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Abstract 

Arsenic (As) accumulates in rice grain from contaminated irrigation water and soils may vary with the land types and water receiving 

basins. Two confined and one unconfined basins comprised of different land types in the As contaminated Ganges River Floodplain 

soils of Faridpur district of Bangladesh were selected to assess the contribution of different land types on spatial distribution of As 

uptake by rice grain. Sites in Faridpur Sadar and Madhukhali upazilas were confined basins, while a third site in Boalmari upazila was 

an unconfined basin connected to a river. Each site consisted of a mosaic of between 16-31 shallow tube well (STW) irrigation 

command areas with water As concentrations ranging from about 20 to 170 µg-l in Faridpur and Boalmari sites and 20-110 µg-l in 

Madhukhali site. Soil arsenic concentrations ranged from about 4-42, 5-31 and 5-29 mg kg-1 in Madhukhali, Faridpur Sadar and 

Boalmari, respectively, while the resultant rice grain As were 0.22 - 0.69, 0.095 – 0.751 and 0.030 – 0.92 mg kg-1, respectively. 

Arsenic concentrations in rice grain of different sites were in the order of Madhukhal>Faridpur Sadar>Boalmari basin. Arsenic 

accumulated high in the confined basins because of its less mobilization while more mobilization and loss of As in the open 

unconfined basin was obvious which materialized in the rice grain arsenic of the corresponding study sites. 
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Introduction 
 

Arsenic (As) is one of the most poisonous elements due 

to its impending risk to biomes and human being 

(Naidu, 2006). Arsenic accumulation in agricultural 

soils and irrigation water of Bangladesh mainly occurs 

by geological processes. Arsenic bearing minerals 

originated from the Himalayas flowing through Ganges 

river water and outspread up to West Bengal of India 

and Bangladesh. Arsenic bearing minerals are being 

deposited in shallow aquifers of the Ganges River 

Floodplain areas and thereby increased ground water 

contamination. At present, the farmers of Bangladesh 

cultivate HYV boro rice due to meet up huge amount of 

food for such large population. The HYV boro rice 

requires a large volume of irrigation water because it 

cultivates in dry season. Arsenic build up in agriculture 

soils of Bangladesh gradually increased with increasing 

the arsenic contaminated irrigation water over time 

(Rahman et al., 2005; Panaullah et al., 2009; Dittmar et 

al., 2010 and Ahmed et al., 2011). Ahmed et al. (2011) 

reported that 0.1 mg
-l
 As containing 1 m depth of 

irrigation water to a single rice crop build up soil As 

about 0.5 mg kg-1 in the top 15 cm of soil in a shallow 

tube well (STW) command area. Actually, As 

deposition in soil through contaminated irrigation water 

is not uniform because of As precipitates as arsenic-iron 

oxide complexes during water flow through irrigation 

channel and across the field (Ahmed et al., 2011). As a 

result, uneven arsenic distribution occurs in a STW 

command area (Islam et al., 2012). On the other hand, it 

was reported by Brammer (1999) that As retention 

might be varied in different land types of water 

receiving basin areas. The Ganges River Floodplain 

comprised of broad ridges and basins. The basins are 

further classified into confined and unconfined areas 

and flood usually occurs in the confined basins by 

monsoon rain, while for unconfined basins are flooded 

by river flow. The basin areas receive water along with 

different nutrients and heavy metals, especially As from 

the surrounding ridges. It is hypothesized that confined 

basins accumulate more As than that of unconfined 

basins. Arsenic accumulation in paddy field soil 

depends on land types under different rive basins is a 

great concern. Different geostatistical interpolations or 

kriging have already been applied to understand spatial 

distribution mapping for As risk assessment (Gaus et 

al., 2003; Serre et al., 2003; Yu et al., 2003) but 

mapping of paddy soil As and its uptake into rice grain 

with or without incorporating environmental variables 

in respect of land types has not yet been done. 

