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Introduction 
 
Indonesia has more than 17,000 islands, and primary and secondary gold deposits 
occur in all of the country’s seven major geographic regions. As a result, artisanal and 
small-scale gold mining (ASGM) is a widespread activity throughout the nation.  

This national inventory of mercury emissions and releases from ASGM aims to provide 
fresh inputs to the Government of Indonesia and a more comprehensive database with 
which to define the magnitude and extent of mercury pollution from ASGM in Indonesia.  
 
This systematic compilation of existing data into a national inventory of mercury 
emissions from ASGM, has been performed for all seven major geographic regions of 
Indonesia: Sumatra, Java, Kalimantan, Sulawesi, Maluku, Nusa Tenggara, and Papua.  
 
This study has quantified mercury emissions and releases from all ASGM in Indonesia. 
ASGM occurs in almost all Indonesian provinces, therefore all 34 provinces have been 
included in this study. This desk study has identified ASGM in 29 out of 34 provinces. 

Furthermore, a complete and detailed geographic breakdown has been performed at 
the level of individual regencies and cities within the affected provinces.  

Thus, this study makes it possible to make comparisons, not only between provinces, 
but also between individual regencies and cities, allowing these to be ranked by order of 
magnitude of their emissions.  

This will allow for the geographic prioritization of preventative measures. 
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Methodology 

The information contained in this study was gathered from a wide variety of sources 
over the period 1st September – 31st December 2018. All relevant data was compiled 
into a single national database which lists all of the cities and regencies in Indonesia by 
province. This study has been conducted as a desk study, and all sources of 
information are listed in the bibliography. 
 
This study has used a systematic and comprehensive approach to data collection and 
collation. The primary data sets were provided by the Ministry of Environment and 
Forestry and the Ministry of Mining and Energy. This data was checked against a very 
substantial volume of information now available online, in order to verify the locations 
provided in the national data sets, and to create a more detailed and more 
comprehensive dataset, based upon the existence of recent scientific publications, 
project reports, site studies, news reports, articles, websites, video productions, and 
other media.  
 
Firstly, a geographic analysis was performed to identify all of the regencies and cities in 
Indonesia that have ASGM activity within their jurisdiction. A total of 131 regencies and 
cities were identified as having ASGM of both primary and secondary gold deposits. 

Secondly, the type of mining was identified for each mining district. It should be noted 
that the differentiation between primary gold mining districts and secondary gold mining 
districts is a highly important aspect of this study. This is due to the fact that the quantity 
of mercury lost during the processing of hard rock (primary gold mining) is one order of 
magnitude greater than is lost during processing of alluvium (secondary gold mining). 

Thirdly, estimates of miner numbers were entered for each type of mining. Estimates of 
miner numbers were made based on the information available in locality studies, and by 
establishing the number of sub-districts with ASGM activity in each regency and city.  

Fourthly, three multipliers (variables) were applied using standardized estimates to 
represent the nation as a whole. The multipliers used are as follows: 

1. The average number of working days per year. In this study, 300 working days 
per year is considered to be the national average. 
 

2. The average gold production per miner per working day. In this study, 1g of gold 
produced per miner per working day is considered to be the national average. 
 

3. The average ratio of mercury lost to gold produced (for each type of mining). In 
this study, 10:1 (10g of Hg lost per 1g of Au produced) is considered to be the 
national average for primary gold mining. And 1:1 (1g of Hg lost per 1g of Au 
produced) is considered to be the national average for secondary gold mining. 
 

The result of applying these multipliers was the estimated total quantity of mercury 
emitted and released (lost) to the environment, calculated for each regency/city. 
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The results are presented here, together with our recommendations. 

National Overview  
 
The map of provinces below summarizes the level of mercury pollution from ASGM in 
each of the 29 affected provinces; using a relative scale of impacts that applies three 
orders of magnitude to the problems faced, according to the total quantity of mercury 
lost to the environment each year, as a result of ASGM activities within each province. 
 

 
Map 1. National Overview by Province  

 
Provinces shown in red are affected by extreme levels of mercury pollution from hard 
rock mining operations. Those shown in orange are also affected, although to a lesser 
extent. 
 
Provinces in the orange and red categories are those with primary gold deposits. The 
red provinces all have both high numbers of miners, and high mercury-utilization rates. 
 
The provinces shown in yellow are the least affected, as no hard rock mining occurs.  
These five provinces only have alluvial and placer mining of secondary gold deposits.  
 
ASGM was not identified in Jakarta, Jogjakarta, Bali, Bangka-Belitung, nor Riau Islands. 
The color key is therefore not applicable (N/A) for these provinces, as mercury is not 
being used for ore-processing within these provinces. However, significant mercury 
pollution may still exist within these provinces, from sources other than ASGM. 
 
This map clearly shows which provinces are worst affected and it is recommended that 
these provinces should develop Provincial Action Plans as a matter of priority. 
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Ranking System 

This study ranks the 34 provinces from highest to lowest in terms of the total quantity of 
mercury that is emitted and released (lost) to the environment from formal and informal 
ASGM operations in Indonesia. Here, we apply four categories to the priority-ranking of 
provinces; using different ‘Orders of Magnitude’ to separate the categories. 

