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ABSTRACT

The present study was set up to investigate the effect of irrigation with naturally arsenic (As)-contaminated water and
addition of organic amendments on the As accumulation in frequently consumed vegetables in India (pumpkin, rad-
ish and cabbage). An arsenic-stricken village (Ghentugachi, Chakdah Block, Nadia, West Bengal, India; 23°02'N,
88°34'E, 9.75 m a.s.l.) was selected. Pot studies were conducted with the selected vegetables in contaminated soils
collected from the selected village. Arsenic-contaminated water (spiked with varying concentrations of As!!! and
AsV) was used to irrigate the pots. Use of irrigation water contaminated with arsenic (both As'l and AsY) reduced
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the germination and inhibited photosynthetic pigmentation. As™" contamination remained more harmful. The

worst situation was encountered with As!!

contamination at 0.5 mg/L of irrigation water while AsY contamination
below 0.2 mg/L of irrigation water remained safe. Field experiments with the selected vegetables were undertaken
in the arsenic-stricken village where irrigation water (0.32 + 0.12 mg/L) and soil (total As 18.15 + 2.12 mg/kg) were
contaminated with arsenic, to characterize the arsenic contamination of the vegetables, to assess the risk of dietary
exposure and to study the effect of organic amendments on such contaminations. Vegetable roots accumulated
more As than other parts and the accumulation increased with age. Pond (surface) water emerged as safer source
for irrigation than shallow tube well water. Organic amendments reduced arsenic contamination significantly and
vermicompost was the most efficient in this regard. All the vegetables showed risk (> 100% provisional tolerable

weekly intake) of dietary exposure to arsenic.
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In West Bengal (India), 75 blocks in 9 districts
across 38 865 km? are reported to be severely af-
fected by groundwater arsenic (As) contamination
(Chowdhury et al. 2000), of which 17 administra-
tive blocks of the Nadia district are contaminated
(http://www.soesju.org/arsenic/wb.htm). Nadia is
very promising in vegetable production and de-
clared as Agri Export Zone (AEZ) for vegetables
(http://agriexchange.apeda.gov.in/). Arsenic con-
tamination in groundwater in the lower Gangetic
plain emerged through weathering of As-rich
base-metal sulphide and subsequent supply of
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As-rich iron hydroxide to downstream Ganges
sediments (Bhattacharya et al. 1997, Nickson et al.
2000). Arsenic uptake by crop plants grown in soil
contaminated with high concentration of arsenic
and irrigated with arsenic-contaminated ground
water has been reported (Abedin et al. 2002, Sahoo
and Mukherjee 2014, Bastias and Beldarrain 2016).
Accumulation of arsenic in vegetables, however,
may impact (i) the physiological and biochemical
processes of vegetables and in turn the quality of
the product (Zhang et al. 2005); (ii) entry of car-
cinogen in human through food chain (Balakhir
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and Ashraf 2016) or (iii) the quality control norms
for exporting vegetables (Chang et al. 2014). Arsenic
contamination in drinking water and major cereals
(rice) has been adequately addressed in the last
decade. Information relating to As contamination in
vegetables in the experimental area are scarce, and
so is the mitigation strategies like organic amend-
ment or use of less contaminated surface water. In
view of the information above, the present study was
planned (i) to account for the arsenic accumulation
in vegetables and its effect on quality traits (through
experiments under controlled condition); (ii) to ex-
plore for possible mitigation options through field
experiments and (iii) to take account of the risk of
dietary exposure to arsenic through vegetables.

MATERIAL AND METHODS

A controlled (pot) study with pumpkin (cv.
Bongaon Kali), radish (cv. Bengal Pink) and cab-
bage (cv. Golden Acre) was conducted in completely
randomized design with three replications. The
pot was filled with 5 kg of contaminated soil (total
As 18.15 + 2.12 mg/kg) collected from arsenic-
stricken village (Ghentugachi, Chakdah Block,
Nadia, West Bengal, India; 23°02'N, 88°34'E, 9.75 m
a.s.l.). Arsenic-contaminated water (0 As; 0.2 mg
Asl/L; 0.3 mg As''!/L; 0.5 mg As"/L; 0.2 mg AsV/L;
0.3 mg AsV/L; 0.5 mg AsV/L) was used to irrigate
the pots. Sodium arsenate and sodium arsenite
(Merck, Darmstadt, Germany) were used to pre-
pare graded doses of AsY and As!!l — spiked water.
For cabbage and pumpkin, about 7 L of water was
applied per pot (5 kg of soil). However, radish was
irrigated with 3 L of water per pot. For estimating
germination index, seeds of the vegetable crops
were incubated at 4°C for a few days and then
surface-sterilized with 5% sodium hypochlorite.
Estimations were done at 70% relative humid-
ity at 25°C with a 12 h photoperiod following
ISTA (2008). Chlorophylls and carotenoids were
extracted by percolation method (Hiscox and
Israelstam 1978). Total protein was estimated
following the method of Lowry et al. (1951). An
index of depression (ID) (Miteva 2002) of plant
growth was calculated as follows:

D= 1x (Gl_c]l)x1oo+(TC_Tcl)x100+
3 GI TC
CA—CA P—P
+(67A1)x100+( 1)x100

doi: 10.17221/363/2015-PSE

Where: GI, — germination index at As-spiked treatment
and at control treatment — GI; total chlorophyll at As-
spiked treatment — TC, and at control treatment — TC;
carotenoid content at As-spiked treatment — CA, and at
control treatment — CA; protein content at As-spiked

treatment — P, and at control treatment — P.