Therefore, present study was aimed to assess the 

influence of different land types of confined and 

unconfined basins on spatial distribution of As uptake 

by rice grain in the As contaminated Ganges River 

Floodplain soils of Bangladesh. 
   

Materials and Methods  
 

Study area 

The study was conducted in three locations of Faridpur 

district, the south central part of Bangladesh (Fig. 1). 

This part of the country has already been identified as 

highly arsenic. contaminated areas regarding to 

groundwater (BGS/DPHE, 2001) and paddy soil 

(Rahman et al., 2005). These three sites were selected 

according to the variation of land types and soil 

morphology (Table 1). Two confined basins were 

located at Sachia, Faridpur Sadar and Mirzakandi, 

Madhukhali upazila. Conversely, the open or 

unconfined basin was located at Satoir, Boalmari, 

which is open and connected to a river. The land types 
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of two confined basins were  medium high to very low 

(Faridpur Sadar) and  high to low (Madhukhali), while 

for the unconfined basin (Boalmari) land type was 

medium high to very low.     

 

Fig. 1. Map of Bangladesh showing the study areas of Faridpur district 
 

The selected sites are exclusively used for the 

production of boro rice since the installation of the local 

irrigation wells in the early 1990s. The irrigation well 

generally extracts groundwater from a depth of 60-105, 

70-110 and 60-175 ft in Boalmari, Madhukhali and 

Faridpur Sadar upazila, respectively. Fields are irrigated 

at a time until covered by 3-10 cm of water. Over the 

next days the water level gradually decreases until the 

moist soil surface is exposed. Scattered depressions 

filled with water may still be presented in parts of the 

field, while soil cracks form in other parts. Fields are 

thus subjected to periodic flooding and drying. Mainly 

arsenic in these soils have been build up by using 

contaminated irrigation water, which has already been 

identified by BGS/DPHE (2001) and Rahman et al., 

(2005). 
 

Table 1: General information of study sites 

Physiography  Union Land type & flooding 

condition 

Soil series Major cropping pattern  

Madhukhali 

Old Ganges river 

floodplain soil 

Bagat highland to lowland & 

confined basin 

Sara and Gopalganj Jute-rice-wheat, jute-rice-rice, and 

jute-rice-onion 

Faridpur Sadar 

Old Ganges river 

floodplain soil 

Sachia medium highland to very 

lowland & confined basin 

Gopalganj, Iswardi 

and Ghior 

Boro-jute-fallow and Robi crops-

jute-T.aman 

Boalmari 

Old Ganges river 

floodplain soil 

Satoir medium highland to very 

lowland & unconfined 

open basin 

Sara, Gopalganj and 

Iswardi 

Jute-fallow-rice, Vegetables-rice-

onion, and Fallow-fallow-rice 

source: Soil Resource Development Institute (SRDI), Bangladesh, 2005 
 

Sample collection 

Rice grains were collected in the boro season 2013 from 

the selected sites of three upazillas for As analysis. 

Green circles representing rice grain sampling points 

(Fig. 2). A number of 104, 20 and 77 rice grain samples 

were collected from Faridpur Sadar, Madhukhali and 

Boalmari upazilla respectively. It was observed that 

boro rice grown across the command areas except 

Madhukhali because of land type. The land types of 

Madhukhali are identified as high to low. Farmers can 

grow only boro rice in the low land areas (Fig. 2) while 

wheat, lentil including vegetables are grown in the other 

parts of the command areas.  