 Category 1 = Extreme: there are thirteen provinces in this category, each having 
mercury emissions and releases from ASGM in the range of 10 – 100 tonnes (t) 
of per annum. The total quantity of mercury lost to the environment from ASGM 
operations in these thirteen provinces is estimated to be 301.7t per annum. 

 
 Category 2 = Very High: there are eleven provinces in this category, each having 

mercury emissions and releases from ASGM in the range of 1 – 10 tonnes (t) per 
annum. The total mercury lost to the environment from ASGM in these eleven 
provinces is estimated to be 40.6t per annum. 

 
 Category 3 = High: there are five provinces in this category, each having mercury 

emissions and releases from ASGM in the range of 0 - 1t per annum. The total 
quantity of mercury that is lost to the environment from ASGM in these five 
provinces is estimated to be 3.4t per annum. 

 
 Category 4 = Low: this is the lowest category, and it lists five provinces that do 

not have any significant ASGM activity. Total mercury emissions and releases 
from gold mining can therefore be said to be low, although there may also be 
significant mercury pollution from sources other than gold mining.  

 
Table 1. Total Mercury Emissions and Releases by Category 

Category (1 – 4) Number of Provinces Mercury Lost to the Environment from ASGM 

1 = Extreme Provinces = 13 301.7 (t) of mercury lost per annum 

2 = Very High Provinces = 11 40.6 (t) of mercury lost per annum 

3 = High Provinces =   5 3.4 (t) of mercury lost per annum 

4 = Low Provinces =   5 Not applicable (N/A) 

 
National Estimate 
 
As can be seen from the table above, the total quantity of mercury emitted and released 
to the environment from all ASGM activity in Indonesia is estimated to be approximately 
345.7t per annum. This estimate has been reached by applying standardized estimates 
for gold production and mercury loss to the nation as a whole. Although it is higher than 
previous estimates, this figure is considered to be highly conservative, and is likely to 
increase as more detailed information emerges from in-depth field assessments. 
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Comparative Analysis of Provinces 
 
This chart provides a national overview at the provincial level. Here, we can see that 24 
provinces are responsible for 99% of mercury emissions and releases from ASGM:  
 

 
Graph 1. Relative Emissions and Releases of Mercury from ASGM by Province 

 
The provinces that are shown in red have been studied in some detail by various teams. 
This may be one reason why these estimates are much higher than for other provinces. 
Within the affected provinces, this study has also identified the 131 regencies and cities 
that are responsible for the mercury pollution arising from ASGM. Thus, in addition to 
ranking the 34 provinces by order of importance, this study has also identified and 
prioritized 131 regencies and cities with ASGM and ranked them accordingly. 
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Highest Priority Regencies and Cities 
 
The ten regencies/cities listed in the chart below have the highest levels of emissions 
and releases from ASGM and all fall into the Extreme Category: Hg >10 MT per annum. 
 

 
Graph 2. Regencies and Cities with the Highest Levels of Mercury Emissions and Releases from ASGM 

 
These ‘top ten’ regencies are spread across six of the seven major geographic regions 
of Indonesia: Sumatra, Java, Kalimantan, Sulawesi, Maluku, and Nusa Tenggara. Only 
one geographic region is not represented in the list above, and that is because no ore 
processing sites with high-intensity mercury use have been identified in Papua to date.  

Due to regional variations in ore types and ore-processing practices, it is recommended 
that in-depth field assessments take place in as many different regions as possible, both 
so that more detailed comparisons can be made between the various regions, and so 
that the national estimates can be refined using comparative data taken from all major 
regions. We therefore recommend that in-depth studies are performed in six of the high-
priority provinces listed above, in order to demonstrate concern for all six regions. 
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Primary and Secondary Gold Mining Districts  
 
All of the affected regencies and cities are listed below. There are two lists, separating 
those regencies and cities that have primary gold mining sites (hard-rock and colluvial 
deposits) from those that have secondary gold mining sites (alluvial and placer 
deposits).  
 
The regencies and cities in the orange and red categories are those with primary gold 
mining sites. The regencies in red have high numbers of miners, and high Hg utilization 
rates. The regencies in the yellow category are those with secondary gold mining only. 
 
These lists show the affected regencies and cities in yellow, orange, and red colors. 
Whereas the yellow color indicates emissions up to 1MT, the orange color indicates 
emissions between 1MT and 10MT and is therefore one order of magnitude (X10) 
greater than the yellow category. The red color indicates emissions greater than 10MT 
and up to 100MT, and therefore two orders of magnitude (X100) greater than the yellow 
category. 

It is important to understand that the vast majority of mercury emissions result from the 
activities of hard-rock processors who conduct whole-ore amalgamation in grinding 
mills. It is these actors that conduct worst practice with mercury and these actors must 
be identified and controlled as a matter of priority when it comes to mercury emissions. 
Hard rock mining allows for diversification of the mining community into miners and 
processors. Interventions conducted with ore-processors are most likely to reduce 
mercury emissions. 

