red, desquamating fingers and toes (acrodynia), as well as 

hypertension (Bose-O’Reilly, et al., 2010).
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Figure 1.2. Cycles of toxic elements pollution on the urban environment.
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Mercury may naturally transform to methylmercury (MeHg) and accumulated in the 

food chain, posing a potential threat to human health. The health effects of mercury exposure 

to humans vary widely, depending on the chemical form of mercury, the age of the person 

exposed, the route and duration of exposure, and the dietary patterns of freshwater fish and 

seafood. Due to its greater lipid solubility, methylmercury is more easily absorbed into the 

bloodstream via the gastrointestinal tract than elemental mercury. Absorption of 

methylmercury is usually in excess of 90 % (World Health Organization, 1990). When 

circulated throughout the body, methylmercury crosses the blood-brain barrier and 

accumulates in the central nervous system. The peripheral nervous system and kidneys can 

also be affected. Developing organ systems are the most sensitive to toxic effects of MeHg 

(WHO, 2008). In children, MeHg exposure during pregnancy (in utero) has been associated 

with developmental delays (e.g., at first walking), decrease in intelligence (e.g., Intelligence 

Quotient (IQ) deficit) and behavioral changes (e.g., Attention Deficit Hyperactivity Disorder 

(ADHD)) (Mars Do, et al. 2014; Solan TD et al.,2014). Children’s cognitive development is 

the most sensitive endpoint for human MeHg toxicity. In 2007, Axelrad et al., performed a 

meta-analysis using data derived from neurodevelopmental/ cognitive such as the 

Developmental Test of Visual-Motor Integration (VMI); Wechsler Intelligence Scales for 

Children Revised (WISC-R); and Wide Range Assessment of Memory and Learning 

(WRAML) is studies among children from the Faroe Islands, New Zealand, and the 

Seychelles (Axelrad DA, et al., 2007). They found a linear association between a 1 µg/g 

increase in Hg concentration in maternal hair and a decrease of 0.18 IQ points (95 % a 1 µg/g 
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confidence interval: -0.38–0.01) (Axelrad DA, et al. 2007). Recently, Jacobsen et al. studied 

a cohort of 282 Inuit children from whom umbilical cord blood samples had been analyzed 

for total mercury.  

They reported an association of prenatal mercury exposure with poorer performance 

on a school-age assessment of IQ. Children with cord Hg ≥ 7.5 μg/L were four times as likely 

to have an IQ score < 80, the clinical upper bound cut-off for borderline intellectual disability 

(Jacobson JL, et al.,). A clear association exists between prenatal MeHg exposure and IQ 

deficits in children, and there is no known safe limit of MeHg (Mars Do, et al., 2015; Solan 

TD et al.,2014, Jacobson JL, et al., 2015, Bellinger DC, et al., 2016). More recently, Tratnik 

et al. studied the association between prenatal exposure to Hg and neurodevelopment of 

children in a prospective cohort study. They took the genetic polymorphism of apolipoprotein 

E (Apoe) into account and used the Bayley Scales of Infant and Toddler Development, Third 

Edition (Bayley-III) assessment. Their results showed a negative association between low to 

moderate Hg exposure in children with normal neurodevelopmental outcome and cognitive 

and fine motor scores at 18 months of age as assessed by the Bayley-III. The decrease in 

cognitive score was only observed in children carrying at least one Apoe ε4 allele, while the 

decrease in fine motor scores was independent of the genotype (Filippelli et al., 2005). 

Symptoms of neurologic disease associated with methylmercury exposure include tingling 

in the extremities, headaches, ataxia, dysarthria, visual field constriction, blindness, hearing 

impairment, and psychiatric disturbance, muscle tremor, movement disorders, paralysis and 

death (WHO, 2016). 
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Health assessments of gold workers in mining towns showed that 55 % and 62 % of 

gold shop workers engaged in smelting amalgam in the Tatelu and Kereng Pangi regions 

(Central Kalimantan), respectively, recorded the characteristic features of mercury vapor 

intoxication, which include ataxic gait, tremors of the eyelid, heel-to-shin ataxia, and 

hypomimia (Bose-O’Reilly, Drasch, et al., 2010). There may also be health risks to urban 

dwellers who live long distance from gold-mining areas because mercury vapor released to 

the atmosphere in rural areas is dispersed by wind to urban areas, as has occurred, for 

example, in Palu, the capital of Central Sulawesi (Nakazawa et al., 2016).  

1.5. Construction and purposes of study 

This study is conducted by doing observation and interview, taking samples and 

analyses, examining the health, and finding the significant correlations among all parameters.  

The study of artisanal gold mining-like process conducted in urban area which is not 

a mining town. In Makassar city, we found that activities similar ASGM process and we 

mention it urban artisanal gold mining.  

The urban artisanal gold mining (UAGM) in Makassar can be categorized into two 

groups: goldsmiths and gold smelter. The goldsmiths design and manufacture gold jewelry, 

while the UAGM recover the fine gold particles incorporated in the waste generated during 

the goldsmiths’ work. With the exception of the ore excavation stage, the recovery process 

in UAGM is similar to the gold extraction stage in ASGM, but rather than excavating gold 

deposits or secondary ores, the UAGM collect the waste from the goldsmiths and then apply 

a waste recovery process in the urban core of Makassar. Amalgamation method is applied 
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during this recovery process to separate incorporated gold particles. Used mercury is released 

from the pond or trommel into the drainage system of the building, from where it flows to 

the main city drains, finally ended in the river. Doré, the gold resulted from the amalgamation 

process, usually still contains about 2 % –5 % mercury (Veiga & Hinton, 2002). Therefore, 

when a goldsmith refines the gold doré by burning, he or she is directly exposed to mercury 

vapor. Moreover, the smelting operation is carried out in small buildings with insufficient 

ventilation, and there is no use of retorts or any type of condenser to capture the mercury 

fumes. Furthermore, they have used mercury for long time, thereby potentially have health-

related mercury intoxication problems.  

Therefore, health status was assessed by evaluating a number of neurological 

symptoms indicating mercury intoxication., and the environment contamination was 

investigated to quantify heavy metal in sediment of aquatic systems and dust deposited in 

urban residential, commercial, and industrial area. This research will provide valuable 

knowledge on the mobilization, dispersion, deposition, and distribution of potentially toxic 

metal in urban ecosystems of Makassar. This knowledge is crucial to the sustainable 

development of urban environments. 

The main objectives of this study are described about medical geology study in Urban 

Artisanal Gold Mining (UAGM) which include socio demography characteristics of the gold 

workers, characteristics of urban artisanal gold mining, mercury pollution in the local 

environment such as dust window house in UAGM and residentials sites and sediment in 

aquatic system, and also health problem to the gold workers.
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CHAPTER 2  

MATERIALS AND METHODS  

 

2.1. Description of study area 

Macassar (Makassar) is the provincial capital of South Sulawesi, Indonesia. It is the 

largest city on Sulawesi island and in terms of population, is the fifth largest city in Indonesia 

after Jakarta, Surabaya, Bandung, and Medan. It was named Ujung Pandang from 1971 to 

1999.  These two names are often used interchangeably. The city is located on the southwest 

coast of the island of Sulawesi, facing the Makassar Strait.  

Geographically Makassar is located on the south west coastal of South Sulawesi, at 

coordinate points 119 °, 18 ', 27', 97 "E and 5 '. 8 ', 6', 19 "S with total area of 175.77 Km2 

covering 15 districts. 

Administratively, Makassar city is surrounded by other regencies, i.e.: Gowa regency 

in the south, Maros regency in the north, and Makassar Strait in the west. Topography is 

generally a coastal area with land altitude ranges from 0.5-10 meters. 

The city's area is 19,926 hectares (49,240 acres) and it had a population of around 1.6 

million in 2013. Besides having a mainland area, Makassar city also include an archipelago 

that can be seen along the coastline of Makassar city. The islands are part of two districts of 

Ujung Pandang and Ujung Tanah sub districts. Island is a cluster of coral islands as much as 

12 islands, part of the cluster of islands Sangkarang, or also called the islands of Pabbiring 

or better known as the Spermonde islands. The islands are Lanjukang island (farthest), 

Langkai island, Lumu-Lumu island, Bone Tambung island, Kodingareng island, Barrang 

https://en.wikipedia.org/wiki/Provinces_of_Indonesia
https://en.wikipedia.org/wiki/South_Sulawesi
https://en.wikipedia.org/wiki/Sulawesi_Island
https://en.wikipedia.org/wiki/Jakarta
https://en.wikipedia.org/wiki/Surabaya
https://en.wikipedia.org/wiki/Bandung
https://en.wikipedia.org/wiki/Medan
https://en.wikipedia.org/wiki/Makassar_Strait
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Lompo island, Barrang Caddi island, Kodingareng Keke island, Samalona Island, Lae-Lae 

island, Gusung island, and Pulau Kayangan island. 

The population of Makassar City in 2010 recorded as many as 1,272,349 inhabitants 

which consists of 610,270 males and 662,079 females. Meanwhile the population of 

Makassar City in 2008 recorded as many as 1,253,656 people. Population composition by 

sex can be shown by ratio gender. The sex ratio of the population of Makassar City is about 

92.17. 

The population distribution for every sub district in Makassar demonstrate that the 

population concentrate in the sub district of Tamalate, which is 154,464 (12.14 %), followed 

by Rappocini sub district with 145,090 people (11.40 %). Panakkukang sub district has as 

many as 136.555 people (10.73 %), and Ujung Pandang sub district has as many as 29,064 

inhabitants (2.28 %). Based on the population density, Makassar sub district is 33,390 people 

/ Km2, followed by Mariso (30,457/Km2), Bontoala (29,872/Km2). Biringkanaya sub district 

is a sub district with the lowest population density (2,709/Km2) then Tamalanrea sub district 

(2,841 / Km2), Manggala (4,163 / Km2), Ujung Tanah sub district (8,266/Km2), Sub district 

of Panakkukang 8.009 / Km2. Areas of low population density still allow for the development 

of residential areas especially in three sub districts namely Biringkanaya, Tamalanrea, 

Manggala.  

The average temperature for the year in Makassar is 81.5°F (27.5°C). The warmest 

month, on average, is October with an average temperature of 82.7°F (28.2°C). The coolest 

month on average is February, with an average temperature of 80.3°F (26.8°C). The average 

amount of precipitation for a year in Makassar is 121.5" (3086.1 mm). The month with the 
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most precipitation on an average is January with 28.9" (734.1 mm) of precipitation. The 

month with the least precipitation on an average is August with an average of 0.6" (15.2 mm). 

In terms of liquid precipitation, days of rain average 187.0 days, with the highest occurrence 

of rain occurs in January and the least rain in August. 

Makassar economy is built mainly on trade, processing industries, services, 

transportation and communication, banking, and finance. One of the trade commodities is 

gold jewelry. The gold workers in this city fabricates gold bars to produce gold jewelry and 

then sold to gold stores. Since the 1970s, when a gold market was formally established, 

Makassar has become one of the main gold trading centers in Indonesia. From that time, 

urban people in Makassar have been engaged in gold-related work. However, few 

technological improvements over traditional methods have been employed. The urban gold 

workers including goldsmith and gold smelter activities mainly concentrated in Tallo and 

Wajo sub districts shown in Figure 2.1.  

2.2. Observation and interview 

In attempt to study the socio-demography of the gold workers and to understand the 

feature of UAGM process, researchers had been conducted observation with in-depth 

interviews. Even though this observation is formally approved by local government, not all 

groups of the gold workers agree to be observed. It began with kind explanation of it purposes 

and offered some knowledge they would gain such as current personal medical status and 

respected their privacy. The researchers observed the processes and asked detail questions 

especially how they handle their chemical liquid, and what is the role of every individual 
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workers in every stage of the process. This observation allowed us to differentiate a group 

with directly exposed and others with indirectly exposed to mercury. Interview with 

questionnaire recorded social demographic information namely sex, age, qualification 

(owner, skilled and un-skilled workers), length of employment, education, and income.  

 

2.3. Sample collection  

Samples collection was conducted in March 2015-September 2016 which included 

human scalp hair, sediments of tailing, drainage, river, fish pond, and beach, and atmospheric 

window dust. Location of samples is shown in Figure 2.1-2.3. 

