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Abstract

Basir-Cyio, M., Isrun-Baso, M., Nakazawa, K., Mahfudz-Muchtar, T., Napitupulu, M., Anshary, A., Rauf, R.A., & 
Laude, S. (2020). The effect of traditional gold mining to land degradation, mercury contamination and decreasing 
of agricultural productivity. Bulg. J. Agric. Sci., 26 (3), 612–621

The destruction of natural resources and the environment has affected the level of agriculture productivity directly. The 
activities of illegal gold mining using Mercury cause the damage, both to agricultural and conservation areas such as Lore 
Lindu National Park, and it is a serious threat to the communities surrounding. This study aims to assess the degradation and 
productivity of cocoa, maize, and upland rice on the affected land. The type of this study is an analytical survey that used the 
purposive sampling technique of composite soil analyzed in the most severely damaged area. The variables are the physico-
chemical properties of the soil and land productivity. Data on land degradation and productivity of selected commodities were 
analyzed using a descriptive approach based on the criteria of the physicochemical properties of soil. The result shows that the 
land in the area has been degraded. It can be seen from the pH (H2O) of affected land was 4.41, lower (very acidic) than the 
pH (H2O) of the agricultural area, which was 5.36 (slightly acidic), with high solubility of the heavy metal Al3+. Loamy clay 
sand in the mining area and sandy loam in the agricultural area had bulkdensity of 1.9 and 1.2 g/cm3, respectively. Productivity 
of agroforestry crops of cocoa, maize, and paddy (upland rice) has decreased in the last six years. Land and plants have been 
exposed to Hg both around the mining area and in the agricultural area. The transfer factor of the two areas was less than one 
(TF < 1), in a sequence, at the mine area, of Paddy Area > Maize Cropping > Cocoa Plantation > Cassava Cropping, and in the 
farm area, of Paddy Area > Maize Cropping > Cassava Cropping > Cocoa Plantation. There needs to be a regulation on illegal 
gold mining to protect the community and for sustainability of land in Lore Lindu National Park.

Keywords: land degradation; mercury contamination; productivity; protected area

Introduction

Gold mine exploration carried out traditionally by a 
group of people continues to increase in many areas (Ba-
sir-Cyio et al., 2017; Alphonsus et al., 2014). All regen-

cies and cities in Central Sulawesi, even around and in the 
protected area, have opened uncontrolled gold mining ar-
eas. Lore Lindu National Park is also becoming the target 
of illegal gold mining even though the government does 
not allow such activity. Most of the gold mining activities 
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are carried out traditionally and disobey environmental 
safety rules.

Traditional gold mining is carried out with human labor 
as a substitute for machines and tools and with the use of 
mercury as a chemical barrier between gold and stones in 
the ore (Nakazawa et al., 2016). The traditional gold mining 
area at Dongi-Dongi is around Lore Lindu National Park, 
and 70% of the area is located within state forest areas, both 
protected and conservation forests.

Mining, especially open-pit mining, leads to the mixing 
of overburdened rock material with topsoil, which has very 
low organic content, water retention, very low nutrients, 
and highly toxic elements, and it is unstructured. The con-
tinuous impacts of mining activities are land erosion, wa-
ter and air pollution, poisoning, loss of potential biological 
resources, and loss of economic potential (Kinimo et al., 
2018). In addition, inappropriate handling of mercury caus-
es environmental pollution such as air, water, and land pol-
lution (Bolaños-Álvarez et al., 2016). Several studies have 
proved that river water and wells adjacent to gold mining 
areas have a high Hg content (Malik et al., 2010). Mercury 
exposure to water, soil, and air can cause health problems 
(Nakazawa et al., 2016; Basir-Cyio et al., 2017). Maintain-
ing the fertility of land and preserving the endemic flora 
in Lore Lindu National Park is of particular concern to the 
Central Sulawesi local government after the existence of 
traditional gold mining activities within the protected area. 
National Parks as protected areas are not only needed by a 
particular country but also by other countries (Xiaodong et 
al., 2017). Evaluation of soil quality as a result of mining 
activities in an area is performed to determine the inten-
sity of changes in soil properties that directly affect plant 
growth (Choudhary et al., 2018;). Results of evaluating soil 
quality after mining are useful both to determine the exist-
ing condition of soil properties evaluated and as a basis 
to formulate regulation related to land-use planning. As a 
result of this mining, the agroforestry areas of cocoa, corn, 
and paddy commodities have also experienced a decline in 
production in the last six years. This decrease is due to the 
degradation of the land’s physicochemical properties.

