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Ferrous sulfate (FeSOy) is widely used to effectively stabi-
lize bexavalent chromium (Cr(VI))-contaminated soil. The
leaching bebavior, Cr(VI) content, and chromium speciation
distribution in the stabilized soil are the most important
indexes for determining the effectiveness of reduction treat-
ment. Numerous factors, such as reductant dosage and soil
particle size, affect the stabilization process; these factors are
relatively important. This study investigated the influence of
FeSO,; dosage and soil particle size on leachability and speci-
ation distribution of chromium in contaminated soil. Results
showed that the increase in FeSO4 significantly reduced the
leachability and Cr(VI) content in the soil given the
increased reducible species that stem from an acid soluble
Sfraction of chromium. The small particle size of the soil that
contains a large surface area facilitated the reaction
between Cr(VI) and FeSOy, thereby rvesulting in low leach-
ability and bigh reducible species of Cr(VI) in the stabilized
soil. The leached Cr(VI) concentration was exponentially cor-
related to Cr(VID) content in the stabilized soil, and the leach-
ability of Cr from the stabilized soil was linearly correlated
to the exchangeable phase of Cr. In addition, the leached
Cr(VD) concentration from the stabilized soil conform to the
US Environmental Protection Agency and China regulatory
limits; meanwbhile, considerable CH(VI) remained in a few
stabilized soil and exceeded the environmental quality
standards for soil in China. These results illustrated the
importance of a comprebensive assessment of Cr(VI)-contam-
inated soil, which is treated by reductants for enabling flexi-
ble future land wuse. © 2018 American Institute of Chemical
Engineers Environ Prog, 00: 000-000, 2018

Keywords: bexavalent contaminated soil, ferrous sulphate,
leachability, chromium speciation

© 2018 American Institute of Chemical Engineers

Environmental Progress & Sustainable Energy (Vol.00, No.00) DOI 10.1002/ep

INTRODUCTION

Soil contamination by chromium is becoming a major
environmental concern in China [1-3], and Chinese officials
have classified chromium as the first major heavy metal that
should be managed and controlled [4]. Chromium in soil
occurs primarily in Cr(IlD and Cr(VD) redox states. Cr(VD)
species are more soluble and toxic than the relatively immo-
bile Cr(IID). Cr(VD is 100 times more toxic than Cr(III) and
has been added to the Class A Human Carcinogens list by
the US Environmental Protection Agency (US EPA) [5]. There-
fore, researchers worldwide have exerted considerable
efforts to remove Cr(VI) from soil [6,7]. Chemical reduction
can remove Cr(VD) effectively by using ferrous sulfate
(FeSOy), calcium polysulfide (CaSs), or organic compounds
[8,9]. FeSO4 is commonly used for remediation of Cr(VI)-con-
taminated soil and chromite ore-processing residue (COPR)
because this compound is relatively inexpensive and highly
effective. The reduction of Cr(VI) and Fe(Il) is based on the
following reaction [10]:

3Fe’" +CrO4*” +8H,0 — 4Feq75Cr.25(OH),+4H " €))

Palma et al. [11] applied FeSO4 to remediate Cr(VD)-contami-
nated industrial soil in Ttaly and found that FeSO,4 completely
reduced Cr(VI) when the molar ratio of Fe(ID)/Cr(VID) is
higher than 30. John et al. [12] utilized FeSOj to treat Cr(VD)-
contaminated soil with column techniques in South Carolina;
the Cr(VD) concentrations in leachate after a toxicity charac-
teristic leaching procedure (TCLP) test range between 0.59
and 0.7 mg/L. Li et al. [13] used FeSO, to treat Cr(VI)-con-
taminated soil in Chongging and concluded that FeSOy is a
valuable treatment technology for in situ remediation of
Cr(VD-contaminated soil. Jagupilla et al. [14] and Wazne
et al. [15] conducted the field application of FeSO, to reduce
Cr(VD and COPR in Jersey City.

