Chapter 16

A Greenhouse Pot Experiment to Study
Arsenic Accumulation in Rice Varieties
Selected from Gangetic Bengal, India

Piyal Bhattacharya, Alok C. Samal, and Subhas C. Santra

16.1 Introduction

It is predicted that around 100 million people living in the Ganga-Meghna-
Brahmaputra plain are at the risk of serious arsenic toxicity through exposure of
contaminated groundwater (Chakraborti et al. 2008). Groundwater arsenic contami-
nation in the Gangetic Bengal has been termed as the largest mass poisoning in the
history of human kind (Smith et al. 2000). Arsenic pollution has spread in fourteen
out of total nineteen districts of Gangetic Bengal (Chakraborti et al. 2009).
Application of arsenic-contaminated groundwater for irrigation in Gangetic Bengal
has shown to influence accumulation of arsenic in rice, the major staple food in
West Bengal (Meharg 2004; Signes-Pastor et al. 2008; Meharg et al. 2009;
Bhattacharya et al. 2010a; Samal et al. 2011; Banerjee et al. 2013; Santra et al. 2013).
Rice is an efficient accumulator of arsenic than any other cereal crops (Su et al. 2010)
and consumption of rice has been termed as an important source of inorganic arsenic
intake to human body (Meharg et al. 2009).

Greenhouse pot experiments conducted with Bangladeshi rice varieties have
showed significant differences in the accumulation of arsenic (Azad et al. 2009,
2013; Norton et al. 2009). Delowar et al. (2005) reported that the accumulation of
arsenic in rice grain was in the range 0-0.14 mg kg™ which was cultivated with
0-20 mg 1! of arsenic containing water. Analyzing two widely cultivated rice varieties
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in Bangladesh, Rahman et al. (2007) reported that the BRRI dhan 28 and BRRI
hybrid dhan 1 had difference in the amount of arsenic accumulation (0.5+0.0 and
0.6+0.2 mg kg~! dry weight of arsenic, respectively). Rahman et al. (2008) by study-
ing five different hybrid as well as non-hybrid rice samples concluded that the arse-
nic translocation from root to shoot (straw) and husk was higher in the hybrid variety
(BRRI hybrid dhan 1) as compared to those of non-hybrid varieties (BRRI dhan 28,
BRRI dhan 29, BRRI dhan 35 and BRRI dhan 36). Azad et al. (2009) observed an
increase in the grain arsenic uptake of transplanted aman rice with the increase of
arsenic treatment in soil. Abedin et al. (2002b) found that 30-50 mg kg™' arsenic
containing soil produced rice grains with arsenic levels exceeding the WHO recom-
mended permissible limit of 1 mg kg~'. In our previously conducted study on some
other rice varieties, all the studied high yielding and hybrid varieties (Ratna, IET
4094, IR 50 and Gangakaveri) were found to be higher accumulator of arsenic as
compared to all but one local rice variety, Kerala Sundari (Bhattacharya et al. 2001).
Azad et al. (2013) have recently reported the accumulation of arsenic in the range
0.06-0.47 mg kg~! through a greenhouse pot experiment conducted in Bangladesh.

Thus, a greenhouse pot experiment was conducted to investigate the accumula-
tion and distribution of arsenic in the different fractions of rice plant with increasing
soil arsenic treatments (5, 10, 20 and 30 mg kg™ dry weights) on six selected rice
varieties (four high yielding varieties MTU 7029, IET 5656, MTU 1010 and CNHR
3, and two local varieties Nayanmani and Danaguri). The major objective of the
present study was to identify the rice varieties that are resistant to arsenic phytotox-
icity. The findings would have significant impacts on agriculture and public health
of arsenic-contaminated 14 districts of Gangetic Bengal.