Forest encroachment by logging and plantation land 
clearing, which was then turned into a gold mine, began in 
2015. Dongi-Dongi village is in the middle of the Lore Lindu 
National Park area. The community at Dongi-Dongi cleared 
the forest area for mining activities. Society considers that 
mined areas are open-access common property resources 
that everyone can mine. However, gold mining carried out at 
Dongi-Dongi has become a source of controversy between 
the government and miners. The government claims that the 
Dongi-Dongi gold mine is a protected area, so mining ac-

tivities are not allowed there, while the Dongi-Dongi com-
munity claims that the mine is in an enclave, as rights to 
the area are given to communities around the protected areas 
(Kuncahyo, 2017).

This study aims to assess the condition of degraded land 
in mining and agricultural areas; the productivity of cocoa, 
corn, and paddy commodities; as well as Hg exposure levels 
in the urine and hair of people around Lore Lindu National 
Park.

Materials and Methods

Type of the study is an analytical survey on converted 
land of a gold mining area at the Lore Lindu National Park 
(Figure 1) as study area, from June to November 2017. The 
population of the study was the heads of families who lived 
in Dongi-Dongi Village of 820 people. Slovin’s formula  
n = N / (1 + Ne2) was used to obtain a number of 268 heads 
of family or representatives of family members. The study 
used purposive and random sampling techniques.

Data collection of soil quality and content of Hg in 
soil was performed by analyzing one kg of soil taken at 
the gold processing center and in agricultural areas at 
depth 0–30 cm in Lore Lindu National Park. There were 
six soil sampling points, and from each point, six single 
samples were taken purposively, so there were 36 com-
posite samples obtained. Analysis of Hg content in plant 
tissue was taken from the mine area around the affected 
agricultural area. Soil and plants samples were analyzed 
at the Laboratory of Natural Resources and Environment 
at Tadulako University using standard methods and equip-
ment of a mercury analyzer, an AAS, a spectrophotom-
eter, a pH meter, an oven, and a set of supporting tools 
in the laboratory. The information of cocoa, corn, and 
paddy commodities’ productivity was obtained through 

Fig. 1. Area Study at Lore Lindu National Park (LLNP)



614 Muhammad Basir-Cyio et al.

interviews, with questionnaire instruments compiled with 
secondary data from statistical data.

Respondents’ characteristics included age, sex, edu-
cation level, occupation, nutritional status (body mass 
index) and number of family members, obtained directly 
from the questionnaire.

Data analysis. Data of physicochemical properties of 
soil and content of Hg of soil and plants were based on 
criteria justification for each element or indicator. Pat-
terns of productivity decrease of cocoa, corn, and paddy 
were obtained using the simple linear regression technique. 
Meanwhile, to investigate whether or not the plant was ac-
cumulative, Transfer Factor [(TF) = Cp Cs] was used, where 
Cp was the concentration of Hg in plant tissue and Cs was 
the concentration of Hg in the soil solution.

Results

A. Soil chemical properties
Analysis results of soil physicochemical properties 

from the mine and surrounding land and from the agricul-
tural area are presented in Table 1 for each criterion. The 
criteria show the change of physicochemical properties of 
soil before and after changing from agricultural area into 
mining area.

(a) pH of Soil
Based on the results of laboratory analysis, the pH of 

soil in the former gold mine land and in the agricultural 
area in Dongi-Dongi at Lore Lindu National Park area 
ranges between 4.41 and 5.36 (classified as very acidic to 
acidic). This situation is due to the complex exchange on 
the colloidal surface, and the soil solution is dominated by 

acid cations, mainly Al3+ cations, resulting in very low soil 
pH. Increase of Al3+ ion concentration is positively corre-
lated with H+ ions and is inversely proportional to soil pH. 
The result of soil chemical analysis shows that saturation 
of Al3+ is very high, and the mining area’s soil pH (H2O) of 
4.41 (highly acidic) is lower than the soil pH (H2O) in the 
agricultural area of 5.36 (slightly acidic).