According to previous studies reported in the literature,
leachability and Cr(VD) content in a stabilized soil are widely
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Table 1. Physicochemical and mechanical properties of raw soil and chromium-contaminated soil.

Chromium-contaminated

Items Raw soil soil
Physicochemical properties Water content (%) 20.78 -
pH 8.53 7.76
Specific gravity 2.72 2.79
Liquid limit (%) 41.63 40.18
Plastic limit (%) 21.84 21.33
Mn (mg/kg) 798.36 797.48
MnO, (mg/kg) 652.08 053.74
CEC (meq/100 g) 9.12 9.87
Mechanical properties Optimum moisture content (%) 19.53 18.95
Maximum dry density (g/cm?) 1.72 1.73
BET specific surface area (m?/g) 30.74 29.62
Grain size distribution (%) Clay content (<0.005 mm) 4.62 3.23
Silt content (0.005-0.075 mm) 74.29 71.76
Sand content (0.075-2 mm) 21.09 25.01
Chemical composition (%) Al,O4 22.12 21.67
SiO, 64.2 64.37
K,O 2.78 2.85
CaO 1.43 1.42
TiO, 0.84 0.86
MnO 0.12 0.13
Cr203 — 0.11

used to evaluate the effectiveness of reductants on the stabi-
lized Cr(VD-contaminated soil [11-15] and are also the
important indexes in considering the reuse of the stabilized
soil. However, no peer-reviewed literature that methodically
investigated the relationship between leachability and Cr(VD)
content in the stabilized soil is found. In addition, minimal
information on the chromium speciation distribution of the
stabilized soil is available. In most cases, the leachability of
Cr(VD) in the stabilized soil is an unfavorable indicator for
predicting the effectiveness of stabilized reductants [12,13].
The toxicity and mobility of heavy metals in the soil are
related to the total concentration and distribution of specia-
tions of these heavy metals [16]. The availability and extrac-
tion efficiency of metals in soil follow this order: acid soluble
forms > reducible forms > oxidizable forms > residual forms
[17]. Thus, the relationship between leachability and Cr(VD
content and chromium speciation analysis can provide a real-
istic evaluation of the effectiveness of reductant-stabilized
Cr(VD-contaminated soil.

Numerous factors affect the stabilization process of
Cr(VD-contaminated soil; among these factors, reductant dos-
age and soil particle size are relatively important [11,14,15].
However, few studies that methodically investigated the
effect of reductant dosage and soil particle size on the leach-
ability and species distribution of chromium in the FeSOy-sta-
bilized Cr(VD)-contaminated soil are reported.

This study investigated the relationship between leach-
ability and Cr(VD) content and chromium speciation of the
FeSOy-stabilized Cr(VD)-contaminated soil. The influence and
mechanism of the FeSO4 dosage and particle sizes of con-
taminated soil on the remediation efficiency are investigated.
This study can provide a new insight on evaluating a stabi-
lized Cr(VD-contaminated soil and is relatively valuable for
facilitating the remediation design of the FeSOy-stabilized
Cr(VD-contaminated soil.

MATERIALS AND METHODS
Cr(VI)-Contaminated Soil

The chromium-free soil sample was collected from a sub-
way excavation site in Wuhan City (China). The detailed
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description of the physical characterization of the soil, which
was obtained in accordance with the “Standard for soil test
method” in China, is presented in Table 1. A light Proctor
compaction method was used for a compaction test [18,19].
The clay was dried, grounded, and sieved through a 2 mm
screen. The Cr(VD)-contaminated soil was obtained by adding
K>Cr,O5 solution until the Cr(VI) concentration in the soil
has reached 1000 mg/kg, which represents a universal con-
centration for the Cr(VD-contaminated soil in China [20-24].
Deionized water was then added to the contaminated soil
until the water content reached 19.5% (optimum moisture
content). The contaminated soil was mixed consistently and
braised for 180 days under standard curing conditions (20°C,
95% humidity) to allow K,Cr,O- and clay to react adequately
and obtain an aging contaminated soil. The contaminated
soil was air-dried and pulverized after homogenization to
achieve the required particle sizes (<2, <0.5, and
<0.15 mm) using particular sieves (China standard #10, #35,
and #100 meshes). The entire quantity of soil was passed
through the sieve to avoid any fractionation [14].