 

GPS record of sampling point 

All selected sampling points were geo-referenced by a 

GPS (Global Positioning System). GPS reading of all 

sampling points were recorded using GPS device 

(Model: Garmin 60CSx). 
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 Fig. 2. Study areas showing the rice samples collection   

points 
 

 

Sample preparation for as analysis 

Rice grain samples were de-husked, dried and 

homogenized with Vibrating Sample Mill, HEIKO TI-

200. All samples were digested by nitric (HNO3)-

perchloric (HClO4) acid digestion (Norvell et al., 2000 ; 

Jacobs et al., 1970) with the block digester (Model-

behrotest K24 Digestion Unit). For maintaining the 

analytical quality rice flour digestion certified reference 

material (NIST 1568a) was run with each set of 

samples. All samples were pre-reduced with potassium 

iodide and ascorbic acid to reduce As (V) to As (III) 

prior to determination of As by hydride generation 

atomic absorption spectrophotometer (Buck Scientific 

210 VGP) with continuous flow hydride generation 

system (HG-AAS). The standards were prepared 

following the same analytical matrix as followed for 

grain sample preparation. The desired and reasonable 

standard solutions were prepared to prepare a standard 

calibration curve. 
 

Statistical analysis 

Statistical analyses including coefficient of variation 

(CV) and analysis of variance (ANOVA) were 

performed using R statistical software (Version 2.15.2, 

2012-10-26). 
 

Geostatistical analysis 

The gstat package (Pebesma, 2004; Pebesma and 

Wesseling, 1998) in the R statistical computing 

environment, QGIS and ArcGIS software were used for 

all geostatistical analysis and visualization of map 

outputs. It was also used to prepare the map of spatial 

patterns of As in command research area.  
 

  

Results and Discussion 
 

The toposequences of three study sites in the Ganges 

River Floodplain comprised of highland to very 

lowland with each of the command area covering about 

30-40 ha (Table 1). The soils of the study region were 

loam in the ridges and clay in the basins. The Ganges 

Floodplain soils are predominantly calcareous in nature 

having pH ranged from 6.9 to 8.4 which was neutral to 

slightly alkaline. As per soil fertility ranking of BARC 

(2012) the general fertility of the study area was found 

low to medium. Phosphorus in soils were found very 

low to high, while iron contents were medium to very 

high (Table 2). Phosphorus and iron contents in soils of 

the study area might have significant contribution to As 

mobility in soils and thereby uptake by rice. Organic 

matter contents were low in the ridges, while medium to 

high in the basins (Table 2).  Each site consisted of a 

mosaic of between 16 and 31 shallow tube well (STW) 

irrigation command areas with high water As 

concentrations ranging from about 0.020-0.170 µgL
-l
 at 

the Faridpur and Boalmari sites and 0.020-0.110 µgL
-l
 

at the Madhukhali site. Soil arsenic concentrations 

ranged from 4-42 mg kg
-1

 at Madhukhali, 5-31 mg kg
-1

 

at Faridpur Sadar and 5-29 mg kg
-1

 at Boalmari (Table 

2).  Although a critical level for soil As is not 

established in Bangladesh but several research studies 

have found reductions in rice yields when soil As levels 

exceed 20 mg kg
-1

 (Biswas 2009; Rauf, 2009).  Biswas 

and Rauf (2009) also reported not only rice yield 

reduction from arsenic toxicity but also incremental 

concentrations of As in rice grain. The spatial 

distribution of rice grain As in different land types of 

confined and unconfined basins were influenced by 

STW water and soil arsenic (Fig. 3 - 5). In our present 

study, rice grain As were ranging from 0.22 – 0.69, 

0.095 – 0.751 and 0.030 – 0.92 mg kg
-1

 with the mean 

value of 0.44, 0.368 and 0.31 mg kg
-1

 at Madhukhali, 

Faridpur Sadar and Boalmari, respectively (Table 3). 

The rice grain As at Madhukhali and Faridpur Sadar 

were comparatively higher than rice grain As at 

Boalmari. Lower level of arsenic in rice grain of 

Boalmari upazila was the attributed by normal flooding 

condition in the rice growing season where minimum 

irrigation was needed and hence less amount of As was 

accumulated in soils and thereby resultant As 

translocation to grain was also less. These results are 

consistent with greater retention of arsenic in soils 

where uncontrolled flooding over bunds that define 

fields is the least, leading to less mobilization and 

movement of arsenic from high lands and confined 

basins and greater mobilization, movement and loss of 

arsenic from low lands and unconfined basins (Rahman 

et al., 2013). Thus grain As was found higher in 

confined basins as compared to unconfined basin might 

be due to positive relationship occurred between soil As 

and rice grain As. That means, rice grain As observed 

higher in high level of soil As in confined basins than 

low level of soil As in unconfined basin. The findings 

of our study regarding the relationship between soil As 

vs grain As is in agreement with the findings of Ahmed 

et al., (2003). 
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Table 2. Physicochemical properties of soil of the study sites 