(b) C-organic Content
Soil’s C-organic content in the gold mining area and 

the agricultural area in Dongi-Dongi ranges from 3.19% to 
4.67% (low to high). In the gold mine area, all vegetation 
of organic material sources is gone, resulting in C-organic 
decrease. Content of C-organic of 3.18% in the mining area 
is lower than the 4.67% in the agricultural area. Vegetation 
produces organic matter on agriculture land as the main 
contributor to increasing soil C-organic. Table 1 shows 
that the agricultural area, with higher organic materials, 
has lower Al3+ ion content and higher soil pH than the gold 
mining area.

(c) Content of Total N and C/N Ratio
Nitrogen (N) in the soil is generally sourced from organic 

material debris. The low N content (0.20%) in the mining 
area compared to the agricultural area (0.43%) indicates a 
minimal nitrogen source and the existence of organic mat-
ter with a high C/N ratio in the mining area. The analysis 
indicates that the C/N ratios in the mining area and the agri-
cultural area around Lore Lindu National Park are classified 
as moderate to high (10.53–14.43) and become an indicator 
of whether or not organic matter is easily decomposed. The 
total N content in the agricultural area is sourced from plant 
debris decomposed by land microorganisms.

Table 1. Soil Indicators in gold mine land and agricultural area at Lore Lindu National Park
No Indicator Mine land Criteria Agricultural area Criteria
1 pH H2O 4.41 Very Acid (va) 5.36 Acid
2 C-organic (%) 4.67 High 3.19 High
3 N total (%) 0.43 Medium 0.20 Low 
4 C/N ratio 10.53 Medium 14.43 Medium
5 P available (ppm) 21.58 Medium 1.43 Very Low
Bases Cations Exchanged
6 Ca++ (me/100 g) 1.21 Very Low 2.38 Low

Mg++ (me/100 g) 0.42 Very Low 1.52 Medium
K+ (me/100 g) 0.47 Medium 0.39 Low
Na+ (me/100 g) 0.07 Very Low 0.09 Very Low

7 CEC (me/100 g) 4.35 Very Low 4.90 Very Low
8 Saturation Bases (%) 50.32 Medium 87.75 Very High
9 Aluminum Saturation (%) 49.71 Very High 12.25 Low

Source: The result of soil analysis in the laboratory (2017)
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(d) Content of P-available
Content of phosphorus (P) available is determined by 

many factors. Available phosphorus (P-available) in the gold 
mining area and the agricultural area in Dongi-Dongi ranges 
from 1.43 ppm to 21.58 ppm (classified as very low to medi-
um). Low content of P-available in the mining area is due to 
the stripping of the top soil layer, as the soil deep is required 
for seasonal crops’ growth. In the agricultural area, the con-
tent of P ions is higher than at the mine (21.58 ppm). This 
condition is due to the intact layer of top soil, so P sourced 
from the parent material (rock/mineral) is high. The solubil-
ity level of P-inorganic and P-organic in the soil is generally 
very low, so P absorbed by plants is low as well.

(e) Cations Exchanged
The results of base cations analysis on the gold mining 

area and the agricultural area in Dongi-Dongi show that base 
cations can be exchanged ranging from very low to low. 
Base cations, including Ca++ (1.21–2.38 me/100 g) and Mg++ 
(0.42–1.52 me/100 g) are classified as very low to moderate; 
K+ (0.39–0.47 me/100 g) is classified as low to moderate; 
and Na+ (0.07–0.09 me/100 g) is classified as low. The con-
tent of base cations in the mining area is lower than that in 
the agricultural area.

(f) Cation Exchange Capacity (CEC)
Cation exchange capacity (CEC) in the gold mining area 

and the agricultural land in Dongi-Dongi is between 4.35 
and 4.90 me/100 g (very low), with CEC in the gold mining 
area lower than CEC in the agricultural area. The value of 
soil CEC indicates soil’s capability to reconstitute base ions 
located on the surface of the soil colloidal complex.