Human scalp hair has been used as biomarker to study mercury exposure. Human 

health problems caused by mercury toxicity can be assessed by measuring toxic 

concentration of mercury in their scalp hair. Using hair as biomarker for investigating 

mercury toxicity is preferable because of a non-invasive of measurement (D’Ilio, Violante, 

Senofonte, & Caroli, 2000). Mercury concentration in hair generally reflects environmental 

exposures to methylmercury, however there are more than 20 % of mercury in hair may be 

derived from inorganic mercury (Clarkson, 2006). Many studies have shown that hair can 

record long-term methylmercury exposure of as well as inorganic mercury. In a situation of 

low inorganic mercury exposure, almost all mercury in the hair is in methylmercury 

speciation, for example general population with high fish consumption. However, in cases of 

people engaged in gold mining and gold refining that have a high possibility of being exposed 

to mercury vapor, almost all mercury in the hair is in inorganic mercury speciation. For 

example, total mercury concentration in the hair of worker involved in panning and smelting 
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of artisanal gold mining in Sulawesi and Kalimantan, Indonesia were dominated by inorganic 

mercury (Bose-O’Reilly, Drasch, et al., 2010). Similar results were shown among gold 

miners, people in Seweya and Mwanza, Tanzania (Harada et al., 1999) and Kedougou region, 

Senegal (Niane et al., 2015). In addition, mercury when incorporated into hair, it will not 

have any active metabolism, so the hair can provide long-term information of mercury 

exposures. Other importance of hair as biomarker have been discussed elsewhere (Ali 

Mohiuddin, et al., 2014; Cortes-maramba et al., 2006; D’Ilio et al., 2000; Paruchuri et al., 

2010; Wang et al., 2009).  

There are 125 gold workers participated in donating their scalp hair and only 40 out of 

the 125-gold workers agreed to involve in health examination. From 40 gold workers, six 

gold workers who are under medical treatment are excluded because their disease might have 

biased the result of their neurological examination. A group of 80 participants who have no 

direct contact to mercury with age range and rate of fish consumption are nearly the same as 

the gold workers served as a control group. They are living outside UAGM sites such as 

Mariso, Rappocini, Panakkukang, Tamalanrea, and Biringkanaya. They also agreed to 

involve in the hair sampling and only 17 out of the 80 participants agreed to involve in health 

examination. Both gold workers and control group using dental amalgam fillings and 

cosmetics with positively found mercury content are excluded.  

The samples sediment in the tailing reservoir, the drainage system, Tallo river bank, 

fish ponds, and also beaches. That is because elemental mercury from the UAGM site is 

discharged to the tailing reservoir then flowing through drainage system until reach the 

tributary of Tallo river. In both side of the river are fish ponds. There are 27 sediment samples 
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for chemical analyses. It is expected that distribution of heavy metals presenting 

differentiation of mercury enrichment from UAGM sites and from other anthropogenic 

sources. 

Mercury vapor is directly emitted to the atmosphere due to uncontrolled smelting and 

refining processes. By a mechanism of atmospheric deposition, the mercury is deposited in 

the environment. It may deposit either in adhesive surfaces such as soil, street and park, or 

on non-adhesive surfaces such as pavements and buildings. Atmospheric dust deposited on 

house windows of both the gold workers and the non-gold workers inside UAGM site were 

collected for analyses. Such dust samples were also collected from several residential areas 

in Makassar. There are 17 window dust samples. 
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Figure 2.1. Location of Urban Artisanal Gold Mining (UAGM) in Makassar, South Sulawesi, Indonesia. 

Sulawesi island (a), Makassar city (b) and the locations of urban gold workers (three square boxes) in Tallo sub district, Wajo 

sub district, and Manggala sub district, Makassar, South Sulawesi, Indonesia. 
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Figure 2.2. Sampling point of sediment in aquatic system in Urban Artisanal Gold Mining (UAGM) area, Makassar,  

South Sulawesi, Indonesia.
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Figure 2.3. Sampling point of windows dust house in Urban Artisanal Gold Mining (UAGM) and Residential area, Makassar, 

South Sulawesi, Indonesia. 
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2.4. Analytical procedures 

2.4.1. Hair samples 

To investigate the level of mercury exposure in the gold workers and the control groups, 

the researcher analyzed the total mercury concentrations in their scalp hair samples taken 

from all participants. Approximately 50–100 mg strands of hair were cut close to the skin 

from occipital region the right back side of the head and then labeled and sealed in a plastic 

sample bag before sending them to the laboratory for analysis. The Procedure of washing 

hair sample shown in the Figure 2.4. 

The scalp hair samples were analyzed using particle induced X-ray emission (PIXE) 

spectrometry at the Cyclotron Research Center, Iwate Medical University, Japan. PIXE 

method have been use of many researcher (Arifin, Sakakibara, & Sera, 2015; Basri, 

Sakakibara, & Sera, 2017; Clemente, Sera, et al., 2004). Washing hair samples in an 

ultrasonic bath by Milli-Q water and acetone for 5 min. The samples have dried at room 

temperature. The hair samples were affixed to a target holder. A 2.9 MeV proton beam hit 

the target after passing through a graphite beam collimator of diameter 6 mm. X-rays of 

energy higher than that of the K-Kα line were detected by a Si(Li) detector (25.4 μm thick 

Be window; 6 μm active diameter) with a 300 μm thick Mylar absorber. For measurement of 

X-rays emitted at energies lower than the K-Kα line, a Si(Li) detector (80 mm Be; 4 mm 

active diameter), which has a high detection efficiency for low-energy X-rays, was used. The 

typical beam current and integrated beam charge were 100 nA and 40 mC, respectively. The 



31 

 

procedure of the standard-free method for hairs without grinding and acid treatment is almost 

the same as that reported in previous studies (Sera, et al., 1999; Sera, et al., 2002).  

The mercury level associated with the total mercury concentrations in hair samples 

were assessed by comparison with reference values. The reference values obtained from 

benchmark limit of US EPA (US EPA, 1997), and derived in analogy (Drasch, Böse-

O’Reilly, et al., 2001) were compared to the toxicology threshold limit established by The 

Human Bio Monitoring Commission of the German Federal Environment Agency (Schulz, 

et al., 2007). Based on that comparable values, the threshold limits can the put in three 

categories: mercury concentrations of 0–1 µg/g are normal, of 1–5 µg/g represent alert level, 

and of >5 µg/g represent high level risk. Shown in table 2.1. 

 

2.4.2. Sediment and dust samples 

The sample was well dried up in 120oC for 2 hours and was crushed by planetary micro 

mill with three step crushing, step one used level third speed with five minutes, step two used 

level fifth speed with three minutes, and the step 3 used level ninth speed with three minutes. 

After crushing and the sample become homogen, then 50 mg of it was taken. Pd-Carbon 10 

mg was added as internal standard element (Pd weight is 10000 ppm). Pd-Carbon made by 

wako (167-07541 Palladium Carbon abt.5 % (Pd)). By using agate mortar powder sample 

was mix with Pd-Carbon for 10 minutes. A small mixed powder was picked up by pincet 

(tweezers), and then put on the film. About 3 µl of Collodion solution (Collodion: ethanol = 

1: 9) was dropped on the powder and then spread it until become very thin and flat as it can 
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be used for pipette tip. Powder sample is analyzed by PIXE analysis. Sampel preparations 

shown in the Figure 2.5. 

Table 2.1. Toxicologically established threshold limits, for mercury in blood, urine and 

hair, HBM = Human Bio-Monitoring (commission Human- Biomonitoring of the 

Environmental Agency Berlin, 1999) 

 Hg urine  

(µg/g) 

Hg urine  

(µg/g 

creatinine) 

Hg blood  

(µg/g) 

Hg hair 

(µg/g) 

 

Below HBM 0-7 0-5 0-5 0-1 a Normal 

HBM I to 

HBM II 

7-25 5-20 5-15 1-5 ª,b 

 

Alert level 

Over HBM II > 25 > 20 > 15 >5b High level 

BAT for 

metallic and 

inorganic Hg 

>100  > 25  Work place 

limit 

 

BAT for 

organic Hg 

  >100  Work place 

limit 

BAT = Biological Tolerance Value (German Research Foundation, 1999). 
a US EPA benchmark 
b Derived in analogy see (Drasch et al., 2001) 
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Figure. 2.4. Procedures of preparation washing hair samples. 



34 

 

 

 

 

 

 

 

 

 

 Weight Sample 
Homogenize the sample & 

solution by pipet tip 

Sample 

50mg 

Internal standard 

Pd-C:10mg 

(Pd:10,000ppm in sample) 

Mix 3 min 

A few sample 

＋ 

3μl Collodion Solution 

Figure. 2.5. Procedures of preparation for soil & rock powder samples (Internal Standard Method) 
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2.4.3. Neurological examinations 

Neurological symptoms are clinically examined on the 34 gold workers and 17 control 

groups. There were 10 objective symptoms (Drasch et al., 2001) diagnosed by a physician 

following the protocols for environmental and health assessment of mercury suggested by 

UNIDO (Marcello M. Veiga, 2004). The 10 neurological symptoms consist of: (a) signs of 

bluish discoloration of gums; (b) rigidity and ataxia (walking or standing); (c) alternating 

movements or dysdiadochokinesia; (d) irregular eye movements or nystagmus; (e) field of 

vision; (f) knee jerk reflex; and biceps reflex; (g) Babinski reflex; and Labial reflex; (h) 

salivation and dysarthria; (i) sensory examination; and (j) tremor: tongue, eyelids, finger to 

nose, pouring, posture holding and the Romberg test. To determine the prevalent symptoms, 

the scored 1 for positive and 0 for negatively observed symptoms. Then, to calculate the 

occurrences of every symptom and the sum of symptoms that was found positive for every 

individual in the samples. 

2.4.4. Statistical analysis 

Statistical analysis of socio demographic of urban artisanal gold mining is conducted 

using software analysis (SPSS version 16). Distribution of socio demographic characteristics 

is showed by graph and table. Correlation between income and educational level of urban 

gold worker is determined using Spearman correlation analysis. An unpaired (two-tailed) 

non-parametric t-test with a 95% confidence limit is used to determine the difference between 

the total mercury concentrations in the gold worker and the control group. Correlations 



36 

 

between the total mercury concentration in scalp hair and working years of the gold worker 

is determined using Spearman correlation analysis. Correlation between the total mercury 

concentration in scalp hair and window dust is determined using Spearman correlation 

analysis. Correlation between the neurological findings and total mercury concentration and 

working years of the gold worker is determined with Pearson correlation analysis. A p value 

of less than 0.05 was considered significant. 
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CHAPTER 3 

RESULTS 

Based on their activities, the urban artisanal gold mining can be divided into two 

groups, goldsmiths and gold smelter. The nature of the working relationship among the gold 

trader, goldsmith workers, and gold smelter workers is shown in Figure 3.1. 

Population description of the UAGM are summarized in Table 3.1. Males and females 

were engaged in this work as the results show that 50 % of the smelters are females. Among 

them, 78–84% were in the productive age of 25–60 years and they have actively worked in 

these urban artisanal gold smelting locations for 5–45 years. The mean of productive age 36 

years and they have actively worked in the urban area with population densities reaching 

33.000/km2 (BPS, 2014). Participants from urban gold workers consist of 47 goldsmiths in 

Wajo sub district. Most of them are local ethnic called Buginese, 28 goldsmiths in Manggala 

sub districts from Makassar ethnic. Gold smelters in Tallo sub-district includes 50 workers 

and they are mixed Buginese and Makassar ethnic. The control group consist of 80 

participants from various ethnics in Makassar including Mandarian and Torajanise. Their 

occupation of participants of control group consist of 6 housewives, 20 students, 7 taxi 

drivers, 14 retailers, 7 civil servants, 18 fishermen, and 8 were lecturers.  

The UAGM have average incomes of US$ 350/month (US$ 12/day). Their income was 

slightly higher than the income of ASGM workers in Kalimantan, who earn about US$ 74–
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223/month (Sinta, 2015). Most of gold workers had moderate education levels, having 

attended elementary, junior, and senior high school, and university graduates. 

3.1. Socio demographic characteristic of goldsmith in Wajo sub district  

3.1.1. Geography of Wajo sub district  

Geographically Wajo sub district is located in Makassar city with coordinate points 

5o7’45” S and 119o24’40” E. Wajo sub district is bordered by Ujung tanah sub district in the 

north, Ujung pandang sub district in the south, Bontoala sub district in the east. The Wajo 

sub district have 8 villages with an area of 1.99 Km2. The lagerst is Malimongan- 

Malimongan tua which is 0.41 Km2. There 5 villages located near the coastal line namely 

Pattunuang, Ende, Melayu baru, Butung and Mampu, while other villages such as Melayu, 

Malimongan and Malimomgan Tua located several kilometers from coastal line are. The 

population of Wajo sub district is 30.772 people and the density is 15.438 /Km2 (BPS, 2014).  

