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INTRODUCTION

Nowadays, silica sand is the most widely 
used raw material for several high technology ap-
plications (Santos et al., 2015; Ashrafi-Shahri et 
al., 2019). It is a unique material for crystalline 
silicon manufacturing in panel construction (Dai 
et al., 2021), transparent silica glass (Chen et al., 
2021), cement mixtures (Ramezanianpour et al., 
2021) cement mortar, foundry materials (Kumar 
Sinha et al., 2021), corrosion protection (Ashrafi-
Shahri et al., 2019), automotive engineering 
(sandblasting) (Cai et al., 2016), etc. Silica sand is 
one of the most important additive materials and 
it has been considered by many researchers. It is 
one of the principal multicomponent materials 

due to its stable, environment-friendly, and mal-
leable properties (Ramezanianpour et al., 2021).

The high demand for silica sand products will 
be directly proportional to the increase in open-pit 
processing for silica sand purification in the indus-
try (Ben-Awuah et al., 2016). It is noteworthy that 
open-pit mining also needs to pay attention to land 
restoration/reclamation after the mining process, to 
utilize the land for beneficial environmental purpos-
es. The direct impacts of open-pit mining methods 
are usually complete topsoil removal and altered 
geomorphological landscapes, which often leave 
hostile environments to be recolonized by vegeta-
tion or animals and directly affect biodiversity and 
carbon sequestration (Turrión et al., 2021). The ille-
gal mining industry does not carry out post-mining 
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restoration/reclamation, because it seeks to reduce 
the production costs (Festin et al., 2019). This con-
dition will impact environmental damage, such as 
critical land with low nutrients, unstable slope sur-
faces, low water content, erosion, and sedimenta-
tion (García-Ruiz, 2010). 

This work specifically studied the characteris-
tics of post-mining soil and solid waste generated 
from silica sand purification to obtain the recla-
mation capability of critical land. It is important 
to identify the characteristics and quality of the 
soil content, because each region has a different 
natural state and structure. Natural conditions and 
weathering processes are some of the reasons why 
the concentration and structure of silica are dif-
ferent in each country. Open-pit silica mining in 
the Tuban Regency, Indonesia, has demonstrated 
a topsoil stripping technique for further explora-
tion of the subgrade containing silica sand. Gen-
erally, it has quartz sand and clay, so that silica 
sand purification is required to obtain α-quartz, 
β-quartz, α-cristobalite, β-cristobalite, and tridy-
mite (Nurbaiti and Pratapa, 2018; Ratnawulan et 
al., 2018). Likewise, the solid waste from silica 
sand purification has wet and sticky characteris-
tics if it contains water, while under dry condi-
tions, it becomes cracked. The samples are clay 
minerals that contain mineralogical phases, such 
as anhydrite (CaSO4), quartz (SiO2), gehlenite 
(Ca2Al(AlSi)O7), hematite (Fe2O3), and portland-
ite (Ca(OH)2) that can have interesting charac-
teristics for possible re-use, as a medium for the 
reclamation of critical land at former silica mines 
(Perná et al., 2017). Although the reclamation 
process is difficult to realize using post-mining 
soil and solid waste, it is necessary to identify 
initial characteristics to obtain the background 
data for further research. Several studies have re-
ported on the utilization of post-mining soil and 
solid waste from the purification of silica sand, 
such as Hendrychová et al. (2020), who studied 
the reclamation of ex-mining land in the Czech 
Republic; Kasztelewicz (2014) examined the 
land reclamation process after lignite mining in 
Poland. In addition, Skousen and Zipper (2014) 
studied post-mining land reclamation in the Unit-
ed States. Many studies on industrial solid waste 
have also been carried out, including Kawamoto 
et al. (2021), who examined mine tailings from 
the Ningyo-toge uranium deposit in Japan. Han 
et al. (2021) studied the utilization of iron ore 
tailings being processed into high value-added 
mesoporous materials. According to Zhang et al. 

