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Heavy metal elements concentration study has been determined from soils
and tailing sediments in laterite nickel post-mining area in Motui District
Southeast Sulawesi. This study aimed to determine the concentration of
some heavy metal elements, especially Fe, Co, Mn and Cr, from surface
soils sediments in waste dump sites and tailing sediments in settling ponds
from lateritic nickel post-mining areas. A total of 20 samples consisting of
18 soil samples and 2 tailing sediments samples were systematically
collected for the study. The soil samples from the waste dump site profile
were collected from 3 layers which were divided based on the colour of the
soils from top to bottom, namely Layer C, Layer D and Layer E. Six soil
samples were taken from each layer with space between each sample in one
layer was about 50 — 60 cm. The samples were sent to the laboratory and
analysed using Atomic Absorption Spectrometer (AAS) method to
determine the concentration of heavy elements. Metal-bearing minerals
detected from the bedrock consists of chromite, manganese, magnetite and
limonite which are responsible for the Cr, Mn and Co, and Fe content,
respectively. The result showed that Fe content is significantly higher in
soil samples from Layer C and tailing sediments with dark red to brown in
colour, suggesting the strong relation between Fe content and colour index.
The general element mobility trend showed that Mn and Co are positively
correlated in soil sampling from all layers and tailing samples, whereas Fe
and Cr show a negative correlation trend in Layer C, D and tailing
sediments but positively correlated in Layer E.
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Introduction

ore will be concentrated in a saprolitic layer above the
bedrock. Typically, there are four main layers in the

Post-mining laterite nickel areas are widely distributed
in Motui District Southeast Sulawesi. The mining
activities have been causing changes in element
concentration, soil compaction, hydrodynamics, and
geochemistry in soils and tailings (Soltani et al., 2017,
Prematury et al., 2020). One of the characteristics of
laterite nickel mining is surface mining since the nickel

laterite nickel profile which are (from lower to the
upper or surface layer) bedrock, saprolite, limonite and
top soil (overburden) (Akane et al. 2021). Surface
mining is conducted to extract the upper layer of
laterite soil from the surface or upper to the bottom
layer.
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Surface mining creates tailings and has a significant
environmental impact on surrounding areas due to its
relatively great volume of the material that has been
moved (Lin et al., 2025). Post-mining will leave waste,
abandoned areas, and changes in topography, leading
to land degradation. Degradation of post-mining areas
will include changes in soil structure and increased
metal mobility (Alexandre-Kwaterczak and Helios-
Rybicka, 2009; Festin et al., 2019) as well as
concentrations of chemical elements. It is reported that
elements in mining and ore processing cause different
changes to the environment (Larondelle and Haase,
2012) and will lead to health problems (Kierczak et al.,
2021).

Generally, laterite soils are brown to dark
reddish-brown representing iron, aluminium, and
magnesium contents. This soil is rich in trace elements
that originated from weathered ultramafic rocks.
Atomic structures of trace elements in the original
mineral are very different from the soil. For example,
in weathering conditions, chromite (FeCr,04) absorbs
Fe, Mn, Cr, Co, which are also originated from
pyroxene, amphibole, micas (Kierczak et al., 2021).
The element correlation of Fe, Ni, Cr, and Co in soils,
waters, and vegetation in lateritic profile reflect their
association with the ultrabasic rocks and with the Fe-
Ni mineralization (Vardaki and Kelepertsis, 1999;
Ilyas et al. 2016). Geochemical change in lateritic
profile due to weathering process was reported from
New Caledonia. It is reported that Co and Mn
concentration changes along with the weathering stage
in a laterite profile (Dublet et al., 2017).

Motui District is an area in North Konawe
Regency that has been planned to be an industrial area
according to local government policy. There are four
nickel mining companies that are operating in Motui
area. Some mining companies have already closed
their mining operation and left an abandoned area, or
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post-mining area in which soil is exposed to the
surface. Generally, mining activity will have an impact
on soil compaction, erosion, and mobility of elements.
It has been reported the mobilization and redistribution
of elements in the soil profile occurred in lateritic
nickel area caused by chemical reaction (Vardaki and
Kelepertsis, 1999; Roca et al., 2008; Dublet et al.,
2017). Changes in soil compaction will affect the
distribution of traces in post-mining areas and hence
will control the geochemical environment of the area.
This study aimed to evaluate the concentration of trace
elements, especially Fe, Mn, Co, Cr in soils sample
from waste dump profiles and tailing sediment in post-
mining areas in Motui district.

