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Abstract - Soil remediation uses the Stabilisation and
Solidification (S/S) method is widely used because of its
higher rate of treatability using cement and other
sustainable alternative materials. one of the important
parameters when measuring the effectiveness of remediation
is through the leaching test. Therefore, this study is
conducted to evaluate the Synthetic Precipitation Leaching
Procedure behavior (SPLP) of contaminated As, Cd, Cr, Pb,
and Zn soil. The SPLP testing is conducted according to US
EPA Method 1312 in SW-846. The samples containing solids
and liquids are handled by separating the liquids from the
solid phase, and the solids are then extracted with a diluted
sulfuric acid/nitric acid solution. A liquid-to-solid ratio of
20:1 by weight is used for an extraction period of 18+2
hours. After extraction, the solids are filtered from the liquid
extract and analyzed using ICP-MS. Results indicated that
when SCBA was added to OPC content in soil samples, less
heavy metal was leached from the S/S sample. On average,
the satisfying result was shown by samples containing 10%
OPC + 10% SCBA where reduction of heavy metals in final
leachate is more than 90% for As, Cd, Cr, Pb, and Zn. In
conclusion, a significant study shows that the combination of
cement and SCBA can improve leachability quality through
effective remediation methods.

Keywords — Stabilisation and solidification, contaminated
soil, cement, SCBA, SPLP

I. INTRODUCTION

Stabilization/Solidification (S/S) is a term used to
describe the technology that involves mixing contaminated
medium and binding reagents to reduce hazardous
substances into non-hazardous substances which are
environmentally acceptable for current land disposal [1].
Even though stabilization and solidification are similar
terms, the binding reagent effect on waste is different.
Stabilization refers to a process that reduces the chemical

HSE)

reaction by converting waste into a less hazardous substance.
Meanwhile, solidification is a more specific process that
treats material to increase its solidity and structural integrity
[2]. Additionally, solidification does not remove nor degrade
contaminants but prevents or eliminates their mobility.

The S/S method mainly consists of mixing contaminated
material with suitable stabilizers. Lime, cement and other
cementitious industrial waste materials are commonly used
in S/S treatments. Among the types of binders mentioned,
cement-based systems are the most widely used due to their
relatively low cost, wide availability, and versatility [3].
However, the manufacture of cement often leads to
environmental pollution. The CO, emitted from the
manufacturing process has a major influence on climate
change due to the greenhouse effect [4]. At present, cement
is slowly being replaced by renewable binders such as
agricultural byproducts that are more sustainable, cost-
effective, and can improve the leaching characteristics of
contaminated soils. Besides, the need for safe and
environmentally friendly methods for eliminating heavy
metals from contaminated soil has necessitated research on
agricultural waste byproducts such as sugarcane bagasse ash,
rice husk ash, sawdust, coconut husk ash, oil palm shells,
and so on [5].

The utilization of agricultural byproducts in the
production of cement-bonded materials offers an attractive
alternative. Hence, in this research, sugarcane bagasse ash
(SCBA) has been investigated for its suitability as a cement
replacement in the S/S remediation method. The usage of
sugarcane bagasse ash (SCBA) may help solve disposal
problems and provide a cost-effective cement replacement
material. On the other hand, sugarcane production was
recorded at 1.8 billion tonnes in 2012 and is expected to
increase yearly. Malaysia possesses nearly 37,000 acres of
sugarcane plantations. Therefore, it is fairly easy to collect
sugarcane bagasse with the establishment of sugarcane
collection centers. For instance, the Federal Agriculture
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Marketing Authority (FAMA) in Malaysia has set up a
Sugarcane Collection Center or Pusat Pengumpulan Tebu
(PPT) in Batu Pahat, Johor, for export purposes. Therefore,
the use of agricultural wastes, particularly SCBA, would
help solve agricultural waste disposal problems and provide
a sustainable cement replacement material. To meet the
specific objectives for evaluating the effectiveness of the
remediation techniques, more than 100 leaching tests have
been developed. One of the important leaching tests amongst
all is Synthetic Precipitation Leaching Procedure (SPLP).
Therefore, this study investigated the synthetic precipitation
leaching behavior of soil contaminated by As, Cd, Cr, Pb,
and Zn after remediation by cement and bagasse ash.

