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Abstract  Poboya, Central Sulawesi is one of the primary 
sites used for small-scale gold mining activities in Indonesia. 
Poboya consumes 200-500 kg of mercury/day by 
amalgamation. Palu, the capital city of Central Sulawesi, is a 
city with a population of 0.35 million people and located 
around 11 km away from the edge of a small-scale gold 
mining area in Poboya. Fifteen samples of upper layer soil 
and fifteen samples of plant (Calotropis gigantean) were 
taken along the road that connects Poboya to Palu, at every 
500 m. Mercury concentration in the soil samples showed a 
gradual decrement as the distance from Poboya became 
greater. The plant samples also revealed a similar trend to the 
soil samples. The highest concentration of mercury in the 
soil was found at Poboya—i.e. 17.62 ng/mg, and the 
concentration of mercury in Calotropis gigantean grown at 
Poboya was 6.5 ng/mg. Based on the soil samples and 
pollution index, the data showed that the research area had 
heavy pollution levels up to 4 km. Moreover, the transfer 
factor was in the range of 0.13-3.44 at distances of 0-4 km, 
respectively. 
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1. Introduction
Mercury is a global pollutant, persistent and naturally 

exists in the environment [1,2,3,4]. Mercury spreads in 
several forms, such as metallic mercury (Hg0), divalent 
mercury (Hg++) and methylmercury ((CH3Hg)+) [5,6,7,8]. In 
Asia, mercury is mainly released from anthropogenic 
sources [1,3,9] with the highest contributors being artisanal 
and small-scale gold mining which reached 38-54% of total 
global anthropogenic mercury emissions in 2010 
[3,10,11,12].  The most often used method to extract gold 
from ore is the simple mercury amalgamation method 
[11,13,14,15]. Metallic mercury, released from gold 
amalgam burning, has spread across a wide area Cairns et 

al[1] and deposits on aquatic and land areas Liu et al[10]. 
Additionally, more than 98% of Hg0 formed diffused into the 
atmosphere [4,10,16]. Mercury from atmosphere is perennial 
and is more easily absorbed in the soil than into an aquatic 
environment and a high concentration of mercury in the soil, 
exceeding the ability of the soil to eliminate mercury, causes 
soil pollution Xu et al[17]. Moreover, an excess 
concentration in the soil transfers to surrounding 
environmental media Ministry of the Environment[20], such 
as plants. It is also possible that mercury can robustly 
transmit to plants through absorption by the plant’s breathing 
apparatus [5,10,18,19]. 

Indonesia, as a country located in east and southeast Asia, 
is using mercury for artisanal and small-scale gold mining 
UNEP[21]. During 1999 to 2002, Indonesia imported nine 
tons of mercury per year for mining usage Iqbal and 
Inoue[22], however, this value was different from the 
import rate of mercury in 1999 which was 129 tons Veiga et 
al[15], before the implementation of a mercury ban for 
industrial use in relation to the Indonesian Government 
Regulation No. 74/2001 Veiga et al[15]. However, mercury 
has mainly been released into the atmosphere, aquatic and 
land from small-scale gold mining in Indonesia. It has been 
reported that 70 tons of mercury is released into the 
environment annually Sharma[23]. Even more, another 
source reported that 100-150 tons of mercury is discharged 
per year [15,24]. The spread of mercury released into the 
atmosphere also causes contamination of surrounding areas 
besides the initial area Cairns et al[1]. Boening[25] reported 
that a high mercury concentration—i.e. 0.2 mg/kg was found 
in vegetation up to 25 km from a mining area in Spain. Based 
on that research, Palu was assumed as a contaminated area 
due to gold mining activities in Poboya, Central Sulawesi, 
Indonesia. The distance of Palu and Poboya is about 11 km. 