3.1.2. Distribution of income based on Age 

The population in Wajo composed of 24.928 people which is in productive ages. They 

are 12.848 females and 12.080 males. The productive ages are the range of age of people 

who are able to actively produce goods and do services. The age range between is 15–60 

years old. The productive age is active to product of goods and services and the age is up to 

15 years old.  

During the interviews, it is found that owners of goldsmith in Wajo sub district who 

were aged 60–65 years were first generation of goldsmith, whereas owners aged 30–55 years 

were second generation workers continuing the business after their parents or elders retired. 
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The owner income can obtain about US$ 595/month (US$ 20/day), while skilled and un-

skilled workers earn about US$ 372/month (US$ 12/day) and US$ 180/month (US$ 6/day), 

respectively. Figures 3.2, shows that goldsmith with low quality gold who earns more than 

US$ 180–375/month were age between 25–40 years old. The goldsmiths have average 

incomes of US$ 300/month (US$ 10/day). Their income is slightly higher than the income 

of ASGM workers in Kalimantan, who earn about US$ 74–223/month. 

3.1.3. Distribution of unskilled and skilled worker, and owner classified by educational 

level.  

 

Education level is an important socio demographic factor that can be used to study the 

characteristics of a community. That is because the development of human resources in a 

community can be presented by level literate people and also a number of education facilities 

availability in the area. The amount of education facility in the Wajo sub district are 33 

including 7 kindergartens, 14 elementary schools, 8 junior high schools and 4 senior high 

schools.  

The education levels of the un-skilled and skilled workers, and the owners of the 

goldsmith, is presented in Figures 3.3. The majority of the skilled goldsmith workers have a 

low level of education, having only attended elementary and junior high school. This 

indicates that simple, traditional technologies and management practices are used in this 

industry. In fact, this entire business depends on the technical skills of the workers and formal 

education is not requirement in their job descriptions. 

These socio demographic characteristics suggest that the goldsmith industry is 

attractive to urban inhabitants in Makassar, and especially to young people with a low 
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education level. Although it is an informal industry, goldsmith continues to exist, mainly 

because the income is sufficient for daily life. There is also the opportunity to up-skill and 

become a skilled worker, thereby increasing one’s income.  

3.1.4. Distribution of unskilled and skilled worker, and owner classified by working year 

The workers may improve their skills by serving as apprentices. Therefore, workers are 

classified as un-skilled and skilled according to their experience. As shown in Figures 3.4, 

the majority of goldsmith have been working for between 10 and 19 years. The goldsmith 

workers need to have higher skills because they have to successfully master the gold 

composition (Au–Ag) process, and the jewelry manufacturing, design, and decoration 

processes. To maintain their businesses, the owners hire new workers, mostly their own 

relatives. The new workers are trained to be skilled workers and to become proficient 

goldsmiths. The workers are introduced to this work at between 15 and 20 years of age to 

ensure they are able to master the skills required by the ages of 25–45 years of age. Most of 

the 24 % un-skilled workers are new workers and are receiving ‘on-the-job’ training.  
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Figure 3.1. The scheme of Urban Artisanal Gold Mining (UAGM) Area, relationship between gold shop, goldsmith and  

gold smelter in Makassar, South Sulawesi, Indonesia.
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Table 3.1. Socio demographic characteristic of Urban Artisanal Gold Mining (UAGM) 

Socio-demographic 

characteristics 

Goldsmith in 

Wajo area 

(n=47) 

Goldsmith in 

Manggala area 

(n=28) 

Gold smelter 

in Tallo area 

(n=50) 

Control (n=80) 

n % n % n % n % 

Sex: 

Male 

Female 

 

24 

23 

 

51 

49 

 

14 

14 

 

50 

50 

 

29 

21 

 

58 

42 

 

40 

40 

 

51 

49 

Age: 

15 – 19  

20 – 24 

25 – 29 

30 – 34 

35 – 39 

40 – 44 

45 – 49 

50 – 54 

55 – 59 

60 – 65 

 

3 

5 

9 

7 

7 

4 

3 

4 

2 

2 

 

6 

11 

19 

15 

15 

9 

6 

9 

4 

4 

 

1 

3 

4 

3 

3 

4 

3 

3 

2 

2 

 

4 

11 

14 

10 

10 

14 

10 

10 

7 

7 

 

2 

7 

9 

6 

10 

6 

4 

2 

2 

2 

 

4 

14 

18 

12 

20 

12 

8 

4 

2 

4 

 

4 

34 

6 

14 

6 

5 

6 

2 

1 

5 

 

5 

41 

7 

17 

7 

6 

7 

2 

1 

6 

Owner 10 21 5 18 7 14 - - 

Skilled worker 25 54 16 57 27 55 - - 

Un-skilled worker 12 25 7 25 16 31 - - 

Working Years (Year),  

mean (Min.-Max.) 

17.3 

(2-44) 

16.6 

(2-40) 

15.4 

(3-46) 

9.5 

(0-45) 

Latest education level: 

No education 

Elementary school 

Junior high school 

Senior high school 

University 

 

5 

9 

20 

13 

0 

 

11 

19 

43 

28 

0 

 

0 

4 

5 

17 

2 

 

0 

14 

18 

61 

7 

 

4 

23 

16 

7 

0 

 

8 

46 

32 

14 

0 

 

4 

6 

7 

29 

37 

 

5 

7 

8 

35 

45 

Income: 

< US$ 180  

US$ 180 – 370  

> US$ 370  

< US$ 376 

US$376-751 

> US$751  

 

12 

25 

10 

0 

0 

0 

 

26 

53 

21 

0 

0 

0 

 

0 

0 

0 

8 

17 

3 

 

0 

0 

0 

29 

61 

11 

 

20 

24 

6 

0 

0 

0 

 

40 

48 

12 

0 

0 

0 

 

36 

32 

15 

0 

0 

0 

 

43 

39 

18 

0 

0 

0 

Habits: 

Exercise 

Smoking 

 

17 

20 

 

35 

42 

 

18 

4 

 

60 

13.3 

 

18 

30 

 

32 

53 

 

63 

20 

 

76 

24 
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Figure 3.2. Distribution of income based on age of goldsmith in Wajo sub district, Makassar, South Sulawesi, Indonesia. 
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Figure 3.3. Distribution of unskilled and skilled worker, and owner classified by educational level, Makassar,  

South Sulawesi, Indonesia.
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Figure 3.4. Distribution of working year based on skilled in goldsmith Wajo sub district, Makassar,  

South Sulawesi, Indonesia.
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3.2. Socio demographic characteristic of goldsmith in Manggala sub district  

3.2.1. Geography of Manggala sub district  

Geographically Manggala sub district is one of 14 districts located in Makassar city. 

Geographical location of Manggala sub district is 5.1752 °S 119.4935 °E with a population 

of 118,191 in 2012. Manggala sub district bordered by Tamalanrea sub district in the north. 

In the south, it is bordered by Gowa regency, in the west is Panakukang sub district and the 

east is Maros regency. Manggala sub district is located in an altitude of 46 meters. Manggala 

sub-district with an area of 24.14 Km² consists of 6 villages. It is Tamangapa village has the 

widest area is 7.62 Km², and the second largest is Manggala village with an area the second 

of 4.44 Km², while the smallest area is the Borong village and Batua Village with an area of 

1.92 Km² each (BPS, 2014).  

3.2.2. Distribution of income based on age 

According to the population census results (SP 2010) in 2010, the population of 

Manggala sub district was 127,815 people. The male population is 63,997 people and female 

are 63,918 people. Thus, the sex ratio is about 99.70 percent which means that the male 

population is almost equal with the female population. 

According to the statistics, the working age can be classified by age 15 years is not 

working age, and up to 15 years is working age. In 2015, the number people who is not in 

working age in Manggala sub district is 34,463 people consisted of 17,837 males and 16,626 

females.  
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The characteristic of goldsmith in the Manggala sub district is different from the 

goldsmith in Wajo sub district. The socio demographic of goldsmith in Manggala sub district 

is better than the other gold workers in Makassar in term of income and education. Their life 

style also is better than the others. Commonly, they do not smoke, not drink alcohol, and are 

doing sport regularly.  

The goldsmith in Manggala sub district have the unique design of jewelry. The result 

of in-depth-interviews, we found that owners of goldsmith who were aged 55–60 years were 

first generation of urban gold workers, while the owners aged 27–50 years were second 

generation workers continuing the business after their parents or elders retired. The income 

of the owner can reach up to US$ 2000/month (US$ 83/day), while skilled and un-skilled 

workers earn to US$ 751/month (US$ 25/day) and US$ 375/month (US$ 13/day), 

respectively. Figures 3.5 shows that goldsmith in Manggala sub district who earn more than 

US$ 375-2000/month were age between 27–45 years old. Goldsmiths have average incomes 

of US$ 600/month (US$ 20/day). Their income is slightly higher than the income of ASGM 

workers in Kalimantan, who earn to US$ 74–223/month (Sinta, 2015). The distribution of 

income base on the age shows in Figures 3.5.
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Figure 3.5. Distribution of income based on age in goldsmith Manggala sub district, Makassar,  

South Sulawesi, Indonesia.
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3.2.3. Distribution of unskilled and skilled worker, and owner classified by educational 

level.  

An important factor of socio demographic is education level.  Education will affect the 

economic level of society. Ability to read and write is a very basic requirement. This ability 

is closely related to education. The success of education is supported by the presence of 

educational facilities, teachers and students. In the year 2014-2015, the amount of educational 

facilities in Manggala sub district as many as 92 which includes 39 kindergartens ,20 

elementary school (SD), 16 junior high school, and 18 senior high school. 

The education levels of the un-skilled and skilled workers, and the owners of the 

goldsmith, is presented in Figures 3.6. The majority of the skilled goldsmith workers have a 

high level of education, having attended senior high school and there are many goldsmiths 

in graduated from university. In fact, the formal education is important for their business, 

because they have to keep the unique and also the quality of the gold jewelry. The other 

reason probably they have money to continue the high education and also depend on their 

work as a goldsmith. 

3.2.4. Distribution of unskilled and skilled worker, and owner classified by working year 
 

The goldsmith in Manggala sub district may improve their skill by learning by doing. 

Therefore, workers are classified as un-skilled and skilled according to their ability. As 

shown in Figures 3.7 the majority of goldsmith have been working for 20 years. The 

goldsmith workers need to have higher skills because they have to successfully master the 

gold jewelry manufacturing, design, and decoration processes. To maintain their businesses, 

the owners hire new workers, mostly their own relatives. The new workers are trained to be 
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skilled workers and to become proficient goldsmiths. The workers are introduced to this work 

at between 15 and 20 years of age to ensure they are able to master the skills required by the 

ages of 23–45 years of age. Most of the 23 % un-skilled workers are new workers and are 

receiving ‘on-the-job’ training.  

 

3.3. Socio demographic characteristic of gold smelter in Tallo sub district.  

3.3.1. Geography of Tallo sub district  

Geographically Tello sub district located between 5º8'25 "S and 119º29'31 "E. Tallo 

sub district is bordered Makassar strait in the north of. Bontoala & Panakukkang sub district 

in the south, Bontoala and Ujung tanah sub district in the west, and Tamalanrea sub district 

in the west. Three urban villages in Tallo sub district are coastal areas and 12 other sub 

districts are non-coastal areas. Tammua urban village has the widest area of 0.92 Km², while 

Wala-Walayya village has the smallest area with an area of 0.11 Km² (BPS, 2014). In 2010, 

the population of Tallo sub district was recorded as many as 134,253 people consisting of 

67,554 males and 66,709 females, with population growth of 2 % every year. 

3.3.2. Distribution of income based on age 

The gold smelters, most of them are in the 30–45-year-old age group (Figure 3.8). It 

during the discussion, the researchers found that owners between 60 and 65 years old were 

first generation of gold smelters, whereas owners between 30 and 50 years old were second 

generation smelters who are continuing the business after retirement of their parents or elders. 

It is noted that children were not involved in the work but were living in the areas around the 
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smelters. This contrasts with the ASGM industry, in which many children work at the mining 

sites (Bose-O’Reilly, Drasch, et al., 2010) 

The younger generation who joined the gold smelter on average have age over 15 years 

due to finish their studies at least graduated from elementary school because one of the rules 

in the work of gold smelting in urban artisanal gold mining. Average income of gold smelter 

is 223.21 US$/month (US$ 7 /day). Figure 3.8 also showing that gold smelter who earn > 

370 US$/month were age between 35-60-year-old. The income of owner can reach up to US$ 

456/month (US$ 15/day), whereas skilled and un skilled workers earn to US$ 380/month 

(US$13/day) and US$ 152/month (US$ 5/day), respectively. 