Il. MATERIALS AND METHODS
A. Collection and preparation of soil and bagasse ash (BA)

This study was conducted at the Research Center for Soft
Soil, Universiti  Tun Hussein Onn, Malaysia. The
contaminated soil has been taken from a Landfill site located
in Bukit Bakri, Johor. During the sampling process, the soil
on the top with a depth of 1 meter was removed to avoid the
intake of humus, waste, and plant roots before placed in a
polystyrene container. The sample is then taken to the
laboratory to be dried in the oven at 105°C for 24 hours.
After drying, the samples were sieved using a 2 mm sieved
and stored in the polyethylene plastic.

In this study, sugarcane bagasse was collected from juice
hawkers around the Parit Raja area, Batu Pahat, Johor. The
sugarcane bagasse was then taken to the laboratory for
processing purposes. Sugarcane bagasse is washed with clean
water to remove dirt and other substances during the
collection process. Afterward, the sugarcane bagasse was
dried in the sunlight at an uncontrolled temperature. The
dried sugarcane bagasse is burned using a furnace at 650°C
for an hour to produce ash. According to [6], the burning
process will reduce the carbon content by at least 4.9%.
Through the X-Ray Fluorescent test, the sugarcane bagasse
ash (SCBA) used in this study contains a chemical
composition dominated by silicon dioxide (SiO,) with
20.37% of the total mass. After the burning process is
completed, the SCBA is cooled to room temperature before
grinding using a grinder machine until it produces a fine
powder with a size of 90 um.

B. Production of stabilizing soil samples

In general, the study was conducted to partially replace a
percentage of SCBA into cement as a binder in contaminated
soil. All materials are mixed based on 4 groups, namely soil
samples only (control samples), soil samples with cement
only, soil samples with cement and SCBA, and soil samples
with SCBA only. The distribution of samples in this group is
seen as a process of finding the best combination of materials
to evaluate the tests' effectiveness. A pre-determination of
the mixed ratio has been made where the percentage of each
sample percentage was shown in Table 1. To evaluate the
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study's effectiveness and accuracy, each sample group was
triplicated for each curing period. Samples are also mixed in
bulk to ensure homogeneity.

TABLE 1. PROPORTION AND LABEL

Percentage of Binder
Sample Mixed Label (%)
Soil OPC BA
Soil A 100 0 0
B 95 5 0
soil + cement C 90 10 0
D 85 15 0
E 80 20 0
soil + cement + 2 gg 5'5 2'5
bagasse ash (BA) H 13 75 75
I 80 10 10
soil + bagasse ash
(BA) J 95 0 5

In this study, the mixture of a sample depends on the
water-cement ratio, where it is determined according to the
optimum moisture content (OMC) from the compaction test,
which is 0.2 to 0.4. Afterward, all the raw materials such as
soil, cement, and SCBA are mixed using a mixer to ensure
the sample's homogeneity. Then, the stabilized samples are
compacted in a split mold to form a sample of 38 mm in
diameter and 76 mm in height. A specially designed
miniature hand compacting tool was used to compact the
mixture into 4 layers with 50 blows. A hand compactor was
used for each layer to flatten the mixture to a level surface
before the sample was tamped at 50 times. The extruded
specimens were wrapped and stored for 7, 14, and 28 days
before toxicity characteristic leaching testing. The curing
process was done under room temperature in a container that
contains a small quantity of water to regulate the natural
moisture.

C. Result and Analysis

a) the pH of Synthetic

Extraction:

Figure 1 shows the sample's pH changes after being extracted
for 18 hours versus various stabilized samples mix designs
after being treated for 28 days. The control of pH is a crucial
factor in assessing the leachability of S/S samples, especially
for heavy metal contaminated soil. The pH values of
leachates of samples B, C, D, E, F, G, H, and | are essentially
alkaline at 8.56, 9.94, 11.29, 11.95, 9.08, 10.17, 11.31, and
12.02, respectively. The pH of the leachate of sample A was
slightly acidic at 6.26. These values indicate a trend whereby
an increase in cement and SCBA content in the mix design
also increases the treated samples' leachate pH. This result
indicates that the mix ratio influences the pH value as sample
A contained soil without any additives.

