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ABSTRACT

Three pot experiments were conducted to assess the capacity of asclite in reducing
arsenic (As) contents in vegetable plants from arsenic contaminated soil. Asclite is an
artificially made granular amorphous iron (Fe)-hydroxide material having high ability in
adsorbing As(III) as well as As(V). In the first experiment, Japanese mustard spinach
(JMS) (Brassica rapa var. perviridis) was grown in a 242 mg As kg-1 soil with 10 and 20%
of asclite application. The second and third experiments were conducted in Japan and
Bangladesh, respectively, with JMS and Bangladesh spinach (BS) (Spinacia oleracea)
grown in a 50 mg As kg-1 soil where 1 and 2% asclite were applied. Application of asclite to
arsenic contaminated soil significantly reduced the arsenic concentration in the edible part
of the plants as compared to the control plants. The arsenic concentration in JMS reduced
by 43 and 60% at 10 and 20% asclite application when grown in a 242 mg As kg- 1 soil. The
arsenic concentration was reduced by 29 and 37% in JMS, whereas it was 52 and 74% in
BS, at 1 and 2% asclite application, respectively, when grown in a 50 mg As kg-1 soil.
There was no significant change in the growth and the nutrient elements concentration in
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the plants. Our findings suggested that asclite could be used to reduce arsenic
concentration in vegetables grown on arsenic contaminated soil. Considering the soil type,
soil pH, soil arsenic concentration and plant species, further study is required to examine
the desirable conditions for reducing the arsenic concentration in vegetable plants with
asclite application.
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1. INTRODUCTION

Arsenic is a common metalloid usually present in a small amount in all rocks, soils, waters,
air and biological tissues [1, 2]. Arsenic is one of the most toxic elements of the environment
[3–5]. Arsenic can enter into the terrestrial and aquatic environments through natural
geologic processes and anthropogenic activities as well. So, arsenic can be present in
groundwater and soil. Groundwater contamination by arsenic has been discussed as the
worst calamity of the century in Asia particularly in Bangladesh and West Bengal, India. It is
widely accepted that ingestion of arsenic contaminated groundwater is the major cause of
arsenic poisoning in arsenic affected areas. Now, it is also established that ingestion of
arsenic contaminated groundwater is not the only exposure pathway to humans. Another
pathway might be the arsenic contamination in food materials through arsenic contaminated
irrigation water and the subsequent transfer of arsenic via water/soil to crops [6–10].

Low levels of arsenic (about 5 mg kg-1) occur naturally in soils all over the world with a
variation depending on the origin of the soil [1, 11]. Generally, in non-contaminated soil,
arsenic concentration ranges from 0.1 to 10 mg kg-1 [12]. Usually, crops grown in non-
contaminated soil do not accumulate enough arsenic to be toxic to man. However, in arsenic
contaminated soil, the uptake of arsenic by the plant tissue is significantly elevated,
particularly in vegetables and edible crops [7, 9, 10, 13]. It is reported by many researchers
that in Bangladesh, extensive application of arsenic contaminated underground water for
irrigating crop fields has resulted in elevated concentrations of arsenic in surface soils [9, 14-
18].

There are various types of mitigation techniques to remove arsenic from drinking water. It is
possible to remove arsenic from the drinking water in a small scale. But it is difficult to clean
up for a large scale irrigation water as well as arsenic contaminated soil. There are also a
number of technologies to reduce arsenic contamination in soils [19]. One of the methods is
through excavation followed by land filling with clean soil. But it is a very expensive and
difficult task for remediation of arsenic contaminated soil [20]. Other techniques present are
phytoremediation [21, 22]; soil washing [23]; inorganic solidification/stabilization using
inorganic binders such as cement, lime and pozzolanic materials [24]; electro-kinetic
remediation [25, 26] and in situ chemical immobilization. The last technique, in situ chemical
immobilization, implies the application of inorganic amendments, which are incorporated and
mixed with the contaminated soil. Soil amendments can adsorb, bind, or co-precipitate the
contaminating elements [27]. The binding of arsenic to the amendment material reduces its
mobility and bioavailability in the soil, making the long-term stability of the new compounds
formed [28]. The long-term stability of the arsenic compounds depends on many factors
including the disposal site characteristics, particle crystallinity, grain size distribution and
others [29].
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Various inorganic amendments had been used previously to reduce arsenic contamination in
soils, such as silica, phyllosilicates, clays, zeolites, amorphous Al and Mn oxides and
nanocrystalline titanium dioxide [30–37]. The sequential extraction of arsenic-contaminated
soils had indicated that arsenic was primarily associated with crystalline and amorphous Fe
oxides [38–40]. So, arsenic sorption on amorphous and crystalline Fe hydroxides had shown
great potential to remediate contaminated soils [28, 33, 34, 41–47]. Arsenic may also co-
precipitate with Fe oxides [48, 49]. The efficiency of the remediation treatments depends on
the soil characteristics, the sorption capacity of the Fe source used as amendment and the
environmental conditions to which the treated soil is exposed [50]. Among the numerous
inorganic amendments in reducing arsenic availability, Fe minerals and Fe industrial
byproducts are considered to be the great potential for in situ remediation [51] of arsenic.

The present study was conducted with an artificially made granular amorphous iron (Fe)-
hydroxide material viz. asclite having high ability to adsorb As(III) as well as As(V). The aim
of the present study was to evaluate the effectiveness of asclite in reducing arsenic
concentration in vegetable plants from arsenic contaminated soils.

