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Abstract A study conducted in 2006 showed that over
100 ha of rice paddies in Beitou, Taiwan, irrigated over the
years using water mixed with hot spring, was heavily
polluted by arsenic. Thus, the objective of the present study
is to measure arsenic content in different parts of rice and
paddy soils, and eventually explain the arsenic distribution
in ratoon rice, including its relationship to the soil. Arsenic
levels of rice in grains, straws, roots, and soils were
obtained from 15 rice paddies, selected based on different arsenic soil concentrations ranging from 67 to
438 mg kg-1 (n = 15). The mean arsenic content in grains
was measured at 0.20 mg kg-1 (n = 60) and the highest
grain arsenic of the survey was at 1.183 mg kg-1. Meanwhile, the mean total arsenic levels were 244 mg kg-1
(n = 28) in root and 4.4 mg kg-1 (n = 28) in straw. In
comparison, regression of topsoil arsenic levels with rice
grains (r2 = 0.00) and straws (r2 = 0.56) were less significant compared to that with rice roots (r2 = 0.93), and
the mean arsenic level in rice from root to grain was also
shown to have a decreasing trend. Though concentrations
of arsenic in compositive rice grain each field did not
exceed food hygiene concentration limit, arsenic level in
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root strongly depended on arsenic concentrations of soil
suggesting that the high arsenic concentration may have the
potential for translocation from root to grain which ultimately effects on the human health.
Keywords Arsenic  FPXRF  Rice  Soil
contamination

Introduction
Arsenic is one of the most critical global environmental
toxicants. High concentrations of arsenic in groundwater
have been reported from several countries, including
Argentina, Bangladesh, Chile, China, India, Japan, Mexico,
Mongolia, Nepal, Poland, Taiwan, Vietnam, and some
parts of the United States (Chowdhury et al. 2000; Smith
et al. 2001; Anawar et al. 2002; Mitra et al. 2002; Pandey
et al. 2002; Meharg and Rahman 2003). The nature of the
arsenic contamination of shallow hand tube wells in the
southwestern region and northeastern basin of Taiwan is
believed to have been exposed to humans through drinking
water (Hsu et al. 1999; Tseng et al. 2000).
Generally, in unpolluted environments, ordinary crops
do not accumulate enough arsenic for them to become toxic
to humans. However, in arsenic-contaminated soil, the
uptake of arsenic by the plant tissue is significantly elevated, particularly in vegetables and edible crops (Larsen
et al. 1992). In Bangladesh, the normal irrigated soil contains 4–8 mg kg-1 of arsenic, while in areas where irrigation with arsenic-contaminated water is carried out, the
soil arsenic concentration can be up to 83 mg kg-1(Ullah
1998). The reported average of 10 mg kg-1 of arsenic
naturally manifests in soils worldwide (Das et al. 2002); in
Taiwan, 4.54–5.65 mg kg-1 of arsenic has been generally
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investigated in farmlands (Chen and Lee 1995; Chang et al.
1999). However, for the first time, over 100 ha of paddies
in Beitou, Taipei, Taiwan were found to be heavily polluted with arsenic (4.71–513 mg kg-1 dry weight). These
paddies have long been irrigated using water mixed with
hot spring in the early years (Chang et al. 2007).
To assess the risk posed by As in the diet, As speciation
must be ascertained because inorganic As (arsenate and
arsenite) is more toxic than its counterpart—methylated
organic forms (monomethyl arsenic acid, MMAv; dimethyl
arsenic acid, DMAv) present in plants (Abedin et al. 2002;
Meharg and Hartlet-Whitaker 2002). A previous study,
albeit limited, suggested that the majority of As in Taiwan’s
rice is inorganic, with the rice strain influencing speciation
(Schoof et al. 1998). In general, there were reports that there
is an elevated arsenic concentration, that is, 0.41 mg of As
kg-1 fresh weight in grain (n = 341), based on collected
samples from different locations (Li et al. 1994). Similarly,
0.10 mg of As kg-1 fresh weight in grain (n = 280) had
been collected from market baskets in Taiwan (Lin et al.
2004). Rahman et al. (2007a, b) conducted glasshouse and
field-level experiments to investigate the concentrations of
arsenic in grain (0.2–0.7 mg kg-1 dry weight), straw
(0.9–23.7 mg kg-1 dry weight), husk (0.2–1.6 mg kg-1 dry
weight), and root (46.3–51.9 mg kg-1 dry weight). In
China, arsenic levels in rice grain reached 0.7 mg kg-1 from
those grown on paddy soils with 68 mg of As kg-1 (Xie and
Huang 1998), showing the potential for arsenic eventual
contamination of rice grain from contaminated paddy soils.
Unfortunately, paddy rice is the staple food of these regions.
Different plant parts showed different abilities to accumulate arsenic content. There have been reports on arsenic
content in tissues of rice, which are distributed in fractions,
although values vary greatly due to differences in varieties,
fertilizers, or cultivating behavior in field sites or glasshouses (Marin et al. 1992; Abedin et al. 2002; Alam and
Rahman 2003; Das et al. 2004; Rahman et al. 2004, 2007a,
b). In principle, arsenic concentration in rice straw
increases significantly with increasing arsenic concentration in rice root. However, arsenic translocation from straw
to rice grain does not differ significantly for variations in
rice strain (Abedin et al. 2002; Rahman et al. 2007b).
Regardless of soil arsenic concentrations mentioned in
previous studies, arsenic concentration in rice tissues followed this trend: root [ straw [ grain.
There is, therefore, great concern regarding accumulation of arsenic in rice planted in Taiwan. However, at the
present, there is scarcity of evidence concerning accumulated quality of arsenic poisoning in different rice tissues
via the absorption of root in this study area. The present
study was undertaken with the objective of measuring
arsenic content in different parts of ratoon rice and paddy
soils during field investigation, and in particular, to
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understand the arsenic distribution in ratoon rice, including
its relationship to soils.