(2020) and Huang et al. (2020), silica sand tail-
ings can be utilized for ceramic tiles.

This research was conducted as an initial 
stage on the re-use of solid waste from silica 
sand purification into post-mining topsoil, espe-
cially in the Tuban area, Indonesia. Analysis of 
the physical, chemical, and biological properties 
is needed to determine the quality of the soil and 
make improvements, so that it meets the suitabil-
ity of the soil, as shown by Lwin et al. (2018). 
Analysis of the physical characteristics includes 
aggregate, porosity, and soil texture/structure to 
determine the ability to drain runoff water to the 
subsoil. Chemical analysis was performed to ob-
serve soil nutrients and heavy metals, whereas 
biological analysis determined the abundance of 
bacteria. The results of this early stage of research 
become the basis for further studies.

MATERIALS AND METHODS

Research location

Post-mining soil sampling was conducted in 
Latsari Village, Bancar Subdistrict, Tuban Re-
gency, East Java - Indonesia. Specifically, the geo-
graphical area is at 6°47’08” South latitude and 
111°42’22”East longitude, at an elevation of 56 
meters above sea level. In turn, solid waste was ob-
tained from the silica sand purification industry in 
Jenu Village, Jenu Subdistrict, Tuban Regency, East 
Java - Indonesia. It is located at 6°50’45.03”South 
latitude 112°00’41.13”East longitude, with an el-
evation of 10 meters above sea level. 

Sample preparation

Post-mining soil and solid waste sampling 
were carried out randomly on non-intact, dis-
turbed soil. Samples were taken at 7 locations, at 
depths of 0, 20, and 50 cm, with as much as 0.5 kg 
being recovered each time (Susianti et al., 2022; 
Warmadewanthi et al., 2021a). The samples from 
different depths were mixed and placed in double 
plastic, then labeled with the date of collection, 
place of collection and code. The samples were 
then tested in the laboratory. For preparation, 
the samples were sieved on a 100 mm and then 
used directly in the physical characteristic tests. 
In the chemical characteristic tests, the samples 
were dissolved in water containing 10% HNO3, 
then distilled for 3 hours to dissolve metal ions. 
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The samples were filtered to separate solids and 
solutions. The solutions were tested for AAS and 
nutrients. For biological characteristics, the sifted 
samples were dissolved in aquadest and diluted.

Characterization of the materials

Physical characterization 

Index soil properties were analyzed, compris-
ing water content (%), coefficient of permeability 
(cm·s-1), color test, density (g·cm-3), porosity, and 
particle size distribution (%). The particle size 
distribution of the two sample types was applied 
by using the ASTM method, wherein 125 mL of 
the dispersing agent sodium hexametaphosphate 
(40 g·L-1) was added to the hydrometer analy-
sis solution (obtained from Merck, Germany) 
(ASTM E112, 2010). The mixture was stirred 
until the soil was thoroughly wet and soaked for 
at least ten minutes. While the soil was soaking, 
125 mL of the dispersing agent was added to the 
control cylinder, which was then filled with dis-
tilled water (to the mark). The reading at the top 
of the meniscus formed by the hydrometer stem 
and the control solution was taken and (ASTM 
Alla France series 312H) hydrometer readings 
were then taken after an elapsed time of 2, 5, 8, 
15, 30, and 60 minutes, and 24 hours. In addition, 
the crystallinity of both samples was also iden-
tified using X-ray diffraction (XRD Bruker D8 
Advance 3 kW with detector LynxEye XE-T and 
radiation source Cu K alfa) to identify the crys-
talline phase in the material. Both samples were 
analyzed using a Scanning Electron Microscope-
E (SEM) Analysis (Hitachi SU-3500 with energy 
dispersive X-ray (EDX)) operating at a voltage of 
5.0 keV and a detector working distance of 11 nm 
to observe the morphology of the sample regions. 