2. MATERIALS AND METHODS

2.1 Experimental Design

Three pot experiments were conducted to evaluate the efficiency of the adsorbent material
asclite in reducing arsenic concentration of vegetables grown on arsenic-contaminated soil.

2.1.1 First experiment

In the 1st experiment, Japanese mustard spinach (JMS) was grown in highly arsenic
contaminated soil (242 mg kg-1) with the application of the adsorbent asclite. Arsenic-
contaminated soil was collected from Gunma Prefecture in Japan by composite soil
sampling method [52]. In our information, the source of the arsenic in the soil was the
chemical factory which produced pesticides. The factory was already closed and the soil of
the land of the factory remained contaminated with arsenic. The soil was collected with the
help of spade from the surface of the arsenic contaminated field and was stored in the shade
of the green house of Iwate University, Japan. Asclite was applied at two rates (10 and 20%)
along with a control (no asclite) in four replications. For better plant growth, 1 g of chemical
fertilizer [10:10:10, N:P2O5:K2O (Taki Chemicals Co. Ltd, Kakogawa)] was added to each pot
(1-L). Soil, asclite and fertilizer were mixed thoroughly. About 250-ml of water was added in
each pot to keep the mixture moist. After seven days, the contents of the pots were mixed
thoroughly again and 6-8 seeds of JMS were sown. Seven days after sowing, the plants
were thinned to three plants per pot. The plants were harvested 30 days after seed sowing.

2.1.2 Second experiment

In the 2nd experiment, JMS was also grown in artificially arsenic spiked soil contaminated up
to 50 mg kg-1 with the application of the adsorbent asclite. The soil was spiked by arsenic
mixing Na2HAsO4.7H2O (di-sodium hydrogen arsenate heptahydrate) as solution. The soil
used in the experiment was commercially obtained (Trust, Tochigi). In this experiment,
asclite was applied at two rates (1 and 2%) along with a control (no asclite) in four
replications. Fertilizer application and other processes were done similarly to the 1st

experiment.
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2.1.3 Third experiment

In the 3rd experiment, the procedure was similar to that of the 2nd experiment but in different
climatic condition (in Bangladesh) where Bangladesh spinach (BS) was grown in alluvial soil.
This soil arsenic content was also artificially raised to 50 mg kg-1 by spiking with arsenic salt,
Na2HAsO4.7H2O (di-sodium hydrogen arsenate heptahydrate), calculating the inherent
arsenic concentration of the soil. The soil was collected from the field of Khulna University,
Bangladesh by composite soil sampling method [52].

2.2 Soils Characteristics

The chemical characteristics of the soils are shown in the Table 1.

Table 1. Chemical analysis of the soils used in the three experiments

Parameters 1st experiment soil 2nd experiment soil 3rd experiment soil
pH 8.15 5.17 7.43
EC (dS m-1) 2.74 0.17 1.25
As (mg kg-1) 242 11.40 6.90
1N HCl Extractable As (mg kg-1) 14.60 0.12 0.29
P (%) 0.62 0.26 0.32
Fe (%) 1.97 2.38 3.44
Na (%) 0.16 0.84 1.12
K (%) 0.53 0.36 0.20
Ca (%) 6.24 0.45 0.65
Mg (%) 1.51 0.31 1.01

2.3 Composition of Asclite

Asclite is an artificially made Fe based material produced by Createrra Inc. Tokyo, Japan. It
is a granular (100～300 µm) amorphous Fe-hydroxide having high ability in strongly and
quickly adsorbing As(III) as well as As(V). Many active -OH groups are present on surface of
outer and inner surfaces of the granules. The composition of asclite is shown in the Table 2.
The elements were measured by X-ray fluorescence analysis by using "Wavelength
Dispersive X-ray Flourescence Spectrometer, Supermini 200, Rigaku Corporation, Tokyo".
Phosphorus in asclite was measured by colorimetric method after being digested by alkaline
(Na2CO3) resolution method.
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Table 2. Physico-chemical characteristics of asclite

Parameters Contents
Fe2O3 (%) 19.4
-OH (%) 44.0
SiO2 (%) 28.9
Al2O3 (%) 24.2
TiO2 (%) 1.13
MnO (%) 0.21
CaO (%) 1.47
MgO (%) 2.18
K2O (%) 0.45
Na2O (%) 0.41
P2O5 (%) 0.26
SO3 (%) 6.33
Arsenic (mg kg-1) Not detected
pH 5.0
Electric conductivity (dS m-1) 0.18
Bulk density (g cm-3) 0.45
Particle size (μm) 100-300

2.4 Measurement of the Elements

Both the soils and plant samples were digested with concentrated nitric acid and perchloric
acid mixture (V/V, 2:1) for the determination of arsenic and other elements. The
concentration of arsenic and the other nutrient elements in the digest were determined on an
hydride generation atomic absorption spectrophotometer (AA-6200, Shimadzu, Kyoto) by
following the prescribed laboratory methods [53, 54]. Reagent blanks were used to ensure
the accuracy and precision in the analysis. The arsenic concentration was expressed as mg
kg-1 DW whereas the total arsenic uptake was expressed as µg plant-1. Total arsenic uptake
was calculated by multiplying the arsenic concentration with the DW of the edible part of the
respective plant.