16.2 Materials and Methods

16.2.1 Experimental Condition

The pot culture experiment on different rice (Oryza sativa L.) varieties was carried
out in a greenhouse at the Department of Environmental Science, University of
Kalyani. The experimental site was selected on the basis of having good sunshine
throughout the day. Although the experiment was conducted in a greenhouse, the
environmental conditions inside the greenhouse were not controlled. The green-
house was only used to protect the experiment from natural calamities (such as
heavy rainfall, northwester wind, etc.) and disturbances by animals.

16.2.2 Soil Collection and Pot Preparation

Soil was collected from the campus of University of Kalyani at a depth of 0-15 cm.
The physico-chemical properties of soils used for pot experiments are given in
Table 16.1. Initial arsenic content of the soils prior to treatment was 2.3 +0.07 mg kg™
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Table 16.1 Physico- Soil parameters Range
chemical properties of

experimental pot soil Clay (%) 6669
Sand (%) 9-15
Silt (%) 17-24
Texture Clay loam
pH 7.8+0.18
Organic carbon (%) 0.92+0.13
Total nitrogen (%) 0.14+0.02
Available phosphorous (mg kg™) 14+1
Total arsenic (mg kg™) 2.3+0.07

dry weights. After collection, the soil was air dried for 7 days and aggregates were
broken by gentle crushing. The materials such as dry roots, grasses, stones and plas-
tics were removed and the soil was thoroughly mixed to homogenize. Earthen pots
(40x40 cm) were used for rice cultivation. The pots were designed to prevent the
loss of water soluble arsenic from pots (Rahman et al. 2007). About 10 kg of soil
was taken in total 90 pots comprising four different arsenic treatments (5, 10, 20 and
30 mg kg~! dry weights) along with one control treatment (no arsenic dosing), each
with three replications for the six different rice plant varieties. The arsenic was
applied in the form of sodium arsenate (Na,HAsO,), which can easily convert to
arsenite under reducing and submerged condition of paddy soil (Abedin et al.
2002a). Chemical fertilizers or nutritional solutions were not added to pot soil.

The tap water, used for irrigation, contained arsenic below the detection limit
(<0.03 pg 17"). Thus, there was no chance of arsenic input from the tap water to the
pot soil. After the application of arsenic, soils were left in the pots for 2 days without
irrigation. Then tap water was used to irrigate the pots to make the soil clay suitable
for rice seedling transplantation. About 3—4 cm water level above the soil surface
was maintained in the pots before and after seedling transplantation. The water level
was maintained in each pot throughout the growth period. Irrigation was stopped
before 10 days of harvest (Azad et al. 2009).

16.2.3 Selection of Rice Varieties and Seedling Transplantation

Four high yielding rice varieties MTU 7029 (Swarna), IET 5656, MTU 1010 and
CNHR 3 and two local varieties Nayanmani and Danaguri were selected through
germination test for this greenhouse pot experiment. Rice seedlings of 21 days old
were carefully uprooted from nursery-bed and transplanted to pots under flooded
condition. Eight seedlings, six inches apart from each other, were transplanted to
each pot. The seedlings, which died within 7 days of transplantation, were discarded
and replaced by new seedlings.
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16.2.4 Sample Collection, Preservation and Digestion

The full-grown rice plants were carefully uprooted at their maturity (90-120 days
after transplantation). Then the collected samples were separated into different parts
and washed thoroughly with arsenic-free water to remove soil and other contami-
nants, followed by rinsing with de-ionized water with continuous shaking for sev-
eral minutes. Finally, the samples were dried in the hot air oven at 60 °C for 72 h
and stored in airtight polyethylene bags at room temperature with proper labeling.
Proper care was taken at each step to minimize any contamination.

The samples were digested following the heating block digestion procedure
(Rahman et al. 2007), diluted to 25 ml with de-ionized water and filtered through
Whatman No. 41 filter papers and finally stored in polyethylene bottles. Prior to
sample digestion all glass apparatus were washed with 2 % HNO; followed by rins-
ing with de-ionized water and drying.