The main objective of this research is to assess the affected 
area from the edge of a gold mining area (Poboya) to the 
center of the city (Palu) of mercury contamination by 
small-scale gold mining using soil and plant. 
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2. Materials and Methods 
2.1. Study Area 

This research was undertaken in Central Sulawesi, 
Indonesia. Poboya is one of the primary sites for small-scale 
gold mining activities in Indonesia, having 35000 miners 
working in an area of 7000 hectares [26,27]. It commenced 
operation in 2009 Albasar et al [28]. Poboya has high levels 
of gold mining and contributes around 200-500 kg/day of 
mercury through gold mining processes into the environment 
Ismawati et al[27]. This present condition makes Indonesia 
the second highest country globally in the level that it 
releases mercury into the environment [15,27]. Palu city was 
assumed as one of the areas that possibly may be impacted 
by mercury due to the gold mining site in Poboya because 
Palu city is located around 11 km away from Poboya. Palu 
city is the capital city of Central Sulawesi, Indonesia, which 
is also the center of community activities and has a 
population of 0.35 million people. 

2.2. Sampling 

The research was conducted to observe the total mercury 
concentration (THg) in Poboya, Central Sulawesi, Indonesia 
in October 2014 (see Figure 1). There were two types of 

samples; soil and plant. Firstly, soil samples were taken at 
regular intervals, at every 500 m up to 7 km from the edge of 
a small-scale gold mining area in Poboya to Palu, where the 
surrounding areas included settlements, and the sampling 
points are shown in Fig. 2. The 1st sampling point was 
located 0 m from the edge of the small-scale gold mining 
area, and the 2nd one was at a distance of 500 m from the 1st 
sampling point. The last sampling point was the 15th 
sampling point, which was located approximately 7 km from 
the initial one (see Figure 2). So, approximately 15 soil 
samples were collected. A 50 gram sample of soil for each 
sampling point was taken from the topsoil layer. The soil 
samples were placed in 50 ml polypropylene bottles and 
sealed tightly using transparent tape. 

Secondly, the plant sample taken was Calotropis gigantea, 
a local plant, which spreads across the landscape of Central 
Sulawesi. The vegetative structures (leaves) of Calotropis 
gigantea were used to represent the total mercury in plant 
sample. The quantity of plant samples (leaves) were cleaned 
using distilled water and kept in sealed bags. The plant 
samples were finely chopped before being used for 
laboratory analysis. Similar to the soil samples, the plant 
samples were taken at 15 sites spaced 500 m apart from the 
mining site to downtown, Poboya to Palu. 

 

Figure 1.  Study area 
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Figure 2.  Sampling Points 

2.3. Mercury Analysis 

2.3.1. Analytical method for measuring total mercury levels 
in soil and plant 

This research used cold vapor atomic absorption 
spectrometry (CVAAS) to determine the total mercury in 
soil. In principle, this method will reduce Hg2+ ions in the 
soil sample, and generate Hg0 using stannous chloride, then 
it measures the absorbance by introducing Hg0 into the 
photo-absorption cells. The test procedures for the soil 
samples followed the mercury analysis manual as set by the 
Japanese Ministry of the Environment [20]. There were 
several treatments undertaken to analyze the soil samples, 
which included the addition of 1 ml of distilled water, 2 ml of 
HNO3-HClO4 (1+1), and 5 ml of H2SO4 in a maximum 500 
mg of soil wet weight in a flask, then heated for 30 minutes at 
200-230oC on a hot plate, then mercury was extracted. After 
cooling down for a few minutes, the solution was diluted 
with distilled water using up to 50 ml. Only a 5 ml solution 
was analyzed using Mercury RA-3 (RA-3, NIC Company). 
This was repeated three times for each soil sample for the 
purposes of accuracy. For comparison, we used the measured 
human hair standard from National Institute of 
Environmental Studies Japan, where the value was 3.95 
ng/mg. 