2.5 Statistical Analyses

The results were expressed as the averages of four replications. The data were subjected to
ANOVA. Differences between means were statistically analyzed using a Ryan-Einot-Gabriel-
Welsch multiple range test (P=.05) run on the SAS software program [55] at Iwate
University, Japan.

3. RESULTS

3.1 First Experiment

Visually there was no distinct change in the growth of the plant due to the application of
asclite. The arsenic concentration (mg kg-1 DW) in the edible part of the plant (JMS) as well
as the total arsenic uptake (µg plant-1) decreased significantly with the application of asclite
as compared to the control plant (Fig. 1a, b). Due to the application of 10% asclite, the
arsenic concentration of edible part of the plant reduced by 43% and it was 60% at 20%
asclite applied soil (Fig. 1a). Reduction of arsenic concentration in plant part was
significantly different from the control in individual rate of asclite application. The average
reduction of arsenic concentration was higher in 20% asclite application than that of 10%



IJPSS, Article no. IJPSS.2014.008

210

asclite application. But there was no significant difference between the applications of 10
and 20% of asclite. The total arsenic uptake (µg plant-1) was also reduced by 36 and 55% for
10 and 20% asclite applications, respectively (Fig. 1b). This reduced amount of arsenic in
asclite applied plant was significantly different from the control plant. The mixing of asclite in
arsenic contaminated soil could reduce the arsenic concentration as well as total arsenic
uptake in plant. There were no significant changes on the nutrient element concentrations in
the plant part (Table 3).

(a) (b)

Fig. 1. (a) Arsenic concentration (mg kg-1 DW), and (b) Total arsenic uptake (µg plant-1)
in the edible part of Japanese mustard spinach grown in 242 mgAskg-1 soil
Bars with different letters are significantly different (P=.05) according to a Ryan–Einot–Gabriel–

Welsch multiple range test. Error bars are the standard deviations (SDs)

Table 3. Changes in dry weight (DW) and nutrient element concentrations in the edible
part of Japanese mustard spinach grown in 242 mgAskg-1 soil

Treatment DW (g) P (mg kg-1) Fe (%) Na (%) K (%) Ca (%) Mg (%)
No asclite 0.18ab

(±0.03)
146.4a

(±1.2)
0.12a

(±0.05)
0.21b

(±0.01)
3.46ab

(±0.29)
1.99b

(±0.28)
0.17a

(±0.03)
10% asclite 0.22a

(±0.02)
126.8a

(±7.6)
0.08a

(±0.03)
0.39a

(±0.02)
3.05b

(±0.22)
2.68a

(±0.23)
0.22a

(±0.01)
20% asclite 0.16b

(±0.02)
143.9a

(±25.4)
0.06a

(±0.01)
0.23b

(±0.07)
3.73a

(±0.44)
2.17b

(±0.24)
0.19a

(±0.03)
Different letters after the values in the table are significantly different (P=.05). Numbers in the parenthesises are the

standard deviations (SDs)
3.2 Second Experiment

In the 2nd experiment, with the application of asclite the arsenic concentration (mg kg-1 DW)
and the total arsenic uptake (µg plant-1) in the edible part of the plant (JMS) were also
reduced as compared to the control. The arsenic concentration in the edible part of the plant
reduced by 29 and 37% at 1 and 2% asclite application, respectively (Fig. 2a). But this
reduced arsenic concentration in the plant part was not significantly different from the
arsenic concentration of the control plant. The total arsenic uptake (µg plant-1) was also
reduced but it was statistically similar (Fig. 2b). The total arsenic uptake (µg plant-1) was
reduced by 40 and 42% for 1 and 2% asclite applications, respectively (Fig. 2b). Similarly to
the result of the 1st experiment, there was no significant change in the growth or visual
symptoms and nutrient element concentrations in the plant part due to the application of
asclite (Table 4).
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(a) (b)

Fig. 2. (a) Arsenic concentration (mg kg-1 DW), and (b) Total arsenic uptake (µg plant-1)
in the edible part of Japanese mustard spinach grown in 50 mgAskg-1 soil

Bars with different letters are significantly different (P=.05) according to a Ryan–Einot–Gabriel–
Welsch multiple range test. Error bars are the standard deviations (SDs)

Table 4. Changes in dry weight (DW) and nutrient element concentrations in the edible part of
Japanese mustard spinach grown in 50 mgAskg-1 soil

Treatment DW (g) P (mg kg-1) Fe (mg kg-1) Na (mg kg-1) K (%) Ca (%) Mg (%)
No asclite 0.54a

(±0.08)
70.8a

(±14.9)
59.6a

(±11.9)
968a

(±30)
2.87a

(±0.47)
2.15a

(±0.42)
0.15a

(±0.06)
1% asclite 0.52a

(±0.12)
83.1a

(±10.4)
88.6a

(±9.4)
990a

(±9)
3.32a

(±0.80)
2.62a

(±0.79)
0.20a

(±0.06)
2% asclite 0.51a

(±0.09)
64.3a

(±25.6)
131.9a

(±53.7)
958a

(±91)
3.72a

(±0.20)
2.02a

(±0.32)
0.20a

(±0.05)
Different letters after the values in the table are significantly different (P=.05). Numbers in the parenthesises are the

standard deviations (SDs)

3.3 Third Experiment

There was no distinct change in plant growth and visual symptoms. The arsenic
concentration (mg kg-1 DW) and total arsenic uptake (µg plant-1) in the edible part of the
plant (BS) are shown in figures 3a and 3b. In this experiment, the arsenic concentration in
the edible part of the plant reduced by 52 and 74% at 1 and 2% asclite application,
respectively (Fig. 3a). The reduced arsenic concentration in plant part was significantly
different from the arsenic concentration in control plant in each rate of asclite application and
between the application rates of asclite also (Fig. 3b). The total arsenic uptake (µg plant-1)
was also reduced significantly and different from the arsenic uptake in the control plant. The
total arsenic uptake (µg plant-1) was reduced by 50 and 66% for 1 and 2% asclite
applications, respectively (Fig. 3b). Similarly to the 1st and 2nd experiments, there were no
significant differences in the growth and nutrient element concentrations in the edible part of
the plant (Table 5).