16.2.5 Analysis of Total Arsenic

The total arsenic was analyzed by flow injection hydride generation atomic absorp-
tion spectrometer (FI-HG-AAS, Perkin Elmer AAnalyst 400) using external cali-
bration (Welsch et al. 1990). The optimum HCI concentration was 10 % (v/v) and
0.4 % NaBH, (Merck, Germany; synthesis grade; 96 %) produced the maximum
sensitivity. For each sample three replicates were taken and the mean values were
obtained on the basis of calculation of those three replicates. Standard Reference
Material (SRM) from National Institute of Standards and Technology (NIST), USA
was analyzed in the same procedure at the start, during and at the end of the mea-
surements to ensure continued accuracy. The observed arsenic concentrations of
SRM Rice Flour (1568A) showed >97 % recovery.

16.3 Results and Discussion

The experimental soil belonged to clay loam type (Table 16.1). The soil was found
to be slightly basic in nature (pH 7.8 £0.18) and with 2.3+0.07 mg kg! initial arse-
nic content. The background value of arsenic in the non-irrigated soils of the study
area was reported to be 2.3-3.1 mg kg~! dry weights (Bhattacharya et al. 2010b).
The impact of soil arsenic treatments on accumulation of arsenic in different
fractions of the six selected rice varieties are shown in Fig. 16.1. The uptake of
arsenic in rice plants was observed to vary with the different local and high yielding
rice varieties. This finding is concurrent with the earlier observations by Delowar
et al. (2005), Williams et al. (2006) and Bhattacharya et al. (2013). With gradual
increase in concentrations of arsenic treatments in pot soil, the accumulation of
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Fig. 16.1 Effect of soil
arsenic treatments in pot soil
[(a) control, (b) 5, (¢) 10,

(d) 20 and (e) 30 mg kg™'] on
arsenic accumulation in
various parts of the six
selected rice (O. sativa L.)
varieties of Gangetic West
Bengal, India
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arsenic in different fractions of rice plant was found to increase at dissimilar rates in
different rice plant varieties. It is also evident from the results that arsenic accumu-
lated predominantly in root of the rice plant, irrespective of its variety. Iron plaques
are commonly formed on the root surfaces of aquatic plants including rice by releas-
ing oxygen to their rhizosphere through aerenchyma. This results in the oxidation of
ferrous iron to ferric iron and the precipitation of iron oxides on the root surfaces
(Armstrong 1964). Composition of iron oxides were later reported to be dominantly
of ferrihydrite (63 %), followed by goethite (32 %) and siderite (5 %) (Hansel et al.
2001). All these precipitated iron oxides have strong adsorptive capacity for arse-
nate. According to Liu et al. (2004a), the formation of iron plaques around root
surfaces of the rice plant has a significant influence on binding arsenic and reducing
its translocation to the above ground tissues (straw, husk and grain) of the plant. The
presence of iron plaque was found to sequester arsenic and form a buffer zone that
alters the entry of arsenic into plants (Liu et al. 2004b). For example at 10 mg kg™
arsenic dosing in pot soil the accumulation of arsenic in root was in the range
11+£1.2-017+3.1 mg kg! dry weights. It was followed by the accumulation in the
straw (2.8 +0.52-4.3+0.85 mg kg™! dry weight of arsenic) and grain (0.48+0.15-
0.90+0.15 mg kg™! dry weight of arsenic) parts of rice plant. The decreasing trend
of accumulation of arsenic in rice plant parts (root> straw >grain) as detected in the
present study is in good agreement with the previous findings by Rahman et al.
(2007) and Bhattacharya et al. (2010a, 2013).