Methods and materials
Study site
In this work, field experiments were conducted in the aftergrowth (July to December 2006) of rice in the Gaudau
Plan (25°70 35.2700 N, 121°290 42.2000 E). The site covers
about 842 ha of Beitou in Taipei, Taiwan. The main area
selected for this study encompasses *128 ha of rice paddies heavily polluted by arsenic, with an official reported
arsenic concentration levels above 60 mg kg-1, the first
ever recorded in Taiwan, during November, 2006 (Chang
et al. 2007). In the area, the annual average rainfall is
2,471 mm (1998–2006). Rainy season normally occurs
during summer and autumn, about 69 % of the annual
average according to the data of the Central Weather
Bureau. From late 1970s, a great part of irrigated water was
derived from a mix of urban waste and stream water around
the study areas and the water source was different from that
used in the early years.
The arsenic levels of irrigation water and water in the
shallow tube wells, with depth of 5–6 m in situ, were
obtained from the 2006 study. Their collected samples
were located within the study site (see Fig. 1). Data have
also been provided through the regular/seasonal monitored
water quality study conducted from 2005 to 2006 by the
Ecological Engineering Research Center of National Taiwan University (NTU EERC). Total arsenic in shallow
tube wells ranged from 0.026 to 0.031 mg l-1 (n = 3) in
2006 and varied from 0.004 to 0.049 mg l-1 (n = 8) in
irrigated water between 2005 and 2006 (Chang et al. 2007).
The analyzed results of this study indicate that arsenic
levels both in irrigation water or groundwater did not
increase even though the soil was considered extremely
polluted with arsenic, as compared with other previous
studies in Bangladesh and China (Ullah 1998; Xie and
Huang 1998).
Sample collection and treatment
Fifteen (15) field blocks based on a recent official investigation of the polluted arsenic soils of Gaudan Plan were
chosen to collect sample grains, straws, roots, and soils for
the study areas. The area size of the different field experiments ranged from 938 to 5,000 m2. During harvesting,
four samples of each field site covering two rice varieties,
such as Taikeng No.8 (Tk8) and Tai Nan No.11 (TN11),
were collected and positioned in a diagonal from inlet to
outlet, and similar procedures were conducted for soils,
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Fig. 1 Site of sampling locations including rice, monitored water in channel and tube well