A summary of the reduced amount of both arsenic concentration (mg kg-1 DW) and total
arsenic uptake (μg plant-1) in the edible part of the plants among the asclite application
doses in all three experiments are shown in Table 6.
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concentration (mg kg-1 DW) and total arsenic uptake (µg plant-1) in the edible part of the
plant (BS) are shown in figures 3a and 3b. In this experiment, the arsenic concentration in
the edible part of the plant reduced by 52 and 74% at 1 and 2% asclite application,
respectively (Fig. 3a). The reduced arsenic concentration in plant part was significantly
different from the arsenic concentration in control plant in each rate of asclite application and
between the application rates of asclite also (Fig. 3b). The total arsenic uptake (µg plant-1)
was also reduced significantly and different from the arsenic uptake in the control plant. The
total arsenic uptake (µg plant-1) was reduced by 50 and 66% for 1 and 2% asclite
applications, respectively (Fig. 3b). Similarly to the 1st and 2nd experiments, there were no
significant differences in the growth and nutrient element concentrations in the edible part of
the plant (Table 5).

A summary of the reduced amount of both arsenic concentration (mg kg-1 DW) and total
arsenic uptake (μg plant-1) in the edible part of the plants among the asclite application
doses in all three experiments are shown in Table 6.
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Table 5. Changes in dry weight (DW) and nutrient element concentrations in the edible part of Bangladesh spinach grown in
50 mgAskg-1 soil

DW (g) P (%) Fe (%) Na (%) K (%) Ca (%) Mg (%)
No asclite 0.54b (±0.05) 0.77a (±0.09) 0.24a (±0.03) 4.03a (±0.42) 0.55b (±0.01) 1.30a (±0.24) 0.80a (±0.03)
1% asclite 0.57b (±0.10) 0.82a (±0.12) 0.12b (±0.03) 3.85a (±0.30) 0.95a (±0.09) 1.33a (±0.21) 0.89a (±0.13)
2% asclite 0.70a (±0.07) 0.78a (±0.13) 0.10b (±0.02) 4.19a (±0.41) 1.21a (±0.32) 1.11a (±0.11) 1.02a (±0.22)

Different letters after the values in the table are significantly different (P = .05). Numbers in the parenthesises are the standard deviations (SDs)

Table 6. Reduction of arsenic concentration and total uptake in edible plant part as affected by asclite application rates

Experiment Arsenic concentration (mg kg-1 DW) Total arsenic uptake (μg plant-1)
Dose (d) comparison No asclite vs

10 or 1%
No asclite vs
20 or 2%

10 or 1% vs
20 or 2%

No asclite vs
10 or 1%

No asclite vs
20 or 2%

10 or 1% vs
20 or 2%

1st experiment (reduction) dno>d10 (43%)* dno>d20 (60%)* d10>d20 (29%)ns dno>d10 (36%)* dno>d20 (55%)* d10>d20 (29%)ns

2nd experiment (reduction) dno>d1 (29%)ns dno>d2 (37%)ns d1>d2 (12%)ns dno>d1 (40%)ns dno>d2 (42%)ns d1>d2 (4%)ns

3rd experiment (reduction) dno>d1 (52%)* dno>d2 (74%)* d1>d2 (47%)* dno>d1 (50%)* dno>d2 (66%)* d1>d2 (33%)ns

*d-indicates asclite application dose; *Indicates statistically significant; ns indicates statistically not significant
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Fig. 3. (a) Arsenic concentration (mg kg-1 DW), and (b) Total arsenic uptake (µg plant-1)
in the edible part of Bangladesh spinach grown in 50 mgAskg-1 soil

Bars with different letters are significantly different (P = .05) according to a Ryan–Einot–Gabriel–
Welsch multiple range test. Error bars are the standard deviations (SDs)

4. DISCUSSIONS

In the 1st experiment, both the arsenic concentration (mg kg-1 DW) and total arsenic uptake
(µg plant-1) in the edible part of the plant (JMS) reduced significantly as compared to the
arsenic contents in control plant. In this experiment, we used a highly arsenic contaminated
soil which contained 242 mgAskg-1 soil and higher rate of asclite was applied (10 and 20%).
Actually, such a type of highly arsenic contaminated soil is unusual in agricultural field. The
soil arsenic concentrations were selected up to 50 mg kg-1 of soil based on the information of
arsenic concentrations in Bangladesh soils [9, 10, 14, 15, 17, 18]. Besides, the rate of asclite
application (10 and 20%) might be practically too high. That’s why, we again conducted the
2nd and 3rd experiment by reducing the asclite application rate and soil arsenic concentration.
These two experiments were conducted in two different climatic conditions growing two
vegetables in two types of soils. Similarly, the 2nd experiment was conducted in Japan
whereas the 3rd experiment was conducted in Bangladesh. In both of the experiments, the
soil arsenic content was artificially raised to 50 mg kg-1 by spiking arsenic and the asclite
application rate was 1 and 2%. In all the three experiments, it was shown that the arsenic
concentration in the edible part of the plants decreased significantly. The decreased arsenic
concentration in the plant part was not due to the dilution effect by the enhancement of the
plant growth. Because, the overall growth of the plants was not affected by the application of
asclite in the arsenic contaminated soils. Besides, the total arsenic uptake in the plant part
was also reduced. Asclite did not have any fertilizer effect. Therefore, the decreased arsenic
concentrations in the plant part might be induced by the adsorption of arsenic by amorphous
Fe hydroxide in asclite.