A similar analysis was used for both soil samples and plant 
samples. The plant samples were analyzed using a CVAAS 
system. The plant samples were cleaned and rinsed several 
times, dried at 40º C for 24 hours and finely chopped, before 
laboratory analysis. The same treatments were used as in the 
soil samples analysis, where less than 500 mg of plant 
sample was balanced for analyzing. The relation of mercury 
concentration in soil and plant can be determined by 
transfer factor. The transfer factor is a calculation to know 
the distribution of total mercury in soil to plant. Where, the 
equation of transfer factor is a division of the total mercury in 
plant by the total mercury in soil Mahmood and Malik [44]. 

2.3.2. Analytical method for measuring the total carbon and 
nitrogen in soil 

As a reference, this research analyzed concentration of 
nitrogen and carbon in soil samples using an NC coder 
(SUMIGRAPH NCH-22A, Sumika Chemical Analysis 
Service Ltd, Japan). This NC coder is a semi-automatic 
device that uses the oxygen circulating combustion system. 

2.3.3. Pollution Index (Pi) 
Related to the maximum standard of total mercury in soil, 

and the total mercury concentration in the research area, we 
assess the pollution index (Pi), where the concentration of 
total mercury in soil is divided by the respective total 
mercury standards set in Japan (0.2 ng/mg) [32,33]. The 
results categorize into five pollution levels: 

 

3. Results 
3.1. Mercury in Soil 

 
Figure 3.  Total mercury concentration in soil and plant 

Soil is one of the media used to monitor the concentration 
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of mercury in the environment. Mercury in the atmosphere 
from amalgamation burning deposits in the top layer of soil. 
Top soil was used to analyze the total mercury in this 
research and total mercury in soil decreased from the top 
layer to the bottom layer vertically Santos-Francés [5]. 

The results show in figure 3 that the total mercury in soil 
had a range from 0.04–17.62 ng/mg within 7-0 km distance 
to the mercury source (edge of the gold mining area). The 
highest concentration of mercury was at the edge of the gold 
mining area—i.e. 17.62 ng/mg. It was higher than 0.2 ng/mg, 
which is the level in general mercurial soil in Japan, Ministry 
of Environment [20]. Within 4.5-7 km, all of the 
concentrations became less than 0.2 ng/mg. The mercury 
concentrations were 1 ng/mg and 3 ng/mg for 0.5 km and 1.5 
km, respectively, from the source, which was the second 
highest place. After 1 km, it decreased to 0.1 ng/mg. 

Furthermore, plant is also one of the commonly used 
bio-indicators to enable monitoring in the level of mercury 
present in the environment Lodenius [49] and reports of 
Rasmussen et al[29] showed that the leaf contains the highest 
mercury concentration in vegetative structures. Calotropis 
gigantea was used as the plant sample to discover the total 
mercury concentration in Palu. The total mercury 
concentration in plant was in a range of 0.05–6.5 ng/mg at 0 
up to 7 km (see Figure 3). The highest concentration was in 
the edge of gold mining area. The distance up to 1.5 km was 
1.84 ng/mg of total mercury in plant and it decreased to 0.05 
ng/mg. 

4. Discussion 

4.1. Mercury in Soil 

Mercury concentration in Poboya’s soils are above the 
mercury concentration in Brazil, which was in the range of 
0.05-0.21 ng/mg Roulet et al [30]. Generally, the total 
mercury concentrations decrease as the distance to the gold 
mining area increases. A similar trend is also reported in 
Chongqing City, China, where soil mercury contents in the 
range of 0.0064-0.881 ng/mg at a distance of 0 up to 4 km 
from the gold mining area Wang et al [31]. 

The result (see table 1) reflected that the most affected 
area of mercury is at 0 up to 4 km, where the pollution index 
showed heavy pollution levels for those distances. It verified 
the previous research, in that the high concentration of Hg(0) 
in atmosphere for a distance of less than 5 km away from 
Poboya, ranged from 2096 to 3299 ng/m-3 Nakazawa et 
al[26]. The total mercury concentration for 0 up to 4 km 
away from Poboya also indicated a higher soil mercury 
concentration than normal—i.e., 0.01-0.03 ng/mg [11,35]. 