The results clearly show that rice straw is a moderate accumulator of arsenic. The
rate of arsenic accumulation in rice straw was noticed to be concurrent with increas-
ing soil arsenic treatments (Fig. 16.1). Previously, a significant correlation (r=0.961)
had been observed by us between average arsenic contents in straw part of different
rice varieties and arsenic doses in pot soil (Bhattacharya et al. 2013). In rural West
Bengal, rice straw is the most favoured and economical food given to cattle. Thus,
accumulation of arsenic in rice straw induces additional risk of arsenic entry to
human through cattle milk (Ulman et al. 1998; Datta et al. 2010) and meat (Rana
et al. 2012; Bundschuh et al. 2012). Much higher arsenic accumulation ability in
rice straw by hybrid rice varieties as compared to non-hybrid varieties had been also
reported by Abedin et al. (2002a); Rahman et al. (2007).

The average arsenic concentration in the paddy field soil of West Bengal was
reported to be just below 10 mg kg™, the global average arsenic level in agricultural
soil (Das et al. 2002; Bhattacharya et al. 2010a, b; Samal et al. 2011). The compari-
son of arsenic accumulation in grain of the six rice varieties in the present study at
10 mg kg! arsenic dosing showed that CNHR 3, a high yielding rice variety was the
highest accumulator of arsenic (0.90+0.15 mg kg™! dry weight) while Nayanmani,
a local rice variety was the lowest accumulator (0.48 +0.15 mg kg~! dry weight). At
10 mg kg! of arsenic dosing in pot soil the accumulation of arsenic in rice grain in
any of the studied sample did not exceed 1 mg kg~! (WHO permissible limit). But,
with the increasing concentration of arsenic added to the pot soil, the accumulation
of arsenic in rice grain was found to increase, but at dissimilar rate (Fig. 16.1). At
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the maximum level of arsenic dosing in pot soil (30 mg kg™!), comparison of arsenic
accumulation in grain of the different rice varieties showed that CNHR 3 still
remains as the highest accumulator of arsenic (1.9+0.53 mg kg™ dry weight) as
compared to the Nayanmani rice variety with accumulation as low as
0.84+0.18 mg kg~! dry weight of arsenic. Figure 16.1 shows that the high yielding
rice varieties (CNHR 3, MTU 1010, MTU 7029 and IET 5656) are on an average
higher accumulator of arsenic as compared to the studied two local rice varieties,
Nayanmani and Danaguri. Uptake of arsenic upto 2 mg kg~! by an Aman rice vari-
ety had been reported by Huq et al. (2011). Table 16.2 describes the comparison
among the previous works on the accumulation of arsenic in rice grain using a
greenhouse pot experiment with the present findings.

Apart from Nayanmani and Danaguri the accumulation of arsenic in rice grain
was found to exceed the WHO recommended permissible limit in rice (1 mg kg™)
at 20 mg kg™! arsenic dosing in pot soil, which is very much close to the reported
highest content of arsenic (19.4 mg kg™') in soil of West Bengal (Roychowdhury
et al. 2005). This surpassing of the 1 mg kg™! limit by the four out of six studied rice
varieties at the 20 mg kg™' arsenic dosing is considerably alarming. The arsenic
content of the paddy field soil of West Bengal and that of irrigation water was
previously accounted to be significantly correlated (Bhattacharya et al. 2010b).
Thus, an eminent possibility of increase of arsenic concentration in the paddy field
soils of the entire arsenic-contaminated areas of West Bengal can be hypothesized
from the present study. Moreover, if the situation is not immediately taken care of,
it can be predicted that consumption of arsenic-contaminated rice may become the
potent route for arsenic entry into human body along with the drinking water
pathway.