including topsoil (0–15 cm) and subsoil (15–30 cm),
respectively (see Fig. 1). Meanwhile, we also identified 5
of 15 field blocks to take samples of straws and roots.
Overall, we gathered 60 samples of grains (n = 20 for
TN11; n = 40 for Tk8), 20 samples of straws and roots
(n = 4 for TN11; n = 16 for Tk8), and 120 samples of
soils for the analysis of the arsenic levels.
The field-portable X-ray fluorescence (FPXRF) analyzer
offers an attractive, in situ alternative to the lengthy and
costly traditional laboratory analysis of contaminated soil
(Piorek 1997). An experiment was conducted to determine
whether there was a significant relationship between
chemical digestion extractable and FPXRF-analyzed metal
levels, and whether the detection limits of FPXRF were
sufficient to ‘‘screen’’ soils for heavy metals at levels which
would be deemed to be contaminated under modern guidance (CLEA 2002; Kilbride et al. 2006). All soil samples
(n = 120) were collected from the 15 fields (four points
per field) from two depths (0–15 and 15–30 cm) in
December 2006. Then each soil sample was dried to constant weight in an air-circulated oven, ground, sifted
through a 2-mm sieve, and stored in polypropylene containers prior to the analysis using FPXRF (Alpha 6500,

Innov-X Systems, Inc. USA). Similarly, the compostive
topsoil and rice samples were digested, following the study
of Das et al. (2004) in which there was prior analysis using
the Atomic Absorption Spectophotometry (AAS) equipped
with hydride generation.
Tissues of straws and roots were first washed with deionized water to remove dust and soil particles, and air-dried
for 3 h, and then dried at 108 °C until a constant weight was
obtained. The dried samples and grains were then homogenized and wet-digested. Ground samples of the grains
(2.5 g), straws (2.5 g), and roots (1 g) were digested by
initially adding 25.0 ml of nitric acid (HNO3, 65 %) and
mildly heating them at 100 °C for 30 min to oxidize instable
oxide. After some degree of cooling, 10 ml of perchloric
acid (HClO4, 70–72 %) was added, and the solution was
heated to a boil, avoiding it from being fully emptied, until a
clear solution and dense white smoke of trioxide sulfur
(SO3) was obtained. Afterward, 50 ml of de-ionized water
was added to the reactor containers and boiled to rid the
remainder smoke of dioxide nitrogen. The digested samples
were then filtered using a 0.45-lm filter and analyzed for
total arsenic concentrations. The volume of the digested
solution was made up to 45 ml with MQ water.

123

14

Paddy Water Environ (2015) 13:11–18

Analytical instruments

Table 2 Physico-chemical properties of topsoil (0–15 cm) in situ
(n = 15)

Arsenic content of soil and rice tissue digests was determined through a flow-injection hydride generation AAS
using a GBC-Avanta interfaced with the GBC hydride
generator 3000 (HG-3000). To cut down on cost and time
allocated for traditional analysis, which accurately reflect
the arsenic concentration determined using the aqua regia
extraction procedure, compostive soil samples from each
block were analyzed using FPXRF to eventually obtain a
comparative dataset. The instrument was set for 300 s
analyzing time for each of the 30 samples. The correlation
between chemical digestion extractable and FPXRF arsenic
concentration (Table 1) in this study case was generally
consistent with previously reported values (Kilbride et al.
2006), and in accordance with criteria for characterizing
data quality adopted from US EPA (1998).

Properties

Physico-chemical properties of soils
The physical properties of soil, such as distribution of
particle size and textural classes in situ, were determined
(Table 2). The soil is composed of clay loam (sand 23.9 %,
silt 25.9 %, and clay 50.2 %) and is blackish in color. The
site of the experiment represented Gangotic alluvial soil.
The chemical properties of soil, such as pH, CEC, and total
arsenic, were also observed (Table 2).
Statistical analysis
The experimental datum was statistically analyzed. Twoway ANOVA was used to test for significant differences
between the arsenic concentrations in different plant parts
according to Duncan multiple range test (DMRT) at 5 %
level and correlation coefficient was computed by SPSS
13.0 for windows.