Precipitation  Leaching
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On the other hand, although samples B, C, D, and E
contained a high percentage of OPC, their pH values were
still lower than that of samples F, G, H, and | (incorporated
with SCBA). This is due to the ability of SCBA to enhance
pH development when it is incorporated with OPC as an
additive. This result is consistent with the XRF analysis of
the cement and BA, whereby very low calcium content may
have contributed to the highest leachate pH.
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Fig 1: pH of stabilized soil samples after extraction

b) Leachability of Arsenic (As): Arsenic is a natural
component of the earth's crust and is widely distributed
throughout the environment in the air, water, and land. It is
highly toxic in its inorganic form. Arsenic is one of the
metals which is of major public health concern. The World
Health Organisation (WHO) stated that the concentration of
As to be released in landfill leachate should not exceed 0.05
mg/L. Table 2 shows that all samples that were stabilized and
solidified by cement and bagasse ash successfully reduced
the arsenic concentration by more than 99% after 18 hours of
extraction. Samples made up of cement only contained
arsenic in concentrations of 0.002 mg/L, 0.0012 mg/L, O
mg/L, and 0 mg/L for samples B, C, D, and E, respectively.
Better results were shown by samples containing cement
incorporated with bagasse ash where samples F, G, H, and |
successfully bound up to 100% of arsenic. This could be
because bagasse ash is an adsorbent material that can reduce
arsenic leachability [7].

Figure 2 shows that arsenic only leached out of soil
samples (control samples) with a concentration above 0.05
mg/L, the drinking water standard regulated by WHO.
However, this control sample still shows satisfying results
because it was still able to bind to more than 98% of arsenic
(1.309 mg/L) compared to the initial concentration of 96
mg/L after 18 hours of extraction. This significant result
occurred due to arsenic adsorption, which is bound to the
soil's organic elements.

124

TABLE 2. REDUCTION OF ARSENIC AFTER S/S TREATMENT

Initial Average

Samole Concentration Concentration of | Reductio

P (malL) SPLP at (18 n (%)

g Hour) (mg/L)
A 96 1.3090 98.64
B 96 0.0020 100
C 96 0.0012 100
D 96 0 100
E 96 0 100
F 96 0 100
G 96 0 100
H 96 0 100
| 96 0 100
J 96 0.0020 100
g
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Fig 2: Concentration of arsenic after S/S treatment

Figure 3 shows the pH and As leachability of SPLP
leachate. The pH values of leachate samples B, C, D, E, F, G
H, I, and J were alkaline at 8.56, 9.94, 11.29, 11.95, 9.08,
10.17, 11.31, 7.01, respectively, while the leachate pH of
sample A was slightly acidic at 6.26. The addition of BA to
cement content has a positive effect on arsenic
immobilization. More specifically, the addition of SCBA
results in the further widening of the pH range (7 to 12) after
a curing period of 28 days. These significant results were due
to the binder's effect and the hydration process (up to 28
days).
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Fig 3: Relationship of pH and arsenic concentration in SPLP
extraction
The intensity of pH affects the leachability of arsenic
ranges between 9 to 10 [8]. In contrast to previous studies,
this study found that arsenic concentration reduces when the
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pH exceeds 10 as shown by samples D, E, G, H, and | at
11.29, 11.95, 10.17, 11.31, and 12.02, respectively.
However, at a lower pH, the concentration will be higher
where sample A produces an arsenic concentration of 1.309
mg/L at pH 6.26. This suggests that leachability may be the
main mechanism in this very pH-dependent study, as
highlighted by [9].

c) Leachability of Cadmium (Cd): Cadmium is a naturally
occurring toxic heavy metal that is commonly found in
industrial workplaces, plant soils, and smoking activity. Due
to its low permissible exposure to humans, a maximum
concentration of 0.01 mg/L is allowed by the WHO in
landfill leachate. Table 3 and Figure 4 show cadmium's
leachability from S/S samples after a curing period of 28
days.