All reagents in this study were obtained from Sinopharm
Chemical Reagent Co., Ltd. and were used as ACS-certified
reagents without any purification.

Stabilization of Cr(VI)-Contaminated Soil Using FeSO,4

FeSO,4 was added to the Cr(VI)-contaminated soil at Fe(Il)
to Cr(VD molar ratios of 0, 3, 5, 10, and 20. The experimen-
tal design is presented in Table 2. The mixture of these mate-
rials was performed in a 10 L SPAR-type mixer. The soil was
homogenized for 15 min prior to adding distilled water. The
addition ratio of water to FeSO4 was ensured, and dry soil
was 1:2. The mixture was removed from the sealed plastic
bottles after incubation for 7 days at room temperature
(20°C). All samples were prepared in triplicates. The reported
results were the averages of the three replicates.

Test Methods

The soil cation exchange capacity (CEC) and MnO, con-
tent were determined using standard methods [25], Soil acid
digestion was performed to determine the Mn content in
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soil, according to EPA Method 3050B [26]. Nitrogen adsorp-
tion—desorption measurements was determined by a surface
area analyzer (Nova 1000e series, USA).The chemical compo-
sition of the samples was measured by X-ray fluorescence
(XRF) scan. The size distribution of the waste particles was
measured using a Malvern MS3000 laser diffraction particle
size analyzer. The Cr (VD) content of the soil was measured
using the USEPAUS EPA Method 3060A, (alkaline digestion
method) [27]. The Cr (VD content in the filtrate was mea-
sured using the US EPA Method 7190A, (colorimetric analy-
ses) [28]. The TCLP test of Cr was conducted based on the
US EPA Method 1311 [29]. The leachability of SOﬁf was con-
ducted based on the China Environmental Regulation H]J
557-2009 [30] and HJ 84-2016 (ion chromatography) [31].The
sequential extraction procedure was conducted in accor-
dance with the method recommended by Rauret et al. [32].
The sequential extraction procedure consisted of four steps,
that is, exchangeable fraction (F1), reducible fraction (F2),
oxidizable fraction (F3), and residue fraction (F4). Table 3
summarizes the detailed testing procedures, and one repli-
cate sample was used in BCR test. Agilent 7700 inductively
coupled plasma mass spectrometry (ICP-MS) was used to
determine the metal concentrations in the leachate.

RESULTS AND DISCUSSION

Cr(VI) Content in Soil before and after
FeSOy Stabilization

The Cr(VD) contents of the contaminated soil with differ-
ent molar ratios of Fe(ID/Cr(VD are illustrated in Figure 1.
For the untreated soil, the Cr(VD) content was ~971.3 mg/kg.
The Cr(VD) content was significantly reduced after FeSOy sta-
bilization with the increase in Fe(ID)/Cr(VI) molar ratio. In
addition, the Cr(VI) content in the contaminated soil was
below the threshold allowed by the China Environmental
Regulation for industrial reuse (<30 mg/kg) when the Fe(ID)/
Cr(VD) molar ratio was 10, and the threshold of civil reuse
(<5 mg/kg) was achieved when the Fe(I)/Cr(VI) molar ratio
was 20 [33]. The decreased Cr(VI) content of the soil was
attributed to the reduction of Cr(VD) by Fe(Il) with FeSO,
addition. The results also indicated a relatively low efficiency

Table 2. Experimental design for the treatment of Cr con-
taminated soil by FeSOj.