Asclite is an amorphous Fe hydroxide material, therefore, arsenic might form complexes with
Fe or arsenic might be un-available to plants due to Fe sorption mechanism. Fe-oxide
surfaces are known to be involved in arsenic adsorption in soils [56, 57]. Arsenic is strongly
adsorbed on the surface sites of Fe hydroxides through the formation of inner-sphere
complexes [58]. Carbonell-Barrachina et al. [59] also reported that water soluble Fe
concentrations were highly correlated with dissolved total arsenic, suggesting that hydrous
Fe oxides play an important part in controlling arsenic adsorption-desorption reactions in
sewage sludge. Iron oxides applied to garden soils had shown decreases of up to 50% in
water extractable arsenic concentrations, together with lower accumulation levels in plant
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tissues [51]. The results of our experiments employing arsenic adsorption on asclite, an
amorphous Fe hydroxide material, was in good agreement with the findings of many other
researchers [27, 28, 33, 42, 43, 46, 47, 60, 61] to remediate contaminated soils applied with
amorphous and crystalline Fe hydroxides.

In the 2nd experiment, the reduced arsenic concentration in the edible part of the plant (JMS)
applied with asclite was not significantly different from that of control plant. One of the
reasons might be the effect of soil pH. The pH values of the soils of 1st and 3rd experiments
were higher than 7, while the pH value of the soil of 2nd experiment was 5.2. It is considered
that intensity of the effect of asclite might be affected by pH of the soil because of the
solubility of Fe hydroxide in asclite. Arsenic concentrations in the edible part of the plant
depend on the availability of soil arsenic and the ability of a plant to take up arsenic and to
translocate it to the organs in the shoot [62]. There are many factors that influence arsenic
uptake by plants, including species differences [63], the presence of competing ions [64],
concentration of arsenic in the soil [65], soil type and soil properties such as pH, clay content
[66], redox potential and the presence of Fe oxides.

Besides, there were no significant differences in nutrient element concentration (P, Fe, Na,
K, Ca and Mg) in the edible part of the plants (Tables 3–5). So, the application of asclite, in
reducing arsenic concentrations of the vegetable plant on arsenic contaminated soil had no
harmful effect on the growth and the mineral concentrations of the plants.

Both organic and inorganic forms of arsenic are present in terrestrial plants [67] but arsenic
in terrestrial food plants is dominated by inorganic arsenic [68] and in case of peas and
spinach only inorganic arsenic was present [68]. Douglas et al. [69] reported that the
inorganic arsenic and DMA in rice (n=6) were 43.8% and 56.2%, respectively. In our
experiments, we measured the total arsenic contents in the plant by digesting the plant
samples with a mixture of HNO3 and HClO4. In this experiment, organic and inorganic
arsenic could not be separately measured. It is also reported that in the Bengal Delta region,
where arsenic-contaminated water has been used for irrigation, some vegetables and spices
contained relatively high concentration of arsenic [70, 71] and most of the arsenic are
present only in inorganic forms [69–74]. Inorganic arsenic (arsenite and arsenate) in rice
grain and vegetables contributed 89.9% and 89.2%, respectively [71]; 95% and 96%,
respectively, in West Bengal [73]; 87% and 96%, respectively, in Bangladesh [74] of the total
content of arsenic.

5. CONCLUSION

The application of asclite in arsenic contaminated soil significantly reduced the arsenic
concentration and uptake in the edible part of the vegetable plants in different scales
depending on the soil arsenic concentration, plant species and soil characteristics, thus
reduced the food chain transfer potential of arsenic. The application of asclite also did not
show any adverse effect on the growth and elemental composition of the plants. We think
that asclite could be used in reducing arsenic contents in vegetables when it is grown in
arsenic contaminated soil. A large scale investigation should be conducted to find out the
desirable conditions to increase the effectiveness of the application of asclite to produce
arsenic-safe-food considering the characteristics of soils or plant species.



IJPSS, Article no. IJPSS.2014.008

215

ACKNOWLEDGEMENT

The first author would like to acknowledge JSPS (Japan Society for the Promotion of
Science) to conduct the research by providing financial support under RONPAKU
(DISSERTATION PhD) program. The authors also thank Dr. Kitajima of Fujita Corporation
for providing As contaminated soil.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Matschullat J. Arsenic in the geosphere–a review. Sci Total Environ. 2000;249(1):297–
312.

2. Nriagu JO, Pacyna JM. Quantitative assessment of worldwide contamination of air,
water and soils by trace metals. Nature. 1988;133(6169):134–139.

