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Abstract - Elevated arsenic level in ground water has emerged as extreme calamity exposing a large
population in to the risk of arsenic toxicity from drinking water sources and agricultural products,
especially through ground water irrigation. Arsenic concentration of irrigated groundwater, soil, crops and
vegetables were assessed in high arsenic affected blocks of Nadia district. Consumption of arsenic
contaminated drinking water is the primary route of exposure, along with food as additional source.
Arsenic concentrations in irrigation water, field soil and in different parts of grown crops have been
assessed to show the bioaccumulation level of arsenic in food chain. Arsenic in irrigated water ranges from
0.23t0 0.73 mg L™ and 3.58 to 8.50 mg Kg ™ of dry weight in irrigated soil. Inorganic arsenic concentration
in various edible and useful parts of rice plantsin our experiment are in the order of 2.52 1 t0 5.97 mg Kg *
of dry weight in straw; 0.71 to 1.79 mg Kg ™ of dry weight in husk and 0.10 to 0.81mg Kg ™ of dry weight in
rice grain. Higher range of arsenic is assessed in the rabi season vegetables like in spinach 0.96 to 1.63 mg
Kg ™ of dry weight, 0.051 to 1.14 mg Kg ™ of dry weight in tomato fruit, and 1.45 to 3.24 mg Kg ™ of dry
weight in Bengal gram. Relationships among ground water arsenic content, soil arsenic and edible parts of
crops and vegetables have been assessed. Concentration factor and enrichment factor indicates towards the
potential risk of human health due to dietary arsenic transfer in to the crops and vegetables.

Key words: Arsenic, Concentration factor, Enrichment factoro@d water, Rice, Vegetables etc

Introduction accumulate arsenic from contaminated soil and wafer

Ground water arsenic contamination is crucial waterArSenic accumulation through rice is the major stiea in
quality problem in gangetic delta plane of Bangidend SouthTEast A5|arj countrié¢¥!. Dlgtary exposure to %réslenlc,
West Bengal, Indid" > > 12 28] Several other countries like €specially from rice, has drawn increasing attentid®**!.
Argentina, Chile, China, Japan, Mexico, Mongoliagpsl, ~ The reason for concern is because inorganic forfesenic
Poland, Taiwan, Vietham and some parts of the dnite (arsenite and arsenate) were found to be domimmies in
state¥°? also facing the same problems, with acute sitnatio many rice samples examined around the wiHd”. Among
for the people of some of the villages in differ@ocks of ~ all the edibles, rice grain plays major role foc@mulation of
Nadia District of the state West Bendaf"®%%  |n these arsenic in the gangetic delta because it is thelestaere and
blocks arsenic affected patients are there withomapalth ~accumulates highest amount of arsenic among gliséfé A
problems including cancer, melanosis, hyperkeratosi humber of studies have been reported on the majpact of
restrictive |ung disease periphera| vascular mSa |rr|gat|0n with arsenic Contalnlng grOUnd watercimse of rice

. S . . 24
gangrene, diabetes mellitus, hypertension, and&uit heart o ) _
diseasB™*? with increasing evidences among population Ground water irrigation shows increasing trend over
exposed to arsenic in Bangladesh and West Behtjaf . the years. One of the consequences of which, i;mtireasing
Besides drinking water total useable ground watethiese ~arsenic level in the irrigated soil. Therefore peagre at a risk
areas are arsenic affected and in cases the arserfi@m exposure of arsenic due to irrigation with zoninated
concentration is much higher than WHO permissibtétiof ~ ground water. Uplifted arsenic through irrigatiorater is
10 pg/L B 2 %% consumption of arsenic contaminated bioaccumulated in different parts of plants in eliéint degrees
drinking water is the primary route of exposurepdocan through phytoextraction
provide additional exposure since agricultural et can
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process. So high amount of arsenic is obvious d¢e and
vegetables where arsenic content is high in sall iagated
water. Hence the food chain is a significant pathefearsenic
ingestion in the highly irrigated zones. In ourdstihe trend
of arsenic concentration was analyzed in the ra&,rrice
grain, straw and vegetables commonly cultivatecheetjt to
the rice fields during rabi season when irrigatisnhighly
ground water fed. Our experimental results willphtd take
measure especially in rabi season which is suitéddood
chain survival of the inorganic arsenic contente thice
cultivation or the vegetable production from whigbtential
risk is higher to us.