Table 16.2 Accumulations of arsenic in rice grain in the present study compared with that reported
from other green house pot experiments

Arsenic in rice grain

Arsenic in soil (mg kg™) (mg kg™) Reference

Control-8 0.15-0.42 Abedin et al. (2002a)
0-20 0-0.14 Delowar et al. (2005)
Control-30 0.24-0.75 Rahman et al. (2007)
6.4-80 0.2-0.3 Rahman et al. (2008)
0-50 0.69-1.6 Azad et al. (2009)
0-20 0.22-0.81 Khan et al. (2010)
Control-0.5 mg 1! 0.01-2 Hug et al. (2011)

(in irrigation water)

1.9-40 0-2.6 Bhattacharya et al. (2013)
3.7-14.6 0.06-0.47 Azad et al. (2013)

2.3-30 0.1-1.9 Present study
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16.4 Conclusions

The potentiality of arsenic contamination in groundwater of Gangetic Bengal is
increasing day by day and enhancing the human health risk from arsenic toxicity via
water-soil-plant-human pathway. Arsenic was found to accumulate in the range
0.10-1.9 mg kg! dry weight in rice grain with 2.3-30 mg kg! dry weight arsenic
treatment in soil. Thus, prompt management strategy needs to be taken by the
Government in encouraging cultivation of less arsenic accumulating rice varieties
(e.g., Nayanmani and Danaguri) in arsenic-contaminated areas of West Bengal.
Along with it, rice varieties that require huge irrigation water are found to accumu-
late higher amount of arsenic (e.g., CNHR 3, MTU 1010, MTU 7029 and IET 5656)
which should be avoided. More emphasis is to be given for cultivation of crops
accumulating very low amount of arsenic. This will support the economy of the
farmers and also reduce the potential entry of arsenic into human food chain.

Acknowledgements The authors are thankful to the Department of Environment, Government of
West Bengal, India for providing funding to carry out the investigation and to the Department of
Environmental Science, University of Kalyani, West Bengal for providing the laboratory facilities.
The authors are also thankful to the critical comments of the anonymous reviewer that helped to
improve the manuscript considerably.

References

Abedin MJ, Feldmann J, Meharg AA (2002a) Uptake kinetics of arsenic species in rice plants.
Plant Physiol 128(3):1120-1128

Abedin MJ, Cresser MS, Meharg AA, Feldmann J, Cotter-Howells J (2002b) Arsenic accumula-
tion and metabolism in rice (Oryza sativa L.). Environ Sci Technol 36:962-968

Armstrong W (1964) Oxygen diffusion from the roots of some British bog plants. Nature
204:801-802

Azad MAK, Islam MN, Alam A, Mahmud H, Islam MA, Karim MR, Rahman M (2009) Arsenic
uptake and phytotoxicity of T-aman rice (Oryza sativa L.) grown in the As-amended soil of
Bangladesh. Environmentalist 29:436-440

Azad MAK, Monda AHMFK, Hossain I, Moniruzzaman M (2013) Experiment for arsenic
accumulation into rice cultivated with arsenic enriched irrigation water in Bangladesh.
Am J Environ Prot 1(3):54-58

Banerjee M, Banerjee N, Bhattacharjee P, Mondal D, Lythgoe PR, Martinez M, Pan J, Polya DA,
Giri AK (2013) High arsenic in rice is associated with elevated genotoxic effects in humans.
Sci Rep 3, Article number: 2195. doi:10.1038/srep02195

Bhattacharya P, Samal AC, Majumdar J, Santra SC (2010a) Accumulation of arsenic and its distri-
bution in rice plant (Oryza sativa L.) in Gangetic West Bengal, India. Paddy Water Environ
8(1):63-70

Bhattacharya P, Samal AC, Majumdar J, Santra SC (2010b) Arsenic contamination in rice, wheat,
pulses and vegetables: a study in an arsenic affected area of West Bengal, India. Water Air Soil
Pollut 213:3-13

Bhattacharya P, Samal AC, Majumdar J, Banerjee S, Santra SC (2013) In-vitro assessment on the
impact of soil arsenic in the eight rice varieties of West Bengal, India. J Hazard Mater
262:1091-1097


http://dx.doi.org/10.1038/srep02195

16 A Greenhouse Pot Experiment to Study Arsenic Accumulation 273

Bundschuh J, Nath B, Bhattacharya P, Liu CW, Armienta MA, Lopez MVM, Lopez DL, Jean JS,
Cornejo L, Macedo LFL, Filho AT (2012) Arsenic in the human food chain: the Latin American
perspectives. Sci Total Environ 429:92-106