3. Cullen WR, Reimer KJ. Arsenic speciation in the environment. Chem Rev.
1989;89(4):713–764.

4. Dermatas D, Moon DH, Menounou N, Meng X, Hires R. An evaluation of arsenic
release from monolithic solids using a modified semi-dynamic leaching test. J Hazard
Mater. 2004;116(1–2):25–38.

5. Hudson-Edwards KA, Houghton SL, Osborn A. Extraction and analysis of arsenic in
soils and sediments. Trac-Trend Anal Chem. 2004;23(10–11):745–752.

6. Chakravarty I, Sinha RK, Ghosh K. Arsenic in food chain–study on both raw and
cooked food. In: Ahmed MF, editor. Arsenic contamination: Bangladesh perspective.
Dhaka: ITN-Bangladesh; 2003.

7. Correll R, Imamul Huq SM, Smith E, Owens G, Naidu R. Dietary intake of arsenic from
crops. In: Naidu R, Smith E, Owens G, Bhattacharya P, Nadebaum P. editors.
Managing arsenic in the environment: from soil to human health. Melbourne: CSIRO
Publishing; 2006.

8. Farid ATM, Roy KC, Hossain KM, Sen R. A study of arsenic contaminated irrigation
water and its carried over effect on vegetable. In: Ahmed MF, Ali MA, Adeel Z, editors.
Fate of arsenic in the environment. Dhaka, BUET-UNU; 2003.

9. Imamul Huq SM, Correll R, Naidu R. Arsenic accumulation in food sources in
Bangladesh: variability with soil type. In: Naidu R, Smith E, Owens G, Bhattacharya P,
Nadebaum P. editors. Managing arsenic in the environment: from soil to human
health. Melbourne: CSIRO Publishing; 2006.

10. Imamul Huq SM, Joardar JC, Parvin S, Correll R, Naidu R. Arsenic contamination in
food chain: arsenic transfer into food materials through groundwater irrigation. J
Health Popul Nutr. 2006;24(3):305–316.

11. Mandal BK, Suzuki KT. Arsenic around the world: a review. Talanta. 2002;58(1):201–
235.

12. Kabata-Pendias A, Pendias H. Trace elements in soils and plants. Boca Raton, USA:
CRC Press; 1992.

13. Larsen EH, Moseholm L, Nielsen MM. Atmospheric deposition of trace elements
around point sources and human health risk assessment: II. Uptake of arsenic and
chromium by vegetables grown near a wood preservation factory. Sci Total Environ.
1992;126(3):263–275.



IJPSS, Article no. IJPSS.2014.008

216

14. Ali MA. Fate of arsenic in the environment. In: Ahmed MF, editor. Arsenic
contamination: Bangladesh perspective. Dhaka: ITN-Bangladesh; 2003.

15. Heikens A. editor. Arsenic contamination of irrigation water, soil and crops in
Bangladesh: Risk implications for sustainable agriculture and food safety in Asia. RAP
PUBLICATION 2006/20, Bangkok; 2006.

16. Imamul Huq SM, Naidu R. Arsenic in groundwater and contamination of the food
chain: Bangladesh scenario. In: Bundschuh J, Bhattacharya P, Chandrasekharam D,
editors. Natural arsenic in groundwater: occurrence, remediation and management.
New York: AA Balkema Publishers; 2005.

17. Imamul Huq SM, Rahman A, Sultana N, Naidu R. Extent and severity of arsenic
contamination in soils of Bangladesh. In: Ahmed MF, Ali MA, Adeel Z, editors. Fate of
arsenic in the environment. Dhaka, BUET-UNU; 2003.

18. Meharg AA, Rahman MM. Arsenic contamination of Bangladesh paddy field soils:
Implications for rice contribution to arsenic consumption. Environ Sci Technol.
2003;37(2):229–234.

19. Mulligan CN, Yong RN, Gibbs BF. Remediation technologies for metal contaminated
soils and groundwater: An evaluation. Eng. Geol. 2001;60(1–4):193–207.

20. Vangronsveld J, Cunningham SD. Introduction to the concepts. In: Vangronsveld J,
Cunningham SD, editors. Metal contaminated soils: in situ inactivation and
phytorestoration. Berlin, Springer Verlag; 1998.

21. Aldrich MV, Peralta-Videa JR, Parsons JG, Gardea-Torresdey JL. Examination of
arsenic(III) and (V) uptake by the desert plant species mesquite (Prosopis spp.) using
x-ray absorption spectroscopy. Sci Total Environ. 2007;379(2-3):249–255.

22. Meharg AA, Hartley-Whitaker J. Arsenic uptake and metabolism in arsenic resistant
and non-resistant plant species. New Phytol. 2002;154(1):29–43.

23. Jang M, Hwang JS, Choi SI, Park JK. Remediation of arsenic contaminated soils and
washing effluents. Chemosphere. 2005;60(3):344–354.

24. Kim JY, Davis AP, Kim KW. Stabilization of available arsenic in highly contaminated
mine tailings using iron. Environ Sci Technol. 2003;37(1):189–195.

25. Amrate S, Akretche DE. Modeling EDTA enhanced electrokinetic remediation of lead
contaminated soils. Chemosphere. 2005;60(10):1376–1383.

26. Kim SO, Kim WS, Kim KW. Evaluation of electrokinetic remediation of arsenic-
contaminated soils. Environ Geochem Health. 2005;27(5–6):443–453.

