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ABSTRACT. Artisanal gold mining (ASGM) is commonly found in Indonesia, particularly
in Wonogiri District, Central Java. One of the impacts of ASGM activity is soil contami-
nation influenced by mining waste. This study’s objective was to investigate the potential
use of Amaranthus spinosus L. and Jatropha curcas for remediation of lead (Pb) and arsenic
(As) in contaminated soil. The study investigated translocation and accumulation of lead
(Pb) and arsenic (As) from the soil into the plant’s roots and shoots. The phytoremedia-
tion experiment was observed using Amaranthus spinosus L. and Jatropha curcas plants and
evaluating both plant’s effectiveness as a hyperaccumulator. The result shows that higher
Pb and As concentration were found in roots rather than in both plants’ shoots. How-
ever, Jatropha curcas use seems more effective in reducing Pb and As concentrations than
Amaranthus spinosus L in both shoots and roots. Generally, the use of both hyperaccumu-
lator plants was more effective in Pb remediation compared to As. This phytoremediation
experiment revealed Amaranthus spinosus L. and Jatropha curcas reduces Pb concentrations
and As in contaminated soil. This reduction is the critical point leading to the entry of Pb
and As into the food chain.

Keywords: Pythoremediation · Artisanal gold mining · Amaranthus spinosus L · Jatropha
curcas.

1 INTRODUCTION

Artisanal small-scale mining (ASGM) activity is
commonly found in developing countries like
Indonesia (Aspinall, 2001). One of the envi-
ronmental issues related to ASGM is the heavy
metal contamination in the soil, which caused
degradation of soil quality (Alloway, 1995). Soil
provides plants for their roots and holds the
necessary nutrients for plants to grow. It filters
the rainwater and regulates the discharge of ex-
cess rainwater; it also buffers against pollutants,
thus protecting groundwater quality (Doran et
al., 2000). Several studies revealed that artisanal
mining impacts metals contamination in soil
around the gold mining processing area (Ap-
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pleton et al., 2006; Molina et al., 2006). The met-
als contaminated soil samples were obtained
from the ASGM area in Wonogiri District, Cen-
tral Java, Indonesia (Figure 1).

Geologically, the ASGM was located on
the bedrock consist of tuff, andesite, diorite-
microdiorite intrusion. The ore deposits types
in this area are typical of low sulphidation ep-
ithermal mineralization system with the pres-
ence of pyrite (FeS2), chalcopyrite (CuFeS2),
galena (PbS), and arsenopyrite (FeAsS) (Soe
et al., 2005). In this area, the level of arsenic
contamination is well documented in a previ-
ous study (Harijoko et al., 2010). One of the
cost-effective soil remediation methods is phy-
toremediation as a plant-based approach of
remediation that takes advantage of plants’
ability to accumulate heavy metals elements
and compounds from the soil and metabolize
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FIGURE 1. Location of artisanal gold mining and contaminated soil sampling point.
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various molecules’ plant’s tissues (Raskin and
Ensley, 2000). Several works have been con-
ducted to investigate the potential use of Ama-
ranthus spinosus L. and Jatropha curcas for the
hyperaccumulator plant of phytoremediation
studies (Chang et al., 2014; Huang et al., 2019).
This study aims to investigate the Amaranthus
spinosus L. and Jatropha curcas for remediation
of Pb and As in contaminated soil obtained
from the ASGM area.

2 MATERIAL AND METHODS

Mining waste (tailing) as the primary Pb source
and As was sampled and then measured its
concentration. The vein or ore mineral in the
gold mining area was sampled and measured
for Pb and As concentration to understand the
natural background. Contaminated soil sam-
ples for this study were obtained from the most
polluted sites near the gold processing area us-
ing a hand auger made of stainless steel (Fig-
ure 2). The soil samples were obtained from
three layers: top layer (5 cm), middle layer (10
cm), and low layer (15 cm). The samples from
a given layer were collected to ensure that the
result would represent contaminated soil in the
study area. The soil samples were placed in
plastic boxes. They were transported to the lab-
oratory, where they were dried at room tem-
perature to constant weight. The soil samples
then refined in an agate mortar. The soil sam-
ples were then collected and sieved through a
sieve of mesh size 0.150 mm. The total con-
centrations of the Pb and As were measured
by Inductively coupled plasma atomic emission
spectroscopy (ICP-AES). The phytoremediation
experiment was conducted by assessing Ama-
ranthus spinosus L. and Jatropha curcas in Pb and
As contaminated soil samples.