Particle Fe(ID)/Cr(VI)
Experimental series size (mm) molar rate
Effect of FeSO,4 dosage <2 0
3
5
10
20
Effect of particle size <0.15 3
<0.5
<2

Table 3. The sequential extraction procedure.

of FeSOy in terms of the theoretical molar ratio. Palma et al.
[11] and Bartlett et al. [34] found that FeSO, is oxidized by
manganese oxide in the soil. The soil used in this study con-
tained a high concentration of manganese oxide, and partial
FeSO4 was consumed by manganese oxide. Therefore, the
effect of manganese oxide on FeSO4 should be completely
considered when stabilizing the Cr(VD)-contaminated soil by
using FeSO4. A scientific measure (such as increased FeSO4
dosage or preliminary separation) could be adopted to
ensure the effectiveness of FeSO4 treatment when the con-
taminated soil contains a high concentration of manganese
oxide.

The effect of particle size on the Cr(VD) content of the
contaminated soil is depicted in Figure 2. The results showed
that the particle size of the contaminated soil reduction
enhanced the stabilization efficiency. The Cr(VD) content
decreases with the decrease in particle size. For illustration,
the Cr(VD) content decreased from 134.3 to 63.9 mg/kg when
the particle size decreased from 2 to 0.15 mm. This finding
was due to reducing particle size exposes many surface
areas, thereby resulting in the release of considerable Cr(VD)
and made Cr available to react with Fe(ID) [14,35]. In addi-
tion, the small particle size reduced the reaction time
between Cr(VD) and Fe(I), thus minimizing the FeSO, con-
sumption caused by manganese oxide [11].

Leachability of Cr(VI) and Cr in Soil before
and after Stabilization

Figure 3 demonstrates the variations in the leached Cr
concentration with different molar ratios of Fe(I)/Cr(VD).
The Cr concentration decreases with the increase in Fe(11)/
Cr(VD) molar ratio. For the untreated soil, the Cr(VD) and total
Cr leaching concentrations were ~38.8 and 40.4 mg/L,
respectively; these amounts exceeded the China standards
for hazardous waste regulatory limit [36]. For the FeSOy-stabi-
lized Cr(VD)-contaminated soil, the Cr(VI) and total Cr leach-
ing concentrations were ~4.08 and 8.9 mg/L, respectively,
when the molar ratio of Fe(ID)/Cr(VI) was 3; these amounts
were in accordance with the US EPA and China regulatory
limits [35,36]. The total Cr leaching concentration was
~0.76 mg/L when the molar ratio of Fe(ID/Cr(VD) was
increased to 20, and Cr(VI) was lower than the detection lim-
its (0.04 mg/L) [28]. In comparing Figures 1 and 3, consider-
able Cr(VD remained in the stabilized soil, although the
Cr(VD) and total Cr leaching concentrations of the stabilized
soil were negligible. The Cr(VI) content part residue of the
stabilized soil exceeded the environmental quality standards
of soil in China. The TCLP test underestimated the Cr(VI)
content residue in the stabilized soil. The leaching method
could not reliably predict the remaining Cr(VD) in the stabi-
lized soil without using the alkaline digestion test. The TCLP
test results showed that Cr(VI) is lower than the detection
limits. However, the Cr(VD) content residue in the stabilized
soil was significant.

Figure 4 displays the variations in the leached Cr concen-
tration with the particle size, which had different effects on
the untreated and stabilized soils. For the untreated soil, the

Step Extraction procedures Chemical phases
1 Extracted by 0.11 mol/L HOAc at a liquid-to-solid (L/S) ratio of 40 Exchangeable
2 Extracted by 0.5 mol/L NH,OH-HCI (adjusted to pH = 1.5 with HNO3) at a Reducible
liquid-to-solid (L/S) ratio of 40
3 Extracted by 8.8 mol/l H,O, at a liquid-to-solid (L/S) ratio of 10, and then Oxidizable
for extracted by 1 mol/l NH,;OAc (adjusted to pH = 2.0 with HNO3) at a
liquid-to-solid (L/S) ratio of 50
4 HNO;-HF-HCIO4 digestion Residual