(g) Bases Saturation and Aluminum Saturation
Based on the results of laboratory analysis and the calcu-

lation of the number of cations, bases saturation in the gold 
mining area and the agricultural area at Dongi-Dongi ranges 

from 50.32 to 87.78% (classified as very low to very high), 
and Al saturation ranges from 12.25 to 49.71% (low to very 
high). All these indicators indicate that bases and aluminum 
saturation in the mine area is lower than that in the agricul-
tural area.

B. Soil Physical Properties
Soil texture is one of the major indicators of soil’s physi-

cal properties considered when investigating the potential 
level of land. Several results of analysis of soil’s physical 
properties (texture and specific gravity of volume) are pre-
sented in Table 2.

The results of laboratory analysis indicate that soil in the 
gold mining area and the agricultural area in Dongi-Dongi 
is predominantly sand fraction. Based on the percentage of 
each fraction of soil, soil texture in the mining area is in-
cluded in the category of loamy clay sand, while soil in the 
agricultural area is categorized as sandy loam. The high frac-
tion of sand in the traditional gold mining area results from 
the process of land degradation due to the excavation of raw 
materials at the gold mine to be processed by miners.

Another major physical indicator is bulk density. The re-
sult of bulk density analysis on two different types of land 
utilization indicates that bulk density in the gold mining area 
Is higher (1.9 g/cm3) than that in the agricultural area (1.2 g/
cm3). The value of bulk density is an indicator of whether or 
not certain land is hard to process or plow.

C. Mercury Content in Soil and Plants
Results of analysis on soil and plant samples surrounding 

mining and agricultural areas at Lore Lindu National Park 
(LLNP) for four types of plants are presented in Table 3.

The data in Table 3 indicate that the closer the mining 
area is, the higher the concentration of Hg in soil and plants. 
The area where gold is separated from rocks has the highest 
Hg concentration of 387.3 ppm, followed by the corn planta-
tion (0.41 ppm), paddy fields (0.38 ppm), and cassava field 

Table 2. Results of analysis on physical properties of former mining area and agricultural area

No Soil Fraction Gold Mining Area Agricultural Area
1 Bulk density (g/cm3) 1.9 1.2
2 Loam (%) 13.48 11.97
3 Clay (%) 2.48 8.93
4 Rough Sand (%) 16.96 3.10
5 Medium Sand (%) 57.79 3.00
6 Fine Sand (%) 9.29 73.00
7 Sand (Total) (%) 84.04 79.10
8 Texture Class Loamy Clay Sand Sandy Loam

Source: Result of soil texture analysis at LASDAL Laboratory of Tadulako University (2017)
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(0.33 ppm). Comparison between soil and plant Hg in min-
ing and agricultural areas is presented in Figure 2.

Concentration of Hg in the soil in the four planting areas 
is highest in the corn cultivation area, followed by paddy 
field, cassava, and cocoa. The concentration of Hg in the 
soil ranges from 0.17 to 0.41 ppm, but those categorized as 
critical are corn, paddy fields, and cassava with values of 0.3 
ppm. The further the plantation area from the mining area, 
the lower the mercury levels in the soil or plant tissue. On 
plantations near the mining area, the concentration of Hg in 
plants is above 0.03 ppm (critical), while outside the mining 
area, the concentration is lower at 0.01 ppm (normal).

The process of inclusion of Hg from the soil solution 
in plant tissue is assumed to be a linear relationship, so if 
the concentration of mercury in the soil solution increases, 
mercury that will be absorbed by plant roots will increase as 
well. This follows equation of Transfer Factor (TF): TF = Cp 
Cs where Cp and Cs are Hg concentrations in the plant solu-
tion and soil, respectively. Based on Table 3, TF in both the 
mining area and the agricultural area is < 1.0; in sequence, 
in the mining area, Paddy Area > Maize Cropping > Cocoa 
Plantation > Cassava Cropping, while in the agricultural 

area, Paddy Area > Maize Cropping > Cassava Cropping > 
Cocoa Plantation.

D. Production of Agroforestry Commodities
The agricultural area within the protected area and its 

surroundings reaches 750 Ha, but approximately 232.8 ha 
are used for agroforestry activities, mainly growing cocoa 
but also corn and paddy (Muhardi, 2017). Over the past three 
years, cocoa commodity productivity has continued to de-
cline significantly. The cocoa production data obtained from 
farmer respondents are presented in Figure 3.