Material and Methods
Study area

the tubes were placed for digestion at 160°C fbo@rs until
the clear solution was obtained. The digested sesnplere
cooled down to room temperature and filtered withatvhan
No.42 filter paper, the filtrate was used for asayagainst
own laboratory arsenic standards. For total indigansenic
content analysis in all types of samples flow itifgt hydride
generation atomic absorption spectrophotometer HEI-
AAS; Perkin Elmer A Analyst -400) was used. Premisand
accuracy level of analysis was evaluated by anadyza
standardized reference Rice Flour SRM-1568a (Nation
Institute of Standard and Technology-USA) followisgme
treatment procedure as the samples. In our cages thas
97.91 % recovery of the certified value of SRM.

Assessment of concentration factor and

The study area is well known arsenic prone zone irenrichment factor of arsenic by various crops

Nadia district, West Bengal. In the present stugdyne highly
irrigated  blocks, Ranaghat, Karimpur,
Krishnanagar, Tehatta, Haringhata and Hanskhale Haen
selected for sampling (Fig.1.). In these blocksimurdry
season extensive ground water is used for agaiicg
purposes and arsenic concentration is frequengi m both
irrigated water and drinking water.

Sample collection

Irrigated water samples (N=105) were collected (50CF=

ml) randomly during the uniform rate of dischargenf
shallow tube wells (depth 90 to 150 m). The wagmgles
were collected in polyethylene bottle and were ifieid with

few drops concentrated nitric acid (HR)O Soil samples

(N=105) were collected from field surface (0-15 depth);
five replicas were collected from each of seven (dam

blocks to make composite sample. Accordingly random

composite sampling of rice root (N=105), straw (85}, husk
(N=105), rice grain (N=105) and vegetables (N=10&re
done from the field of irrigated block of Nadia, ¥teéBengal
during irrigated rabi crops (February to May).

Sample treatment and analysis

The irrigated water samples were filtered through

0.45 um filter and were kept in 4°C for total aisecontent

analysis. The soil samples were immediately sureddri

followed by hot air oven drying at 60°C until comst weight.
Rice plant parts and other vegetable samples weghed
properly with tap water and then with de-ionizedtevaand
were dried in hot air oven at 60°C for 72 hourse Tdven
dried soil and plant
homogenized powder by grinding with firm precautiorkeep
uncontaminated followed by further analysis.

Soil, rice root, straw, husk, rice grain and ediplarts of
collected vegetables were digested following hegatiock
digestion method?”*%
samples was mixed with 5 ml of concentrated nia@@d

(HNOs;) and was left over night as pre-digestion. In the

following day tubes were placed on the heating lblatc60°C
for 3 hours. After cooling at room temperature, 2 of

concentrated perchloric acid (HG)Owas added for plant

samples and 2 ml of concentrated sulphuric acigbQy) for
soil samples in addition to perchloric acid (HGIOAgain

parts samples were made fin

. 0.5 gm of dried fine powdere

Arsenic concentration factor (CF) and enrient

Chakdaha,factor (EF)for the rice and vegetables were calculated. For

each sampling site (especially irrigated field) tbtl arsenic
is the sum total of water and soil available arse&ointent rice
and vegetables bioaccumulate arsenic through pkiysmtion
process from this available arsenic content of naitel soil.
Concentration factor (CF) of a plant was calculaisihg the
following equation

As conc i plant grown on contaminated soil X (As concin contaminated sofl

As conc n plant growm on controlsoil X (As conc.in control o)

Enrichment factor (EF) of a vegetable was calcdlaiging the
following equation

As concentration in edible part grown on contaminated soil

As concentration in edible part grown on control scil

Computation and statistical analysis
After gathering the available data, the statistatatia
analysis was done using Microsoft Excel and SPSS 15

Result and Discussion

Arsenic in water and soil

Agricultural practicesin study area are mostly
irrigation dependent. Rice is the main agricultupabduct
which are cultivated in mainly two seasons; ameog (during
July to October), specially rain fed and boro rigckiring
January to April) solely dependent on ground wategation.

én this study, sampling was done only for the boce along

with some vegetable samples grown side by sidehis t
season. The results shows (Table:2) that in rahsae the
arsenic content in the irrigated water ranges b8 to 0.73
mg L, mean 0.43 (SD # 0.17),much more higher than WHO

4 Permissible limit of arsenic in drinking waté?>*! so

irrigated water arsenic content is high enough framy
uncontaminated area irrigated water 0.006 rifqahd also as
reported less as 0.003 mg % In the rice field soil arsenic
concentration ranges from 3.58 mg Kgo 8.50 mg Kg' of

dry weight, mean 6.67+1.56 which is higher than any
uncontaminated site1.03+0.011 and also reported 261 to
2.264 mg Kg* of dry weighf® and in another case 0.17+
0.065%!. In our cases soil arsenic content is positively
correlated (P value < 0.05) with the irrigated wdfeable. 3).
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So it can be said that the soil is good enoughddadith
inorganic arsenic to transfer or be accumulateal ihé crops
and vegetables. Though irrigated water does natagohigh
amount of arsenic at the moment but it is fact fioatlong
time arsenic is being mined on to irrigated soitotlgh
irrigated water.

