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Abstract
In-situ remediation of the Cr( ) contaminated clayey soil remains challenging due to the low hydraulic
conductivity and high ion adsorption capacity of the clays. In this study, the injection tests of ferrous
sulphate (FeSO4) for a clayey soil contaminated with hexavalent chromium (Cr( )) were performed to
explore the feasibility of FeSO4 solution for remediation of Cr( ) contaminated soil under different
injection pressures. The results show that the injection of FeSO4 solution under the pressure of 30 kPa, 70
kPa, and 100 kPa caused the hydraulic conductivities of the specimens to decrease by 36.5%, 38.7% and
32.2%, respectively. This phenomenon could be attributed to the formation of the mixed
iron( )/chromium( ) hydroxide, a process for which scanning electron microscopy with energy-dispersive
X-ray microanalysis provided direct evidence. Moreover, the mobility capacity of Fe( ) was stronger under
high pressure (70 kPa, 100 kPa) as indicated by Fe pro�les in specimens after remediation under different
injection pressures. The range of iron increment at 100 kPa was 3.2–11.9 (g/kg). However, the maximum
iron increment at 30 kPa was only 5 (g/kg) and the migration of Fe( ) was limited, which was less than
2.5 cm. In addition, the injection pressure of 70 kPa was the most e�cient for remediation of Cr( )
contaminated soil under the experimental condition in present work, which the remediation e�ciency was
87.43%-95.12%. As injection pressure increased, Cr( ) leaching increased. Therefore, these experimental
results can be used as a reference for remediation of chromium contaminated soil by in-situ injection.

1 Introduction
With the rapid development of global industrialization and urbanization, the pollution of heavy metal in
soil and groundwater has become increasingly serious [1]. According to incomplete statistics, more than
5 million sites are contaminated with heavy metals around the world, resulting in over 20 million hectares
to be remedied [2]. At present, there are as many as 450,000 and 342,000 contaminated sites in North
America and Europe, while the number of remaining contaminated sites in China has exceed more than
500,000 owing to the upgradation of industrial structure and the transformation of economic growth [3,
4]. Global mining activities, steel and chemical industrial production, and excessive use of chemicals
have caused the continuous accumulation of Chromium (Cr) in the environment, seriously threatening
environmental quality and public health [5, 6].

Generally, chromium in soil mainly exists in the trivalent form, Cr( ), and the hexavalent forms, as
chromate (CrO4

2−) or dichromate (Cr2O7
2−) [7]. Different species of chromium have different mobility and

toxicity. Cr( ) generally comes from rock weathering, and it is easy to form precipitation under
circumneutral pH, which means that it is the most thermodynamically stable species and di�cult to
migrate in reducing conditions [8]. Cr( ) is low toxicity and it’s an essential trace element for human
beings or a nutrient for plant growth [9, 10]. In contrast to Cr( ), Cr( ), a highly water-soluble and �uid
substance, is a dangerous chemical substance with mutagenic and carcinogenic properties, resulting in
100–500 times toxicity of Cr( ) [11, 12]. Cr( ) are non-biodegradable, and hence, can accumulate
continuously in the environment and the living organisms, which can easily cause adverse effects on the
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organs and tissues of human body. It is also the second most abundant inorganic contaminant at
contaminated sites as reported by the National Academy of Sciences Committee on Groundwater
Cleanup [13]. Therefore, developing e�cient techniques for remediation of Cr( ) contaminated soil is an
important task for protecting public health and the environment.

Numerous methods have been proposed to reduce the concentration or solidify/stabilize the contaminant
in the environment, including physical (e.g., soil turning over, soil changing, topsoil removal, heat
treatment, electrokinetic), chemical (e.g., leaching, redox reaction), and biological (e.g., microbial
remediation) remediation methods [14–16]. In recently years, in-situ injection technologies that make use
of nano zero valent iron [17] or bivalent iron [18] as ferrous sulphate materials for the remediation of Cr( )
contaminated soils have rapidly developed. Several studies performed during the past have already
demonstrated the feasibility of ferrous sulphate for remediation of aquifer, coarse soil contaminated with
Cr( ) and chromite ore processing solid waste by a lab-scale test or a �eld trial [19–22]. In general, most
of the literatures concentrate on using ferrous sulphate for remediation of coarse soils contaminated with
Cr( ) or only on a batch scale in the aqueous phase. Few literatures discuss the remediation of clayey soil
contaminated with Cr( ) by injection of ferrous sulphate under different pressures. Thus, the objective of
this work is to evaluate the effect of injection pressures on remediation of low permeability clayey soil
contaminated with Cr( ).