3.3.3. Distribution of unskilled and skilled worker, and owner classified by educational level. 

In 2015, the total number of educational facilities in Tallo sub district are 102 schools 

covering 15 kindergartens, 54 elementary schools, 17 junior high schools, 10 senior high 

schools, 4 vocational schools, and 3 universities. One to describe education in Tallo sub-

district can be seen from the student ratio to teacher. The greatest ratio value is at the level 

of elementary education.  

The education levels of the un-skilled and skilled workers, and the owners of gold smelter 

activities, are presented in Figures 3.9. The majority of the skilled gold smelter have a lower 

level of education, having only attended elementary and junior high school. The education 

level of gold smelter, however, is lower than that of the goldsmiths.
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Figure 3.6. Distribution of unskilled, skilled worker and owner classified by educational level in Manggala sub district, 

Makassar, South Sulawesi, Indonesia. 
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Figure 3.7. Distribution of working year classified by skilled in goldsmith in Manggala sub district, Makassar, South 

Sulawesi, Indonesia.
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3.3.4. Distribution of unskilled and skilled worker, and owner classified by working year 

The workers may improve their skills development by doing practicing. Therefore, 

workers are classified as un-skilled and skilled according to their experience. As shown in 

Figures 3.10, the majority of gold smelter have been working for between 10 and 20 years. 

The gold smelter need to have higher skills because they should be successfully found the 

gold composition (Au–Ag) process by panning, trommol, smelting to get gold dore. To 

maintain their businesses, the owners hire new workers, most of them are their own relatives. 

The new workers are trained to be skilled workers and to become proficient gold smelter.  

The workers are introduced to this work at between 19 and 20 years of age to ensure 

they are able to master the skills required by the ages of 25–40 years of age. Most of the 35% 

un-skilled workers are new workers and are receiving ‘on-the-job’ training.  

3.3.5. The educational level and income of gold workers and people with other occupations 

in Makassar 

The majority of the goldsmiths in Wajo sub district, goldsmith in Manggala sub district 

and gold smelter in Tallo sub district had middle education levels, having only attended 

elementary, junior, and senior high school, and university graduates. Shown in Figure 3.11. 

The gold smelters were able to achieve high incomes without having higher education. In 

contrast, the income of the control group, which comprised urban inhabitants of Makassar 

with various occupations, tended to be proportional to their education level. This finding 

indicates that high-level knowledge is not required to run the business and to master the 
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technologies employed in gold smelting work, and reflects the situation of many ASGM 

activities in rural areas (Arifin et al., 2015; IPEN, 2013; Krisnayanti et al., 2012; Limbong et 

al., 2003; Nakazawa et al., 2016; Tomiyasu, et al., 2013). The gold smelters, however, may 

improve their skills by serving as apprentices. For example, the goldsmiths’ higher skills are 

acquired in successfully mastering the gold composition (Au-Ag) process, and the jewelry 

manufacturing, design, and decoration processes. Therefore, new gold smelters receive on-

the-job training by elders, to become skilled workers and proficient goldsmiths. It is probably 

customary for the owners to recruit new gold smelters and majority of them from their own 

relatives to ensure continuity of their business. 

The UAGM industry applies a recovery process to waste generated by the manufacture 

of gold jewelry. The stages of the recovery process are similar to those of the ASGM industry 

in Indonesia, and include panning, amalgamation, and smelting (Arifin et al., 2015; Bose-

O’Reilly, Drasch, et al., 2010; IPEN, 2013; Krisnayanti et al., 2012; Limbong, Kumampung, 

Rimper, Arai, & Miyazaki, 2003b; Stapper, 2011; Tomiyasu et al., 2013). Although the 

recovery process is relatively straightforward, the number of UAGM workers shows an 

increase over time. There are no official records of the number of urban artisanal gold mining 

in Makassar government, but it is interviews indicate a slight increase in the number of 

UAGM workers and a decrease in the number of goldsmiths in this research period. This 

contrasts with the ASGM industry in rural Indonesia, which is showing rapid growth.
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Figure 3.8. Distribution of income based on age in gold smelter in Tallo sub district, Makassar, 

South Sulawesi, Indonesia. 
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Figure 3.9. Distribution of unskilled, skilled worker and owner classified by educational level in gold smelters  

Tallo sub district, Makassar, South Sulawesi.
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Figure 3.10. Distribution of working year based on skilled in gold smelter in Tallo sub district, Makassar,  

South Sulawesi, Indonesia. 
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Figure 3.11. The educational level and income to gold workers and other workers in Makassar, South Sulawesi, Indonesia. 
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3.4. Urban Artisanal Gold Mining (UAGM) process  

 

The activities of the gold worker in Makassar city have been run over 40 years. 

Approximately 400 gold workers are doing smelting in the urban area of Makassar at Wajo, 

Manggala and Tallo sub districts. Urban artisanal gold mining, gold mining-like process 

using traditional technology was conducted in urban core of Makassar. With the exception 

of the ore excavation stage, the recovery process in UAGM is similar to the gold extraction 

stage in ASGM. In principal, the process deals with recovery of fine gold particle 

incorporated in the goldsmiths’ waste, which included crushing, amalgamation, smelting, 

refining, forming and decoration (Figure 3.12).  

The activities of the urban artisanal gold mining can be divided into two groups, 

goldsmiths and gold smelter, as shown in Figure 3.1. Edible vegetables and fruits are planted 

in the yard. Beside tap water from the domestic water system, artesian well and open well 

are used for daily life such as drinking water and food preparation. Local fishes are produced 

in brackish water ponds located in the Tallo river bank. 

3.4.1. Goldsmith activities 

The goldsmiths in Makassar design, fashion, and artistically decorate jewelry made 

from gold. Gold bar or doré is obtained from either a gold trader or an artisanal gold mining 

gold shop. They design and fashion the gold to the desired shapes and sizes, and decorate it 

artistically using traditional tools and manufacturing processes. They also repair or remodel 

jewelry and sell it to gold shops. The gold is smelted by a torch flame in an open clay bowl, 

and then alloyed with Ag and Cu until it has a malleable composition (e.g., alloy material 



61 

 

comprising 65 wt. % Au and 35 wt. % Cu). This operation is conducted in a building without 

proper ventilation or emission controls, such as a retort or other mercury fume condenser. 

The gold alloy is reduced to granules with a diameter of 2–3 mm to facilitate re-melting. The 

granulated gold is re-melted, and then cast into molds of the desired shape for the jewelry. 

This is followed by forming processes, such as cutting, filling, hammering, turning, spinning, 

bending, and polishing, to achieve the precise shape and dimensions of the jewelry. Finally, 

the jewelry is cleaned with a degreasing solvent or by ultrasonic washing.  

As well as producing gold jewelry, goldsmith activities generate solid and liquid 

wastes, including used clay bowls, used gypsum moldings, ultrasonic wastewater, and 

degreasing solvent. The wastes are collected in separate tanks and then are sent to gold 

smelters; apart from secondary ore, these are the primary resources for urban artisanal gold 

mining and are rarely supplied from rural areas.  

3.4.2. Gold smelters activities 

The gold smelter collected the wastes, then further processed to separate the 

incorporated fine gold particles. The recovery technique is similar to that used in artisanal 

gold mining, which includes panning, amalgamation, and smelting. Used clay bowls and 

gypsum moldings are ground, and cleaning towels and papers are burned, and are then mixed 

with the wastewater and the soil to form a slurry in a flooded pond. The pond occupies an 

area of about 1–2 m2 and is 30–40 cm deep. These processes are commonly done in the yard 

of the urban miner’s house. 
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Figure 3.12. The Urban Artisanal Gold Mining (UAGM) process showing waste from goldsmiths’ work was 

recovered by gold smelter, Makassar, South Sulawesi, Indonesia.
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Some urban miners use shallow dishes to pan the slurry, while others use a carpeted 

sluice box in which the gold particles settle because of the density of the gold. In this panning 

stage, the miners add liquid mercury to extract and separate the gold from other waste. Few 

urban miners use low-capacity rotating trommels, even though they are more efficient for 

obtaining amalgam gold than are the dishes or the carpeted sluice boxes. The weight ratio of 

mercury to gold in the produced amalgam is estimated as 50:1. The excess mercury is 

squeezed through a fabric and may be re-used 2–3 times before finally being discharged. The 

amalgam is burned in an open clay bowl. The mercury evaporates, leaving gold granules in 

the clay bowl. Finally, the gold is sold to gold traders.  

3.5. Mercury pollution in environment (UAGM site, aquatic systems, and window dust 

house) 

3.5.1. Mercury pollution 

 

The tailing of UAGM flow into the drainage system, and ultimately into a tributary of 

the Tallo river, before entering its downstream waterways. Two tailing reservoirs were 

sampled their sediment, and six spots in the drainage system (Figure 2.2.) were taken their 

sediments to mercury concentration measurement. The results showed that all of them 

contained mercury elements. The highest was found in the canal (C3) and (C7) spots as 

mercury concentration reached 627 and 79 µg/g, while mercury concentration in the other 

spots averaged 16 µg/g (7–30.5 µg/g) as can be seen in Figure 3.13. C3 and C7 spots are of 

gold smelting process that undertaken in outside of the house. We observed they use mercury 



64 

 

in the gold process such as amalgamation and smelting. Approximately, they used 100–300 

kg mercury in a year.  

Mercury concentration also concentrated n aquatic system i.e.: river (R), fish ponds 

(Fp), and beach (B) also exhibited mercury elements in their sediments with in average 15, 

24 and 14 µg/g, respectively. 

The mercury vapor emitted to the atmosphere from the UAGM process. The exposure 

was manifested to atmospheric dust containing mercury. Window dust was collected at five 

dust spots inside UAGM sites. Among them were two dust locations with excessive amount 

of mercury reaching 636 µg/g which is dust from window dust (D5) and (D6) that were taken 

in the same location as canal (C3) and just next to that location. The other three locations, 

D2, D3, and D4 showed mean mercury concentration of 87 µg/g, which was two times higher 

than the mercury concentration in window dust from residential areas (Figure 3.14). Window 

dust samples taken from 12 locations (Figure 2.3) in residential area of Makassar also showed 

the presence of mercury indicating occurrence of mercury deposition from the atmosphere. 

Their mean mercury concentration was 35 µg/g (0–87 µg/g) shows in Figure 3.13. 

3.5.2. The other heavy metals pollution 

 

The presence of other heavy metals sediment i.e. Pb, Mn, Cu, Zn was also detected in 

majority of the sample locations. These metal elements are in fact, more concentrated than 

mercury. As can be seen in table 3.2, high concentration of heavy metals such as Zn, Pb, and 

Cu was detected in the vicinity of UAGM. 

Table 3.2 shows that Cupper (Cu) in canal (C3, C6 and C7) spots are in an excessive 

concentration compared to that in C1, C2, C4, and C5. That is because goldsmith utilized a 
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suitable amount of Cu in order to get malleable composition of gold jewelry. Therefore, fine 

particles of Cu likely incorporated into the waste which was re-discharged during the UAGM 

process.  

On the other hand, the canal (C) sediments in the vicinity of UAGM showed elevated 

concentration of heavy metals due to contaminant enrichment. This is because the discharged 

wastes taken from goldsmith’s area were already contaminated by heavy metals (Goldsmith 

waste: Hg=161 µg/g, Cu = 1159 µg/g, Pb = 3868 µg/g, Zn = 272 µg/g, and Mn = 918 µg/g) 

before going further process in UAGM site. The spots of canal (C1, C2, and C8) have not 

contained mercury. Heavy metals composition in these spots might represented as typical 

composition of the sediments in other location of the city without UAGM.  

The downstream of Tallo river is surrounded by fish ponds (fp) in its both sites. The 

table 3.3 presented the presence of Mn, Cr, Zn, As and Pb. The average concentration 

sediment in the fish pond is 674, 195, 87 and 31 µg/g, respectively, whereas in the river is 

1068, 132, 59 and 27 µg/g, respectively. The result suggested that heavy metals in the fish 

pond heavily affected by the condition of river water. 

This is because burning goldsmith’s wastes were commonly conducted in an open 

space using kerosene, gasoline or firewood as a fuel. There were typical elements (Au, Ag, 

Pb and As) contained in dust samples which were only detected at the location of smelters 

(D5 and D6). As can be shows in the Figure 3.15 – 3.18.  The other heavy metal concentration 

in windows dust house can be shown in table 3.3.   
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Figure 3.13. Mercury (Hg) concentrations in sediment of aquatic system in UAGM area, Makassar,  

South Sulawesi, Indonesia.
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Figure 3.14. Mercury (Hg) concentrations in windows dust house in gold smelters and residential area in Makassar,  

South Sulawesi, Indonesia. 
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Table 3.2. Heavy metal concentrations in sediment of aquatic system, Makassar, South 

Sulawesi, Indonesia. 