Materials and Methods

The Motui area is situated in the Motui District,
Konawe Regency, Southeast Sulawesi (Figure 1la).
The study focused on the post-mining area with a
topography of slopes less than 60° which is connected
to tailing dams (Figure 1b). Soil and tailing sediment
samples were taken as material for this study. Twenty-
one samples consist of 18 soil samples from the waste
dump site, 2 tailing sediment from the tailing pond and
1 sample from a boulder at the bottom of the waste
dump. The waste dump area was divided into three
layers according to soil colour and location from which
the sample was taken (Figure 2b). The first layer (layer
C) is located at the bottom of the waste dump with pink
to bright yellow in colour, whereas the second layer
(layer D) is in the middle of the waste dump showing
red to yellowish colour and the third layer (layer E)
was taken from the top part of the waste dump with
dark red to brown colour. Six (6) soil samples were
systematically taken from each layer to get a
representative samples condition.

Figure 1. (a) Location map of the study area; (b) waste dump site profile for soil sampling showing 3 layers
(Layer C, D and E). Six soil samples were collected in every layer.
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» Waster dump

Tailing pond

Figure 2. (a) Tailing dams, (b) Sample collecting process in tailing sediment.

The space between each sample in one layer was about
50 — 60 cm. Two (2) samples from 2 tailing ponds
nearby the waste dump site were collected as tailing
sediment samples. One (1) sample from weathered
boulder was also taken for mineragraphic analyses
from the bottom of the waste dump to get the
information of metal-bearing minerals in the bedrock.

The soil surface samples were dried and dissolved
using distilled water with a ratio of 2:1 (hydrochloric
acid: nitric acid) then diluted appropriately for metals
analysis (Mn, Co, Cr, and Fe) using AAS (Atomic
Absorption Spectrophotometer) method at PT Intertek
Jakarta. Next to the waste dump site (Figure 2a, 2b),
polyvinyl chloride (PVC) tubes were used to collect
tailing sediment samples (Wuana and Okieimen,
2011). Two tailing sediments samples were dried and
analysed using the AAS method to determine the metal
concentration, especially Fe, Cr, Mn, Co. In order to
determine the metal-bearing mineral, a boulder rock at
the bottom of the waste dump was collected and then
sent to a rock preparation laboratory in Geological
Engineering Department, Universitas Hasanuddin.
The boulder is considered as the bedrock. The sample
was cut and cleaned and processed for polished section
analyses. Polish section samples analyses were carried
out using a Nikon petrographic microscope with 10
eyepieces and 5x, 10x, 20x and 40x objective lenses,
equipped with a Nikon E4500 camera mounted on the
trinocular port for mineragraphy.

Results and Discussion
Bedrock

The metal-bearing minerals in the bedrock consist of
chromite, magnetite, hematite and limonite, as shown
in Figure 3. The bedrock shows a high serpentinization
process as evidenced by the occurrence of serpentine
mineral in the form of strings replacing olivine and
pyroxene. It is very difficult to determine the type of
bedrock since the main minerals have been replaced or
pseudomorphed by secondary minerals due to
serpentinization or weathering. The rock also displays

a significant weathering process, as indicated by the
presence of some oxidized minerals. Serpentinization
and weathering process has decomposed magnetite,
hematite, chromite, and limonite minerals, causing a
portion of iron oxide and clay minerals to fill space and
cracks (Figures 3a and 3b).