In this study, a silty clay was collected from a ferrochrome alloy plant in Xiang-xiang, Hunan Province,
China (Fig. 1), and laboratory tests using a self-designed injection system were conducted to evaluate the
remediation effects of ferrous sulphate for a Cr( ) contaminated clayey soil. The change of hydraulic
conductivity of Cr( ) contaminated soil under the injection of ferrous sulphate solution and distilled water
was studied. Moreover, the concentrations of Cr( ) and total Cr in soil at different depths were determined,
and the the effects of different injection pressures on the migration and distribution of Fe at soils were
revealed. In addition, remediation e�ciencies of Cr( ) in soil at different depths were calculated based on
the experimental results under different injection pressures. Scanning electron microscopy with energy-
dispersive X-ray spectroscopy (SEM-EDX) was also carried out to obtain the surface morphology
characteristic of the soil. The results of this study can help us to better understand the mobility and
interaction of the reducing agent with the contaminant and contribute to implementing the in-situ
injection technology on a real scale for remediation of contaminated sites.

2 Materials And Methods

2.1 Materials
The soil was an uncontaminated silty clay soil, collected nearby a ferrochrome alloy plant, a Cr( )
contaminated site, in Xiang-xiang, Hunan Province, China, at depth between 0.50 and 2.00 m. The
location is shown in Fig. 1. Some physical-chemical and geotechnical characteristics of this soil were
tested per GB/T 50123 − 2019, and the results are presented in Table S1. As can be seen, the soil is acidic
with low permeability. The chemical components of it were analyzed by X-ray �uorescence spectrometry
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(Netherlands, AXIOS mAX) as follows: SiO2 63.056%, Al2O3 19.483%, Fe2O3 11.048%, K2O 1.979%, TiO2

1.234%, SO3 1.178%, MgO 0.873%, CaO 0.222%, Na2O 0.200%, P2O5 0.119%, MnO 0.083%, ZnO 0.064%,
others 0.461. The ferrochrome alloy plant was built in 1958, put into operation in 1962, and shut down in
2010. From top to bottom, the major lithologies in the Cr( ) contaminated site are miscellaneous �ll, silty
clay, medium silty gravel, and mudstone. There was a chromium hydrometallurgical smelting production
line in the ferrochrome alloy plant. The long-term production and the random stacking of chromium slag
resulted in serious Cr(VI) pollution of the silty clay layer and groundwater in the study area.

The ferrous sulphate solution, which was prepared by dissolving some iron sulphate heptahydrate in
distilled water, was used in the injection tests for remediation of Cr( ) contaminated soil. Iron sulphate
heptahydrate used in this study was analytical grade and 99% purity and bought from the Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China). Palma et al. [22] demonstrated that the removal e�ciency
of Cr( ) achieved the highest when the molar ratio of Fe( ) in solution to Cr( ) in soil specimen was 30:1.
Considering that the reduction of Cr( ) by injecting FeSO4 solution into a compacted clayey soil was
different from the batch model by adding FeSO4 to a certain amount of bulk soil specimen, the
concentration of FeSO4 adopted in this study was doubled to 50 g/L.

2.2 Test equipment
The injection system was self-designed and developed (as shown in Fig. 2). The main components
include a con�ning pressure system, an injection pressure controller, a pressure chamber and a chemical
solution converter. The chemical solution converter converts the water pressure provided by the pressure
/volume controller into the pressure of the chemical solution. The system is equipped with three
independent systems for controlling axial pressure, con�ning pressure and injection pressure. The axial
deformations of soil specimens were determined by a dial gauge.

Two pressure/volume controller apparatus were used as con�ning pressure control system and injection
pressure control system, respectively (as shown in Fig. 2). The pressure/volume controller is a screw
pump controlled by a microprocessor, which can apply 0–2.0 MPa independent injection pressure or
con�ning pressure to the soil specimens. It can also display the volume and pressure value during the
test period to monitoring the volume change of the soil specimen during the injection process.

The schematic diagram of the chemical solution converter is shown in Fig. 2. There is a diaphragm inside
the chamber. The upper part of the diaphragm was �lled with the injection solution, and the lower part
was �lled with distilled water. The injection pressure control system applied pressure to the distilled water
in the chamber of the lower part of the diaphragm, and the pressure was transmitted to the injection
solution through the diaphragm. A pipe was used to connect the injection solution outlet of the chemical
solution converter with the injection solution inlet at the bottom of the triaxial pressure chamber, and the
pressurized injection solution was transferred from the bottom of the specimen to the top of that through
the porous stone at the bottom of the triaxial chamber.