 
No Area Hg (µg/g) Pb (µg/g) As (µg/g) Cu (µg/g) Cr (µg/g) Zn (µg/g) Mn (µg/g) 

1 B1 14.6 24.7 23.2 81.9 141 138 1.10 X 103 

2 B2 0 72.8 0 53.0 146 176 828 

3 B3 30.4 90.2 21.0 57.8 122 184 608 

4 C1 0 127 0 254 142 723 782 

5 C2 0 1.42 X 103 0 235 272 989 856 

6 C3 627 2.95 X 103 101 1.10 X 104 325 2.36 X 103 1.02 X 103 

7 C4 30.5 303 1.70 322 290 917 979 

8 C5 6.70 155 44.5 399 232.0 1.07 X 103 765 

9 C6 9.50 334 10.4 7.74 X 103 204.5 1.86 X 103 817 

10 C7 78.6 254 20.4 1.74 X 103 209 1.21 X 103 769. 

11 C8 0 84.5 6.80 386 101 593 606 

12 Fp1 42.6 23.5 82.3 66.0 346 125 354 

13 Fp2 48.5 61.4 8.50 34.5 133 81.2 346 

14 Fp3 23.1 30.5 5.30 22.9 311 40.0 666 

15 Fp4 0.30 5.40 0.60 3.60 79.5 25.1 391 

16 Fp5 19.0 54.5 23.7 51.0 244 188 1.85 X 103 

17 Fp6 8.10 12.0 2.90 22.9 54.2 23.1 435 

18 R1 0 31.6 1.60 14.5 85.4 28.0 535 

19 R2 33.7 29.8 6.60 55.4 174 58.5 2.93 X 104 

20 R3 4.80 58.4 2.90 22.0 253 88.0 1.79 X 103 

21 R4 36.0 8.10 2.10 16.4 206 84.3 1.24 X 103 

22 R5 6.40 4.30 3.20 6.40 168 14.9 1.02 X 103 

23 R6 17.3 18.6 3.40 15.8 80.0 34.6 421 

24 R7 17.2 15.4 3.30 4.60 182 19.0 651 

25 R8 3.70 5.70 5.20 8.90 6.00 14.2 3.33 X 103 

26 R9 12.5 94.0 6.20 94.0 72.0 208 1.08 X 103 

27 R10 13.1 7.70 0.30 11.0 92.4 38.9 671 



69 

 

 

Table 3.3. Heavy metal concentration in the windows dust house in the gold smelting area 
and Residential area, Makassar, South Sulawesi, Indonesia. 

 

No Area 

Hg 

(µg/g) 

Pb  

(µg/g) 

Au  

(µg/g) 

Ag  

(µg/g) 

As 

(µg/g) 

Cu  

(µg/g) 

Cr 

(µg/g) 

Mn  

(µg/g) 

Zn  

(µg/g) 

1 D1 32 273 0 0 0 140 0 103 911 

2 D2 39 430 0 0 0 1.01 X 103 42.0 243 6.36 X 103 

3 D3 120 401 0 0 68.0 264 249 830 2.89 X 103 

4 D4 101 269 0 0 13.0 388 232 926 2.49 X 103 

5 D5 636 597 2.32 X 103 345 70.0 713 196 760 1.92 X 103 

6 D6 635 1.68 X 103 5.26 X 103 8.06 X 103 0 1.37 X 103 380 744 6.41 X 103 

7 D7 10.0 3.31 X 103 0 0 0 278 238 885 878 

8 D8 17.0 1.49 X 103 0 0 15.0 238 270 1.10 X 103 1.47 X 103 

9 D9 41.0 103 0 0 7.00 120 108 799 1.06 X 103 

10 D10 43.0 526 0 0 22.0 139 269 1.10 X 103 795 

11 D11 33.0 111 0 0 1.00 122 81.0 506 847 

12 D12 0 99.0 0 0 49.0 29.0 247 577 923 

13 D13 27.0 102 0 0 8.00 83.0 215 1.03 X 103 360 

14 D14 61.0 125 0 0 6.00 116 570 1.16 X 103 593 

15 D15 53.0 204 0 0 12.0 166 257 1.56 X 103 573 

16 D16 19.0 280 0 0 12.0 156 361 373 1.79 X 103 

17 D17 87.0 251 0 0 15.0 245 780 2.85 X 103 1.02 X 103 
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Figure 3.15. Gold (Au) concentrations in windows dust house in gold smelters and residential area in Makassar,  

South Sulawesi, Indonesia. 
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Figure 3.16. Silver (Ag) concentrations in windows dust house in gold smelter area and residential area, Makassar,  

South Sulawesi, Indonesia.
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Figure 3.17. Lead (Pb) concentrations in windows dust in gold smelter area and residential area in Makassar,  

South Sulawesi, Indonesia.
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Figure 3.18. Arsenic (As) concentrations in windows dust in gold smelters and residential area, Makassar, 

South Sulawesi, Indonesia. 
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3.6. Mercury exposure in the gold worker 

The average total mercury concentration in the hair of the gold worker was 8.4 µg/g 

ranged from 1.6 to 48.0 µg/g. However, the difference between the mercury concentrations 

in the hair of indirect and direct exposed were statistically significant (t-test 2.4, p < 0.002). 

The average total mercury concentration in the hair sampled of control group was 2.8 µg/g, 

which is considerably lower and significantly different (t-test 6.8, p < 0.000) from that of 

direct and indirect exposed (Table 3.4).  

Comparison with the threshold limits for mercury of the human biomonitoring 

commission of the German federal environmental agency shows that the mercury level in the 

hair of the both exposed groups fell within the alert to high level while participants from 

other sub districts in the control group have a mercury level within normal to alert level. 

3.6.1. Relationship between age and mercury exposure 

The mercury level of the gold smelters is beyond the normal level; 58 workers (46 %) 

had mercury levels that were within the alert level, 67 workers (54 %) had a high-level and 

64 control groups (80 %) had an alert-level of mercury. Figure 3.19 shows a significant and 

positive correlation between age and mercury exposure (Spearman, r = 0.37; p < 0.000) to 

gold workers and control groups. 

3.6.2. Relationships between working years and mercury exposure 

The gold workers in the urban artisanal gold mining were consist of gold smelter in 

Tallo sub district, goldsmith in Wajo sub district and goldsmith in Manggala sub district. An 
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important demographic component of the gold workers is their working years that related to 

duration of mercury exposure. The working years also reflects duration of mercury exposure. 

All of the gold workers, there are a significant and a positive correlation between the working 

year and the total mercury concentration. It can be seen in the Figures 3.20, the gold smelter 

(Spearman, r = 0.67; p < 0.000), goldsmith in Wajo sub district (Spearman, r = 0.47; p < 

0.001), Goldsmith in Manggala sub district (Spearman, r = 0.69; p < 0.000). 

The direct and indirect exposed have persistently worked in smelting areas as indicated 

by the working years. Figures 3.21 shows a significant and a positive correlation between 

working years of either direct exposed (Spearman, r = 0.49; p < 0.000) or indirect (Spearman, 

r = 0.45; p < 0.000) and the total mercury concentration. This result reveals that the exposed 

group who work longer has a tendency of increasing the mercury level. 

Table 3.4. Total mercury concentration in the hair of exposed group and control group 

  
Total mercury concentration in hair (µg/g) 

Control group Indirect exposed  Direct exposed 

Mean (SD) 2.8 (1.9) 5.6 (3.4) 10.8 (10.1) 

Median 2.5 4.6 7.0 

Min–max  0-12 1.6-15 2.8-48.0 

Independent t-test (each exposed 

group vs control group) 
6.0, p <0.000 6.9, p <0.000 

Independent t-test (direct exposed vs 

indirect exposed) 
3.9, p < 0.000 
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Figure 3.19. Relationship between age and mercury exposure to gold workers and control group in Makassar,  

South Sulawesi, Indonesia.
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Figure 3.20. Relationship between mercury exposure in hair of gold workers (gold smelter and goldsmith) and working year, 

Makassar, South Sulawesi, Indonesia.
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Figure 3.21. Relationship between mercury exposure in hair of direct and indirect exposed and working year, Makassar,  

South Sulawesi, Indonesia.
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3.7. Health problem related to mercury intoxication (neurological assessment) 

The neurological examination result of 34 gold workers and 17 control groups showed 

various neurological disturbances as shown in Figure 3.22. The most prevalent symptoms 

among the gold workers were tremor in tongue, eyelid, finger nose, pouring, posture holding 

and Romberg test reaching 85 % occurrences, whereas 44–56 % had positive findings for 

unbalanced rigidity and ataxia, pathology reflex, sensory disturbance, constricted of vision 

field, and slow knee jerk and bicep reflexes. The prevalent symptoms of control group were 

tremor in tongue, eyelid, finger nose, pouring, posture holding and Romberg test reaching 62 

% occurrences, while test of irregular eye movement, field of vision, reflexes knee jerk reflex 

and biceps reflex were the second dominant symptoms with 31-44 % occurrences. 
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Figure 3.22. Occurrences of the 10 neurological symptoms in control group and gold workers in Makassar,  

South Sulawesi, Indonesia. 
 

0 20 40 60 80 100

 Sign of bluish discoloration of gums

 Rigidity & ataxia (walking & standing)

Test alternating movements

Test for irreguler eye movements

Field of vision test

Reflexes knee jerk reflex and biceps reflex

Phatology reflex : Babinski reflex and labial…

Salivation and dysarthria

Sensory examination

Tremor & Romberg test

Occurrence (%)

Control group

Gold workers



81 

 

CHAPTER 4 

DISCUSSION 

Mercury vapor from the gold refining and amalgam burning exposed to gold worker 

through inhalation. However, large portion of mercury vapor emitted to the atmosphere may 

be precipitated nearby the source (UNEP, 2013) and metallic mercury released to the tailing 

and river can concentrate in soil and sediment near the source (Marcello M. Veiga, 2004) 

then eventually become bioaccumulation. Therefore, gold worker has high risk of being 

exposed to not only inorganic mercury but also organic mercury by occupational and 

environmental route (Salameh Azimi et al., 2013). The total mercury in the hair of gold 

smelter reflects the exposure of inorganic and organic mercury and methylmercury. 

Hair is generally associated with methylmercury exposure from fish, urine/ blood are 

better indicators of organic and inorganic mercury exposure. However human scalp hair has 

been used as an alternative biological material for blood and urine in biomonitoring. 

Evaluation of mercury exposure using hair specimen is a well-established method in group 

studies.(Nuttall, 2006). Mercury has longer half-life in hair and it remains stable for a long 

period in hair, make it useful to evaluate the exposure of the last months and they are also 

easy to transport. Hair adjacent to the scalp is indicative for exposure occurred 1-3 week 

earlier (Nuttall, 2006). US Environmental Protection Agency (EPA) assigned 0-1 ppm of hair 

mercury concentration as a normal, 1-5 ppm as alarm level, and >5 as high level for human 

biomonitoring for mercury concentration in human.  
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Mercury affect human body by various appliance. Clinical presentation of individual 

exposure depends on dose, duration of exposure, and form of exposure (Patterson, Ryan, & 

Dickey, 2004). In chronic exposure, early presentation may appear as fine tremor in 

extremities that will progress to entire limb. (Patterson et al., 2004). Classic triad of chronic 

toxicity is tremor, gingivitis, and erythrism (constellation of neuropsychiatric findings that 

includes insomnia, shyness, memory loss, emotional instability, depression, anorexia, 

vasomotor disturbance, uncontrolled perspiration, and blushing) (Patterson et al., 2004). 

4.1. Urban Artisanal Gold Mining (UAGM) activity 

A very small-scale gold mining was conducted traditionally in high populated area. 

Similar process to the ASGM in mining site drives us to name it as “urban artisanal gold 

mining”. There are about 400 urban gold workers working in the urban mining site with six 

to eight workers in every site. Due to the small scope, some gold workers are able to handle 

three to four stages in gold work. Therefore, classifying the gold workers based on every task 

on the gold work was rather difficult. They were grouped into two groups: 1 goldsmith and 

gold smelter; and 2; direct and indirect exposed group. 