Chakraborti D, Das B, Nayak B, Pal A, Rahman MM, Sengupta MK, Hossain MA, Ahamed S,
Sahu M, Saha KC, Mukherjee SC, Pati S, Dutta RN, Quamruzzaman Q (2008) Groundwater
arsenic contamination in Ganga-Meghna-Brahmaputra plain, its health effects and an approach
for mitigation. In: UNESCO UCI groundwater conference proceedings. http://www.
groundwater-conference.uci.edu/proceedings.html#chapter1

Chakraborti D, Das B, Rahman MM, Chowdhury UK, Biswas B, Goswami AB, Nayak B, Pal A,
Sengupta MK, Ahamed S, Hossain A, Basu G, Roychowdhury T, Das D (2009) Status of
groundwater arsenic contamination in the state of West Bengal, India: a 20 years study report.
Mol Nutr Food Res 53(5):542-551

Das HK, Sengupta PK, Hossain A, Islam M, Islam F (2002) Diversity of environmental arsenic
pollution in Bangladesh. In: Ahmed MF, Tanveer SA, Badruzzaman ABM (eds) Bangladesh
environment, vol 1. Bangladesh Paribesh Andolon, Dhaka

Datta BK, Mishra A, Singh A, Sar TK, Sarkar S, Bhatacharya A, Chakraborty AK, Mandal TK
(2010) Chronic arsenicosis in cattle with special reference to its metabolism in arsenic endemic
village of Nadia district, West Bengal, India. Sci Total Environ 409(2):284-288

Delowar HKM, Yoshida I, Harada M, Sarkar AA, Miah MNH, Razzaque AHM, Uddin MI, Adhana
K, Perveen MF (2005) Growth and uptake of arsenic by rice irrigated with As-contaminated
water. J Food Agric Environ 3(2):287-291

Hansel CM, Fendorf S, Sutton S, Newville M (2001) Characterization of Fe plaque and associated
metals on the roots of mine-waste impacted aquatic plants. Environ Sci Technol
35:3863-3868

Huq SMI, Sultana S, Chakraborty G, Chowdhury MTA (2011) A mitigation approach to alleviate
arsenic accumulation in rice through balanced fertilization. Appl Environ Soil Sci 2011:1-8

Khan MA, Islam MR, Panaullah GM, Duxbury JM, Jahiruddin M, Loeppert RH (2010)
Accumulation of arsenic in soil and rice under wetland condition in Bangladesh. Plant Soil
333(1-2):263-274

Liu WJ, Zhu YG, Smith A, Smith SE (2004a) Do iron plaque and genotypes affect arsenate uptake
and translocation by rice seedlings (Oryza sativa L.) grown in solution culture. J Exp Bot
55(403):1707-1713

Liu WJ, Zhu YG, Smith FA, Smith SE (2004b) Do phosphorus nutrition and iron plaque alter
arsenate (As) uptake by rice seedlings in hydroponic culture? New Phytol 162:481-488

Meharg AA (2004) Arsenic in rice — understanding a new disaster for South-East Asia. Trends
Plant Sci 9:415-417

Meharg AA, Williams PN, Adomako E, Lawgali YY, Deacon C, Villada A, Sun G, Zhu YG,
Feldmann J, Raab A, Zhao FJ, Islam R, Hossain S, Yanai J (2009) Geographical variation in
total and inorganic arsenic content of polished (white) rice. Environ Sci Technol
43(5):1612-1617