27. Kumpiene J, Montesinos I, Lagerkvist A, Maurice C. Evaluation of the critical factors
controlling stability of chromium, copper, arsenic and zinc in iron-treated soil.
Chemosphere. 2007;67(2):410–417.

28. Hartley W, Edwards R, Leep NW. Arsenic and heavy metal mobility in Fe oxide-
amended contaminated soils as evaluated by short- and long- term leaching test.
Environ Pollut. 2004;131(3):495–504.

29. Patinha C, Ferreira da Silva E, Fonseca EC. Mobilization of arsenic at the Talhadas
old mining area-Central Portugal. J Geochem Explor. 2004;84(3):167–180.

30. Anderson MA, Ferguson JF, Gavis J. Arsenate adsorption on amorphous aluminum
hydroxide. J Colloid Interf Sci. 1976;54(3):391–399.

31. Boisson J, Mench M, Vangronsveld J, Ruttens A, Kopponen P, DeKoe T.
Immobilization of trace metals and arsenic by different soil additives: Evaluation by
means of chemical extractions. Commun Soil Sci Plant Anal. 1999;30(3–4):365–387.

32. Frost R, Griffin R. Effect of pH on adsorption of arsenic and selenium from landfill
leachate by clay minerals. Soil Sci Soc Am J. 1977;41(1):53–57.

33. Garcia-Sanchez A, Alvarez-Ayuso E, Rodriguez-Martin F. Sorption of As(V) by some
oxyhydroxides and clay minerals. Application to its immobilization in two polluted
mining soils. Clay Miner. 2002;37(1):187–194.



IJPSS, Article no. IJPSS.2014.008

217

34. Goldberg S. Chemical modeling of arsenate adsorption on aluminum and Fe oxide
minerals. Soil Sci Soc Am J. 1986;50(5):1154–1157.

35. Manning BA, Goldberg S. Modeling arsenate competitive adsorption on kaolinite,
montmorillonite and illite. Clay Clay Miner. 1996:44(5):609–623.

36. Pena M, Meng X, Korfiatis GP, Jing C. Adsorption mechanism of arsenic on
nanocrystalline titanium dioxide. Environ Sci Technol. 2006;40(4):1257–1262.

37. Scott MJ, Morgan JJ. Reactions at oxide surfaces. I. Oxidation of As(III) by synthetic
birnessite. Environ Sci Technol. 1995;29(8):1898–1905.

38. Chao TT. Use of partial dissolution techniques in geochemical exploration. J Geochem
Explor. 1984;20(2):101–135.

39. Dhoum RT, Evans GJ. Evaluation of uranium and arsenic retention by soil from a low
level radioactive waste management site using sequential extraction. Appl Geochem.
1998;13(4):415–420.

40. Dudas MJ. Accumulation of native arsenic in acid sulfate soils in Alberta. Can J Soil
Sci. 1987;67(2):317–331.

41. Bowell RJ. Sorption of arsenic by iron oxides and oxyhydroxides in soils. Appl
Geochem. 1994;9(3):279–286.

42. Doi M, Warren G, Hodson ME. A preliminary investigation into the use of ochre as a
remedial amendment in arsenic contaminated soils. Appl Geochem.
2005;20(12):2207–2216.

43. Fukushi K, Sverjensky D. A predictive model (ETLM) for arsenate adsorption and
surface speciation on oxides consistent with spectroscopic and theoretical molecular
evidence. Geochim Cosmochim Ac. 2007;71(15):3717–3745.

44. Jain A, Raven KP, Loeppert RE. Arsenite and arsenate adsorption on ferrihydrite:
Surface charge reduction and net OH-release stoichiometry. Environ Sci Technol.
1999;33(8):1179–1184.

45. Raven KP, Jain A, Loeppert RH. Arsenite and arsenate adsorption on ferrihydrite:
Kinetics, equilibrium and adsorption envelopes. Environ Sci Technol. 1998;32(3):344–
349.

46. Sherman DM, Randall SR. Surface complexation of arsenic(V) to iron(III) (hydr)oxides:
structural mechanism from ab initio molecular geometries and EXAFS spectroscopy.
Geochim Cosmochim Ac. 2003;67(22):4223–4230.

47. Warren GP, Alloway BJ, Lepp NW, Singh B, Bochereau FJ, Penny C. Field trials to
assess the uptake of arsenic by vegetables from contaminated soils and soil
remediation with Fe oxides. Sci Total Environ. 2003;311(1–3):19–33.

48. Dzombak DA, Morel FMM. Surface complexation modelling: Hydrous ferric oxides.
New York, Wiley; 1990.

49. Ford RG. Rates of hydrous ferric oxide crystallization and the influence on
coprecipitated arsenate. Environ Sci Technol. 2002;36(11):2459–2463.

50. Lidelöw S, Ragnvaldsson D, Leffler P, Tesfalidet S, Maurice C. Field trials to assess
the use of iron-bearing industrial by-products for stabilization of chromated copper
arsenate-contaminated soil. Sci Total Environ. 2007;387(1–3):68–78.

51. Mench M, Vangronsveld J, Lepp NW, Edwards R. Physico-chemical aspects and
efficiency of trace element immobilization by soil amendments. In: Vangronsveld J,
Cunningham SD, editors. Metal contaminated soils: in situ inactivation and
phytorestoration. Berlin, Springer Verlag; 1998.

52. USDA (United States Department of Agriculture). Soil survey manual. Soil survey staff,
Bureau of plant industry, soils, and agricultural engineering, Washington: USDA; 1951.