Soil Texture pH OM  Ca Mg K Total                   

N 

P S B Cu Fe Mn Zn Soil 

As* 
STW 

water 

As* 

(%) meq/100g soil (%) µg/g soil mg kg-

1  

µg-l 

Madhukhali 

Loam 

to 

clay soil 

7.7  

to 

8.7 

1.98 

to 

2.91 

7.8   

to    

31.

0 

0.5     

to   

12.8 

0.17 

to 

0.75 

 0.11  to  

0.17 

5.0    

to 

10.0 

1.0     

to 

56.0 

0.10 

to 

0.92 

0.2

0 

to   

4.7 

  7.0    

to  

52.0 

   8     

to  

39 

0.2   

to  

0.6 

  3.8 

 to  

42.0 

20.0     

to  

110.

0 

Faridpur Sadar 

Clay loam to 

clay soil 

7.0   

to 

8.4 

1.0 

to 

2.34 

15.

0 

to  

47.

0 

1.0   

to 

10.0 

0.10 

to 

0.90 

 0.09  to 

 0.19 

2.20 

to 

24.3 

  1.0 

to 

23.9 

0.10 

to 

1.02 

1.0

6 

to 

4.4

9 

  

24.4 

to 

231.

0 

 

32.0  

to 

221.

0 

1.08 

to 

3.04 

  5.4   

to  

31.0 

20.0       

to    

170.

0 

Boalmari 

clay loam, 

silty clay 

to 

clay soil 

6.9  

to 

8.3 

0.91 

to 

1.74 

9.6 

to 

19.

8 

0.75 

to 

4.50 

0.10 

to  

0.17 

  0.09  

    to  

 0.18 

  2.0 

to 

24.0 

  1.0 

to 

17.0 

0.24 

to 

1.62 

3.5

0 

to 

5.8

0 

  

16.0 

to  

59.0 

   

3.6  

to   

79.0 

  1.2 

to 

 3.3 

  4.8   

to 

 28.5 

20.0       

to     

170.

0 

source: Soil Resource Development Institute (SRDI), Bangladesh, 2005, Rahman et al., (2013) 
 

Table 3. Descriptive statistics of arsenic concentration 

in rice grain. 

Statistical 

parameter  

Rice grain As 

Madhukhali Faridpur 

Sadar 

Boalmari 

Mean (mg 

kg-1 ) 

0.44 0.368 0.31 

Max. (mg 

kg-1 ) 

0.69 0.751 0.92 

Min. (mg 

kg-1 ) 

0.22 0.095 0.030 

CV(%) 29.55 42.12 58.06 

SD 0.13 0.155 0.18 

 

 

 

Fig. 3. Spatial distribution of rice grain arsenic 

concentration (mgkg
-1

) at Madhukhali. 

 

Fig. 4. Spatial distribution of rice grain arsenic 

concentration (mgkg
-1

) at faridpur Sadar 

 
Fig. 5.  Spatial distribution of rice grain arsenic 

concentration (mgkg
-1

) at Boalmari 
 

 

Conclusions 
 

The average rice grain As was higher in confined basins 

as compared to unconfined basin. These results are 

consistent with greater retention of arsenic in soils 

where uncontrolled flooding over bunds that define 

fields is the least, leading to less mobilization and 

movement of arsenic from high lands and confined 

basins and greater mobilization, movement and loss of 

arsenic from low lands and unconfined basins. Thus 

nice plant can take more As from confined basins soils 

than unconfined basin soils. 
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