Norton GJ, Islam MR, Deacon CM, Zhao FJ, Stroud JL, McGrath SP, Islam S, Jahiruddin M,
Feldmann J, Price AH, Meharg AA (2009) Identification of low inorganic and total grain
arsenic rice cultivars from Bangladesh. Environ Sci Technol 43(15):6070-6075

Rahman MA, Hasegawa H, Rahman MM, Rahman MA, Miah MAM (2007) Accumulation of
arsenic in tissues of rice plant (Oryza sativa L.) and its distribution in fractions of rice grain.
Chemosphere 69:942-948

Rahman MA, Hasegawa H, Rahman MM, Miah MAM, Tasmin A (2008) Arsenic accumulation in
rice (Oryza sativa L.): human exposure through food chain. Ecotoxicol Environ Saf
69:317-324

Rana T, Bera AK, Bhattacharya D, Das S, Pan D, Das SK (2012) Chronic arsenicosis in goats with
special reference to its exposure, excretion and deposition in an arsenic contaminated zone.
Environ Toxicol Pharmacol 33(2):372-376


http://www.groundwater-conference.uci.edu/proceedings.html#chapter1
http://www.groundwater-conference.uci.edu/proceedings.html#chapter1

274 P. Bhattacharya et al.

Roychowdhury T, Tokunaga H, Uchino T, Ando M (2005) Effect of arsenic-contaminated irriga-
tion water on agricultural land, soil and plants in West Bengal, India. Chemosphere
58:799-810

Samal AC, Kar S, Bhattacharya P, Santra SC (2011) Human exposure to arsenic through foodstufts
cultivated using arsenic contaminated groundwater in areas of West Bengal, India. J Environ
Sci Health Part A: Environ Sci Eng 46:1259-1265

Santra SC, Samal AC, Bhattacharya P, Banerjee S, Biswas A, Majumdar J (2013) Arsenic in food-
chain and community health risk: a study in Gangetic West Bengal. Proc Environ Sci 18:2-13

Signes-Pastor AJ, Mitra K, Sarkhel S, Hobbes M, Burl6 F, de Groot WT, Carbonell-Barrachina AA
(2008) Arsenic speciation in food and estimation of dietary intake of inorganic arsenic in a rural
village of West Bengal, India. J Agric Food Chem 56(20):9469-9474

Smith AH, Lingas EO, Rahman M (2000) Contamination of drinking water by arsenic in
Bangladesh: a public health emergency. Bull World Health Organ 78(9):1093-1103

Su YH, McGrath SP, Zhao FJ (2010) Rice is more efficient in arsenite uptake and translocation
than wheat and barley. Plant Soil 328:27-34

Ulman C, Gezer S, Anal O, Tére IR, Kirca U (1998) Arsenic in human and cow’s milk: a reflection
of environmental pollution. Water Air Soil Pollut 101(1-4):411-416

Welsch EP, Crock JG, Sanzolone R (1990) Trace level determination of arsenic and selenium using
continuous flow hydride generation atomic absorption spectrophotometry (HG-AAS). In:
Arbogast BF (ed) Quality assurance manual for the branch of geochemistry, Open-File Rep
90-0668. US Geological Survey, Reston

Williams PN, Islam MR, Raab A, Hossain SA, Meharg AA (2006) Increase in rice grain arsenic for
regions of Bangladesh irrigating paddies with elevated arsenic in groundwater. Environ Sci
Technol 40:4903-4908



	Chapter 16: A Greenhouse Pot Experiment to Study Arsenic Accumulation in Rice Varieties Selected from Gangetic Bengal, India
	16.1 Introduction
	16.2 Materials and Methods
	16.2.1 Experimental Condition
	16.2.2 Soil Collection and Pot Preparation
	16.2.3 Selection of Rice Varieties and Seedling Transplantation
	16.2.4 Sample Collection, Preservation and Digestion
	16.2.5 Analysis of Total Arsenic

	16.3 Results and Discussion
	16.4 Conclusions
	References