TABLE 3: REDUCTION OF CADMIUM AFTER S/S TREATMENT

Initial Average .
Sample | Concentration g:lglr_lfaegzr(eigon of (F(i)/eot;uctlon
(mg/L) Hour) (mg/L)
A 79 74.44 5.77
B 79 9.957 87.40
C 79 0.882 98.88
D 79 0.712 99.10
E 79 0.663 99.16
F 79 7.230 90.85
G 79 0.790 99.00
H 79 0.649 99.18
| 79 0.539 99.32
J 79 0.350 99.56
280
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Fig 4: Concentration of cadmium after S/S treatment

Overall, all the samples were disturbed by cadmium
exceeding the standard limit of 0.01 mg/L. Figure 5.17
clearly shows that sample A leached out cadmium with the
highest concentration of 74.44 mg/L, followed by samples B
and F with 9.957 mg/L and 7.23 mg/L, respectively. The
significant result in these three types of samples indicates
cadmium’s high solubility rate during the treatment process.
This is due to the presence of certain substances such as
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chloride ions or other substances in the soil that affect
cadmium'’s leachability. Similarly, the low content of binders
like cement and SCBA contributes to the increase of
cadmium concentrations. For example, sample B containing
only 5% of cement reduced the cadmium concentration to
9.957 mg/L compared to sample C containing 10% cement,
which only successfully reduced the cadmium concentration
to 0.882 mg/L. The difference between these two samples is
90%, even though the cement content difference was only
5%. A study conducted by [10] explained that cadmium
would form a soluble and stable cadmium complex when
contaminated soil contains a high quantity of chloride ions.
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Fig 5: Relationship of pH and cadmium concentration in SPLP
extraction

Figure 5 shows the effect of pH on the leachability of
cadmium in the SPLP test. It can be concluded that the
solubility of cadmium increases with decreasing pH. The
concentration of cadmium was very low at a pH of between
10 and 13. In addition, some researchers have found that
cadmium will be stable and bond within the cement matrix as
long as its pH exceeds 6.8 [11].

d) Leachability of Chromium (Cr): Chromium compounds
are used in dyes, paints, and leather tanning. These
compounds are often found in soil and groundwater at
abandoned industrial and landfill sites. In certain
concentrations, these metals become toxic to humans,
animals, and plants. Major factors governing the toxicity of
chromium compounds are oxidation state and solubility [12].
Therefore, the WHO set the minimum concentration of
chromium as 0.05 mg/L and below. Table 4 shows the
average concentration of chromium in SPLP leachate after
S/S treatment. Overall, there is a consistent result where all
the samples stabilized and solidified by cement, and bagasse
ash is below the limit set by WHO for drinking water.
However, sample A shows a concentration that exceeded the
permissible limit at 0.932 mg/L. Sample E showed
outstanding results with a reduction of chromium
concentration of up to 100%.

Samples mixed with cement and bagasse ash such as
samples F, G, H, and | successfully reduced chromium
absorption concentration by over 99%. These significant
results show that bagasse ash has a positive impact on the
treatment of chromium-contaminated soils due to the
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achievement of permissible limits and the reduction in the
use of cement. This is expected to reduce the cost of
treatment at the application level.

Additionally, better results were shown by sample J as
shown in Figure 6, where this sample containing ash alone
managed to reduce the leachability of chromium with a
concentration of 0.048 mg/L in SPLP leachate or a reduction
of 99.94%. This significant condition was due to ash's ability
to bind the chromium ion in soil samples not incorporated
with cement. In addition, according to [6], SCBA contains
Ca0, which helps in chromium precipitation.