Results and discussion
Arsenic levels in soil
According to the published official report from the
Department of Environmental Protection by the Taipei City

Field soil
Min.

Max.

Mean

% Sand (2–0.05 mm)

10.4

48.3

23.9

% Silt (0.05–0.002 mm)

5.0

35.6

25.9

% Clay (\0.02 mm)
Textural class

42.8
Clay-fine

58.2

50.2

pH (soil:water = 1:10)

4.6

5.7

5.1

CEC (mequiv/100 g)

9.39

33.50

19.88

Total arsenic (mg kg-1)

67.2

438

184.6

Government in 2006, soil arsenic content exceeded
60 mg kg-1 about 128 ha of paddies in Betou. In this
study, a total of 120 soil samples was collected and tested.
The arsenic levels in paddy topsoil and subsoil ranged from
62 to 531 mg kg-1 (n = 60) and 52–530 mg kg-1
(n = 60) dry weight, respectively (Table 3), via using
FPXRF. Their mean ± SD concentrations were 192 ± 99
and 212 ± 107 mg kg-1, which were far higher than both
of the reported average of 10 mg kg-1 of arsenic naturally
present in soil worldwide (Das et al. 2002) and
5.65 mg kg-1 of arsenic was present in the farmland in
Taiwan (Chang et al. 1999). Whatever the level, arsenic
was found to be present in the topsoil and subsoil of the
samples collected from the study area. Simply put, these
results indicate the arsenic contamination of the soil. The
similar situation of arsenic levels in topsoil and subsoil
probably resulted from vertical soil homogenization with
the usage of plowing processes over a long period of time.
Agricultural activities, such as the use of fertilizers,
pesticides, and irrigating water, could increase the arsenic
content in soil (Das et al. 2004), but datum was not available
on the specific contribution of the above processes in this
study case. For example, the unusual irrigated soil of
Bangladesh had reached 83 mg of As kg-1 due to irrigation
with the arsenic-contaminated water (Ullah 1998). Unfortunately, in relation to the recently monitored data on irrigation water from 2004 to 2006 and tube well water in 2006,
there is apparently lack of evidence to infer the study areas
extremely polluted by arsenic. Before 2006, there were no
official government records concerning the existence of

Table 1 X-ray tube FPXRF data showing the r2 for the entire arsenic concentration range of the sample set
Aqua regia extractable
concentration range (mg kg-1)

FPXRF concentration
range (mg kg-1)

n

r2

RSD

Gradient
of line

y-Intercept

Data quality
level

source

2–5646

2–3920

80

0.93

11.2

0.87

0.13

Qualitative

Kilbride et al. (2006)a

67–496

61–435

30

0.88

3.4

0.94

0.16

Definitive

This studya

a

Total number of paired samples in which both the aqua regia and X-ray tube FPXRF analyzer detected the specified analyte
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Table 3 Arsenic levels of soil and tissues of ratoon rice plant (mg kg-1)
Rice straina

Total arsenic in tissues of rice plants
Grain

Straw

Arsenic by FPXRF
Root

Topsoil (0–15 cm)

Subsoil (15–30 cm)

Tk8

0.23 ± 0.24 (40)

4.7 ± 1.4 (16)

266 ± 98 (16)

209 ± 92 (40)

237 ± 98 (40)

TN11

0.15 ± 0.05 (20)

3.2 ± 0.4 (4)

157 ± 27 (4)

159 ± 106 (20)

162 ± 111 (20)

Total

0.20 ± 0.20 (60)

4.4 ± 1.4 (20)

244 ± 98 (20)

192 ± 99 (60)

212 ± 107 (60)