The goldsmith work generates solid and liquid wastes that contained fine gold particles 

such as used clay bowls, dust containing gold chips, wastewater, acid solvents, cleaning 

towels, and tailings sediment. These wastes were collected in separate tanks and were 

retained for further recovery processes. The gold smelter conducted crushing, amalgamation 

in panning or tromelling and smelting process utilizing traditional tools and techniques. An 

UAGM spends approximately 100–300 kg per year liquid mercury for amalgamation. To 
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obtain gold amalgam from rotating trommel, the excess mercury was squeezed through a 

fabric and may be re-used 2–3 times before finally being discharged. The used mercury was 

released into the drainage system of the building, from where it flowed to the main drains. 

The gold amalgam was smelted by burning using torch flame in an open clay bowl. Thermal 

decomposition of the gold amalgam resulted in mercury evaporated leaving the gold doré in 

the clay bowl.  

Working without mercury emission control, the gold smelters contacted to mercury in 

large quantity when amalgamation and burning the amalgam, while the goldsmiths were 

exposed to mercury vapor through refining the gold doré. It is important to note that the gold 

smelters work in an open area, whereas the goldsmith in an indoor area. In Rondônia, Brazil 

(Malm, 1998), a measurement of air contamination during reburning gold doré in the dealer’s 

shop revealed that mercury concentration inside the shop was high compared to either nearby 

the shop or the open area where amalgam was burned. In Paramaribo, Suriname (Wip et al., 

2013), a higher mercury concentration range was also found inside the gold buy-up shop 

resulted from burning gold doré with improper retort’s function.  

Mercury exposure during the gold work was probable. The processes which large 

fraction of mercury released to the environment were refining gold doré, amalgamation and 

smelting the gold amalgam. Gold amalgam contains 40–50% mercury (J. J. Hinton, Veiga, 

& Veiga, 2003) and gold doré 2–5 % (Veiga & Hinton, 2002). It might expose to the 

environment as well as the gold workers. The amalgam or gold doré when it was burned, the 

excess mercury was driven off into ambient air of the work site because the work did not use 

mercury emission controls such as retort, moreover the work sites did not have proper 
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ventilation. The goldsmiths performing refining-alloying the gold doré may be directly 

exposed to mercury vapor. Likewise, the gold smelters conducting amalgamation and 

smelting the gold amalgam are potentially directly exposed to mercury vapor, while other 

workers handling other jobs such as hammering, bending, cleaning, polishing, collecting the 

waste, and crushing may be indirect exposed. 

4.2. Mercury pollution in environment (UAGM site, aquatic systems, and window dust 

house) 

The urban artisanal gold mining process have been existing and also using mercury in 

the process of gold production. The amalgamation, smelting, and refining are the processes 

in which mercury may release to environment. In UAGM workers use drainage or canal to 

discharge waste from their tailing reservoirs or some of them directly discharge to drainage. 

The mercury concentration into the drainage sediment was found very high in the spot C3 

and C7, reaching 627 and 79 µg/g, respectively. On the other drainage spots, mercury 

concentration average 16 µg/g (0–30.5 µg/g). Mercury concentration presented by window 

dust samples also indicated considerable amount of gaseous mercury in the atmosphere of 

UAGM sites. In the form of gas, the mercury is readily transported and deposited over large 

environment. This may have explained the presence of mercury elements in both residential 

and aquatic area. The result of mercury toxicity in the sediment of tailing, drainage and 

window dust inside the UAGM site suggested that mercury have presented in the gold 

workers’ environment. 
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On the other hand, the canal sediments in the inside UAGM site showed elevated 

concentration of heavy metals due to contaminant enrichment. This is because the discharged 

wastes taken from goldsmith’s area were already contaminated by heavy metals. This was 

because burning goldsmith’s wastes were commonly conducted in an open space using 

kerosene, gasoline or firewood as a fuel. 

The tailing of UAGM through the drainage system is ended in downstream of Tallo 

river. This condition might enrich the concentration of heavy metals from tributary to the 

main stream of the river. Element of Mn was the most abundant contaminant in Tallo river 

followed by Cr, Zn, As and Pb. However, Tallo river also received many runoffs from along 

river sides. Several anthropogenic works near the river side potentially introduce heavy 

metals deposition to the river. The anthropogenic sources included chemical, metals and food 

industries, and the power plant generated by coal combustion. In many cases, urban 

environment contaminated by heavy metals from anthropogenic sources. Coal and fossil fuel 

combustion for power and heating are generally the main source of heavy metals emission in 

urban. It contributes 45 % of total mercury emission to atmosphere [AMAP/UNEP, 2008]. 

In the urban environment of Makassar, coal and fossil combustion are most likely responsible 

for the spreading of heavy metals over the city, while UAGM activities enriches the local 

environments.  

The aquatic system such as river, fish pond and beach have been polluted by heavy 

metals. This is due to heavy metals in the tailing of UAGM flow and contaminate the river 

and fish pond around it.  
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In addition, there are typical elements (Ag and Au) contained in dust samples which 

were detected at the house of smelters (D5 and D6). These two elements involved in the 

process of jewelry manufacturing by goldsmith, then the elements incorporated into the 

wastes were discharged and collected by UAGM workers. Large concentration of Ag and Au 

were released to the atmosphere due to the smelting operation was conducted without gas 

collector or emission controller (Figure 3.15-3.16). Through atmospheric deposition, the 

elements were precipitated as dust in their local environment. 

4.3. Mercury exposure to the UAGM workers 

Total mercury concentration in the head hair of the UAGM workers are 5.6 µg/g for 

indirect exposed and 10.8 µg/g for direct exposed. This concentration is somewhat half to 

mercury concentration in the hair of miners who worked in the excavation and smelting in 

ASGM. It was reported that the average total mercury concentrations in hair of smelting 

workers in Talawaan and Galangan were 13.14 and 17.09 µg/g, respectively (Bose-O’Reilly, 

Drasch, et al., 2010). 

The mercury level of the exposed group is beyond the normal level of HBM threshold 

limit (Figure 3.21). There are 21 direct exposed (or 32 %) and 38 indirect exposed (or 63 %) 

gold workers have mercury levels within the alert level, whereas those who have a high-level 

of mercury within the direct and indirect exposed are 44 (or 68 %) and 22 (or 37 %), 

respectively. Some of the gold workers have lower total mercury values because they did not 

intensively work in smelting such as amalgamation and gold doré refining process, thereby 

infrequent contact with mercury. Mercury concentration in scalp hair of gold workers are 
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also affected by atmospheric dust in their working place. This relation is significant 

(Spearman, r = 0.43, p < 0.000) which clearly indicates that the gold workers had been 

exposed to mercury during their work and within their environment, this shown in Figure 

4.1.  

Mercury exposure to the direct and indirect exposed who have worked for many years 

tends to increase (Figure 3.21). The total mercury in the hair of 30 (or 24 %) the exposed 

group who have worked more than 10 years have exceeded the alert level (1–5 µg/g). This 

indicates that both groups of exposed workers are affected of exposure duration. Similar 

results of mercury exposure to a goldsmith in Pakistan showed that the worker with more 

years of work had an elevated mercury concentration in their hair biological samples (Gul, 

Khan, Khan, & Ahmad, 2015) (Cortes-maramba et al., 2006). Participants from other sub 

districts in the control group have a mercury level within normal to alert level. There are 64 

(80 %) participants in the control group have total mercury values in alert level (Figure 3.19).  

4.4. Health problem related to mercury intoxication (neurological assessment) 

Mercury exposure to the gold workers has reached alert to high-level where the 

adverse health effects are probable (Bose-O’Reilly, Drasch, et al., 2010). The results of health 

assessment showed the occurrences of neurological symptoms among the gold worker (Table 

4.1). Then, the results were separated into two groups based on the mercury level: alert level 

(1–5 µg/g) and high-level (>5 µg/g). It reveals the occurrences of neurological symptoms 

suffered by the gold worker in the high-level are more prevalent than in alert level. Whereas 

the control group shows neurological symptoms suffered with mercury level: alert level and 
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high level are the same prevalent. It is assumed the intoxication from various forms of 

mercury (elemental, inorganic, and organic mercury). Exposure to the various forms of 

mercury may result in some similar and some different symptoms. 

The various neurological disturbances, as shown in Figure 3.22. The result of health 

assessment also recorded that every gold worker was diagnosed experiencing a different 

number of symptoms. We found that there were two gold workers experiencing 9 

neurological symptoms whereas two gold workers showed negative findings for all the 10 

neurological symptoms as shown in Figure 3.22. In comparison with health assessment of 

ASGM workers in Sulawesi and Kalimantan, it was reported that ataxia and tremor were the 

most prevalent symptoms (Bose-O’Reilly, Drasch, et al., 2010). 

On average, they suffered four out of 10 symptoms. It is found that a gold worker who 

had been working for many years experienced many more symptoms than those who had 

worked for only few years. A clear indication of this reasonable correlation (Pearson, r = 

0.59; p < 0.000) was found by plotting the working years and the sum of positive findings 

for neurological symptoms in the 34 gold smelters (Figure 4.2). Several studies reported 

significant correlation between mercury intoxicated symptoms and exposure duration 

(Ellingsen, Morland, Andersen, et al., 1993; Kishi et al., 1994). This might suggest the effect 

of exposure duration on the health-related mercury intoxication.  

In general, symptoms occur and progress more rapidly the higher the concentration of 

mercury encountered. Figure 4.3 demonstrates the relationship between the sum of 

neurological symptoms and the increase of total mercury concentration in hair. There was 

significant correlation between the sum of neurological symptoms and the increase of total 
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mercury concentration (Pearson, r = 0.49; p < 0.003). Several studies reported significant 

correlation between mercury intoxicated symptoms and hair mercury concentration (Auger, 

et al., 2005; Bose-O’Reilly et al., 2008; Bose-O’Reilly, Drasch, et al., 2010; Drasch et al., 

2001; Harada et al., 1999; Zahir, et al., 2005). Of the possible reason of this is body retention 

of mercury in an individual depends on dietary and physiological factors that can modulate 

the metabolism of nutritive or toxic metals (Barbosa et al., 2001). 

The findings in this study indicate mercury exposure to the gold worker has reached 

alert to high-level where the adverse health effects are probable. The urban artisanal gold 

mining, in fact, is a unique informal work and the gold jewelry they produced represents an 

original product of Makassar. Therefore, interventions are essential to reduce it from their 

occupation, such as introduce retort to capture mercury fume, implement better waste 

management, and apply recovery process without amalgamation. Health assessment should 

also be performed to susceptible subpopulation such as children and pregnancy. Studies have 

shown that the developing nervous system of children is very sensitive to mercury, while 

pregnant women can suffer persistent adverse effects on their children’s development (Bose-

O’Reilly et al., 2008). To prevent eradicating the mercury exposure, problem solving should 

be constructed involving a network collaboration of entire elements in the community; 

national and local government, industries, stakeholders, researchers, educational institutions, 

NGOs, civil society and gold workers. 
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Figure 4.1. Relationship between mercury concentration in scalp hair and windows dust house in gold smelter and 

residential area, Makassar, South Sulawesi, Indonesia. 
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Table 4.1. Occurrence of the 10 neurological symptoms and mercury level in the 

gold workers and control group 

Neurological symptoms Gold workers Control group 

  

1-5 

µg/g 

> 5 

µg/g 

1-5 

µg/g > 5 µg/g 

 Sign of bluish discoloration of gums 1 5 0 1 

 Rigidity & ataxia (walking & standing) 5 12 1 1 

Test alternating movements  3 12 2 2 

Test for irregular eye movements  7 12 3 3 

Field of vision test 3 10 3 3 

Reflexes knee jerk reflex and biceps reflex 3 8 1 2 

Pathology reflex: Babinski reflex and labial 

reflex 7 7 3 1 

Salivation and dysarthria 2 7 1 0 

Sensory examination 6 8 2 2 

Tremor & Romberg test 12 17 4 4 

*  Based on threshold limit of The Human Bio Monitoring (HBM) Commission of the German 

Federal Environment Agency. 