The results of field data collection show a decline in the 
productivity of cocoa, corn, and paddy in the agroforestry 
system around Lore Lindu National Park for the last six 
years. The decrease in agroforestry agricultural productiv-
ity indicates degradation in land condition, so the land’s car-
rying capacity for growth and crop production is not at its 
maximum.

E. Characteristics of Respondents
The subjects of this study had various characteristics. 

Differences in age, educational level, and nutritional status 
conditions determine the degree to which the families of 

Table 3. Hg content in soil and plants in mining and agricultural areas at LLNP
Number Sampling Point Mining Area TF Soil-Plant Agricultural area TF Soil-Plant

Hg (ppm) Hg (ppm)
Soil Plant Soil Plant

1 Maize Cropping 0.41 0.11 0.27 0.15 0.03 0.20
2 Paddy Area 0.38 0.18 0.47 0.11 0.05 0.45
3 Cassava Cropping 0.33 0.03 0.10 0.13 0.02 0.15
4 Cocoa Plantation 0.17 0.02 0.12 0.09 0.01 0.11
5 Settlement 0.29   0.18   
6 Gold Processing Area 387.3      

Fig. 2. Soil and plant Hg concentration in gold mining 
and agricultural area at Lore Lindu National Park

Fig. 3. Productivity of cocoa, corn,  
and paddy agroforestry system
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miners and farmers are low.  The characteristics of respond-
ents are presented in Table 4.

Based on the data presented in Table 4, the largest group 
of respondents (46.5%) was aged 21–35 years, and 20.3% of 
respondents were aged 58 years. 76.6% of respondents were 
men, and those who worked as miners were 68.9%. Thus, 
only about 7.7% of people worked in the agricultural area. 
The education level of the respondents is very low because 
most (61.9%) of them were elementary school graduates and 
only 5.9% of them had graduated senior high school. This 
indicates that the high number of dropouts in the location 
of the study is due to the high attractiveness of traditional 
gold mines. Economically, farmers are unable to generate 
as much income as traditional gold miners do, so many of 
the farmers change professions (Drew et al., 2018). Approxi-
mately 60.8% of miners had four or five family members, 
and 44.8% were malnourished. The low level of education 

and the great burden imposed by the families caused a dis-
proportionate amount of income to go to the needs of the 
families. The malnutrition status is an indicator of the in-
ability of a family to meet its need for nutritious food (Choe 
et al., 2018).

Discussion

The results indicate that gold mining activities gen-
erate environmental impacts indicated by decreasing soil 
quality both physically and chemically. Soil reaction [pH 
(H2O)] in gold mining areas is lower than that in the ag-
ricultural area. High soil acidity or low pH indicates low 
availability of nutrients that can be absorbed by plants. 
Low pH of fewer than 5.5 hampers roots’ growth and 
plants’ metabolism, as it promotes the accumulation of 
toxic metals, such as aluminum or manganese, phospho-
rus fixation, and N-fixing bacteria population declines 
(Sheoran et al., 2010).

High concentrations of Al3+ ions and H+ ions can de-
crease soil pH of both pH (H2O) and pH (KCl) (Zioła-
Frankowska & Frankowski, 2018). Acidic soil’s Al3+ solu-
bility, which stimulates the concentration and activity of 
H+ ions in soil solution, is very high (Zioła-Frankowska & 
Frankowski, 2018), causing soil pH to decrease (Murano 
et al., 2017; Husson et al., 2018; Vlaskin et al., 2018; Ou 
et al., 2017). Soil acidity (pH) is a leading indicator of 
various chemical activities occurring in soil (Guillaume 
et al., 2016). Organic material (C-organic) in the mining 
area was very low (1.29%), and N-total was 0.12 %. The 
results of this study are in line with the result of a study 
(Eludoyin et al., 2017) saying that gold mining activity 
causes land degradation and loss of soil nutrients. Other 
studies have also proved that C-organic contained in the 
soil in mining areas decreases (Mushia et al., 2016). Like-
wise et al. (2001) pointed out that land surface in a min-
ing area experiences physical property degradation and 
significant loss of organic matter and nutrients, resulting 
in a decrease of soil productivity. The low organic matter 
content is caused by low vegetation density, slow decom-
position rate, and debris accumulation due to gold mining. 
The variation of C-organic content depends on the organic 
matter of the decomposition that contributes to the soil 
(Kučerík et al., 2018). The higher the organic matter in 
soil, the better the soil’s physical properties (García-Díaz 
et al., 2018).