TABLE 4: REDUCTION OF CHROMIUM AFTER S/S TREATMENT

Initial Average .
Sample | Concentration Concentration | Reduction
(mg/L) of SPLP at (18 | (%)
Hour) (mg/L)
A 82 0.932 98.86
B 82 0.034 99.96
C 82 0.011 99.99
D 82 0.008 99.99
E 82 0 100
F 82 0.044 99.95
G 82 0.039 99.95
H 82 0.024 99.97
[ 82 0.019 99.98
J 82 0.048 99.94

Furthermore, Figure 6 shows that conducting the SPLP
test for chromium is not as sensitive. The results indicated no
difference between soil samples' leaching (sample A) and the
samples mixed with the binder. Although the soil sample did
not exceed the permissible limit, a 99% reduction in
chromium concentration was achieved.
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Fig 6: Concentration of chromium after S/S treatment
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Figure 7 shows that pH does not affect chromium's
leachability in the range between 6 to 13. This can be
demonstrated through the pH difference between sample A
(6.26) and sample E (11.95). Although there are significant
differences between these two pH values, the difference in
chromium concentration is small.
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Fig 7: Relationship of pH and chromium concentration in SPLP
extraction

e) Leachability of Lead (Pb): The WHO has identified lead
as 1 of the 10 chemicals of major public health concern
where action and regulations are needed to protect humans'
health, especially children [13]. Even though there is no
known level of lead exposure that is considered safe, the
WHO limits the release of lead into landfill leachate with a
concentration of less than 0.05 mg/L. Table 5 shows the
average concentration of lead in SPLP leachate after a 28-
day curing period.

Table 5 shows that sample A leached out lead at a high
concentration of 87.172 mg/L or 94.75%. The presence of
NaCl in soil influenced this significant condition because,
according to [14], NaCl was able to convert insoluble lead
compounds to soluble lead chloride (PbCI). However, with
the increase in the samples' pH, this compound can be
precipitated to Pb(OH)2, which can easily be turned into a
soluble form. These conditions have been demonstrated by
samples containing cement and bagasse ash where the
concentrations of lead in the landfill leachate decrease after
the remediation process. Samples E and | showed the highest
reductions of 96.75% and 95.12% or leachate concentrations
of 2.99 mg/L and 4.49 mg/L, respectively.

TABLE 5: REDUCTION OF LEAD AFTER S/S TREATMENT

Initial Average .
sample | Concentration Concentration of | Reduction
(mg/L) SPLP at (18 (%)
Hour) (mg/L)
A 92 87.172 5.25
B 92 10.788 88.27
C 92 6.232 93.23
D 92 6.112 93.36
E 92 2.990 96.75
F 92 10.322 88.78
G 92 7.345 92.02
H 92 6.644 92.78
| 92 4.490 95.12
J 92 12.113 86.83
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Figure 8 shows the same reduction pattern produced by
samples mixed with cement and ash. Although the samples'
results were not as good as the samples containing cement
alone, the results were satisfactory with a decrease of the
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lead of more than 90% as shown by samples G, H, and | with
final concentrations of 7.345 mg/L, 6.644 mg/L, and 4.49
mg/L respectively. Likewise, sample J that contained bagasse
ash alone managed to reduce the leachability of the lead up
to 88.83% or a final concentration of 12.113 mg/L. This
condition clearly shows that bagasse ash can successfully
bind more lead ions if the percentage is increased to 10% -
20%.
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Fig 8: Concentration of chromium after S/S treatment
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Figure 9 shows the relationship of pH with lead
concentrations after S/S treatment. The figure indicated that
all samples have leached out Pb in concentrations greater
than 0.05 mg/L, which exceeds the WHO drinking water
standard. In general, the diagram shows the sample pH
between 6.26 and 11.95. Normally, the precipitation
process's pH is between 9 and 10 [15] or 6 to 9 [16].
Therefore, this study concludes that pH value affects the
leachability of lead. Still, the leaching fluid used in the SPLP
test contributed to the increase in lead concentration in
landfill leachate.
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Fig 9: Relationship of pH and lead concentration in SPLP
extraction

f) Leachability of Zinc (Zn): Zinc is an indispensable trace
element found in almost all food and potable water in the
form of salts or organic complexes. In water, zinc can be
found in abundant quantities due to the leaching of zinc from
piping and fittings. Increased zinc content can lead to health
difficulties such as stomach cramps, skin irritations,
vomiting, nausea, anemia, root trouble in the pancreas,
protein metabolism, and arteriosclerosis [17]. The WHO

stated that 5 mg/L is considered as the standard concentration
for zinc in drinking water. Table 6 shows the average
concentration of zinc in SPLP leachate after a curing period
of 28 days.