Environmental Progress & Sustainable Energy (Vol.00, No.00) DOI 10.1002/ep

Month 2018 3



1000 F T - - -

30 mg/kg.China industrial reuse regulatory limit

100 ¢ 7]

5 mg/kg,China civilreuse regulatory limit"|

/%

20

Cr(V1) content of the stabilized soil (mg/kg)

e
=

5
Fe(11)/Cr(VI) Molar ration

Figure 1. Effect of FeSO; dosage on Cr (VD) content in the
contaminated soils.
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Figure 2. Effect of particle size on Cr(VI) content in the con-
taminated soils.

Cr(VD and total Cr leaching concentrations decrease with the
increase in particle size, whereas these amounts increased in
the stabilized soil. The Cr(VI) and total Cr concentrations of
the untreated soil were decreased from 42.8 and 48.5 to 38.8
and 40.4 mg/L, correspondingly, when the particle size
increased from 0.15 to 2 mm. The Cr(VI) and total Cr con-
centrations of the stabilized soil were changed from 2.8 and
3.2 to 4.7 and 8.9 mg/L, respectively. This trend for the
untreated soil was due to the reduction of particle size
improve many contact areas with extraction fluid, thus result-
ing in the release of considerable Cr(VD) and Cr(VD). This
result agreed with the results of Jagupilla et al. [14] and
Moon et al. [35]. For the FeSOy-stabilized soil, particle size
reduction promoted the reaction between Fe(ID) and Cr(VD),
Cr(VD) was reduced to Cr(IID), and Cr(IID-Fe(IID) hydroxide
precipitation was formed (Cr(OH); and Cr,Fe;_, (OH)3) [37].

Leachability of SO;~ in Soil before and after
Stabilization

Figure 5 demonstrates the variations in the leached SO~
concentration with different molar ratios of Fe(ID/Cr(VD).
The SO?~ concentration increases with the increase in Fe(ID/
Cr(VI) molar ratio. For the untreated soil, the SOE; leaching
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Figure 3. Effect of FeSO, dosage on leached Cr concentra-
tion in leachate.
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Figure 4. Effect of particle size on leached Cr concentration
in leachate.

concentrations was 7.68 mg/L. The SO?~ leaching concentra-
tions was increased from 43.28 to 216.45 mg/L, when the
molar ratio of Fe(ID)/Cr(VI) was increased from 3 to 10, these
amounts were in accordance with the China Environmental
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Figure 5. Effect of FeSO, dosage on leached SO;~ concen-
tration in leachate.
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Figure 7. Effect of FeSO4 dosage on chromium speciation
distribution in the treated soil.
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Figure 6. Effect of particle size on leached SO~ concentra-
tion in leachate.

quality standards for surface water of civil use [38]. The SO~
leaching concentration was ~659.43 mg/L, when the molar
ratio of Fe(ID)/Cr(VI) was increased to 20, and this amount
was exceeded the China Environmental quality standards for
surface water of civil use [38]. Therefore, the SO?~ leaching
concentration was need fully completely considered when
stabilized of the Cr(VI)-contaminated soil by FeSO,.

Figure 6 demonstrates the variations in the leached SO?~
concentration with different particle size. The SO?~ concen-
tration decreases with the increase in particle size. The SO;~
leaching concentrations was increased from 50.42 to
43.28 mg/L, when the particle size was increased from 0.15
to 2 mm, these amounts were in accordance with the China
Environmental quality standards for surface water of civil use
[38]. In comparing Figures 5 and 6, though increasng the
FeSO, dosage could significantly decreased the leachability
of Cr(VI), the leached SOﬁf concentration was need fully
completely considered. When Fe(ID/Cr(VI) was larger than
20, the leached SOEF concentration exceeded the China
Environmental quality standards for surface water of civil
use. Therefore, comprehensive measures (such as increased
FeSO, dosage and reduced particle size) could be adopted
to ensure the environmental security characteristics of the

Environmental Progress & Sustainable Energy (Vol.00, No.00) DOI 10.1002/ep
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Figure 8. Effect of particle size on chromium speciation dis-
tribution in the treated soil.

stabilized soil when the contaminated soil contains a high
concentration of Cr(VD).