 

 

 

 

Table 1.  Pollution Index of total mercury concentration in soil 

Dista
nce 

(km) 

THg 
of 

soil 
(ng/
mg) 

Pi Pollution 
level 

Total 
Nitro
gen 
(mg/
mg-
N) 

Total 
Carbon  
(mg/mg

-C) 

THg/carb
on 

(ng-Hg/m
g-C) 

0 17.62 88.0
9 

heavily 
polluted 0.05 0.81 21.813 

0.5 0.98 4.92 heavily 
polluted 0.09 1.42 0.694 

1 0.14 0.69 excellent 0.11 1.65 0.083 

1.5 2.99 14.9
5 

heavily 
polluted 0.18 2.97 1.006 

2 0.85 4.27 heavily 
polluted 0.16 2.42 0.353 

2.5 0.27 1.36 lightly 
polluted 0.21 3.42 0.080 

3 0.18 0.88 safe 0.25 4.76 0.037 

3.5 0.44 2.21 pollution 0.70 10.12 0.044 

4 0.34 1.71 lightly 
polluted 0.40 6.72 0.051 

4.5 0.19 0.97 safe 0.77 8.86 0.022 

5 0.07 0.37 excellent 0.26 3.73 0.020 

5.5 0.14 0.68 excellent 0.81 8.57 0.016 

6 0.06 0.30 excellent 0.18 2.10 0.028 

6.5 0.05 0.24 excellent 0.43 6.67 0.007 

7 0.03 0.17 excellent 0.19 4.43 0.008 

The table above also shows that the highest total carbon 
was found at a distance of 3.5 km from the gold mining area 
(Poboya) and the highest total nitrogen was at a distance of 
5.5 km from Poboya. The lowest carbon and nitrogen levels 
were found at the gold mining area (Poboya), with a rate of 
0.8 and 0.05, respectively. 

Organic matters can be an influencing factor in the 
distribution of mercury in soil Wu et al[35]. Table 1 
describes the total mercury concentration in soil per carbon. 
It showed that high mercurial soil contained low carbon level. 
The highest rate was found at the first point having 21.813 
ng-Hg/mg-C and gradually decreasing up to 1.5 km from the 
edge of the gold mining area. A further 2.5 km away, the 
total mercury per carbon in soil was shown to be gradually 
decreasing with an average of 0.03 ng-Hg/mg-C. This was in 
the range of 0.007-0.08 ng-Hg/mg-C. However, in this case 
the organic matters did not correlated with the concentration 
of Hg in soil. This result was verified by an obtained result in 
Gőta River, Sweden, where r=0.4 was identified between the 
organic matter and total Hg [36,37]. It is depended on the 
quality of soil, such as the binding strength of Hg and pH, 
rather than the organic matters contained in soil [37,38,39]. 
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4.2. Mercury Levels in Plant 

As expected, plant samples in Palu also followed a similar 
trend to that of the soil samples. Figure 3 illustrates that 
mercury concentration in plant was in a range of 0.05–6.5 
ng/mg at 0 up to 7 km. As a comparison, mercurial plant data 
in Northwestern Ontario shows a similar range 0.035-0.0512 
ng/mg in 16 plant species Mailman and Bodaly[40]. 
Additionally, in the Usagre village, Almadén mining area 
and Idrija, the total mercury concentration is in the ranges of 
0.057-37.6 ng/mg in 22 plant species Garcia-Sanchez et 
al[18], 0.45-43.7 ng/mg in 26 plant species Millán et al[41], 
and 0.21-51.8 ng/mg Garcia-Sanchez et al[18] respectively, 
which are almost higher than the mercury concentration in 
Palu. Nevertheless, all those data described a similar 
tendency with regard to distance and the mercury 
concentration in soil. 