Arsenic in rice

Soil arsenic concentration is much higher than
respective irrigated water (Table.2.). In the regidhere are
common practices to leave the remaining straw péter
harvesting of rice and to mix it with in soil duginthe
following plaughing. So year after year there areréasing
arsenic level. Rice grain part though contain mo@hlevel of
arsenic than other parts of the paddy plant, tlaeeerisk of
arsenic poisoning in human through cooked rice atiger

As a consequence of irrigation with arsenic diets because total arsenic load is the cumulatirgenic

contaminated water, rice grain contains elevateg!|ef
arsenic. The inorganic arsenic concentration inousredible
and useful parts of rice plants in our experimestfaund to
be in the order of 2.52 to 5.97 mg Kgmean 4.48+1.30) of
dry weight in straw; 0.71 to 1.79 mg Kg(mean 1.14+0.43)
of dry weight in husk and 0.10 to 0.81 mg Kg(mean
0.49+0.21) of dry weight in rice grain. Arsenic centration
is in the range of 9.79 to 17.61 mg Kgmean 13.15+2.61) of
dry weight in the rice root. Whereas arsenic cotregion
boro rice plant parts ranges from 0.031 to 0.084kg ™ in
grain®® ; 0.44 + 0.060 mg Kg in rice root ; 0.08 + 0.019 mg
Kg ™ in straw and 0.07 + 0.016 mg Kign husk in dry weight
basi&? of uncontaminated site. So the arsenic concémirat
in rice root, straw, husk and especially rice gsaifiour study
areas is high enough to be a problem for humarttheal

Graphical representation of arsenic concentration i
different useful and edible parts of rice plants given in Fig.
2. The results shows that among the edible andiupafts of
rice plants the straw part contains higher amountotal
arsenic 2.52 to 5.97 mg Kyof dry weight, then husk and
lastly the rice grain 0.10 to 0.81 mg K@f dry weight. These
data are in a good agreement with the previous svark
Abedin et al. (2002); Rahman et al. (2007); Royctuwy
(2002) and Bhattacharya et al. (2009).

The result
among irrigated water-soil ( P value < 0.05 );gated water-
rice root( P value < 0.05); irrigated water-stravfvalue <
0.05); and irrigated water-rice grain ( P valu@.85 )where
as arsenic content of husk is negatively correlatgth
irrigated water. Concentration Factor (CF) andi&mment
Factor (EF) are calculated (Table.3.) for rice plparts. In
terms of CF rice plant parts may be placed as husée grain
> rice root > straw. So enrichment factor also dthkewise
husk > rice grain > rice root > straw (Fig.4).

Arsenic in vegetables

content of rice grain and drinking water or totahhble water,
as drinking water and irrigated water source areesaquifer
region up to the same depth. Among vegetables exai
Bengal gram shows highest arsenic content (Taplargenic
enrichment factor and arsenic concentration factare
depicted (Fig. 4.) to provide scientific prove abmost toxic
harvested among samples, which prove there areariggnic
poisoning risk due to ingestion of vegetables thae. In
terms of concentration factor (CF) rice plant partay be
placed as Bengal gram >spinach > tomato. So endéohm
factor (EF) also stand likewise Bengal gram >spinac
tomato. The experimental data are high enough alra
with good agreement with the previous data of Royathury
et al. The arsenic content in vegetables indicéfeble. 2,
Fig. 3) that in dry season higher arsenic conctatrgrevails
in vegetables apart from rice plant grown in adpadlds of
rice where the soil character and irrigation wateurces are
same.

Conclusion

Arsenic occurs and survives in ecosyskermnow its
contamination is a global problem due to biogeodbahand
anthropogenic activities. High amount of arseniateat in
respective samples is due to the fact that theysiias carried
over the arsenic prone zone of Nadia District, ViBzstgal. In
these areas, drinking water is the main source reéréc

shows (Table. 3) positive correlationexposure to the people along with their dietaryaket as

starting from the rice grain to vegetables arsemintent is
increased. Arsenic enrichment factor and relative
concentration factor is important to describe ihk of arsenic
bioaccumulation. The higher accumulation of arsémiparts

of the rice and vegetables imply not only the figkn arsenic
alone but there lies some other factor for totsk fike the
exposure time and the dietary intake amount andenoeer
the population and individual health criteria. This
documentation will help to optimize or reduce tbhzitity of
arsenic by adopting suitable management strategies.