Soil and tailing sediment geochemistry

Concentrations of Co, Fe, Mn and Cr in soil sampling
from each layer are listed in Table 1. Layer E, which
is located at the top of the waste dump profile, is
characterized by the higher Fe value average but lower
Cu, Co and Mn content compared to other layers. Fe
content shows a wide range value from 21.23% to
30.35%, whereas Mn displays a more varying value
(5748 ppm — 13.428 ppm). Co content ranges from the
lowest in the MC-E2 sample (357 ppm) to the highest
in the MC-ES sample (845 ppm). Cr content in this
layer ranges from 7643 ppm to 9273 ppm.

On average, layer D shows a significantly higher
concentration for Mn and Co but only slightly higher
for Cr compared to Layer E, whereas Fe shows a
significantly higher value. Co value ranges from 667
ppm to 1990 ppm, Fe content shows a narrow range of
22.13% to 31.95%. Mn and Cr display values starting
from 5338 ppm to 14.085 ppm and 7913 ppm to 10.590
ppm, respectively. Compared to the other two layers,
the average value of the heavy elements in layer C
(located at the bottom of the profile) shows the highest
value of Co, Cr and Mn. However, Fe content shows
the lowest value than other layers (26.89%). Co
content ranges from 735 ppm to 1985 ppm, Mn = 5748
ppm to 13428 ppm, Cr = 8343 ppm to 11088 ppm.
Heavy elements concentration in tailing sediments
exhibits a lower value than soil sampling concentration
except for Fe concentration which is significantly
higher than soil samples. Co shows an extremely lower
value (255 ppm on average), whereas Cr and Mn also
display lower values of 8751 ppm and 2760 ppm on
average, respectively. Fe value ranges from 36 to 39 %
(37% on average), about 20% to 30% higher
concentration than the value of soil sampling sample.
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Metal bearing mineral

A polished section of the bedrock shows the
occurrence of some metal-bearing minerals, including
chromite, magnetite, limonite and hematite (Figure 3).
Chromite is the source of Cr elements in ultramafic
rocks, whereas olivine is mostly responsible for Fe
content if the rocks are still fresh and magnetite if the
rocks have been serpentinized (Kierczak et al., 2021).
The occurrence of chromite in the ultramafic rocks
from the waste dump profile has been confirmed both
in the polished section and geochemical result (Table

1). The highly serpentinized rock as shown by the
intensive serpentinization process in the polished
section suggests that Fe was originated from
magnetite. The enrichment of Cobalt in heavily
weathered lateritic Ni deposits is controlled by the
occurrence of Mn-oxide mineral as the major Co-
bearing mineral (Dublet et al., 2017). Mn-oxide
minerals are widely found in the ultramafic rocks in
the study area. The Mn-oxide mineral occurs in the
form of manganese wad within the lateritic profile,
especially in the transition zone between saprolite and
limonite, as seen in Figure 4.

Figure 3. (Cross nicol photomicrographs of weathered ultramafic polished section, (a) Chromite trapped in
limonite oxide (b) Chromite and magnetite that has been weathered. Hem = hematite, Chr = Chromite, Lim =
Limonite, Mag = Magnetite.

Figure 4. Manganese wad found in the transition zone
between saprolite and limonite in the laterite profile
in Motui area. The manganese is the best host for Mn
and Co in the weathering product.

Geochemical constraint

Overall, heavy elements concentration average in soil
samples from waste dump profile shows that layer E
contains a much lower value for all elements except
Fe, which show the highest content compared to other
layers. There is a regular pattern that can be concluded
from the soil sample in terms of the soil colour of the

profile. Layer E shows dark red to brown in colour,
suggesting high Fe content due to the oxidation
process and the occurrence of hematite and limonite
(Roca et al., 2008; Maulana et al., 2016). The Fe
content of Layer C (pink to bright yellow), which is
located at the bottom of the profile, are lower than
Layer D, which has red to yellowish colours. The result
shows that Fe content will be much higher in the layer
with the dark colour. It is reported that Fe content will
be much higher in limonite and ferrigenous cap which
has red dark to brown colour in lateritic nickel deposit
from Kolonodale area in Sulawesi (Fu et al., 2014).
Concentrations of heavy metals in tailing sediments
samples show a similar trend to the soil sediments in
the waste dump profilee. Mn and Co in tailing
sediments show a decreasing pattern compared to soil
samples with almost 80% loss compared to Layer C
and 70% loss compared to Layer D but only 50%
compared to Layer E. Fe content in the tailing
sediment is relatively higher than those in the soil
sampling from the waste dump. This is expected since
Fe is a mobile element in the water and tend to be