Chemical composition

The chemical analysis of post-mining soil and 
solid waste was conducted using an inductively 
coupled, plasma-optical emission spectrometer 
(ICP-OES type agilent technologies 5100) and 
atomic absorption spectrophotometer (AAS type 
Agilent 240FS AA) which aimed to obtain the in-
formation regarding the content of heavy metals, 
such as Barium (Ba), Cadmium (Cd), Lead (Pb), 
and Zinc (Zn). The chemical compositions were 
also identified to observe the nutrients in the sam-
ples with several tests i.e., water contents (gravi-
metric), pH (electrometry), C-organic (Walkey & 

Black method), total Nitrogen (Kjeldahl), P2O5 
and K2O using 25% HCl with a UV-Vis spectro-
photometer (Shimadzu – UV-1601 PC). Analysis 
of the cations exchange was conducted by us-
ing the percolation method, coupled with atomic 
absorption spectrometry (AAS) and titrimetric. 
Subsequently, these data were compared to Soil 
Research Center Standards – Agriculture, Indo-
nesia (FLOR, 2005) for a qualified range of good 
soil properties. Finally, the oxide components in 
the samples were also identified using X-ray fluo-
rescence (XRF Bruker S2 Puma). 

Biological characteristics

The microorganism test was applied using 
a pour-plate technique with a serial dilution of 
the mixed culture through a pipette. The molten 
agar was cooled to 45 °C and poured into a petri 
dish containing a specified amount of the diluted 
sample. After the addition of the sample dilution 
into the molten agar, the plates were gently ro-
tated in a circular motion to achieve uniform dis-
tribution of the microorganisms. This procedure 
was repeated for all sample dilutions to be plated. 
Dilutions should be plated in duplicate for greater 
accuracy, incubated overnight, and counted on a 
colony counter instrument.

RESULTS AND DISCUSSION

Typical samples

Soil has unique characteristics and differs 
from one area to another, both physically, chemi-
cally and biologically. This study observes the 
characteristics of open-pit silica mining and solid 
waste refining silica sand in Tuban Regency, East 
Java Province, Indonesia. 

Soil structure is an important aspect of soil 
quality and ecology and needs to be part of the 
overall soil quality evaluation framework. Ac-
cording to Mueller et al. (2013), the visual exami-
nation and evaluation procedures of soil structure 
obtain the information on the features and func-
tion from macro-morphological characteristics of 
the soil. Post-mining soil was collected between 
the clay sand with stone layers at a depth of 30 
cm (Figure 1a). Meanwhile, the solid waste was 
obtained from the resulting clay sand (raw mate-
rial), purified to obtain the silica sand (Figure 1b). 
It is clear that the post-mining soil condition has 
dense contours (clumps), contains rocks and dry 
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sand, and is light brown in color (Figure 2a-c). In 
addition, it contains clay minerals with sandy soil 
contours and forms a soil layer associated with 
lignite (Figure 2c). The purification system uses a 
water dispersion system to facilitate high separa-
tion (first separator) between stone, organic mat-
ter, clay, and silica. This system also obtains clay 
and silica sand with various particle sizes. 

After that, it is re-separated using a water dis-
persion system to separate the clay and pristine 
silica, based on particle size > 20 mm. This tech-
nique aims to reduce the aluminum and iron con-
tent in pristine silica, which can cause clumping 
of the soil material (Figure 2e). After the separa-
tion process, the clay is rejected, and the pristine 
silica sand is dried at a temperature of 110 °C. 
Clay is categorized as solid waste from the silica 
sand purification, because it hardens the material 
properties when it dries under sunlight. Visually, 
the solid waste has a light-brown color, contains 
a lot of water from the water dispersion system, 
and is dried; it will crack due to lack of water 

content (Figure 2d-f). Both samples were tested 
to assist further study in regenerating critical 
post-mining land. 

