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Abstract: Groundwater in several regions of Bengal Delta Plain is contaminated with natural occurring Arsenic.
In West Bengal India people residing along eastern part of river Hooghly (Ganges) are at risk since they
depends on groundwater for drinking and cooking chances of arsenic contamination in aquifers ranging
between 20 m and 80 m below ground level are formed to be high. Agriculture is the occupation of majority of
rural population residing in arsenic risk zone. Paddy cultivation in arsenic rich soil using groundwater in 10
villages of Shantipur block of West Bengal was studied. In the study area arsenic in soil ranged between 2.02
and 21.08 mg/kg whereas arsenic in groundwater used for paddy cultivation ranged between 0.012 and 0.121
mg/L. straw, husk and rice grains of paddy were analyzed and the magnitude of arsenic was found as straw>
husk > rice grain. Arsenic in paddy ranged between 1670 µg/kg and 2500 µg/kg.
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INTRODUCTION arsenic affected blocks carried out by All India Institute

In nature arsenic is widely distributed and it has arsenic beyond permissible limit (0.05 mg/L) in 20%
gained notoriety for its toxic properties. It is not essential groundwater samples and beyond acceptable limit (0.01
and non beneficial toxic constituent and may enter human mg/L) in 64% groundwater samples. Beside West Bengal,
body through ingestion or inhalation. The sources of arsenic contamination in groundwater has been reported
arsenic in soil are mainly the parent (rock) materials from also from Bihar, Jharkhand, Chattisgarh, Uttar Pradesh,
which it is derived. Small amount of native arsenic can be Assam and Manipur of India. The present crisis of arsenic
found but mostly it is combined with iron or nickel and contamination in groundwater has resulted in ingestion of
with sulphur. The most important ores of arsenic are arsenic in human body through water and food. Drinking
arsenic pyrites or mispickel, realgar and orpiment. Arsenic of arsenic contaminated water for a prolonged period
contamination in groundwater was first detected in West causes accumulation of arsenic in human body resulting
Bengal in early 80’s when a few villagers were diagnosed in arsenicosis. Arsenic accumulation in human body may
as suffering from arsenicosis due to drinking of arsenic be enhanced if arsenic gets ingested through food.
contaminated groundwater for a prolong period. In West Presence of arsenic in soil in Bangladesh was reported
Bengal, arsenic contamination in groundwater has been ranging between 7.21 and 27.5 mg/kg [2]. A study carried
detected so far in 79 blocks spread over in eight districts, out by Haque [3] found presence of arsenic in soil as 83
11 municipal towns and 18 non municipal outgrowths. mg/kg in Bangladesh where groundwater contained
Presence of arsenic in groundwater has been detected in arsenic beyond permissible limit. Researcher reported
shallow zones ranging between 20 meters and 80 meters presence of arsenic in top soil in Nadia district, West
below ground level. The groundwater characteristics Bengal between 1.32 and 13.24 mg/kg [4].
indicate presence of arsenic, high iron, calcium, Paddy and vegetables if grown in arsenic rich soil
magnesium and bicarbonate with low chloride, sulphate and irrigated with arsenic contaminated groundwater may
and fluoride. Water quality monitoring (n=7680) in 32 contain arsenic and likely pose threat to the consumers.

of Hygiene and Public Health [1] revealed presence of
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In case of arsenic contaminated groundwater used for collected by square area method. Paddy samples were
cooking, there is also possibility of arsenic entering in collected from all the villages selecting 2 sqm plot area
human body through consumption of cooked food. during harvesting time. Straw, husk and rice grains were
Morbidity rate of arsenicosis will increase if arsenic enters separated from paddy for processing and analysis.
in human body through water and food. Arsenic is a
deadly poison and is usually found in the form of various Sample Analysis: Water samples were analyzed for
compounds, with varying level of toxicity depending on Arsenic in the laboratory by adopting the procedure
the chemical form, route of entry into the body as well as described in Standard Method [5] and using Atomic
the dose and duration of exposure. The entire gamut of Adsorption Spectrophotometer (AAS). Arsenic in soil,
serious illness, arising out of prolong consumption of straw, husk and rice grains were analyzed in AAS after
arsenic, such as pigmentation of skin, keratosis, acid digestion and following Standard Procedure.
hyperkeratosis, features like myalgia, tingling and burning
sensation in extremities and finally cancers of skin, liver, Statistical Analysis: The analytical results obtained from
bladder, lung and spleen constitute arsenicosis. the laboratory were processed using various statistical

MATERIALS AND METHODS of variation, Pearson correlation coefficient etc. Factor

Study Area: Study was conducted for assessing the rotation and calculating the Eigen factors higher than 1 to
extent and magnitude of arsenic in paddy in a cluster of 10 evaluate association of arsenic in water, soil, husk, straw
villages in Shantipur Block of Nadia District, West Bengal, and rice. The paired t test was applied to assess the level
India (Figure 1) where arsenic contaminated water (>0.05 of significance of difference among various parameters
mg/L) was used for cultivation of paddy. People residing and different locations. The p values larger than the
in the study area are at risk due to arsenic contamination critical value of p at the 95% confidence level were
of groundwater. Samples of soil, groundwater and paddy considered significant.
were collected from the 10 villages (Figure 1) marked with
latitude and longitude. RESULT AND DISCUSSION