oxidized in the form of ferric hydroxide.
General element mobility trend

General element mobility trend display that Co, Cr and
Mn exhibit an increasing trend toward the bottom of
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the layer, especially Co, whereas Fe content shows a
decreasing trend. It is proposed that the higher Fe
content of Layer E at the top of the profile was due to
the occurrence of Fe-bearing minerals such as
magnetite, hematite and limonite, which leads to the
enrichment of Fe. Co, Cr and Mn, an increasing trend
to the bottom of the profile was probably due to the
different sources of material in each layer rather than
the leaching process. It is noteworthy that Mn and Co
concentrations in the soil show a significant value,
especially in Layer C. It is further noticeable that both
elements are positively correlated. Dublet et al. (2017)
reported the downward migration of Mn and Co along
with lateritic nickel deposits in New Caledonia and

found the long-term stabilization of Mn and Co in
lateritic nickel deposits, which developed in the
tropical region. Figures 5a and 5b show a general
element mobility trend of the soil samples and tailing
sediments. We made two diagrams to compare the
element mobility trend, namely Fe vs Cr and Mn vs
Co. It is shown from the figure that Fe and Cr in Layer
C, D and tailing sediments show a negative correlation
trend, whereas in Layer E they are positively
correlated. Mn vs Co exhibits a strong positive
correlation in all layers, suggesting that they are
positively correlated to each other both in soil
sediment from waste dump profile and from tailing
sediments (Figure 5b).
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Figure 5. Fe vs Cr (upper) and Mn vs Co (lower) relationship diagram of the soil samples from waste dump
profile and tailing sediments from Motui area.
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Table 1. Geochemical concentration of soil sampling and tailing sediment from Motui area.

No Sample No Elements Remark
Co (ppm) Fe (%) Mn (ppm) Cr (ppm)
1 MC-C1 1137 26.38 8088 8343
2 MC-C2 1422 23.7 9755 10360
3 MC-C3 1300 28.25 8863 10588 Layer C
4 MC - C4 735 31.4 5748 9958
5 MC-C5 1985 21.23 13428 11088
6 MC-C7 905 30.35 6903 9825
Mean 1247.33 26.89 8797.50 10027.00
7 MC-D1 1342 26.65 9485 9335
8 MC-D2 987 30 7278 9258
9 MC-D3 1990 22.13 14085 10590 Layer D
10 MC - D4 852 28.75 6475 7913
11 MC - D5 1150 31.95 8438 8605
12 MC - D7 667 30.2 5338 8095
Mean 1164.67 28.28 8516.50 8966.00
13 MC-El 430 34.73 3968 9273
14 MC -E2 357 38.3 3148 9710
15 MC -E3 727 32.28 5405 8988 Layer E
16 MC - E4 572 33.58 4703 8903
17 MC -E5 845 30.73 6168 7643
18 MC-E7 565 32.5 4458 8238
Mean 582.67 33.69 4641.67 8792.50
19 TSS -1 255 39.48 2658 8683 Tailing
20 TSS-2 255 36.4 2863 8820
Mean 255 37.94 2760.5 8751.5
Conclusion mobilization of Ni and critical metals in laterite deposits,

Chromite, magnetite, limonite, and hematite are the
responsible metal-bearing minerals for heavy elements
occurrence in soil samples from the waste dump
profile in the Motui area. Variation in heavy metal
concentration (Fe, Co, Mn dan Cr) in soil samples and
tailing sediments were formed from chemical
weathering processes. General element mobility trend
display that Co, Cr and Mn exhibit an increasing trend
toward the bottom of the layer, whereas Fe content
shows a decreasing trend. The concentrations of Mn
and Co are positively correlated in all layers and tailing
sediments, whereas Fe and Cr shows a negative
correlation in Layer C, D and tailing sediments but
positively correlated in Layer E.
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