Species Distribution of Cr(VI) in Soil before
and after Stabilization

The result of the sequential extraction procedure is exhib-
ited in Figure 7. For the untreated soil, Cr was mainly distrib-
uted in the F1 content (0.82 mg/g), F2 content (0.075 mg/g),
and F3 content (0.074 mg/g). However, the F4 content
(0.0026 mg/g) was negligible compared with their noticeable
fraction. Cr was mobile and toxic for the untreated contami-
nated soil. For the stabilized soil, the F1 fraction was mainly
converted to the F2 fraction, which was increased to
0.78 mg/g when the Fe(ID/Cr(VD) molar ratio was increased
from 3 to 20. The changes in Cr speciation was attributed to
Cr(VID) solubilization, reduction, and formation of Cr(IID)-
Fe(IID hydroxide precipitation (Cr(OH)3 and Cr,Fe;_,(OH)3)
[37]. Figure 7 also displays a slight decrease in the F3 content
adding FeSO,. The decrease in the F3 content can also be
attributed to the acidic conditions established by using
FeSO,4. These acidic conditions caused Cr-organic complex
solubilization [37]. This result agreed well with the research
result of Palma et al. [11].
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The effect of particle size on Cr speciation in soil is illus-
trated in Figure 8. The particle size reduction promoted the
conversion of the F1 fraction to the F2 fraction, and the F2
content increased from 0.49 to 0.68 mg/g when the particle
size was decreased from 2 to 0.15 mm. This trend was attrib-
uted to the decrease in particle size, thereby allowing Cr(VD)
to be available for reduction and then Cr(IID-Fe(IID) hydrox-
ide precipitation. The Cr(IID-Fe(IlD) hydroxide precipitation
caused the increase in the F2 fraction content [37].

Relationship between the Cr(VI) Content in Soil
and the Leachability of Cr(VI)

The relationship between the Cr(VI) content of the stabi-
lized soil (S¢yvry) and the Cr(VD) concentration of the TCLP
leachate (T¢,vpy) is depicted in Figure 9. In this figure, the
leachability of Cr(VD) in the stabilized soil were all in accor-
dance with the US Environmental Protection Agency (EPA)
regulatory limit. However, the experimental data of FeSOj4
dosage were all less than that of particle size. This condition
indicated that increased FeSO,; dosage could reduce leach-
ability significantly compared with reduced particle size. This
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Figure 9. Relationship between Cr(VD) content in soil and
leached Cr(VD concentration by TCLP. [Color figure can be
viewed at wileyonlinelibrary.com]

2
'S
by

O dosage O particle size A0

=

=

=
T

=
[
b
T
\
1

=
¥
[
T
8
L

=
[
=)
T
L

0.15 _D b

1 " 1 " 1 i 1 " 1 " 1 " 1 " 1 i 1

0.02 004 006 008 010 012 014 016 0.18

The content of Cr for exchangeable fraction (mg/g)
@
o
T
1

The content of Cr for TCLP-extractable(mg/g)