Organic materials improve soil structure to result in 
high porosity, which can reduce the occurrence of oxy-
gen depletion (Nierop et al., 2017). Good air circulation 
increases microorganism activities, so a number of dis-

Table 4. Characteristic of miner and farmer respondents

Characteristics Number of 
Respondents  

(n) = 286

%

Age (Years)   
≤ 20 58 20.3
21–35 133 46.5
36–50 83 29.0
≥ 51 12 4.2
Gender
Men 219 76.6
Women 67 23.4
Occupation
Miner 197 68.9
Farmer 89 31.1
Education
Elementary School (SD) 177 61.9
Junior High School (SMP) 92 32.2
High School (SMA) 17 5.9
Number of Family Members (alive)
2–3 27 9.4
4–5 174 60.8
≥ 6 85 29.7
Nutritional Status (IMT)

Malnutrition 128 44.8
Normal Nutrition 103 36.0
Over Nutrition 55 19.2
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solved heavy metals can be chelated, resulting in the con-
centration and activity of the metals decreasing (Chen et 
al., 2018). The carbon/nitrogen ratio (C/N-ratio) reflects 
the decomposition level of organic matter (Chen et al., 
2018) as a source of nitrogen for soil (Heinz & Zak, 2018), 
which can increase nitrogen availability in soil for plant 
growth. Nitrogen ions that can be absorbed by plants are 
NH4

+ and NO3
- (Latifah et al., 2017; Cheng et al., 2018; 

Yoshioka et al., 2018). In oxidative conditions, Nitrogen 
dominance in an agricultural area is in the form of nitrate 
ions (NO3

-), and in reductive conditions, nitrogen domi-
nance is in the form of NH4

+ ions (Sinha Majumdar et 
al., 2018). The availability of P nutrients is determined 
by the solubility level of Al3+. P-available is generally in 
the form of H2PO4

+, HPO4
2+, and PO4

3+, although dominant 
ions are in the form of H2PO4

+ and HPO4
2+ (Saleh Bairq 

et al., 2018).
The higher the P- availability in soil solution, the 

higher the concentration of P solution available to plants 
(Husson et al., 2018; Garcia-Perez-de-Lema et al., 2017). 
The low availability of P is due, in addition to its low P 
content, also to the fixation of Al3+ ions in the form of 
Al-P and Fe3+ ions in the form of Fe-P, which is minimally 
available for plants (Arai & Livi, 2013; Saleh Bairq et 
al., 2018; Liu et al., 2018). Soil’s ability to supply nutri-
ents depends on soil CEC in exchanging bases-ion. Land 
with low CEC promotes the leaching process, so base 
ions exchanged are accumulated in subsoil layers (Jho et 
al., 2015), although bases have high adhesion capability 
on the soil colloidal surface complex (Kulikowska et al., 
2015). The narrow colloidal surface and the acidic soil 
pH are two components affecting each other (Khaledian 
et al., 2017) that have a correlation with cation exchange 
capacity (CEC) (Liddicoat et al., 2018; Shiri et al., 2017).

Ionic Al in extremely weathered soil is dominant in 
colloid exchange complexes with strong fixation capabil-
ity (Walton et al., 2007). In addition to chemical proper-
ties, physical properties also determine the potential of 
land. Soil texture and bulk density also determine whether 
or not land gives maximum production. Gold mining ac-
tivities have damaged most of the land surrounding Lore 
Lindu National Park. Recovery of land degraded due to 
gold mining activities requires large and technically diffi-
cult investments (de Jong, Salm, & Schmitz, 2017). Min-
ing activities tamp the soil, so it becomes more difficult 
to process. The higher the bulk density of land, the more 
difficult the land is to process. If bulk density is higher 
than 1.6 g/cm3, land is unsuitable to be used as agricul-
tural area (Yevtushenko et al., 2016). Gold mining activity 
has generated many negative impacts. Numerous studies 

have shown that persistent mercury exposure can lead to 
toxicity and specific symptoms in humans (Hong et al., 
2012), but the use of mercury in traditional gold mines 
remains high.