Physical properties

In this section, the physical properties were 
tested to observe the characteristic model of the 
soil sample. Several tests were carried out, in-
cluding water content, permeability coefficient, 
color test, density, porosity, and granularity. In 
addition, the percentages of sand, clay, and silt 
were also examined to classify them into trian-
gular textures (Figure 6). On the basis of Table 
1, it can be seen that post-mining soil has a low 
water content compared to solid waste. In silica 
sand purification, it is clear that the purification 
process uses a water dispersion system so that the 
solid waste contains high water content (Figure 
4d). This condition is proportional to the coef-
ficient of permeability, where solid waste has 
small particles that affect the velocity of water 

Figure 1. Locations of post-mining soil sampling (a) and solid waste sampling from silica sand purification (b)
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Figure 2. Typical samples: (a, b, c) the post-mining soil and (d, e, f) solid waste from silica sand purifi cation

Table 1. The index soil properties of post-mining soil and solid waste
Variable test Post-mining soil Solid waste

Water content (%) 3.63 12.57

Coeffi  cient of permeability (cm.s-1) 0.69 × 10-6 1.49 × 10-6

Color test Light brown Light brown

Density (g.cm-3) 1.894 1.835

Porosity (%) 35.84 51.12

Gravel (%) 1.51 0.001

Sand (%) 36.95 43.35

Clay (%) 18.80 35.96

Silt (%) 42.74 20.68

fl ow in the soil layer. In addition, a permeability 
test was carried out to examine the characteristics 
of post-mining soil and solid waste in its ability 
to drain runoff  water to the subsoil (absorption). 
Table 2 shows that the permeability data were 
juxtaposed with the classifi cation of soil perme-
ability by Uhland and Alfred (1951). Table 3 in-
dicates that the sample has been categorized as 
having very slow permeability. Even though the 
samples were the same color, they contained clay 

minerals, including SiO2, Al2O3, and CaO. Their 
densities are almost the same, apart from the dif-
ference in porosity and gravel content. The small 
particles of solid waste from silica sand purifi -
cation will increase the porosity and capability 
against high-water absorption. Figure 2 shows 
the particle-size distribution curve, which can be 
viewed as incremental particle sizes from various 
post-mining soil; solid waste particle sizes have 
small increments (on a logarithmic scale) with the 
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characteristics of multiple mixtures of clay, sand, 
and silt. The grain-size distribution curve can be 
divided into small divisions of uniform soil par-
ticles and a packing porosity was estimated for 
the smallest diameter size (Fredlund, 1997). On 
the basis of the data, the passing percentage of 
the sand distribution is in the range of 0.850 mm 
to 0.075 mm. Within a group of soil grains or ag-
gregate, pores of various sizes can be visualized as 
many interconnecting bottlenecks as possible. The 

smallest pores at the outermost of an aggregate 
govern the maximum matric suction of a particular 
aggregate (or air entry value). Since the pore sizes 
are not uniform throughout an aggregate, larger 
pores can be found inside the aggregate. They tend 
to retain water if surrounded by pores of smaller 
diameter when the soil is being dried under con-
stant matric suction. Hence, solid waste always 
has greater water content than post-mining soil 
(Gallage and Uchimura, 2010). The silica sand can 
be obtained from open-pit mining in the Tuban re-
gency, with high-silica content of 90 to 98%, after 
particle separation. As in Table 1, the composition 
percentage of sand, clay, and silt are plotted into a 
soil texture triangle so that post-mining soil is clas-
sifi ed as clay, while the solid waste from the silica 
sand purifi cation process is classifi ed as clay and 
clay loam materials (Figure 3).

On the basis of Figure 4, the two samples 
have diff erent textures, the post-mining soil in-
cluding loam and solid waste including clay 
loam. Loam means that the soil has a composition 

Table 2. Permeability classifi cation, according to Uhland and Alfred (1951)

Samples Permeability (cm/s) Permeability (cm/h)
Permeability classifi cation 

(cm/h) 
[(Uhland and Alfred, 1951)]

Category

Post-mining soil 0.69 × 10-6 0.2484 × 10-2 < 0.0125 Very slow

Solid waste 1.49 × 10-6 0.5364 × 10-2 < 0.0125 Very slow

Table 3. Permeability classifi cation, according to 
Uhland and Alfred, (1951)