Therefore, in terms of preventing mercury emissions and releases, the priority targets 
for field interventions should be activities of hard-rock processors and associated gold 
shops. 
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Domestic Mercury Production 

Although Indonesia imports mercury from European Countries and China, the nation is 
now also a big mercury producer due to cinnabar mining. The Ministry of Energy and 
Mineral Resources (MOEMR) has stated that no permits have been issued for cinnabar 
mining, so all cinnabar mining is categorized as illegal in Indonesia.  
 
In addition to ASGM, Cinnabar mining takes place in several locations in Indonesia. 
This mineral is used as the raw material for the manufacture of elemental mercury.  

Cinnabar mining takes place primarily in the Province of Maluku, on the island of 
Seram. The regency of Seram Bagian Barat produces approximately 700t of cinnabar 
ore per annum. Of this, most is sent to Java for processing into elemental mercury for 
use in ASGM. It is estimated that domestic mercury production stemming from Cinnabar 
mining in Seram is approximately 350t per annum.  

Domestic production of mercury takes place at cinnabar smelters located on the island 
of Java. Other sources of Cinnabar are reported to exist in Aceh, West Kalimantan, and 
Central Kalimantan, however these sites remain undocumented. In fact, it is also very 
likely that the Greater Jakarta area is impacted by atmospheric emissions due to 
domestic production of mercury. This is suspected to take place in Tangerang and 
Bekasi and further study is required. Other cinnabar smelting sites exist in Surabaya, 
Bandung, and Sukabumi. 

 
Comparative Data 

In 2012, the BaliFokus Foundation conducted an inventory of mercury emissions and 
releases in Indonesia, and their report estimated that approximately 339 metric tonnes 
(t) of mercury was lost to the environment each year from various sources. The ASGM 
sector was found to be by far the biggest contributor of mercury emissions and releases 
to the environment: at 199t per annum (57.5%). Other sources of mercury include oil 
and gas production (10.75%), and coal combustion and other coal use (9.5%).  
 
National Inventory No. of Miners No. of Regencies Avg. per Regency 

Balifokus (2010) 163,710 76 2,154 miners 

BCRC (2018) 183,700 131 1,413 miners 

Table 5. Miner Numbers in National Inventories 

We can see that the number of miners has been estimated conservatively, compared to 
previous estimates. Considering that far more regencies have been identified, the total 
number of miners could easily be higher. 
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Site Recommendations for In-Depth Assessment 

1. Sumatra Region 

Site Recommendation 1. North Sumatra 

Province North Sumatra 

Regency Mandailing Natal 

Sub-District Panyabungan 

Village/Town Panyabungan Kota 

 

2. Java Region 

Site Recommendation 2. Central Java 

Province Central Java 

Regency Banyumas 

Sub-District Gumelar 

Village/Town Desa Paningkaban 

 

3. Kalimantan Region 

Site Recommendation 3. Central Kalimantan 

Province Central Kalimantan 

Regency Murung Raya 

Sub-District Murung 

Village/Town Desa Mangkahui 

 

4. Sulawesi Region 

Site Recommendation 4. North Sulawesi 

Province North Sulawesi 

Regency Bolaang Mongondow 

Sub-District Lolayan 

Village/Town Desa Tanoyan 
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5. Maluku Region 

Site Recommendation 5. Maluku 

Province Maluku 

Regency Buru 

Sub-District Lolong Guba 

Village/Town Desa Wamsalit 

 

6. Nusa Tenggara Region 

Site Recommendation 6. NTB 

Province Nusa Tenggara Barat (NTB) 

Regency Sumbawa Barat (KSB) 

Sub-District Taliwang 

Village/Town Desa Sampir 

 

Site Selection Criteria 
 
Extreme Rates of Mercury Loss: These six sites are chosen from the list of high-priority 
provinces above. These six sites are situated in the central ore-processing areas of the 
most affected regencies within these provinces, and therefore have the highest rates of 
annual emissions and releases of mercury from ASGM in Indonesia.  
 
Populations at Risk: All of the six sites are in settled areas with large local populations.  
Thousands of miners are estimated to live and work at each of the selected sites. More 
careful assessments are required to provide more exact quantification of the total miner 
numbers, the ore-processing capacities, and the gold production figures for each site.  
 
Primary Gold Deposits: Hard-rock miners operate in fixed locations where they reside 
for many years until their local gold resources are depleted. The settled nature of this 
kind of ASGM also makes these sites more conducive to future formalization efforts. 
Most of the mercury emissions in Indonesia result from the processing of hard rock by 
whole-ore amalgamation. Therefore, it is most important to study and quantify the 
activities of ore-processors working on the primary gold deposits at these six sites.  
 
Location and Access: the exact position of each site is known, and each study can 
easily be extended to surrounding sites. All of these sites can easily be reached by car 
on good roads. Ease of access will reduce research time and budgetary requirements. 
 
 