Arsenic content in the edible parts of variousReferences

vegetables grown adjacent to the rice fields whbkeemain
irrigated water source is same in dry season giverable.2.
Arsenic content in Bengal gram depicts the preserfihigher
inorganic arsenic content that ranges from 1.4%.2d mg Kg
1 of dry weight (mean 2.36+0.67).Arsenic contensiinach
(0.96 to 1.63 mg Kg' of dry weight) is comparatively high
than that of tomato fruit (0.049 to 1.28 mg Kgof dry
weight). These results are quite contradictory he study
carried out by Das et al. (2004) which shows arsepintent
in spinach is within maximum acceptable limit.
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Table 1. Soil characteristics of the arsenic contaimated fields

Soil parameters Values
Clay (%) 71.6-81.1
Sand (%) 5.6-6.8
Silt (%) 12.3-24.3
Texture Clay loam
pH 7.76 £ 0.03
Organic carbon (%) 0.78 £ 0.09

Table 2. Arsenic content (xSD) of irrigation water,soil, rice root, straw,
husk, rice grain, spinach, tomato and chick pea different blocks.
N= Number of sample analyzed.
SD= Standard deviation

Sasrir;ggng Ir\r/ig{;\::d Soil Rice root Straw Husk Rice grain Spinach Tomato Bengal gram
(N=105) (N=105) (N=105) (N=105) (N=105) (N=105) (N=105) (N=105) (N=105)

Chakdah 0.52+0.005 6.03+0.01 11.07+0.0p7 5.2480.00 0.96+0.012 0.59+0.006 1.63+0.035 0.08+0.0p2  £OIR1
Haringhata 0.39+0.002 7.61+0.10p  15.01+0.012 B4 1.67+0.052 0.81+0.025 1.49+0.0211 0.049+0.0033.24+0.033
Ranaghat 0.73+0.003 6.97+0.039 17.61+0.018 4.2440.0 0.71+0.031 0.49+0.019 1.13+0.039 0.063+0.002 9H0PD57
Tehatta 0.33+0.012 8.5+0.099 13.01+0.004 5.98+0.0691.13+0.067 0.40+0.016 1.17+0.086 1.14+0.051 1. 758
Karimpur 0.23+0.003 7.3+0.059 11.92+0.087 3.57+8.06 1.79+0.092 0.52+0.038 1.34+0.071 1.28+0.016 20338
Krisnanagar 0.29+0.002 3.58+0.011 9.79+0.003 2.918D 0.97+0.009 0.1+0.029 1.01+0.03B 0.051+0.001 4540.007
Hanskhali 0.5+0.017 6.73+0.028 13.67+0.016 5.978P.00 0.72+0.002 0.51+0.011 0.96+0.00y 0.36+0.007 20818
Mean 0.43+0.17 6.67+1.56 13.15+2.6] 4.48+1.30 10143 0.49+0.21 1.25+0.25 0.43+0.54 2.360.6[7
Control 0.006+0.002 1.03+0.011 2.39+0.021L 1.9140.0L 0.02+0.021 0.032+0.003 0.023+0.003 0.02+0.002 38%0.021

Table 3. Correlation coefficients among arsenic edent of irrigation water, soil and
different parts of rice plant.

Irrigation water Soil
Irrigation water 1
Soil 0.0767 1
Rice root 0.6917* 0.5641
Straw 0.3251 0.5831
Husk -0.6799* 0.3384
Rice grain 0.2526 0.6470

*Correlation is significant at the 0.05 level (ild).

33



Biswaset. al Int. J. Res. Chem. Environ. Vol.

1 Issue 1 July 2011(29-34)

Table 4. Distribution of concentration factors (CF)enrichment factors (EF)

for rice plant parts and vegetables.

Rice | Straw | Husk | Rice | Spinach | Tomato | Bengal
root grain gram
CF 0.85 0.36 8.76 2.36 8.37 6.66 9.6(
EF 550 | 2.34 | 56.79 15.27 54.22 43.19 62.22
Figure 1. Study sites ) marked. Figure 2. Arsenic content of differen
parts of rice plants.
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Figure 3. Arsenic content of irrigation water, Figure 4. Relation of mean arsenic concentratio
soil and various vegetables of the study sites and related concentration factor (CF)
of experimental samples.
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