Category Permeability classifi cation (cm/h)

Very slow < 0.0125

Slow 0.0125–0.5

Slightly slow 0.5–2.0

Medium 2.0–6.25

Rather fast 6.25–12.5

Fast 12.5–25.5

Very fast > 25.5

Figure 3. Analysis of post-mining soil and solid waste grain-size distribution curve
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of 22.5 to 52.5% sand, 30 to 50% silt, and 10 to 
30% clay. Clay loam has a composition of 20 to 
45% sand, 15.0 to 52.5% silt and 27.5 to 40% 
clay (Kaufmann et al., 2011). The XRD pattern in 
Figure 5 shows that they have the same constitu-
ent composition and crystallographic type. In this 
case, the two patterns are caused by the content 
of dominant chemicals such as Al2O3, MgO, and 
SiO2. In addition, the mining land contains some 
complex chemical mineralogy. This condition is 
a soil characteristic in the open-pit mining system 

in Tuban Regency. On the basis of Figure 5, the 
XRD pattern of both samples show several clay 
minerals, such as gehlenite (Ca2Al2SiO7), spinel 
(MgAl2O4), akermanite (Ca2MgSi2O7), monticel-
lite (CaMgSiO4), aluminum oxide (Al2O3), mag-
netite (Fe3O4), and hematite (Fe2O3). These data 
have been confi rmed by several studies (Dimi-
trova et al., 2012; Mohassab-Ahmed et al., 2012; 
Ruíz-Baltazar et al., 2015) which have presented 
typical XRD patterns of 2 thetas, such as 24.3°, 
32.2°, 42.0°, 46.1°, 49.7°, 59.0°, 65.2°, 71.0°, 

Figure 4. Characteristics of post-mining soil and solid waste in soil texture triangle

Figure 5. XRD pattern of samples (post-mining soil and solid waste)
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80.6°, and 81.0°. The XRD pattern has shown a 
large number of crystals, formed in both samples, 
and this is attributed to the magnetite and hema-
tite presenting a cubic structure in which the lat-
tice parameters are very close (Warmadewanthi 
et al., 2021b). For this reason, it is diffi  cult to 
diff erentiate these structures, even if both phases 
exhibit high crystallinity (Ruíz-Baltazar et al., 
2015). This condition also occurs in other min-
erals caused by the similarity of the constituent 
elements and crystal lattice. The low intensity 
was presented by Fe3O4 (71.0°, 80.6°, and 81.0°), 
showing a network of oxygen that presents tetra-
hedral and octahedral coordination. In turn, the 
high intensity has been indicated by CaMgSiO4, 
Ca2Al2SiO7, Fe2O3, Al2O3, MgAl2O4, and Ca2Mg-
Si2O7 (at 24.3°, 32.2°, 42.0°, 46.1°, 49.7°, 59.0°, 
and 65.2°). These minerals have a signifi cant in-
fl uence on the adsorption properties (clay); most 
likely, the sample structure and chemical compo-
sition characteristics come from the elements Ca, 
Mg, Si, and Al (Dimitrova et al., 2012). 

The particle size, composition, texture, and 
morphology were also determined using SEM-
EDX (Figures 6 and 7). A slight increase in the 
abundance of particle distribution in solid waste 
compared to soil-mining soil was observed by 
low magnifi cation SEM imaging (Figure 6a 
and 6c); this was consistent with the grain-size 

distribution (Figure 3) and crystallinity (XRD) 
analyses. SEM analyses revealed that post-min-
ing soil contained large grains with a composition 
and morphology consistent with loam. These Si-
Fe-C-O-rich grains were observed as akermanite 
aggregates or particle morphologies similar to 
those observed by Mihailova et al. (2015) (Fig-
ure 7a). The surface was well-crystallized with 
euhedral crystals which did not exceed 3.0 μm 
in diameter (Figure 6b). The low silica weight 
percentage is caused by the ex-mining soil layer 
reaching the rock layer.