Table 6 shows that the soil sample leached out the zinc at
the highest rate of 42.221 mg/L or a reduction of 43.87%.
Similarly, some samples did not exceed the minimum
drinking water level, such as samples B, C, F, and J with
concentrations of 6,734 mg/L, 6.221 mg/L, 5.11 mg/L, and
5.302 mg/L, respectively. Even though these samples did not
exceed the permissible limit, the reduction of zinc
concentration in the final landfill leachate exceeded 90%.

TABLE 6: REDUCTION OF ZINC AFTER S/S TREATMENT
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Initial Average .
sample | Concentration Concentration of | Reduction
(mg/L) SPLP at (18 (%)
Hour) (mg/L)
A 77 43.221 43.87
B 77 6.743 91.24
C 77 6.221 91.92
D 77 4.231 9451
E 77 3.443 95.53
F 77 5.11 93.36
G 77 4.219 94.52
H 77 3.91 94.92
| 77 2.11 97.26
J 77 5.302 93.11
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Fig 10: Concentration of zinc after S/S treatment

Figure 10 clearly shows that samples treated with cement
(samples D and E) successfully reduced the zinc
concentrations to 4.321 mg/L and 3.443 mg/L, respectively.
Better results were obtained by samples mixed with cement
incorporated with SCBA. The final concentrations of landfill
leachate were 4.219 mg/L, 3.91 mg/L, and 2.11 mg/L for
samples G, H, and I.

Figure 11 shows the leaching of zinc influenced by pH.
According to [18], the common pH for zinc to achieve the
desired precipitation is between 5.3 and 9. However, in
contrast to this study, zinc has strongly bonded to the cement
matrix, and this affects the leachability of zinc by the SPLP
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Extraction fluid. This significant condition shows that a pH
of more than 9 is ideal as the leachability of zinc decreased
by 97% in the final landfill leachate, as shown by a sample |
(pH = 12.02).
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Fig 11: Relationship of pH and zinc concentration in SPLP
extraction

D. Conclusion

In conclusion, all the S/S samples with OPC and SCBA
has successfully reduced the arsenic concentrations
exceeding 99% after 18 hours of extraction. This significant
result takes place due to arsenic adsorption to organic
elements, especially in samples containing SCBA. For the
stabilization of cadmium, all the samples were disturbed by
cadmium exceeding the drinking water standard limit of 0.01
mg/L. This is due to the presence of certain substances such
as chloride ions or other substances in the soil that affect
cadmium's leachability. Similarly, the low binder content of
OPC and SCBA contributes to the increase in cadmium
concentrations. For the treatment of soil containing
chromium, consistent results below the WHO limit for
drinking water were obtained by all S/S samples. However,
sample A showed a concentration exceeding the permissible
limit, while sample E showed outstanding results, reducing
chromium concentrations of up to 100%.

Similarly, the lead treatment showed a satisfactory
reduction pattern produced by samples mixed with OPC and
SCBA. Although these samples' results were not as good
compared to the samples containing OPC stand-alone, it is
satisfactory as there was a decrease of more than 90% in lead
content. Finally, for the treatment of zinc contaminated soil,
samples B (5% OPC), C (10% OPC), F (15% OPC), and J
(5% SCBA) did not exceed the minimum drinking water
level. However, the results are still considering the reduction
of zinc concentrations in the final landfill leachate exceeded
90%.

ACKNOWLEDGMENT
Thank you to the Ministry of Higher Education, Malaysia
and Universiti Tun Hussein Onn Malaysia (UTHM) for
providing the fund for this research, under grant TIER 1
H853.