2.3 Specimen preparation
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The Cr( ) contaminated soils used in injection tests were arti�cially prepared. Firstly, the uncontaminated
soil was dried, grounded and sieved using a 0.5 mm aperture sieve. After that, uncontaminated soil (1000
g) was placed in a polyethylene container and the predetermined mass of potassium dichromate solution
(K2Cr2O7) was added and homogenized to bring the concentration of Cr ( ) to 1000 mg·kg− 1. 2.829 g of
K2Cr2O7 was dissolved in 80 ml distilled water. The prepared solutions were then sprayed and mixed
thoroughly with soil layer by layer in the polyethylene container. Next, the contaminated soil specimens
were cured in a sealed bag at room temperature (20℃) for 7 days. The moisture content of contaminated
soil specimens was determined, which was 8.27%. Through concentration analysis, the actual
concentrations of Cr( ) and Cr(Total) in the contaminated soil used in this study were 832 mg/kg and
1100 mg/kg, respectively.

The specimen preparation procedure is shown in Fig. S1. The contaminated soil specimens (Fig. S1a)
with an initial moisture content of 8.27% were compacted to specimens with a height and diameter of 50
mm and dry density of 1.5 g/cm3 (Fig. S1c) by using the static compaction method (Fig. S1b). Details of
this method are available in [23, 24].

2.4 Injection test
In present work, the relative content of exchangeable fraction chromium was high because the
contaminated soil specimens were arti�cially prepared. If only FeSO4 solution is injected, it is not clear
whether the decrease in Cr( ) was caused by reduction to Cr( ) or by leaching. Thus, the distilled water
was also used in the injection test as a control. The as-compacted specimen (Fig. S1c) was installed in
the pressure chamber as shown in Fig. 2. Filter papers and porous stones were placed on the top and
bottom of the specimen, respectively. The pressure chamber was �lled with water and the internal air was
evacuated. The chamber at the upper part of the diaphragm of chemical solution converter was �lled with
FeSO4 solution, and the lower chamber was �lled with distilled water. After that, the injection system was
assembled as shown in Fig. 2. The axial pressure and con�ning pressure of the specimen were applied
and maintained to 200 kPa and 130 kPa, respectively, considering the K0 stress state of the specimen.
Then, the vertical deformation of the specimen after applying axial pressure and con�ning pressure was
monitored by a dial gauge. When the vertical deformation was stable, different injection pressures (30
kPa, 70 kPa, 100 kPa) were applied to generate an injection �ow, resulting in FeSO4 in�ltration from the
bottom to the top of the specimen. For each group of injection pressure, a control test was conducted by
injecting distilled water with remaining the rest of the conditions unchanged. According to Darcy's law, the
expression for the hydraulic conductivity is

k =
q
Ai =

LV
ΔhAt

(1)

where k is hydraulic conductivity (cm/s), q is injection �ow (cm3/s), i is hydraulic gradient, A is cross
sectional area of specimens (cm2), L is the specimen height (cm), V is the volume of solution �owing
through the specimen in time t (cm3), Δ h is head difference (cm), t is time (s).
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In order to evaluate the remediation effect of FeSO4 under different injection pressures, the injection tests
were ended after 24 hours. The specimen was taken out of the pressure chamber and sliced into 4 equal
parts along the injection �ow direction, each equal to 1.25 cm. The average metal concentration (Cr( ),
Cr(Total), Fe(Total)) in each part corresponds to the metal concentration at different depths of the
specimen (1.25, 2.5, 3.75, 5.0 cm, in relation to the bottom of the specimen).

The concentrations of Cr( ) and Cr(Total) in specimens were determined by atomic absorption
spectrophotometry, after alkaline digestion and acid digestion, respectively, according to the method EPA
3060 A and EPA Method 3050 B [25, 26]. The concentrations of Fe at different depths of specimens after
acid digestion were determined by inductively coupled plasma optical emission spectrometry (ICP-OES).
Based on the test results, the expression of the remediation e�ciency (RE) of Cr( ) contaminated
specimen at different depths is as follows:

REX =
mdx −mfx

mdx

(2)

where x (cm) is specimen depth, x = 0 (the bottom of the specimen, in relation to the FeSO4 inlet), 1.25,
2.5, 3.75, 5 cm in this study; REx is the remediation e�ciency at depth x; mdx (mg/kg) represents the Cr ( )
residual amount of the soil specimen at depth x cm in the control group (injection of distilled water); mfx

(mg/kg) represents the Cr( ) residual amount of the soil specimen at depth x cm under FeSO4 injection.