Sample Collection: Samples of groundwater from shallow Field  study  was  conducted  in  10  villages of
bore well of all the villages were collected during pumping Shantipur  Block  of  Nadia District,   West  Bengal, India.
and acid as preservative was added. Representative soil The laboratory analysis results of soil, groundwater,
samples  (depth   10-15   cm)   from   all the  villages   were straw,  husk  and  rice  have  been  presented  in  Table  1.

techniques such as mean, standard deviation, coefficient

analysis was carried out by applying orthogonal varimax

Fig. 1: Location of ten villages
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Table 1: Laboratory analysis results of soil, groundwater, straw, husk and rice grain

Arsenic in Arsenic in Arsenic in % of arsenic Arsenic in % of arsenic Arsenic in rice % of arsenic Total arsenic

Sl no Place water (mg/L) soil (mg/kg) straw (µg/kg) in straw husk (µg/kg) in husk grain (µg/kg) in rice grain in (µg/kg)

1 Gobindapur 0.052 2.02 920 36.8 830 33.2 750 30.0 2500

2 Babla 0.021 21.08 690 41.32 530 31.74 450 26.94 1670

3 Bashdrobe 0.012 4.40 790 38.54 680 33.17 580 28.29 2050

4 Mollarbare 0.121 7.68 860 39.09 730 33.18 610 27.73 2200

5 Barajiakur 0.055 10.01 770 40.31 600 31.42 540 28.27 1910

6 Arpara 0.067 10.50 930 43.46 700 32.71 510 23.83 2140

7 Shyamnagar 0.043 3.91 840 37.67 760 34.08 630 28.25 2230

8 Dongkhira 0.072 6.39 780 44.32 570 32.39 410 23.29 1760

9 Baigachi 0.038 12.81 920 42.99 770 35.98 450 21.03 2140

10 Dhakapara 0.042 12.63 890 43.20 750 36.41 420 20.39 2060

Mean (mg/kg) 0.839 0.69 0.53

Standard deviation(mg/kg) 0.07 0.096 0.10

Variance 0.006 0.009 0.01

Fig. 2: Percentage of arsenic in straw, husk and grain of paddy in Shantipur block. (Nadia)

In the study area arsenic in soil ranged between 2.02 and area   were  analyzed   for   arsenic   in   the  laboratory.
21.08 mg/kg. Paddy was grown in the agricultural field of The concentration of arsenic in straw ranged between 690
all the villages irrigated with groundwater. Arsenic was and 930 µg/kg. While arsenic in husk was found to be
detected in all the borewells used for irrigating the Paddy comparatively less than straw, presence of arsenic in rice
field. The borewell depths were ranged between 25 m and grains was detected to be less than husk. Laboratory
35 m below the ground level. The arsenic concentration of analysis results highlighted presence of arsenic in husk
groundwater used for Paddy cultivation was ranged and rice grain in the range of 530-830 µg/kg and 410-750
between 0.012 and 0.121 mg/L. Out of 10 borewells arsenic µg/kg respectively. Presence of percentage and quantity
in 5 borewells was detected to be more than permissible of arsenic in straw, husk and rice grains grown at ten
limit (0.05 mg/L) of drinking water standard as per Bureau locations are highlighted in Figure 2 and Figure 3
of Indian Standard (BIS) and in rest of the borewells the respectively.
arsenic was found to be higher than acceptable limit as The above study can be compared with a study
per BIS (>10 µg/L). Both arsenic in soil and water conducted in the district of Nadia, West Bengal [4]. In the
contributed arsenic to be present in paddy grown in the study area arsenic in irrigated water varied from 0.23 mg/L
area. Straw, husk and rice grain collected from the study to 0.73 mg/L while presence of arsenic in irrigated soil was
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Fig. 3: Presence of Arsenic in µg/kg in straw, husk and grain in paddy