The germination index (GI) of the seeds was
calculated as described in the Association of
Official Seed Analysis (AOSA 1983) by the fol-
lowing formula:

GI =X (G/T)
Where: G — no. of germinated seeds from the first count to

tth count; T — days of the first count to tth

count. Seedlings
of about five weeks old were taken to observe arsenic ac-
cumulation in leaves only. Leaf samples of the plants were

collected at the time of peak vegetative stage.

The field experiments with the selected vegeta-
bles were undertaken in the same location of the
contaminated village for two consecutive winters of
2010-2011 and 2011-2012. The experiments were
laid out in thrice replicated factorial randomized
block designs, where the source of water was one
factor (two levels; W, — pond water; W, — shallow
tube well water) and organic amendment was the
other one (five levels; T, - control; T, - farm yard
manure or FYM @ 15 t/ha; T2 — vermicompost
@ 5 t/ha; T, - sludge @ 5 t/ha). The initial soil
status and As content in water sources were listed
in Table 1. The plant samples were taken from the
experimental sites at different stages [pumpkin:
65 DAS (days after sowing) (flowering stage) and
130 DAS (at harvest); radish: 15 (vegetative stage),
30 (root initiation stage) and 60 DAS (at harvest);
cabbage: 30 (peak vegetative stage), 60 (heading
stage) and 75 DAT (at harvest)]. The plant samples
both from pot and field experiment were washed
with pure water to remove soil debris attached to
the plant body and then with ultra-pure deion-
ized water.

Soil samples were extracted with 0.5 mol/L
NaHCO, (soil:extractant: 1:10 w/v) (Johnston
and Barnard 1979) to determine the available As.
Plant samples were dried, ground and kept in a
sample container. The samples were digested by a
mixture of concentrated acids, e.g., HNOB, HCIO4
and H,50, in a proportion of 10:4:1 (v/v) as de-
scribed by Jackson (1973). The plant digest/soil
extract was diluted to 50 mL. Then 10 mL of the
aliquot was taken in 50 mL volumetric flask; 5 mL
of concentrated HCI and 1 mL of mixed reagent
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Table 1. Initial status of soil and water used in pot and field experiment

Soil Properties Mean value

Methodology Reference

Initial soil status

1 pH 7.51 £ 0.21
sand 20.66 + 2.23
2 silt 47.20 £ 5.65
clay 32.14 + 4.32
3 organic carbon (%) 0.563 + 0.08
4 available N (kg/ha)
5 available P (kg/ha) 57.0 + 6.63
6 available K (kg/ha) 190.0 £ 9.30
7 total arsenic (mg/kg)* 18.15 + 2.12
8 available arsenic (mg/kg) 4.70 £ 0.56
As content in source of water
9 as in pond water (mg/L) 0.03 + 0.002
10 as in shallow water (mg/L) 0.32 £ 0.12

220.0 £ 11.02  hotalkaline KMnO, method

HCI + KI + ascorbic acid

soil:water:1.2.5 Jackson (1967)

Bouyoucos hydrometer Dewis and Freitas (1984)

wet digestion Walkley and Black (1934)
Subbiah and Asija (1956)
0.5 mol/L NaHCO, Olsen et al. (1954)
neutral N NH,OAc Brown and Warncke (1988)
tri-acid digest

0.5 mol/L NaHCO,

Sparks et al. (2006)
Johnston and Barnard (1979)

Sparks et al. (2006)

Values + are standard error of the mean (number of observations = 12); *Permissible limit for arsenic in agricultural soils @

[5% KI (w/v) + 5% ascorbic acid (w/v)] were added
to it, kept for 45 min to ensure complete reaction
and the volume was made up to 50 mL. The result-
ing solution was analysed in a PerkinElmer atomic
absorption spectrophotometer with flow injection
analysis system (FIAS 400, Waltham, USA) where
the carrier solution was 10% v/v HCI, the reduc-
ing agent (to ensure all As species be reduced to
AsH, and to be measured against a calibration
with standard As'! solution) was 0.2% NaBH, in
0.05% NaOH at the A =~ 193.7 nm.