Solid waste has undergone the silica-sand pu-
rifi cation system and a concentration process in a 
water dispersion system, resulting in an increase in 
the silica content in percentage units of the sample 
weight. This condition is evidenced by the SEM 
and EDX results, showing smooth grains with the 
same composition and morphology as post-min-
ing soil. Low-magnifi cation SEM images (Figure 
6b and 6d) suggest that large particles are con-
tained in post-mining soil and smooth particles in 
solid waste with fractures and porous properties, 
as reported by Pratiwi et al. (2020). Nevertheless, 
particles with broadly similar morphologies and 
textures could be found in both the post-mining 
and solid waste soil. The composition and texture 
of both samples were consistent, in terms of some 
elemental oxides of Ca, Al, Si, and Fe.

Figure 6. The morphological analysis of both samples with magnifi cation 
variation; (a, b) post-mining soil, (c, d) solid waste
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concentration of heavy metals in solid waste. In 
addition, it has small particles, thereby increasing 
particle porosity and promoting high absorption 
of heavy metals. According to Castro et al. (2020) 
and Natsir et al. (2021), the clay has pillarization 
properties when it contains water, meaning that it 
can increase the formation of lattice spaces that 
function as metal adsorbents. The data in Table 
4 shows that solid waste has greater heavy metal 
content than post-mining soil. 

The soil quality standards on the samples 
consisting of pH, C-organic, nitrogen, P2O5,

Chemical properties

The chemical properties of samples were also 
assessed, including the content of heavy metals, 
soil nutrients, and other oxides using X-Ray Fluo-
rescence (XRF). It is expected that these samples 
can be applied as modifi er materials for the res-
toration of critical mining lands. On the basis of 
Table 4, the heavy metal content in solid waste 
has increased compared to post-mining soil. 
This is due to the purifi cation of silica sand us-
ing a water dispersion process that increases the 

Figure 7. EDX spectrum of both samples; post-mining soil (a) and solid waste (b)
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and K2O content and ion exchange capacity 
were also reported to determine nutrient com-
position. Solid waste gave a high-value increase 
compared to post-mining soil. This data com-
pares with the standards of the Agricultural Re-
search and Development Agency, Ministry of 
Agriculture Indonesia (2005), and indicates that 
the soil quality standards in the sample are in a 
reasonably good range below the standard soil 
content. More specifically, the chemical compo-
sitions derived from XRF instruments were pre-
sented and it is clear that both samples have dif-
ferent characteristics. Table 5 shows that post-
mining soil has a high chemical composition of 
100%, which indicates a high chemical content 
of SiO2, Al2O3, CaO, and MgO. The loss of ig-
nition (LoI) represents the material lost during 
smelting or refining in a furnace or smelter, 
such as loss of organic constituents and water 
content. The low LoI data characterizes that the 
sample is dry and usually contains a lot of rock. 
In addition, post-mining soil was collected from 
incomplete soil composites with a thickness of 
0-20 cm of soil extraction from ex-mining land 
(Figure 1a). Meanwhile, solid waste from silica 
sand purification is presented with low chemical 
content, characterized by clay, which contains 
SiO2 and Al2O3.

Biological properties

Bacterial growth testing was evaluated to deter-
mine the level of fertility of the sample. One of the 
parameters of soil fertility is the level of organism, 
which helps increase the decomposition of organic 
matter. According to Tangahu (2017), the best num-
ber of colonies that can be counted ranges from 30 to 
300 microbes per mL or per gram sample. This study 
identified two dilution variables (10-4 and 10-5) to 
find the lowest point for viable bacteria. On the basis 
of Table 1, it can be seen that there is a relationship 
between nutrients and soil permeability. Solid waste 
has sand aggregate, which contains more nutrients 
and is better than post-mining soil. In addition, the 
high-water content will be proportional to the in-
crease in bacterial growth and the high abundance of 
microorganisms will change the soil structure from 
single grains to lumps. Table 6 on the 10-5 dilution 
of post-mining soil did not identify bacterial growth, 
while the solid waste contained 1.64×105 bacteria. 