2.5 Microstructure test
The surface morphology and elemental analysis of specimens after injected with FeSO4 or distilled water
under 100 kPa pressure were observed by Scanning electron microscopy with energy-dispersive X-ray
spectroscopy (SEM-EDX, JSM-6700 F) at 15 KV operating voltage. The block specimens were polished to
produce a smooth �at surface and were gold-coated for 30 s before SEM analysis.

3 Results And Discussion

3.1 Effects of FeSO4 injection on hydraulic conductivity of
Cr( )-contaminated soil
When distilled water or FeSO4 solution is injected into the specimen, the change of the hydraulic
conductivity of silty clay contaminated with Cr( ) and the cumulative out�ow volume for 24 hours under
different pressures (30 kPa, 70 kPa, 100 kPa) are shown in Fig. 3.

As can be seen in Fig. 3, the hydraulic conductivities of the specimens injected with FeSO4 solution were
lower than that injected with distilled water. This was observed regardless of the injection pressure used.
In particular, Fig. 3(a-c) indicates the hydraulic conductivity of the specimen with injection of distilled
water initially increased and then gradually stabilized. However, the hydraulic conductivity of the
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specimen with injection of FeSO4 solution under 70 kPa and 100 kPa increased �rst and then decreased
over time. These phenomena could be attributed to the following mechanisms. The initial increase in
hydraulic conductivity might be due to the fact that the specimens are not fully saturated in a short time.
With the continuous injection of FeSO4 solution, Cr( ) was reduced by FeSO4, forming a mixed
iron( )/chromium( ) hydroxide [20]. Therefore, as time increased, the pores of the specimens were
gradually blocked, and the hydraulic conductivity decreased with time until the chemical reaction reached
an equilibrium.

The results present in Fig. 3d indicate that the saturated hydraulic conductivities of the specimens
injected with distilled water under the pressure of 30 kPa, 70 kPa and 100 kPa were 3.475, 5.275, 5.235
×10− 7 cm/s, respectively and that injected with FeSO4 solution were 2.205, 3.235, 3.55×10− 7 cm/s,
respectively. In addition, for the injection pressure of 30 kPa, 70 kPa and 100 kPa, the hydraulic
conductivity of the specimens injected with FeSO4 decreased by 36.5%, 38.7% and 32.2%, respectively,
compared with the specimens injected with distilled water. The lowest value was attained in 100 kPa,
which could be attributed to di�cult accumulation of precipitation in higher injection pressure. Moreover,
the hydraulic conductivity of specimens injected with distilled water or FeSO4 solution under the pressure
of 30 kPa was lower than that under another two pressures (70 kPa, 100 kPa). By analyzing the
relationship of the cumulative out�ow volume with time under different injection pressures (Fig. 3(a-c)), it
could be found that the cumulative out�ow volume was not completely proportional to time. Thus, the
lower hydraulic conductivity of the specimen at the injection pressure of 30 kPa might be due to the initial
hydraulic gradient of the low permeability clayey soil. Only when the applied hydraulic gradient was
greater than the initial hydraulic gradient, injection �ow would be occurred. Another reason of that might
be the short injection time and the hydraulic conductivity of the specimen at the lowest pressure (30 kPa)
has not even reached stability.

3.2 Fe pro�les in specimens after remediation by FeSO4
under different injection pressures
Fe pro�les in Cr ( )-contaminated specimens after remediation by FeSO4 under different injection
pressures are shown in Fig. 4.

The data from the post-remediation specimens over the 1.25-5.00 cm depth (from the bottom to the top
of the specimen) indicated the increase in Fe concentration after FeSO4 injection compared with the
background value of Fe in the soil specimen (except for depth of 1.25 cm under 30 kPa). Moreover, the
distribution of Fe concentration was dependent on the injection pressure of the FeSO4 solution. Although
the initial concentration distribution of Fe in different specimens was slightly different, in general, the
higher the injection pressure, the higher the Fe concentration of the specimen at different depths.