128

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

REFERENCES
J. Kumpiene, A. Lagerkvist, and C. Maurice, Stabilization of As,
Cr, Cu, Pb and Zn in soil using amendments--a review, Waste
Manag, 28(1) (2008) 215-25.
M. Erdem and A. Ozverdi, Environmental risk assessment and
stabilization/solidification of zinc extraction residue: II.
Stabilization/solidification, Hydrometallurgy, 105(3-4) (2011) 270—
276.
M. a C. Gollmann, M. M. da Silva, A. B. Masuero, and J. H. Z. dos
Santos, Stabilization and solidification of Pb in cement matrices, J.
Hazard. Mater, 179(1-3) (2010)507-514.
Egwuonwu, William, C, Iboroma, Z.S Akobo Barisua E. Ngekpe,,
Effect of Metakaolin as a Partial Replacement for Cement on the
Compressive Strength of High Strength Concrete at Varying
Water/Binder Ratios. SSRG International Journal of Civil
Engineering 6(1), (2019) 1-6.
M. A. M. Azim, A. T. S. Azhar, A. K. A. Tarmizi, S. Shahidan, and
A. T. A. Nabila, Enhancing the compressive strength of landfill soil
using cement and bagasse ash, in IOP Conference Series: Materials
Science and Engineering, 271(1) 2017.
K. Ganesan, K. Rajagopal, and K. Thangavel, “Evaluation of
bagasse ash as supplementary cementitious material,” Cem. Concr.
Compos., 29(6) (2007) 515-524.
Mohammad Azmi, S. A. Ahmad Tajudin, S. Shahidan, M. A. Nasid
Masrom, and A. N. Abdul Talib, Preliminary Study on Remediation
of Contaminated Clay Soil Using Cement and Sugarcane Bagasse,
in MATEC Web of Conferences, 103 2017.
S. Paria and P. K. Yuet, Solidification—stabilization of organic and
inorganic contaminants using portland cement: a literature review,
Environ. Rev, 14(4) (2006) 217-255.
P. Yin and L. Shi, Remediation of Cd, Pb, and Cu-Contaminated
Agricultural Soil Using Three Modified Industrial By-products,
Water, Air, Soil Pollut., 225(11) (2014) 2194.
J. Aslam, S. A. Khan, and S. H. Khan, Heavy metals contamination
in roadside soil near different traffic signals in Dubai, United Arab
Emirates, J. Saudi Chem. Soc., 17(3) (2013) 315-319.
S. M. Shaheen, F. I. Eissa, K. M. Ghanem, H. M. Gamal EI-Din,
and F. S. Al Anany, Heavy metals removal from aqueous solutions
and wastewaters by using various byproducts, J. Environ. Manage.,
128 (2013) 514-21.
A. Kurniawan, V. O. A. Sisnandy, K. Trilestari, J. Sunarso, N.
Indraswati, and S. Ismadji, Performance of durian shell waste as
high capacity biosorbent for Cr(VI) removal from synthetic
wastewater, Ecol. Eng, 37(6) (2011) 940-947.
D. H. Moon et al., Stabilization of Pb2+ and Cu2+ contaminated
firing range soil using calcined oyster shells and waste cow bones,
Chemosphere, 91(9) (2013) 1349-54.
K. Anastasiadou, K. Christopoulos, E. Mousios, and E. Gidarakos,
Solidification/stabilization of fly and bottom ash from medical
waste incineration facility, J. Hazard. Mater., 207-208 (2012) 165-
70.
G. E. Voglar and D. Lestan, Equilibrium leaching of toxic elements
from cement stabilized soil, J. Hazard. Mater., 246-247 (2012)
18-25.
M. T. Montafés, R. Séanchez-Tovar, and M. S. Roux, The
effectiveness of the stabilization/solidification process on the
leachability and toxicity of the tannery sludge chromium, J.
Environ. Manage, 143 (2014) 71-9.
M. Dell'Orso, T. Mangialardi, A. E. Paolini, and L. Piga, Evaluation
of the leachability of heavy metals from cement-based materials, J.
Hazard. Mater, 227-228 (2012) 1-8.
Hakeem et al., Soil Remediation, and Plants. Elsevier, 2015.