The results are expressed as mean ± SD (n), (n) means numbers of sampling
a

Tk8: Taikeng No. 8; TN11: Tai Nan No. 11

extensive industries emitting arsenic in Beitou. On the other
hand, drawn water with mixed hot spring of arsenic from the
Thermal Valley in Taipei could have probably resulted to
the arsenic-contaminated soil in the short of water about
two hundred years ago among the study areas according to a
report of local irrigation association.
Arsenic levels in tissues of rice plant
In this case study, the samples covering two varieties of
rice (type of Tk8 and TN11) were collected and tested for
concentration of arsenic in different parts of rice plants
such as rice grain, straw, and root (Table 3). The
mean ± SD total arsenic concentrations in rice grain was
0.201 ± 0.198 mg kg-1 dry weight, with a range of
0.076–1.183 mg kg-1 (n = 60) in the extremely contaminated soil (62–531 mg of As kg-1 dry weight in topsoil). In
each field, the mean total arsenic concentration from four
rice grain samples did not exceed the food hygiene concentration limit of 1.0 mg kg-1 dry weight recommended
by the UK and Australia (Warren et al. 2003), which was
approximately consistent with a previous study in Taiwan
(Lin et al. 2004). However, the first and second highest
concentrations of arsenic in rice grains were found to have
a content of 1.183 and 1.163 mg kg-1 dry weight, collected from the RS3 and RS7 fields, respectively. The
remainders of arsenic content were all below
0.516 mg kg-1 dry weight. The comparison of arsenic
content of Tk8 with TN11 in rice grains indicated that the
difference of two rice strains could not be clearly recognized by the test result. This might be because growth of
rice plants seems to depend on the amount of arsenite in
soil, and arsines damage the roots of rice, resulting in the
inhibition of nutrient uptake (Abedin et al. 2002). Rahman
et al. (2007b) also reported that arsenic translocation from
straw to rice grain did not differ significantly for the
variations of rice strain.
From the test result, arsenic distribution in tissues of rice
plant was found to be 98.2 % in root, 1.7 % in straw, and
0.1 % in grain (Table 3). It was also clear that the arsenic
accumulation of rice plants varied from different parts,
which had the same increasing tendency from grain to root,

as manifested in many countries including Bangladesh,
USA, and Taiwan, among others (Marin et al. 1993; Abedin et al. 2002; Rahman et al. 2007a, b). In the selection of
RS1, RS2, RS3, RS12, and RS14 field, the all mean arsenic
concentrations were higher in the root (244 mg kg-1) and
straw (4.36 mg kg-1) compared with that in rice grain
(0.195 mg kg-1). From the test result presented in Table 3, it
was clear that the mean ± SD total arsenic concentrations in
straw and root, measured individually at 4.4 ± 1.4 and
244 ± 98 mg kg-1 dry weight, varied from about 2.3 to
7.5 mg kg-1 (n = 20) and 126 to 464 mg kg-1 (n = 20),
respectively. In both TN11 and Tk8, results indicated that
most of arsenic accumulated into rice tissues remained in
root. Similar associations were observed in earlier studies,
but the ratio of root/straw and root/grain As, which measured
1.17–32 and 36–400, respectively (Abedin et al. 2002; Alam
and Rahman 2003; Das et al. 2004; Rahman et al. 2007b), in
other contaminated areas, was far lower than the ratio of
approximately 60 and 980 separately in this study case.
Further studies are needed to find out the practical mechanism of translocation from rice root to grain on contaminated
arsenic soil.
In this study, tissues of rice that had the highest amount
of arsenic in root also showed a higher amount of arsenic in
straw. It was easy to perceive the contrast relation of
arsenic between straw versus grain and straw versus root. A
positive correlation (r2 = 0.53, p = 0.16) of arsenic in rice
straw and in rice root was higher than that (r2 = 0.02,
p = 0.80) of arsenic in rice grain and in rice root on the
contaminated arsenic topsoil (0–15 cm). This might be
because rice plants accumulated a large number of arsenic
in the roots and only minor amounts of arsenic were
translocated to the straws. Though the nature of translocation involved in rice tissues is unclear right now, some
previous studies demonstrated that the concentration and
chemical form of arsenic applied had significant effects on
the arsenic uptake and translocation by rice plants in the
pot experiment (Marin et al. 1992; Shaibur et al. 2006) and
the distribution of arsenic compounds into different rice
tissues were also strongly dependent on rice strains (Rahman et al. 2007c). Regardless of soil arsenic concentrations
in the study, the arsenic concentrations in rice tissues
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As levels in
-1
grain(mg kg )