It was found that the pH range of the out�ow solution in this study was 3.44–5.65, which was much
lower than the initial pH of precipitation of ferrous ion (Fe( )) in the solution. Therefore, the increase in Fe
concentration should be attributed to the Fe( ) precipitation of formed by the redox reactions, not Fe( )
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precipitation [20]. The higher iron increment indicated that there was enough Fe( ) to participate in the
reduction reaction to form Fe( ), and the mobility capacity of Fe( ) was stronger. Based on the
comparison of the Fe concentration in the specimen after remediation with FeSO4 and that in the control
specimen (injected with distilled water), the iron increment after remediation at different injection
pressures was calculated. The results are presented in Table S2. It can be observed that the range of iron
increment at 100 kPa was 3.2–11.9 (g/kg), while the maximum iron increment at 30 kPa was only 5
(g/kg), which means that the mobility capacity of Fe( ) was stronger under high pressure (100 kPa).

3.3 The remediation e�ciency by injection of FeSO4

The results of residual concentration of Cr in specimens after injected with FeSO4 or distilled water for 24
h under different pressures (30 kPa, 70 kPa, 100 kPa) are shown in Fig. 5. Analyzing Fig. 5, it can be
observed that the reduction of the Cr( ) was directly related to the injection pressure of FeSO4 solution.

When the injection pressure of 30 kPa was adopted (Fig. 5a), the residual Cr( ) concentration of the
specimen injected with FeSO4 at the depths less than 2.5 cm was lower than that of the control
specimen. While this was not the case when the depth was greater than 2.5 cm. It indicates that the
migration of FeSO4 was limited under the injection pressure of 30 kPa, which was less than 2.5 cm.
Moreover, for the total chromium, the residual content increased with increasing depth when the
specimen was injected with distilled water. This was due to the chromium migration with the injection
�ow from the bottom to the top of the specimen (5 cm depth) and accumulation occurred on the top
surface. Meanwhile, this phenomenon was more obvious for the specimen after injected by FeSO4. At the
depths greater than 2.5 cm, the remediation might not occur and the leaching of the chromium was also
limited owing to the lower permeability compared to the control specimen injected with distilled water.
Therefore, at the depths greater than 2.5 cm, the residual chromium of the specimen injected with FeSO4

was more than that of the control specimen.

When the FeSO4 injection pressures of 70 kPa (Fig. 5b) and 100 kPa (Fig. 5c) were adopted, it was
observed that the Cr( ) residual value was less than 20 mg/kg, which was below the risk intervention
values for soil contamination of development land in China [27]. At a lower pressure (70 kPa), the residual
value of Cr(VI) in the control specimen was more compared to that at the higher pressure of 100 kPa,
which means that less Cr(VI) is leached in the specimen after injected by FeSO4 under 70 kPa injection
pressure. This is advantageous in actual remediation engineering because it will not cause the large
expansion of the pollution plume during the injection process. Under 70 kPa and 100 kPa injection
pressures, the residual concentration of total chromium in the specimen varied with depth in the same
way. When injected with distilled water, the total chromium concentration gradually increased as the
depth increased. However, when injected with ferrous sulfate, the total chromium concentration �rst
decreased as the depth increased and then gradually stabilized. The concentration of total chromium in
the specimen injected with ferrous sulfate was higher at the lower depth (in relation to the solution inlet)
because a large amount of Cr( ) was reduced to Cr( ) and retarded at the bottom by the soil.
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According to Eq. (2), the remediation e�ciencies of Cr(VI) at different depths of the specimens under
different injection pressures were calculated, and the results are shown in Fig. 6.

At the depths of 1.25 cm and 2.5 cm, the remediation e�ciencies with injection pressure of 30 kPa were
22.76% and 97.03%, respectively. However, at the depths larger than 2.5 cm, the remediation e�ciencies
with the same pressure were negative. The lower hydraulic conductivity of the specimen injected with
FeSO4 resulted in low Cr( ) leaching ability. Meanwhile, the migration range of FeSO4 under 30 kPa was
less than 2.5 cm. Therefore, the residual Cr( ) concentration at the depth greater than 2.5 cm in the
specimen after injected with FeSO4 is higher than that of the control specimen. Moreover, the high
remediation e�ciency was achieved at the injection pressure of 70 kPa, which was 87.43%-95.12%. The
remediation e�ciency of 100 kPa injection pressure was lower than that of 70 kPa injection pressure,
which could be attributed to the less amount of Cr( ) was reduced to Cr( ) by FeSO4 due to the high Cr( )
leaching ability for the highest injection pressure. In summary, on the basis of setting the distilled water
control test group, the remediation e�ciency calculated by Eq. (2) can consider both Cr( ) reduction and
Cr( ) leaching, and the actual remediation effect of the remediation agent can be evaluated. Thus, it could
be concluded that the 70 kPa injection pressure was the most e�cient under the experimental condition
in this work. In addition, the remediation e�ciency is not exactly proportional to the injection pressure
because of the release of the contaminants under high injection pressure. The similar results were also
obtained by Reginatto [28].