92 

 

 

 

Figure 4.2. Relation between working year and sum of neurological symptoms in Makassar,  
South Sulawesi, Indonesia. 
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Figure 4.3. Relation between total mercury concentration in hair and sum of neurological symptoms in Makassar, 

South Sulawesi, Indonesia. 
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4.5. Concept of medical geology in urban environment 

The medical geology study reveals a relationship between mercury toxicity and a gold-

mining-like process in the city. An artisanal gold mining process is usually undertaken in the 

countryside, and the gold is further processed in a mining town. However, the UAGM is 

conducted in the center of the city with the amalgamation and smelting processes included 

have become a new source of pollution in the urban area. Mercury has exposed to aquatic 

system in the tributary of Tallo river, and the atmosphere as well as the gold workers via 

directly discharging and inhalation, and atmospheric deposition. Sediment, scalp hair, and 

window dust house, serve as bioindicators and atmospheric indicator, respectively. The 

aquatic system i.e.: river sediments have mean mercury concentration of 14.5 µg/g, and fish 

pond sediments have 23.6 µg/g of mercury. Meanwhile, mercury concentration in 

atmospheric window dust taken from gold smelters’ houses has double compared to mercury 

concentration in residential area. Mercury has also exposed to the gold workers indicated 

from mercury concentration in their scalp hair, which is three times higher than that in 

general inhabitants of Makassar, and only half from the hair mercury concentration of ASGM 

workers in Sulawesi and Kalimantan. Moreover, a significant Spearman correlation was 

shown in the relationship with the period of exposure (working years) as well as with mercury 

concentration in window dust house. Exposed to mercury toxicity has raised health problems 

among the gold workers. Neurological symptoms related mercury intoxication has positively 

found in the majority of gold workers. Statistical analyses showed significant correlation 

between neurological symptoms and mercury concentration in the scalps hair of gold 

workers. Although UAGM consumes only 100-300 kg of mercury per annum (compared 
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with ASGM, which consumes approximately 1000 tons of mercury per annum), it may 

present a greater risk because of the high population density around UAGM sites. Therefore, 

not only gold workers, but also the urban population and their environment, are exposed to 

mercury contamination. The concept of medical geology in urban environment schematically 

presented in the Figure 4.4. 
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Figure 4.4. Scheme of concept of medical geology in urban environment in Makassar, South Sulawesi, Indonesia. 
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CHAPTER 5  

SUMMARY  

The UAGM workers included two groups: goldsmiths and gold smelters. The 

goldsmiths designed and manufactured gold jewelry, and the gold smelters recovered the fine 

gold particles contained in the waste generated by the goldsmiths’ work. This waste included 

working-place dust, sludge, used gypsum molding, used clay bowls, trash, acid, and various 

kinds of solvents. With the exception of the ore excavation stage, the recovery process in 

UAGM is similar to the gold extraction stage in ASGM. However, rather than excavating 

gold deposits or secondary ores, the gold smelters collect the waste from goldsmiths and 

recover the fine gold particles from the waste. Much of the gold is collected from the dust on 

the windows of their houses (2318–5263 µg/g). The processes involved in its extraction 

include crushing, milling, amalgamation, smelting, and refining. It is estimated that 100–300 

kg mercury/year is used in the amalgamation process. Mercury that has been reused several 

times is released from a pond or trommel into a tailing reservoir before it enters the drainage 

system of the house, from where it flows into the main city drains. Mercury vapor is also 

emitted into the atmosphere during the burning of amalgam (Hg–Au). Because the UAGM 

activities are performed in open areas, mercury potentially contaminates the waterways, air, 

and soil over extensive areas. 

After investigating the characteristics of the UAGM processes. The researcher found 

sociodemographic of characteristic the gold workers. Approximately 400 gold workers, 

including males and females, were involved in UAGM. Of these, 78 %–84 % were in 
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working age (25–60 years) and had worked actively in this occupation for 5–30 years. They 

had an average income of US$350/month (US$12/day), which was slightly higher than the 

income of ASGM workers in Kalimantan, who earn about US$74–223/month. The 

educational backgrounds of the gold workers were predominantly elementary and junior high 

school.  This indicating that the work was conducted with traditional management and 

without technological practices. 

Because most of these workers had been exposed to mercury for long periods of time 

(>5 years), a study of the environment and the gold workers themselves was required to 

establish how severely they had been affected. Environmental exposure to both liquid 

mercury and mercury vapor is likely in this case. Liquid mercury is discharged into the 

tailings and drainage systems, and mercury vapor is released into the atmosphere during the 

gold refining and amalgam burning processes. These processes directly expose the gold 

workers to mercury through inhalation. 

The tailings of UAGM flow into the drainage system, and ultimately into a tributary 

of the Tallo river, before entering the downstream waterways. High mercury concentrations 

were detected in the tailings and drainage systems. Very high mercury concentrations (79 

and 627 µg/g) were detected in the sediments at two tailing sites, and the mercury 

concentrations in the other drainage sites averaged 16 µg/g (7–30.5 µg/g). To investigate the 

mercury vapor released into the atmosphere, samples of the atmospheric dust deposited on 

house windows were analyzed. Atmospheric window dust was collected from five houses 

inside the UAGM site. Two of the five gold workers’ houses had excessive levels of mercury, 

reaching 636 µg/g, indicating that the individuals who worked and lived at the UAGM site 
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were subjected to high mercury exposure. The other three were occupied by individuals who 

did not work with gold. The dust samples had mercury concentrations of 120 and 101 µg/g, 

which were three times higher than the concentrations in samples from other areas of the city. 

Therefore, mercury exposure via atmospheric deposition might constitute widespread 

contamination. This deposited mercury can contaminate edible plants or poison children 

through its inadvertent ingestion. The aquatic systems near the UAGM site were also 

enriched with elemental mercury, which was detected in sediments taken from a beach, a fish 

pond, and a river, with average concentrations of 15, 24, and 13 µg/g, respectively. Elemental 

mercury in these aquatic systems can be transformed to its most dangerous form, 

methylmercury, which then readily enters the food chain. These results clearly demonstrate 

that mercury is present within the environment, especially inside and near the UAGM site. 

Therefore, it investigated the exposure of the gold workers to mercury and assessed their 

health problems arising from mercury poisoning. 

Other heavy metals, including lead (Pb) and arsenic (As), were also detected in the 

atmospheric window dust house. Several anthropogenic activities, such as chemical 

industries, coal combustion at a steam power plant, and fuel combustion by transport 

vehicles, are undertaken at different locations in the city, which also potentially introduce 

mercury and heavy metals into the atmosphere. The chemical analysis of the window dust 

house showed that varying concentrations of mercury, Pb, and As were deposited throughout 

the city. On average, the Pb concentrations were higher at the UAGM site (676 µg/g) than at 

other locations (573 µg/g), and As was three times higher (30 µg/g) at the UAGM site. This 

enrichment is probably attributable to the burning of gasoline at the UAGM site. 
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To investigate mercury exposure among the UAGM workers, the researcher analyzed 

their scalp hair with PIXE to determine the total mercury concentrations and compared them 

with those of the general Makassar population, who were used as the control group. The 

mean hair mercury concentrations of both the gold smelters (8.5 µg/g) and goldsmiths (7.9 

µg/g) were significantly higher than that of the control group (2.8 µg/g). Gold smelters 

directly handle liquid mercury and are also exposed to it during the amalgamation and 

smelting processes, whereas goldsmiths are exposed to mercury when refining the gold dorè, 

which still contains mercury. The result also demonstrated a significant and positive 

correlation between the period of work (working years) and total mercury concentration in 

hair (Spearman, r = 0.58 p < 0.000). In other words, the longer they worked, the greater their 

exposure to mercury. Another positive and significant correlation between the period of work 

(working years) and total mercury concentration when the gold workers were categorized 

into directly (10.8 µg/g) and indirectly (5.6 µg/g) exposed groups of either direct exposed 

(Spearman, r = 0.49; p <0.000) or indirect (Spearman, r = 0.45; p <0.000). In term of mercury 

level, most of the gold workers displayed high mercury levels (>5 µg/g, threshold limit of 

human biomonitoring), which clearly indicates that the gold workers had been exposed to 

mercury during their work and within their environment.  

The health examinations showed that 85 % of the gold workers suffered neurological 

symptoms, such as tremors, and 44 %–56 % experienced restricted fields of vision, slow 

reflexes, sensory disturbances, rigidity, and ataxia. These results also showed that the length 

of their work experience (working years) correlated reasonably well with the summed 

positive findings for 10 neurological symptoms (Pearson, r = 0.59, p < 0.000). The 
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inhabitants of Makassar (control group) also showed mercury concentrations in their hair (0–

12 µg/g) and slight symptoms of mercury poisoning. The symptoms most frequently suffered 

by control group were tremor of the tongue, eyelid, finger, or nose, pouring, and posture 

holding, with occurrence rates of up to 62 %, whereas irregular eye movement, limited visual 

field, abnormal knee jerk reflex, and abnormal biceps reflex were detected in about 44 % of 

subjects. 

The mercury toxicity in Makassar city has reached an alarming level, particularly 

within the UAGM site. To ameliorate the impact of mercury pollution, it is essential to 

construct a network involving all the elements of the community: national and local 

governments, industries, stakeholders, researchers, educational institutions, NGOs, and civil 

society. It is anticipated that each element of this network system will be linked by studies 

and monitoring/evaluation programs conducted by researchers and supported by 

governments through the development of environmental policies. Industries must control the 

environmental impact of their production processes; educational institutions, NGOs, and 

society can implement public health management strategies; and this network should develop 

an appropriately sustainable program of preventing mercury pollution.  
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APPENDIX’S 

 

1. Table mercury (Hg) concentrations in hair of gold smelters in Tallo sub district, Makassar, 

South Sulawesi, Indonesia.  
 

No Name Educational level 
Length work 

(years) 
Sex 

Age 
(years) 

Income 
(USD) 

Hg hair 
(µg/g) 

1 Adipura              Elementary school 18 Male 34 175 8.5 

2 Agus salem           Junior high school 21 Male 38 140 4.19 

3 Ahmad                Elementary school 30 Male 49 420 19.9 

4 Ahmad sriwati        Elementary school 3 Male 20 105 5.31 

5 Alwi anwar           Senior high school 20 Male 40 210 4.40 

6 Amir                 Elementary school 25 Male 45 385 7.20 

7 ANdi                 No education 5 Male 20 175 2.50 

8 Asrul                Senior high school 8 Male 27 140 2.67 

9 Dedi Irawan          No education 10 Male 30 175 5.52 

10 Hardi                Junior high school 9 Male 35 140 4.57 

11 Hasan                Elementary school 20 Male 50 420 7.78 

12 Hasanuddin           Senior high school 40 Male 56 420 7.70 

13 Hendrik              Elementary school 15 Male 36 280 5.72 

14 Ikhsan               Elementary school 4 Male 20 175 2.52 

15 Irham                Junior high school 3 Male 19 140 3.85 

16 Irvan                Júnior high school 10 Male 26 105 4.11 

17 Jamal pratama         Elementary school 7 Male 37 123 3.37 

18 Kamaruddin           Senior high school 17 Male 32 280 5.59 

19 Masyuddin            Elementary school 18 Male 42 210 6.26 

20 Nasir                Elementary school 16 Male 41 385 6.13 

21 Nasrul               No education 6 Male 22 140 2.99 

22 Natsir               Elementary school 17 Male 42 70 5.75 

23 Reski                Senior high school 4 Male 18 280 2.79 

24 Sapri Anwar          Elementary school 22 Male 36 70 8.08 

25 Sukri                Junior high school 9 Male 31 140 3.94 

26 Sukri T              Elementary school 34 Male 50 140 12.2 



113 

 

No Name Educational level 
Length work 

(years) 
Sex 

Age 
(years) 

Income 
(USD) 

Hg hair 
(µg/g) 

27 Tetta                No education 17 Male 35 280 3.84 

28 Syahril              Elementary school 15 Male 31 245 3.79 

29 Satri                Elementary school 18 Male 35 175 10.4 

30 Muhammad             Senior high school 46 Male 64 210 13.3 

31 Hikmah               Junior high school 18 Female 35 245 27.0 

32 Serly                Junior high school 5 Female 27 140 4.67 

33 Norma                Elementary school 10 Female 28 245 80.2 

34 Rahmawati            Senior high school 22 Female 39 385 27.5 

35 Yanti                Elementary school 11 Female 49 105 7.76 

36 Novianti             Senior high school 6 Female 24 175 6.71 

37 Dian                 Junior high school 6 Female 26 175 4.71 

38 Lisa Iskanti         Elementary school 14 Female 31 140 14.4 

39 Dg Kebo     Junior high school 43 Female 60 245 10.2 

40 Hasniar              Elementary school 10 Female 29 210 5.9 

41 Dewi                 Elementary school 9 Female 27 315 5.65 

42 Dg lamusu    Elementary school 10 Female 21 140 7.61 

43 Lia                  Junior high school 20 Female 38 210 27.8 

44 Nirwana              Elementary school 11 Female 31 210 4.78 

45 Halida               Junior high school 12 Female 29 280 10.0 

46 A.Rahmawati       Junior high school 17 Female 37 280 11.3 

47 Lina                 Senior high school 14 Female 35 210 11.1 

48 Jena                 Junior high school 20 Female 48 350 7.59 

49 Haeriah              Junior high school  4 Female 23 175 5.00 

50 Fitriati             Junior high school 9 Female 26 175 6.18 
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2. Table mercury (Hg) concentrations in hair of goldsmith Wajo sub district, Makassar, 

South Sulawesi, Indonesia. 
 