Fig. 4: Hierarchical cluster analysis

between 2.521 and 5.97 mg/kg. Laboratory analysis of The mean concentration of Arsenic in straw, husk
straw, husk and rice grain from the agricultural field and rice grain worked out as 0.0839, 0.69 and 0.53 mg/kg
highlighted presence of inorganic arsenic as 2521 to 5970 respectively and the corresponding standard deviation
µg/kg, 710 to 1790 µg/kg and 100 to 810 µg/kg was calculated as 0.07, 0.096 and 0.10 respectively.
respectively. The present field study as well the field
study conducted by Biswas et al. [3] indicated presence Hierarchical Cluster Analysis: This is the major
of arsenic in the order of straw>husk>rice grain. Both the statistical method for finding relatively homogenous
studies confirmed that arsenic in straw, husk and rice clusters of cases based on measured characteristics. In
entered from soil as well as irrigated groundwater. This the present study each of the villages has been
could be due to higher As contaminated groundwater designated as cluster. The clustering method uses the
used for the irrigation. A similar field study was also dissimilarities or distances between objects when forming
conducted in 17 arsenic affected villages of Chakdah the clusters. A hierarchial tree diagram called a
Block, Nadia district [6]. The arsenic concentration in dendrogram related to the present study has been
groundwater used for irrigation was varied between 0.11 highlighted in Figure 4.
and 0.76 mg/L whereas arsenic in soil ranged from 1.38 to The hierarchical cluster analysis reflecting paddy
12.27 mg/kg. Accumulation of arsenic in rice grain was cultivation in 10 villages with varying arsenic
found to be between 250 and 730 µg/kg. However, very concentration in soil and irrigable groundwater vis a vis
high arsenic accumulation in the range between 7190 and arsenic content in straw, husk and rice grain highlighted
18630 µg/kg was detected in the root of Paddy. Arsenic in that except Dhakapara, Dongkhira and Babla Surodhani all
straw was detected between 1170 and 4150 µg/m . other  7 villages showed similarity of results  of  entry  of3
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Table 2: Pearson Correlation of arsenic in water, soil, straw, husk and rice grain

Arsenic in Arsenic in Arsenic in Arsenic in Arsenic in rice
water (mg/L) soil (mg/kg) straw (mg/kg) husk (mg/kg) grain (mg/kg)

Arsenic in water mg/L Pearson Correlation 1 -0.230 0.291 0.122 0.155
Sig. (2-tailed) 0.522 0.415 0.736 0.668
N 10 10 10 10 10

Arsenic in soil mg/kg Pearson Correlation -0.230 1 -0.363 -0.517 -0.687*

Sig. (2-tailed) 0.522 0.302 0.126 0.028
N 10 10 10 10 10

Arsenic in Straw (mg/kg) Pearson Correlation 0.291 -0.363 1 0.868 0.275**

Sig. (2-tailed) 0.415 0.302 0.001 0.441
N 10 10 10 10 10

Arsenic in husk (mg/kg) Pearson Correlation 0.122 -0.517 0.868 1 0.564**

Sig. (2-tailed) 0.736 0.126 0.001 0.090
N 10 10 10 10 10

Arsenic in rice grain (mg/kg) Pearson Correlation 0.155 -0.687 0.275 0.564 1*

Sig. (2-tailed) 0.668 0.028 0.441 0.090
N 10 10 10 10 10

*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)

arsenic in paddy. Dhakapara and Dongkhira villages have supplemented with drinking of arsenic contaminated
similarity in the entry of arsenic in paddy but Babla groundwater may pose serious risk of arsenicosis in
Surodhani village indicated dissimilarity in the entry of human body. Correlation analysis highlighted that extent
arsenic in paddy compared to all 9 villages. Statistical co- of arsenic in soil does not play major role in the entry of
relations (Pearson’s) of arsenic in soil and water as well as arsenic in paddy. Risk of arsenic in rice grain can be
arsenic in straw, husk and rice grain has been presented avoided if purchased from market twice a week instead of
in Table 2. Pearson’s correlation coefficient for the matrix consuming same quality of rice for a prolong period
for different combinations vis a vis significance of the grown from a field where both soil and irrigable
correlations for the field study in 10 villages with respect groundwater are contaminated with arsenic. 
to entry of arsenic in paddy indicated the following:

Extent of arsenic in groundwater (used for paddy
cultivation) is the guiding factor for the presence of Authors are thankful to the Director of School of
arsenic in soil, straw, husk and rice grain. Water Resources Engineering, Jadavpur University, for
Extent of arsenic in soil does not play major role in extending support for carrying out the study.
the entry of arsenic in paddy.
Presence of arsenic in rice grain is significant if REFERENCES
arsenic in straw is detected. 
Presence of arsenic in husk and rice grain may not be 1. Report of The Task Force on Formulating Action
co-related; presence of arsenic in husk may not be Plan for Removal of Arsenic Contamination in West
significant if arsenic is present in rice grain. Bengal, 2007. All India Institute of Hygiene and

CONCLUSION Commission Yojana Bhavan New Delhi-110001.

The present study established that there is risk of M.U. Obaidullah Miah, P. Sengupta and F. Islam,
arsenic entering in human body through ingestion of 2003. Arsenic contamination of soil and water and
cooked rice if the paddy is grown in arsenic contaminated related biohazards in Bangladesh. In fate of Arsenic
soil using arsenic contaminated water. Arsenic in rice in the environment, Proceedings of BUET-UNU
grain ranging between 410-750 µg/kg was detected during International Symposium, 5-6 Feb 2003, Dhaka,
the field study. Such rice if consumed for a prolong period Bangladesh.
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