Economic need is a main factor for the community 
around the protected area in changing profession from 
farmers to gold miners. Negative environmental impacts 
due to the use of mercury have never been considered by 
miners, especially in traditional mines (Gibb & O’Leary, 
2014). The implications of this study provide clear evi-
dence and encouragement for local authorities to take an 
unequivocal act of closing the Lore Lindu National Park 
area for mining activity. Local government should imme-
diately recover the damaged land by restoring the land 
fertility in former mining area. The low education of min-
ers and farmers is the cause of their lack of knowledge on 
environmental sustainability.

The amount of land and number of plants exposed to 
mercury tend to increase around the gold mining activ-
ity at Lore Lindu National Park. This can be seen from 
mercury concentration in soil and plant tissues among 
corn, paddy, cassava, and cocoa crops. The farther the 
distance from the gold mining processing point, the lower 
the concentration of Hg in soil and plants. This decrease 
is due to Hg’s being unstable in nature and easily carried 
by wind and both surface and capillary water (Karásek et 
al., 2018). Hg concentration exposure in plants provides 
a threat of toxicity for humans who consume agricultural 
products that have been exposed to Hg (Azevedo et al., 
2018). The higher concentration of Hg in the soil is as-
sumed to cause higher concentration of Hg in plants via 
the soil’s transfer factor (TF) to the plant. If the value of 
TF > 1, then the plant has the ability to accumulate Hg; if 
TF is close to value of 1, then the plant is not affected by 
Hg, and if the value of TF < 1 then the plant metabolically 
has the ability to prevent Hg in the soil from entering (up-
take) the plant’s tissue (Tamene Fite Duressa & Seyoum 
Leta, 2015).

Productivity of cocoa, maize, and paddy in the agro-
forestry plantation system has decreased in the past six 
years. The negative trend is seen to be significant from the 
correlation coefficient (r) of cocoa (0.93), maize (0.95), 
and paddy (0.82). The decrease in productivity of these 
three commodities is due to the land condition, which no 
longer has suitably fertile soil for plants to grow. The deg-
radation of soil fertility has a direct effect on crop produc-
tivity (Kafesu et al., 2018a, 2018b). Economically, the ag-
ricultural sector is unable to generate as much income as it 
earned from traditional gold mines, which causes farmers 
to change their profession (Drew et al., 2018). 
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The amount of family burden also contributes to the 
unbalance between the amount of income and the needs 
of families, especially food fulfillment. Malnutrition is an 
indicator of a family’s inability to meet its need for nutri-
tious food (Choe et al., 2018). Given the low awareness of 
miners and farmers about their health, the use of mercury 
in the process of separating gold content from raw materi-
als received no serious attention. Although several studies 
have shown that increased exposure to mercury can lead 
to specific toxicity and symptoms (Hong et al., 2012) mer-
cury continues to be used in traditional gold mines (Gibb 
& O’Leary, 2014).

Conclusion

Lore Lindu National Park is a protected area that has 
ecological functions and should be spared from economic 
fulfillment. Land damage is a result of the activities of tra-
ditional gold mining that does not consider sustainability. 
Local communities and some local migrants have made 
Lore Lindu National Park a source of income for their 
families’ economic needs. Land damage has occurred both 
physically and chemically, so the agricultural area has 
changed; even the productivity of land that is still used 
for agricultural activities has decreased. The commodi-
ties of cocoa, corn, and paddy have had a declining trend 
in the last six years. The high degree of acidity and high 
levels of aluminum and environmental pollution derived 
from mercury are serious threats to the sustainability of 
the land resource, particularly the Lore Lindu National 
Park. Soil and plants have been exposed to Hg, including 
corn, paddy, potatoes, and cocoa crops. The concentration 
of Hg in soil solution in the mining area is classified as 
critical (Hg > 0.3 ppm), as is that in plant tissue, which is 
Hg > 0.03 ppm. Strategic regulation is required to protect 
people from mercury exposure; to maintain the agricultur-
al area and plantations, especially agroforestry farming, 
from land conversion to traditional gold mining areas; and 
to minimize environmental damages and threats to Lore 
Lindu National Park, the lungs of the world.
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