3.4 Microstructural investigations
Two representative soil specimens after injected with FeSO4 or distilled water under 100 kPa pressure
were used in the SEM-EDX analyses and the SEM images magni�ed by 200 times and 3000 times were
obtained. The results are shown in Fig. 7.

As shown in Fig. 7a, a large number of pores of different lengths in specimen injected with distilled water
were observed. Interestingly, denser surface could be observed in the specimen after injected with FeSO4

solution (Fig. 7b). Figures 3 show that the hydraulic conductivity of the specimen injected with distilled
water exhibited the higher value. Therefore, the surface morphology and microstructure of the specimens
corresponded to the change of the hydraulic conductivity of the specimens when injected by FeSO4 or
distilled water. It also revealed that injection of FeSO4 solution for remediation Cr( ) contaminated soil
results in reducing the hydraulic conductivity of the soil.

SEM image of specimen injected with FeSO4 at 3000 × magni�cation (Fig. 7b) indicated that the Fe( )
hydroxide might be formed and it �lled the pores of the specimen. The identi�cation was con�rmed by
elemental contents determined with EDX. The average iron weight percentage of the bright grey area as
shown in Fig. 7b was 26.41%-30.46%, which was higher than that of the dark grey area, 12.63%.

4 Conclusions
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Laboratory injection tests of FeSO4 and distilled water were conducted to study the effect of injection
pressure on remediation of clayey soil contaminated with Cr( ). The change of hydraulic conductivity of
Cr( ) contaminated soil under the injection of the ferrous sulphate solution and distilled water were
analyzed. The effects of different injection pressures on the migration and distribution of Fe at soils were
discussed. In addition, SEM-EDX tests were also performed to reveal the mechanism of permeability
variation of soil contaminated with Cr( ) during injection. The following conclusions can be drawn:

(1) Injection of FeSO4 solution for remediation Cr( ) contaminated soil results in reducing the hydraulic
conductivity of the soil. The hydraulic conductivity was decreased at the most by 38.7% at the 70 kPa
injection pressure. During in situ application, �eld tests should be carried out to evaluate this impact and
avoid clogging of the injection well.

(2) Fe pro�les in specimens after remediation under different injection pressures were determined to
analyze the migration depth of Fe( ). It indicated that the migration of Fe( ) was limited under the
injection pressure of 30 kPa, which was less than 2.5 cm in this study. The mobility capacity of Fe( ) was
stronger under higher pressure of 100 kPa.

(3) FeSO4 is e�cient for reducing Cr( ) in clayey soil. The high remediation e�ciency (87.43%-95.12%)
was achieved under 70 kPa injection pressure in this work. However, the remediation e�ciency is not
exactly proportional to the injection pressure. Excessive injection pressure will lead to the release of
contaminants and spread the range of the pollution plume, while the distance for the remediation agent
to migrate is limited.

(4) Cr( )-contaminated soil used in this study was prepared arti�cially and the relative content of
exchangeable fraction chromium was high. The remediation effect of FeSO4 on a real contaminated soil
under higher injection pressure should be considered in the future. Moreover, the effect of concentration
and pH of the solution should also be included at the same time.
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Figures

Figure 1

Specimen location
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Figure 2

Design of injection system

Figure 3

Hydraulic conductivity (HC) and accumulated out�ow volume (AV) over time of the specimen injected
with FeSO4 or distilled water under different pressures (a) 30 kPa, (b) 70 kPa, (c) 100 kPa; (d) the effect of
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injection pressure on hydraulic conductivity under different pressures

Figure 4

Fe concentration at different depths of the specimen under different FeSO4-injection pressures
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Figure 5

The residual concentration of Cr(Total) and Cr( ) at different depth of the specimens after injected with
FeSO4 or distilled water under pressures of: (a) 30 kPa; (b) 70 kPa; (c) 100 kPa.
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Figure 6

The remediation e�ciencies of Cr(VI) at different depths of the specimens under different injection
pressures
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Figure 7

SEM results for the specimens: (a) SEM images of specimen after injected with distilled water; (b)
specimen after injected with FeSO4.
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