CONCLUSIONS

On the basis of the analysis of the physi-
cal characteristics test that has been applied, 
concerning ASTM 112-10, it was shown that 

Table 4. Chemical content test results from post-mining soil and solid waste

Parameter test Unit Post-mining soil Solid waste Quality standards
(ppm)

Heavy metal contents (Republic of Indonesia government regulations, 2014)

Barium (Ba) ppm 87.66 ±2.73 195.06 ±5.46 160

Cadmium (Cd) ppm 2.40 ±0.06 4.43 ±1.22 3

Chromium (Cr) ppm 15.34 ±1.15 40.67 ±4.04 76

Lead (Pb) ppm 4.00 ±3.61 6.00 ±3.61 300

Zinc (Zn) ppm 19.67 ±0.58 40.67 ±4.93 120

Nutrient contents

pH H2O 8.43 ±0.15 8.47 ±0.15 7.45

pH KCl 6.63 ±0.15 7.60 ±0.20 6.60–7.12

C-organic % 0.23 ±0.05 0.28 ±0.05 2.01–3.00 (medium)

Nitrogen total % 0.05 ±0.01 0.05 ±0.01 0.21–0.50 (medium)

P2O5 potential mg/100 g 11.30 ±0.57 17.67 ±6.65 21.00–40.00 (medium)

K2O potential mg/100 g 7.67 ±0.57 42.33 ±19.01 21.00–40.00 (medium)

Cations exchanged

K cmoll(+) kg-1 0.16 ±0.05 0.19 ±0.05 0.30–0.50 (medium)

Ca cmoll(+) kg-1 5.21 ±1.21 6.70 ±1.60 11.00–20.00 (medium)

Mg cmoll(+) kg-1 1.38 ±0.34 2.00 ±0.39 2.10–8.00 (medium)

Na cmoll(+) kg-1 0.11 ±0.02 0.21 ±0.07 0.80–1.00 (medium)
Cation exchange 
capacity 4.07 ±0.30 10.01 ±4.09 17.00–24.00 (medium)
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the post-mining soil contains 36.95% sand, 
18.80% clay, and 42.74% silt, with a permeabil-
ity and porosity coefficient of 0.69×10-6 cm·s-1 
and 35.84%. Meanwhile, the solid waste con-
tains 43.35% sand, 35.96% clay, and 20.68% 
silt with a permeability and porosity coefficient 
of 1.49×10-6 cm·s-1 and 51.12%. Overall, the 
mineralogy and morphology of the two sam-
ples showed the same chemical composition as 
gehlenite (Ca2Al2SiO7), spinel (MgAl2O4), aker-
manite (Ca2MgSi2O7), monticellite (CaMgSiO4), 
aluminium oxide (Al2O3), magnetite (Fe3O4), 
and hematite (Fe2O3) with euhedral crystals not 
exceeding 3.0 m in diameter. The XRF instru-
ment supports the analysis from the chemical 
characteristics test that the chemical composi-
tion of the two samples is SiO2, Al2O3, CaO, and 
MgO, but the post-mining soil has a low content 
of heavy metals and nutrients compared to solid 
waste. Meanwhile, solid waste has a high heavy 
metal and nutrient content, due to leaching 
and binding from the silica sand refining pro-
cess. The analysis of biological characteristics 
showed that the abundance of bacteria (CFU) 
for the 4th and 5th dilutions in post-mining soil 
was 1.59×103 and was not detected, whereas in 
solid waste, it was 4.10×105 and 1.64×105. From 
the above test results, solid waste can be recov-
ered into topsoil material by carrying out two 

steps, namely immobilizing heavy metals, cad-
mium and barium. Furthermore, nutrients need 
to be added in order to meet the quality stan-
dards. The resulting topsoil material will later 
be used to reclaim mining land. 
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