As levels in
-1
straw(mg kg )

6.00

0.50

5.00

0.40

y = 7E-05x + 0.189

0.30

4.00

2

r = 0.00

3.00

0.20
0.10
0.00
0

As levels in
-1
top soil(mg kg )

100

200

300

400

500

y = 0.006x + 2.978

2.00
1.00
0.00
0

2

r = 0.56
As levels in
-1
top soil(mg kg )

100

200

300

400

500

(b)

(a)
As levels in
-1
grain(mg kg )

As levels in
-1
root(mg kg )

500

0.50

400

0.40

y = 1E-04x + 0.180

300

0.30

r = 0.01

200

y = 0.6739x + 82.035

100

r = 0.93

0
0

0.20

2

100

200

300

400

2

0.10
As levels in
-1
top soil(mg kg )

500

0.00
0

As levels in
-1
sub soil(mg kg )

100

200

400

500

600

(d)

(c)
As levels in

As levels in
-1
straw(mg kg )

root(mg kg-1)

6.00

500

5.00

400

4.00

300

3.00
2.00
1.00
0.00
0

300

y = 0.004x + 3.49

200

y = 0.56x + 106.33

r2 = 0.27

100

r = 0.83

As levels in
-1
sub soil(mg kg )

100

200

300

400

500

600

(e)

2

As levels in
sub soil(mg kg-1)

0
0

100

200

300

400

500

600

(f)

Fig. 2 Correlation between arsenic concentration in the topsoil and in rice grain (a), in rice straw (b), and in rice root (c); in the subsoil and in
rice grain (d), in rice straw (e), and in rice root (f)

followed this trend: root [ straw [ grain. Some other
previous studies (Marin et al. 1992; Abedin et al. 2002;
Alam and Rahman 2003; Das et al. 2004; Rahman et al.
2004, 2007a, b, c) reported the same results.
The relationship of arsenic levels between in rice
and soil
From the results, the values of arsenic concentration ratios
between in tissues and in soils presented the abilities of
plants to absorb arsenic soil at conditions. The highest
arsenic concentration in straw was 5.6 ± 1.3 mg of As
kg-1 dry weight (n = 4) at 256 mg kg-1 dry weight Ascontaminated field. Rahman et al. (2007a) and Tsutsumi
et al. (1980) reported 23.7 and 149 mg of As kg-1 dry
weight, respectively, in rice straw when the soil arsenic
concentrations were 60 and 313 mg kg-1 dry weight,
separately. Abedin et al. (2002) also found 25 mg of As
kg-1 dry weight in rice straw when the rice was irrigated
by 2 mg of As l-1 water. The present study revealed that
the highest level of arsenic in root at 403 ± 57 mg kg-1
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dry weight As (n = 4) was located at the RS1 field with the
arsenic content of 438 mg kg-1 dry weight in topsoil. Das
et al. (2004) also stated that the highest concentrations of
arsenic in rice grain (0.27 mg kg-1), shoot (1.58 mg kg-1),
root (9.71 mg kg-1), and soil (27.28 mg kg-1) were found
in samples collected from the irrigated fields of Kachua
Upazila in Bangladesh. From the plot of arsenic content in
tissue of rice versus its soil, it was clear that regardless of
rice strain, the correlation (r2 = 0.93, p \ 0.01) of arsenic
in rice root and arsenic in its topsoil was higher than in rice
straw (r2 = 0.56, p = 0.14), as presented in Fig. 2b, c,
respectively. Results also reflected similar correlation trend
in subsoil instead of the topsoil, which are presented in
Fig. 2f (r2 = 0.83, p \ 0.05) and e (r2 = 0.27, p = 0.37).
Moreover, there was no evidence to demonstrate that
regardless of the rice strain, the linear relation of arsenic in
rice grain and arsenic in its topsoil (r2 = 0, p = 0.82) or
subsoil (r2 = 0.01, p = 0.71) existed in this case (Fig. 2a,
d). The present study also supported previous reports.
The results showed significantly higher correlation of
arsenic in topsoil (r2 = 0.93, p \ 0.01) and arsenic in rice
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Table 4 The ratio of arsenic
concentration in rice grain to
arsenic concentration in soils