As mentioned in the previous section, the Pb
and As contaminated soil were obtained from
the gold processing area (Figure 2). For the ex-
periments, the plastic bag was used containing
2 kg of soil, placed in a greenhouse. The phy-
toremediation experiment was carried out un-
der greenhouse conditions to understand better
the patterns of response, distribution, and accu-
mulation of heavy metals in plants. The advan-
tage of a greenhouse is securing a reasonable
amount of maintained heat, water vapors, and
humidity (Datta et al., 2011). Contaminated soil

samples were obtained from the ASGM area
in three depth (soil A with 5 cm depth) (soil
B with 10 cm depth) and (soil C with 15 cm
depth), as shown in Figure 3. Control plastic
bags with uncontaminated soil were also pre-
pared (Figure 3). From each pot, three differ-
ent subsets of by Amaranthus spinosus L. and Ja-
tropha curcas were harvested at three different
times each month during the growing season
for three months.

The plants were split into shoots (as a com-
bination of stem and leaves) and roots, thor-
oughly washed with distilled water to remove
adhering soil particles and dried at 35°C to con-
stant weight. Plant material was then milled,
weighed, and determined of Pb and As concen-
tration by ICP AES after digested in 25 ml aqua
regia.

3 RESULTS AND DISCUSSION

3.1 Pb and As in soil samples

The result of Pb and As concentrations on the
samples of vein or minerals and tailings sam-
ples were shown in Table 1. As shown in Ta-
ble 1, the Pb and As in tailing level was higher
than the mean crust average stated by the pre-
vious study (Wedepohl, 1995). The laboratory
test results showed Pb and As concentration in
3 soil samples had values 356, 212, 98 ppm and
10.8, 10.5, 7.8 ppm of soil with depth 5 cm, 10
cm, and 15 cm respectively for Pb and As. In
summary, the Pb and As the concentration of
the data is presented in Table 1.

Table 1 shows that the concentration of Pb
and As in the soil sample obtained from the
ASGM area was higher than the mean crust
average or natural condition (Wedepohl, 1995).
The control soil used in this experiment shows
that Pb concentration and As in the range of
natural concentration. Generally, all soil sam-
ples have a low content of silt-clay fraction, and
the type was loamy fine sand soil according
to the United States Department of Agriculture
(USDA) classification. Organic content in the
soil samples relatively low and reflects on their
CEC value.

3.2 Phytoremediation experiment

Figure 4 shows the phytoremediation experi-
ment during the three-month observation. It
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FIGURE 2. The filed condition of soil sampling.

A B
(1)

(2)

(1)

(2)

FIGURE 3. Initial plant on the experiment for Jatropha curcas (A), Amaranthus spinosus L. (B), and (1) contami-
nated soil and (2) control soil.

TABLE 1. Results of Pb and As concentration measurement of samples.

No. Sample Pb (ppm) As (ppm) CEC (meq/100
gr)

Grain Size
(% silt-clay)

Organic
Content (%)

1 Veins/mineral 562 190 - - -
2 Tailing 480 170 - - -
3 Soil (5 cm depth) 356 10.8 14 15 5
4 Soil (10 cm depth) 212 10.5 12 18 3
5 Soil (15 cm depth) 98 7.8 14 16 3
6 Control soil 18 1.8 9 14 2
7 Mean crust average* 16 1.8 - - -

* Wedepohl, 1995
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FIGURE 4. Jatropha curcas (a) and Amaranthus
spinosus L. (b) with harvesting time 1 (A), harvest-
ing time 2 (B), and harvesting time 3 (C).

shows the growth of stem and leaves of Jat-
ropha curcas and Amaranthus spinosus L in
three harvesting times.

Tables 2 and 3 summarize the Pb and As con-
centrations in the shoots and roots in the ex-
periment. Generally, the relative Pb and As
absorption by plant tissues in higher in roots
than shoots. The results of Pb and As con-
centration (Tables 2 and 3) show a percentage
concentration of more than 400% in shoots and
1000% in roots relative to the controls when the

plant was applied on contaminated soil A. The
lowest concentrations of Pb and As in Jatropha
curcas shoots were obtained in first harvesting.
There are significant increases in Pb concentra-
tions, and As in Jatropha curcas roots, the in-
crease was evident at second and third harvest-
ing. The percentage Pb and As concentration
compared to the controls are less than for the
shoots.

The data in Figure 5–8 show a progressive in-
crease in Pb and As concentrations with time.
For example, the Pb concentration in Jatropha
curcas’ roots has 81 ppm in the first harvesting
time and increases to 92 ppm during the end of
harvesting in soil A (Figure 4). A similar pat-
tern also obviously for Amaranthus spinosus L.
for soil A. The concentration on the roots has 75
ppm in the first harvesting time and increases
to 79 ppm during harvesting.