The data in Figure 3 clarified that the total mercury in soil 
was 2-9 times higher than the total mercury in plant. At the 
initial point (0 km) the total mercury in plant was 6.5 ng/mg 
while the total mercury in soil was twice that of mercury in 
plants. Based on statistical analysis, the total mercury 
concentration in soil has a strong correlation with total 
mercury concentration in plant, which is r = 0.98 (see Figure 
4). When the mercury concentration in the soil decreases, 
mercurial concentration in plant gradually decreases as well. 
However, some data showed a reverse relation. For example, 
at a distance of 1 km from the source (gold mining area) the 
total mercury concentration in plant was three times higher 
than in soil, which was 0.47 ng/mg. This was caused by the 
mercurial atmosphere at these distances, less than 1 km from 
the edge of the gold mining area, that were extremely high 
according to an identification of mercury dispersion in 
Poboya, Palu Isrun[42] and also Calotropis gigantea (plant 
sample) is one of the taller plants therefore to volatilize from 
air through the leaves is more adequate than absorption from 
soil through roots Patra and Sharma[43]. 

The result assumed that the total mercury in plant was 
influenced by atmospheric factors. The transfer factor 
showed in range of 0.13-3.44, described in Table 2. Some 
studies reported that atmosphere is the most common 
mechanism for mercury absorption in plants Patra and 
Sharma[43]. Emitted mercury from amalgam burning is 
transmitted to the plant leaf via stomata or breathing 
apparatus [5,10,18,19]. Kotnik et al[16] found that the high 
concentrations of mercury in vegetation in the River Idrija 
resulted from 35,000 tons of mercury being released into the 
environment due to smelting processes. Other evidences 
were found in several cases, such as plant-tissues in moss 
and Rye grass that had absorbed mercury from air intensely 
and stably during the observation day within 8 days 
Lodenius et al [19]. De Temmerman[45] used leafy 
vegetables in order to compare mercury concentration in 
atmosphere. It was reported that the determination 
coefficient of regression between total gaseous mercury 
concentration in ambient air and mercury concentration in 
vegetables was 0.73-0.95 mg/kg. 

 

Figure 4.  Correlation of THg in plant and THg in soil 

Table 2.  Transfer factor of total mercury concentration in soil and plant 

Distance (km) Transfer Factor 

0 0.37 

0.5 0.49 

1 3.44 

1.5 0.62 

2 0.74 

2.5 0.50 

3 1.26 

3.5 0.18 

4 0.13 

4.5 0.59 

5 0.82 

5.5 0.52 

6 0.91 

6.5 1.53 

7 2.11 

In another possible way, mercury in soil is released to the 
leaf via the root system and distributed to all parts of the 
plant, including leaf mercury deposition Patra and 
Sharma[43]. However, the mercurial absorbance of the plant 
from soil through its roots is low. Some research showed that 
the mercury concentration in leaf was lower than soil. Zhang 
et al[46] reported 0.129-28.182 mg/kg and 0.001-2.673 
mg/kg of mercury concentrations in soil and leaf, 
respectively. The highest mercury concentration in plant 
which accumulated in leaf is shown in data from the San 
Joaquín mining site, Mexico, which is 0.1-8.2 mg/kg 
Martínez-Trinidad[47]. This phenomenon occurred with the 
total mercury absorption in plant at a distance of between 0-7 
km from the edge of the gold mining area to Palu. 
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5. Conclusions 
Results of this research obtained five important findings 

related with mercury affected area due to small-scale gold 
mining in Poboya. The findings are: 
a) The mercury concentration in the soil decreases, when 

mercurial concentration in plant also gradually 
decreases at 0 up to 7 km away from the gold mining 
area,  

b) Total mercury concentration in soil was in the range of 
0.04–17.62 ng/mg, which is 90 times higher than the 
commonly present soil in Japan, 

c) The range of total mercury concentration in plant was 
0.05–6.5 ng/mg, 

d) The transfer factor illustrated that the ratio was in range 
of 0.13-3.44, 

e) Based on pollution level and soil samples, the mercurial 
affected area was within 4 km. 
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