53. Imamul Huq SM, Alam MD, editors. A Handbook on analyses of soil, plant and water.
University of Dhaka, Bangladesh: BACER-DU; 2005.



IJPSS, Article no. IJPSS.2014.008

218

54. Smith RG, Van Loon JC, Knechtel JR, Fraser JL, Pitts AE, Hodges AE. A simple and
rapid hydride generation-atomic absorption method for the determination of arsenic in
biological, environmental and geological samples. Anal Chim Acta. 1977;93(1):61–67.

55. SAS Institute. SAS/STAT User’s Guide, No. 1, ANOVA, Version 6. Statistical analysis
system institute, Cary, NC; 1988.

56. Lumsdon DG, Fraser AR, Russell JD, Livesey NT. New infrared band assignments for
the arsenate ion adsorbed on synthetic goethite (α-FeOOH). J Soil Sci.
1984;35(3):381–386.

57. Waychunas GA, Rea BA, Fuller CC, Davis JA. Surface chemistry of ferrihydrite: Part
1. EXAFS studies of the geometry of coprecipitated and adsorbed arsenate. Geochim
Cosmochim Ac. 1993;57(10):2251–2269.

58. Goldberg S, Johnston CT. Mechanisms of arsenic adsorption on amorphous oxides
evaluated using macroscopic measurements, vibrational spectroscopy, and surface
complexation modelling. J Colloid Interf Sci. 2001;234(1):204–216.

59. Carbonell-Barrachina AA, Jugsujinda A, Burlo F, Delaune RD, Patrick Jr WH. Arsenic
chemistry in municipal sewage sludge as affected by redox potential and pH. Water
Res. 1999;34(1):216–224.

60. Dixit S, Hering JG. Comparison of arsenic(V) and arsenic(III) sorption onto iron oxide
minerals: implications for arsenic mobility. Environ Sci Technol. 2003;37(18):4182–
4189.

61. Warren GP, Alloway BJ. Reduction of arsenic uptake by lettuce with ferrous sulfate
applied to contaminated soil. J Environ Qual. 2003;32(3):767–772.

62. Huang RQ, Gao SF, Wang WL, Staunton S, Wang G. Soil arsenic availability and the
transfer of soil arsenic to crops in suburban areas in Fujian Province, southeast China.
Sci Total Environ. 2006;368(2–3):531–541.

63. Walsh LM, Keeney DR. Behaviour and phytotoxicity of inorganic arsenicals in soils. In:
Woolson EA, editor. Arsenical pesticides. Washington DC, American Chemical
Society; 1975.

64. Khattak RA, Page AL, Parker DR, Bakhtar D. Accumulation and interactions of
arsenic, selenium, molybdenum and phosphorous in alfalfa. J Environ Qual.
1991;20(1):165–168.

65. NAS (National Academy of Sciences). Arsenic. Washington, DC, USA: The national
research council. National Academy of Sciences; 1977.

66. Joardar JC, Rashid MH, Imamul Huq SM. Adsorption of arsenic (As) in soils and in
their clay fraction. Dhaka Univ J Biol Sci. 2005;14(1):51–61.

67. Zhao FJ, McGrath SP, Meharg AA. Arsenic as a food chain contaminant: mechanisms
of plant uptake and metabolism and mitigation strategies. Annu Rev Plant Biol.
2010;61:535–559.

68. Schoof RA, Yost LJ, Eickhoff J, Crecelius EA, Cragin DW, Meacher DM, Menzel DB. A
market basket survey of inorganic arsenic in food. Food Chem Toxicol.
1999;37(8):839–846.

69. Douglas TH, Nohora PV, Kirsten RS, Craig SW. Determination of total and speciated
arsenic in rice by ion chromatography and inductively coupled plasma mass
spectrometry. J Anal At Spectrom. 2001;16(4):299–306.

70. Roychowdhury T, Tokunaga H, Ando M. Survey of arsenic and other heavy metals in
food composites and drinking water and estimation of dietary intake by the villagers
from an arsenic-affected area of West Bengal, India. Sci Total Environ. 2003;308:15–
35.

71. Roychowdhury T. Impact of sedimentary arsenic through irrigated groundwater on soil,
plant, crops and human continuum from Bengal delta: special reference to raw and
cooked rice. Food ChemToxicol. 2008;46(8):2856-2864.



IJPSS, Article no. IJPSS.2014.008

219

72. Williams PN, Islam MR, Adomako EE, Raab A, Hossain SA, Zhu YG, Feldmann J,
Meharg AA. Increase in rice grain arsenic for regions of Bangladesh irrigating paddies
with elevated arsenic in groundwaters. Environ Sci Technol. 2006;40(16):4903–4908.

73. Chowdhury UK, Rahman MM, Mandal BK, Paul K, Lodh D, Biswas BK, Basu GK,
Saha KC, Mukherjee SC, Roy S, Das R, Kaies I, Barua AK, Palit SK, Zaman QQ,
Chakraborti D. Groundwater arsenic-contamination and human sufferings in West
Bengal, India and Bangladesh. Environ Sci. 2001;8:393–415.

74. Smith NM, Lee R, Heitkemper DT, Cafferky KD, Haque A, Henderson AK. Inorganic
arsenic in cooked rice and vegetables from Bangladeshi households. Sci Total
Environ. 2006;370:294–301.

_________________________________________________________________________
© 2014 Joardar et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=363&id=24&aid=2756