Tables 2 and 2 show that Pb and As con-
centrations in Jatropha curcas were higher than
Amaranthus spinosus L. The higher concentra-
tion is found in both shoots and roots, simi-
lar to finding with another study (Chang et al.,
2014; Álvarez-Mateos et al., 2019). The higher
concentration of metals is definite in the shoots
than in the Jatropha curcas and Amaranthus
spinosus L. In this phytoremediation study, Pb
and As concentrations were higher in the roots
than in the shoots is confirmed by other studies.
Generally, a trend for Pb and As to concentrate
in roots demonstrates that the roots are deliv-
ered as a barrier to Pb and As uptake (Majid
et al., 2012; Ziarati and Alaedini, 2014). This
phenomenon occurs because the roots’ heavy
metal uptake is more rapidly compared with
the transport to other plant tissues. Generally,
the use of both hyperaccumulator plants was
more effective in Pb remediation compared to
As, in line with the resulting form of another
study (Gonzalez-Chavez et al., 2017).

The highest Pb and As concentration in the
shoots were found during the third month for
both plants. This evidence is due to an increase
in the biomass as a function of exposure time,
which causes dilution of the Pb and As concen-
tration in a process similar to that which occurs
in the shoots. Moreover, the shoots’ primary
function is to conduct nutrients to other parts
of the plant and not accumulate them. Also, Pb
and As accumulation in the stems and leaves
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TABLE 2. Summary of the experimental result of Pb contaminated soil.

Jatropha curcas Amaranthus spinosus L.

Plant/harvest time Control1 A2 B3 C4 R%5 A2 B3 C4 R%5

Shoots
Harvest time (1) 5 26 23 8 520.0 18 16 2 320.0
Harvest time (2) 5.8 27 21 9 465.5 20 17 2 293.1
Harvest time (3) 6.5 29 22 13 446.2 21 20 3 307.7
Roots
Harvest time (1) 10 81 67 65 810.0 75 56 45 560.0
Harvest time (2) 12.8 84 75 62 656.3 76 63 48 492.2
Harvest time (3) 12.9 92 83 76 713.2 79 66 51 434.1
1 control soil
2 plant in contaminated soil in 10 cm depth
3 plant contaminated soil in 15 cm depth
4 plant in contaminated soil in 20 cm depth
5 percentage concentration of Pb in the plant of soil A relative to control.

TABLE 3. Summary of experimental result of As contaminated soil.

Jatropha curcas Amaranthus spinosus L.

Plant/harvest time Control1 A2 B3 C4 R%5 A2 B3 C4 R%5

Shoots
Harvest time (1) 0.3 12 5 5 1500.0 7 1 1 1125.0
Harvest time (2) 0.7 15 6 5 1250.0 8 2 1 666.7
Harvest time (3) 0.8 16 9 7 1230.8 9 5 5 538.5
Roots
Harvest time (1) 0.7 54 41 14 4909.1 23 8 4 2090.9
Harvest time (2) 0.8 56 43 20 4666.7 20 8 5 1666.7
Harvest time (3) 0.9 60 51 24 5000.0 14 9 8 1166.7
1 control soil
2 plant in contaminated soil in 10 cm depth
3 plant contaminated soil in 15 cm depth
4 plant in contaminated soil in 20 cm depth
5 percentage concentration of As in the plant of soil A relative to control.

A B

FIGURE 5. Concentration Pb Jatropha curcas in the shoot (A) and root (B).
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FIGURE 6. Concentration As Jatropha curcas in the shoot (A) and root (B).

A B

FIGURE 7. Concentration Pb Amaranthus spinosus L. in the shoot (A) and root (B).

A B

FIGURE 8. Concentration As Amaranthus spinosus L. in the shoot (A) and root (B).
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(shoots) are limited compared with the other
plant tissues due to the high retention of Pb and
As by the roots. These factors result in a lower
Pb and As concentration in shoots than in roots.
The results showed that the maximum accumu-
lating value on roots was about 92 and 60 ppm
on a dry weight basis for Pb and As respectively
(see Tables 2 and 3). Based on these results, Jat-
ropha curcas is likely an excellent candidate to be
considered a potential Pb and As accumulation
plant species.

4 CONCLUSION

Several findings can be obtained from the
present study. The phytoremediation exper-
iment shows that the higher Pb and As concen-
tration was found in roots rather than shoots
in the Jatropha curcas and Amaranthus spinosus
L. From two plants used in this study, the ac-
cumulation Pb and As concentration seems
to be higher in Jatropha curcas compared to
Amaranthus spinosus L. Even though the Pb and
As levels uptake by the shoots were relatively
low, Jatropha curcas is a suitable choice for the
phytoremediation of Pb and As contaminated
soil because it is easy to plant and maintain
and contributes to soil remediation and this
species commonly found around gold mining
areas. The most crucial factor controlled the
Pb and As removal in contaminated soil is the
exposure time. The results of this study expand
the knowledge of the Pb and As absorption and
translocation capacity of Jatropha curcas and
Amaranthus spinosus L.
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