a

Region

341 Samples collected and
tested in Taiwan (soil arsenic
content below 30 mg kg-1)

Grain/soil

Arsenic content
in soil (mg kg-1)

Source

China

0.010

68

Xie and Huang (1998)

Bangladesh

0.003–0.006

30.2–102

Abedin et al. (2002)a

0.040

6.5–26.7

Meharg and Rahman (2003)

0.03–0.05

14.5

Rahman et al. (2007a, b)

0.020

4.5–5.7

Li et al. (1994)b

0.001

67–438

This results

Data from greenhouse study

b

17

Taiwan

root compared to that in subsoil (r2 = 0.83, p \ 0.01),
which were presented in Fig. 2c, f. Similarly, same correlation manifests in rice straw (Fig. 2b, e) compared to the
rice root. The reason for this may be the sphere of activities
in rice root, which was normally within the vertical soil
depth of 20 cm (Kumaraswamy et al. 1997); Whereas Dittmar et al. (2007) revealed that arsenic inputted via irrigation
was mostly restricted to the soil layers above the plow pan
(20–25 cm). In this study, arsenic level in rice root strongly
depended on arsenic content of topsoil compared to subsoil,
regardless of arsenic chemical form present in soil solution.
The survey of the soil–plant (rice grain) transfer coefficients for As was evaluated from 0.01 to 0.05 in China,
Bangladesh, and Taiwan (Table 4) in common with the
earlier literatures summarized by Kloke et al. (1984).
Regardless of rice strain in this case, the ratio of arsenic
concentration in rice grain and in its topsoil was 0.001, it
was far lower than the result that previous studies reported
in addition to greenhouse experiment. Maybe two explanations described this phenomenon. The first one is probably that because earlier literatures usually dealt with soils
having high arsenic concentrations caused by using irrigated water with arsenic in the shallow well in Bangladesh,
approximately 30 years old or residues of As-based pesticides and herbicides; the other is apparently iron oxides
(iron plaques), formed around the rice root, bound the
arsenic and reduced its translocation to the above-ground
tissues of the plant (Marin et al. 1993; Liu et al. 2004).
Though Warren et al. (2003) reported that the soil–plant
transfer coefficients for As were from 0.0007 to 0.032, its
result excluded rice from the investigated crops, such as
Calabrese leaf, Lettuce, and spinach. Regression of topsoil
arsenic levels with rice grain and straw were less significant compared with that of rice root, and arsenic levels in
ratoon rice from root to grain also reflected the same
trending down evidence.

Conclusion
Though concentrations of arsenic in compositive rice grain
each field did not exceed food hygiene concentration limit

(1.0 mg of As kg-1 dry weight), arsenic level in root
strongly depended on arsenic concentrations of soil suggesting that the high arsenic concentration may have the
potential for translocation from root to grain which ultimately effects on the human health at heavily polluted
arsenic area. Regardless of rice strain, the ratio of arsenic
concentration in rice grain and in its topsoil, as in this special
case, was far lower than the result reported regarding the
survey of ratio of arsenic concentration in the grain and soil
in Taiwan and other countries. Regression of topsoil arsenic
levels with rice grains and straw was less significant than
that with rice root. Regardless of soil arsenic concentrations
in this study, the arsenic concentration in rice tissues followed the trend: root [ straw [ grain. To figure out the fact
regarding arsenic poisoning in rice tissues through these
soil–plant pathways in the soil extremely polluted by
arsenic, intensive investigation on a complete transformation mechanism is needed, which is our future interest.
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