No 
Name Educational level 

Length work 

(Year) 
Sex 

Age 

(years) 

Income 

(USD) 

Hg hair 

(µg/g) 

1 Lamba                Elementary school 23 Male 43 490 4.52 

2 M.Tahir              Junior high school 26 Male 46 420 7.75 

3 Muh.Tias             Elementary school 7 Male 26 315 3.13 

4 Abd Rahman           Elementary school 10 Male 30 245 2.75 

5 Syamsul        Senior high school 15 Male 35 140 7.58 

6 H.Lamba              Elementary school 44 Male 60 560 14.9 

7 Hamuddin             No education 18 Male 38 210 4.15 

8 Iwan                 Senior high school 20 Male 40 385 17.5 

9 Jusman               No education 7 Male 29 280 6.25 

10 Muh.Ruslan           Junior high school 8 Male 29 210 3.92 

11 Saimuddin            Elementary school 4 Male 23 245 3.27 

12 Tris                 Senior high school 10 Male 28 210 3.56 

13 Sudirman             Elementary school 22 Male 40 280 4.20 

14 Sukardi              Elementary school 12 Male 32 175 5.37 

15 Sultan               Junior high school 17 Male 37 140 6.57 

16 Syahrul              Junior high school 8 Male 32 140 3.68 

17 Syarifuddin          Elementary school 27 Male 47 175 3.29 

18 Abd Rauf             Senior high school 13 Male 33 385 4.58 

19 Nasrun               Elementary school 11 Male 29 175 4.88 

20 Fahreza              Elementary school 2 Male 18 280 4.68 

21 Ilyas                No education 35 Male 53 210 5.44 

22 Muh. Anas            Elementary school 42 Male 58 560 4.62 

23 Yalo                 Senior high school 22 Male 41 280 8.33 

24 Indrakusuma          Elementary school 21 Male 40 175 23.2 

25 Suriati              Junior high school 14 Female 30 210 2.65 

26 Agustina             Elementary school 5 Female 24 210 6.87 

27 Anita                No education 15 Female 33 175 7.95 

28 Hj. Munira           Elementary school 38 Female 54 525 22.2 

29 Nani                 Elementary school 10 Female 29 175 4.15 

30 Santi                Senior high school 15 Female 33 315 12.0 

31 Suriyana             Junior high school 15 Female 35 210 6.96 

32 Hj.Kasmawati         Junior high school 20 Female 38 280 13.0 

33 Herlina              Elementary school 12 Female 30 140 2.83 

34 Mariati              Senior high school 10 Female 26 175 11.2 

35 Pessa                Elementary school 30 Female 51 280 13.6 

36 Masamang         Elementary school 40 Female 58 490 43.1 

37 Vemy                 Junior high school 2 Female 22 105 3.19 

38 Eaningsih            Elementary school 30 Female 48 420 38.0 
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No Name             Educational Level 
Length work 

(Year) 
Sex 

Age 
(Year) 

Income 
(USD) 

Hg hair 
(µg/g) 

39 Yuliani Junior high school 3 Female 21 420 5.04 

40 Nursaheni            Elementary school 28 Female 46 280 11.1 

41 Wahyuni              Elementary school 1 Female 19 385 8.46 

42 Aswia                Elementary school 2 Female 18 140 4.30 

43 Hj. Hasnatang        Elementary school 35 Female 53 140 5.00 

44 Kasmiati             Junior high school 13 Female 32 175 12.9 

45 Nurul Fauziah        Elementary school 4 Female 24 420 4.92 

46 Jumriani             Junior high school 10 Female 29 315 15.0 

47 Ana                  Junior high school 13 Female 30 245 17.5 

 

3. Table mercury (Hg) concentrations in hair of goldsmith Manggala sub district, 

Makassar, South Sulawesi, Indonesia.  

 

 

No. Name 

Educational level Length work 

(Year) sex 

Age 

(year) 

Income 

(USD) 

Hg hair 

(µg/g) 

1 Makmur     Elementary school 39 Male 54 751 9.35 

2 Haidar               Junior high school 12 Male 33 300 4.07 

3 Basri                Senior high school 14 Male 32 638 2.18 

4 Sapri University 28 Male 43 2000 4.79 

5 Pardi                Elementary school 35 Male 50 1126 5.21 

6 Irfan Senior high school 13 Male 33 638 2.75 

7 Riswan             Senior high school 19 Male 41 450 2.97 

8 Herman               Senior high school 9 Male 27 751 1.66 

9 Tahir                Elementary school 28 Male 47 526 3.28 

10 Udin Senior high school 35 Male 55 2500 8.06 

11 Malik            Senior high school 10 Male 29 638 7.63  

12 Dg Pareo                     Junior high school 28 Male  47 638 23.7  

13 Andas               Senior high school  25 Male  43 376 9.16 

14 Hapsah                Senior high school 5 Female 27 376 2.24 

15 Mira                 Senior high school 2 Female 19 450 3.14 

16 Atikah Senior high school 3 Female 21 450 4.39 

17 Sukawati           Senior high school 40 Female 60 225 2.96 

18 Marwiah Senior high school 22 Female 38 225 1.59 

19 Ramlah               Senior high school 35 Female 65 488 7.28 

20  Sahara               Junior high school 36 Female 52 263 47.7 

21 Tuti Senior high school 27 Female 47 450 4.47 

22 Syahriani            Senior high school 28 Female 57 450 5.23 

23 Mutmainnah           Junior high school 30 Female 60 450 2.89 

24 Salma                Senior high school 20 Female 44 413 2.25 

25 Syamsiah             Junior high school 18 Female 36 376 4.16 
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No. Name Educational level 
Length work 

(Year) Sex 
Age 

(Year) 
Income 
(USD) 

Hg hair 
(µg/g) 

26 Nuraeni              Senior high school 14 Female 39 376 6.15 

27 Nurhayati            Senior high school 9 Female 29 413 1.78 

28  Putri                University 3 Female 23 300 3.93 
 

 

4. Table mercury (Hg) concentration in hair of inhabitants (control group), Makassar, 

South Sulawesi, Indonesia. 

 

No Name Education level 
Length work 

(years) Sex 
Age 

(Year) 
Income 
(USD) 

Hg hair 
(µg/g) 

1 M. Azh University 5 Male 26 196 1.16 

2 Mus Senior high school 0 Male 19 105 4.00 

3 Ishary University 1 Male 26 175 0 

4 Fadly University 3 Male 48 350 0.66 

5 Aksa University 1 Male 26 210 2.28 

6 Darwis University 5 Male 26 280 2.00 

7 Afdal Senior high school 0 Male 24 140 2.18 

8 Khairil University 2 Male 26 210 2.00 

9 Qadri Senior high school 0 Male 24 140 0.90 

10 Indra University 2 Male 33 280 2.38 

11 Indrawan University 5 Male 26 315 1.68 

12 Fith Senior high school 0 Male 20 140 1.54 

13 Ardi Senior high school 3 Male 21 105 1.88 

14 Andrian Senior high school 3 Male 21 105 1.65 

15 Reski Senior high school 0 Male 20 140 2.00 

16 Anugrah University 5 Male 27 245 2.39 

17 Cholis Senior high school 0 Male 18 70 1.64 

18 Raja Senior high school 0 Male 21 70 2.01 

19 Fadyl University 8 Male 28 315 0.89 

20 Fitrah Senior high school 0 Male 20 140 2.34 

21 Adrian Senior high school 0 Male 22 175 3.41 

22 Umi08 University 3 Male 26 210 2.55 

23 Umi10 University 4 Male 33 280 3.57 

24 Umi18 University 4 Male 26 280 3.36 

25 Umi17 University 7 Male 32 350 1.07 

26 Septi University 20 Male 42 420 3.54 
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No Name Educational level 
Length work 

(Year) Sex 
Age 

(Year) 
Income 
(USD) 

Hg hair 
(µg/g) 

27 Jufri Junior high school 5 Male 22 105 3.00 

28 Nurifan No education 8 Male 24 50 2.06 

29 Accy Senior high school 10 Male 29 175 2.29 

30 Raba Elementary school 30 Male 55 140 3.08 

31 Toha University 7 Male 36 175 0.50 

32 Beddu Senior high school 44 Male 64 210 2.00 

33 Herman Junior high school 10 Male 30 140 4.00 

34 Irawan Elementary school 15 Male 38 70 2.38 

35 Hair 2 Elementary school 15 Male 40 105 0.33 

36 Hair 4 Junior high school 22 Male 49 105 3.00 

37 Hair 56 Senior high school 25 Male 46 140 1.67 

38 Hair 64 Elementary school 45 Male 60 140 1.37 

39 F4 University 15 Male 60 350 0.59 

40 Hair 71 Junior high school 9 Male 52 70 0.98 

41 Iva Junior high school 4 Female 26 140 2.07 

42 Hardiyanti Elementary school 8 Female 26 50 4.68 

43 Hasriati Senior high school 0 Female 19 140 1.56 

44 Rahayu Senior high school 3 Female 24 105 4.16 

45 Hermayani Senior high school 2 Female 30 140 3.23 

46 Amalia Senior high school 2 Female 20 105 4.25 

47 Asmarani Senior high school 4 Female 26 175 2.95 

48 Nuraeni Senior high school 0 Female 22 140 2.59 

49 Nurmagfirah Senior high school 0 Female 20 140 2.84 

50 Rikasari Senior high school 0 Female 24 140 3.09 

51 Nurafika Senior high school 0 Female 23 140 3.02 

52 Yuni Senior high school 0 Female 22 140 3.03 

53 Ulmi University 10 Female 36 420 4.23 

54 Sumiaty University 10 Female 34 385 2.38 

55 Yuliaty University 15 Female 41 420 2.38 

56 Ella University 10 Female 31 385 2.87 

57 Kiki University 10 Female 34 385 1.15 

58 Ulfa University 10 Female 34 385 3.08 

59 Irmayani University 5 Female 30 245 3.23 

60 Nurafni Senior high school 0 Female 20 140 2.12 
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No Name Educational level 
Length work 

(Year) Sex 
Age 

(Year) 
Income 
(USD) 

Hg hair 
(µg/g) 

61 Reski University 0 Female 24 140 3.52 

62 Yusrini Senior high school 0 Female 20 140 1.33 

63 Umi22 Senior high school 0 Female 25 140 2.74 

64 Umi19 Senior high school 3 Female 25 210 2.89 

65 Sri wahyuni University 2 Female 25 210 5.00 

66 Rahmawaty University 22 Female 47 490 5.36 

67 Irawaty University 14 Female 38 385 2.64 

68 Yunita Senior high school 13 Female 33 315 0 

69 Silvika Senior high school 12 Female 32 455 2.77 

70 FYG Senior high school 20 Female 45 385 7.00 

71 Khadijah Senior high school 28 Female 48 245 2.01 

72 Efi Senior high school 4 Female 24 175 3.30 

73 Tri Senior high school 15 Female 35 350 3.19 

74 F1 University 15 Female 43 420 5.55 

75 F2 University 13 Female 40 420 4.30 

76 Pri University 10 Female 34 385 10.0 

77 F5 University 35 Female 45 420 11.74 

78 Arni University 15 Female 34 385 7.00 

79 Wardiah University 13 Female 42 420 5.00 

80 Puji Junior high school 25 Female 50 70 1.00 
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5. Typical waste from goldsmith activities. 

 

6. Gold smelter activities. 

 

 

Used clay bowls

Crushed the clay bowls

Waste and sludge

Acid waste

Solid waste :
• Dust and cleaning towel
• Sludge
• Used gypsum moulding
• Used carbon moulding
• Used clay bowls
• Trash 

Liquid waste :
• Electroplating wastewater
• Ultrasonic wastewater
• Solvent degreasing
• Acid liquid waste

Mercury concentration is 12.8 µg/g

Mercury concentration is 161 µg/g

Solid and
Liquid Waste

Gold dorè
( containing Hg)

The amalgam is burned 
in clay bowls thereby 
Hg was reduced 
substantially

The slurry is loaded in a

shallow dish, washed and

shaken to separate gold

particles from other wastes.

Mercury is add forming Hg 
– Au amalgam. The resulting 
gold which contains 40-50% 
Hg.
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7. Neurological assessment to mercury intoxication  
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