Figure 10. Relationship between exchangeable Cr content
in soil and leached Cr(VI) concentration by TCLP. [Color fig-
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might be due to increased FeSO; dosage improved the
chemical stability of Cr in stabilized soil (Figures 7 and 8).
Increased FeSO, dosage was an effective method to improve
the environmental security characteristics of stabilized soil. In
addition, Figure 9 also showed that the considerable Cr(VD)
remained in the stabilized soil, although the Cr(VD leaching
concentration of the stabilized soil was in accordance with
the US EPA and China regulatory limits. The Cr(VD) content
part residue of the stabilized soil exceeded the environmen-
tal quality standards for soil in China, and the TCLP test
underestimated the Cr(VD content residue in the stabilized
soil. In addition, the results showed that an exponential
function relationship was found between the Sc.vyp and the
Terevn, Where Seyyry =3.64eem /7328232 The exponen-
tially fitted formula can predict the Cr(VD) content in soil by
the TCLP test in the remediation of Cr(VD)-contaminated soil.
This study would be relatively valuable for facilitating the
design or modification of remediation parameters for Cr(VID)-
contaminated soil by using FeSOy.

Relationship between the Exchangeable Phase
and Leachability of Cr

The relationship between the Cr content in an exchange-
able fraction of the BCR test (B¢,) and Cr concentration of
the TCLP leachate (Tc,) is demonstrated in Figure 10. Tc,
increased linearly with Bg, where Be,=1.7T¢+0.13. This
finding can be due to the liquid—-solid ratio (the volume of
extraction fluid to the weight of solid phase) and the acidity
of the extraction fluid were higher in the sequential extrac-
tion test than in the TCLP test. Therefore, the Cr in the Teyvn
was predominantly obtained from exchangeable fraction
(F1). The F1 content of Cr depended on the Cr leachability
in the TCLP test. This condition also indicated that the F1
content of Cr depended on the safety of the stabilized soil.
The linearly fitted formula can predict the F1 content of Cr
in the stabilized soil. The F1 content reduction of Cr was an
effective measure for improving the remediation effective-
ness in the contaminated soil.

CONCLUSIONS

This study investigated the relationship between the
leachability and Cr(VD) content and chromium speciation of
Cr(VD-contaminated soil stabilized by using FeSO4. The
influence and mechanism of the FeSO,4 dosage and particle
sizes of the contaminated soil on remediation efficiency were
investigated. The effectiveness of FeSO, stabilization was
assessed using TCLP, alkaline digestion, and sequential
extractions. The following conclusions can be drawn based
on this study:

1. FeSOy significantly reduced the leachability and Cr(VD)
content in the stabilized soil. The leachability of Cr(VD
and total Cr concentration of the stabilized soil were
lower than the China standards for hazardous waste regu-
latory limit and the US EPA regulation when the Fe(ID/
Cr(VD) molar ratio was 3. Furthermore, the Cr(VI) content
in the soil was lower than the threshold of the environ-
mental quality standards of soil in China for industrial
reuse [Cr(VD < 30 mg/kg] when the Fe(I)/Cr(VD) molar
ratio was 10, and the civil reuse of soil [Cr(VD < 5 mg/
kgl was achieved when Fe(ID/Cr(VD) molar ratio was 20.

2. Soil particle size reduction improved the effectiveness of
the stabilized soil. The leachability and Cr(VD content in
the stabilized soil were reduced with the decrease in soil
particle size because the small soil particle size contained
considerable surface areas that facilitated the reaction
between Cr(VI) and FeSOy.

3. The change in the leachability of soil was attributed to
the change in the Cr speciation distribution on the basis
of the sequential extraction test, and the exchangeable
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4.

fraction was mainly converted to a reducible fraction after
FeSOy stabilization.

The leachability of Cr(VD in the stabilized soil was line-
arly correlated to the exchangeable phase of Cr. In addi-
tion, the leached Cr(VD) concentration in the stabilized
soil conformed to the US EPA and China regulatory limits,
although considerable Cr(VI) remained in a few stabilized
soil and exceeded the environmental quality standards
for soil in China. These results illustrated the importance
of a comprehensive assessment of the Cr(VD-contami-
nated soil that is treated by reductants for enabling a flex-
ible future land use.
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