Dietary exposure to (or intake of) food chemicals
was estimated by combining food consumption
data with food chemical concentration data e.g.
Dietary exposure = food chemical concentration x
food consumption. The dietary intake and the
risks associated with the arsenic contamination
of food materials were assessed in per cent of
provisional tolerable weekly intake (PTWTI) of the
contaminant (WHO 2000).

PTWI of arsenic — 15 pg/body weight (= 900 ug
for an adult of 60 kg body weight). Statistical conclu-
sions relating to the quality attributes and arsenic
accumulations in selected vegetables were drawn
through analysis of variance (ANOVA). Significance
(P < 0.05) was tested using the Windows-based
SPSS software (ver 21.0, SPSS Inc 1996).
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RESULTS AND DISCUSSION

The germination index, chlorophylls, carotenoid
and protein content of all the vegetables under
pot study were observed to reduce progressively
with increasing arsenic in irrigation water and
the impact of arsenite (As!!l) was more severe
than that of arsenate (AsY) (Table 2). An attempt
was made to summarize the changes in quality
traits in the form of index of depression (Table 2),
which clearly reveals that the impact of As!!l in
irrigation water remained more severe to arrive
at highest depression index (at 0.5 mg As!ll/L)
for all the vegetables studied, as compared to
AsY where the contamination up to 0.2 mg AsV/L
remained safe. The worst situation was encoun-
tered when pots were irrigated with 0.5 mg/L As!!!
spiked water. However, vegetable seed germination
(GI) was not that much affected up to irrigation
with 0.2 mg/L As'' and AsY contaminated water.
More As reduced GI may be due to the lack of
defense mechanism of vegetable seeds that made
them vulnerable to metal pollution (Mahdieh et
al. 2013). Arsenic addition significantly reduced
Mg concentration, an important component of
chlorophyll (Liu et al. 2008). Such decrease in
chlorophyll content, triggered by As accumula-
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Table 2. Effect of arsenate and arsenite on qualitative traits of vegetables (pooled data of two years)

As Germination index Chlorophyll a (mg/g) Chlorophyll 5 (mg/g)  Total chlorophyll (mg/g)
spiking  radish pumpkin cabbage radish pumpkin cabbage radish pumpkin cabbage radish pumpkin cabbage
No spike 2.79%  2.83* 2.80%° 1.02° 0.90° 0.80° 033* 028 033 1.34* 118  1.13°
Asl , 2.81° 268" 282 082> 077 075° 027°¢ 025® 028 109> 1.012> 1.03%
Astl o 227°¢ 232> 238>  0.64° 0.57°¢ 0.56" 0214 0.18> 0.20¢ 0.85¢ 0749 077«
Asl o 1504 1.63¢ 1554 0.58° 053 048 0179  0.15¢ 018! 0759  0.69¢  0.66¢
AsY, 2.77°b 279 276*  0.74> 089 0.80° 0244 028* 0.33° 098> 1.17*@  1.13?
AsY . 2.43°-¢ 222b¢ 208> 1.00°  0.59°¢ 0.77*@  0.32*" 0.20°¢ 0.30* 1332 079« 1.07%
AsY . 2.25¢  2.00° 1.81° 0.85®" 0.72:¢ 0.62° 0.29%°¢ 0.232¢ 026 1.13> 0.95> 0.88c

leaf As (mg/kg) carotenoid (ug/g) protein (mg/g) index of depression
radish pumpkin cabbage radish pumpkin cabbage radish pumpkin cabbage radish pumpkin cabbage

Nospike 1.62¢  230° 1209 3.88° 5347  4.68° 43.23" 53.94° 54.00° - - -
Astl 171 2399 1.31¢ 358 434> 4.14P¢ 38.10°¢ 47.02¢ 43.87°¢ 12.55¢ 16.91° 12.94
Astl o 1.74b-d 2.44dc 140c  3.34¢ 390> 3.814 35474 44.06° 43.37°¢ 29.12> 33.39> 28.52P
Astll o 179b¢ 251ed 153> 3.13¢  352¢ 3524 29.67¢ 40.19¢ 40.17¢ 46.98% 47.84° 45.72°
AsY,, 1.80b¢ 261> 1.52° 3722 5292 4.61% 41.23® 51.75% 5228 1225¢ 230f 2.17¢
AsY, 1.89% 273 160> 3.66°° 4.84*  4.40%> 39.79% 48.11Pc 49233 9.31°¢ 24.88¢ 15.19¢
AsY, . 2.000  2.81*  1.88%  3.60°® 4.11°  4.19>c 34.85°! 44.43°¢ 48.00°¢ 20.54¢ 29.75° 26.30

Subscript digit signifies a dose of respective nutrient in mg/L; means followed by a different letter are sig-
nificantly different (otherwise statistically at par) at P < 0.05 by Duncan’s multiple range test

Table 3. Effect of organic intervention on arsenic accumulation (mg/kg dry matter) in cabbage (pooled data of two years)

Days after transplanting (DAT)

30 60 75

root stem leaf root stem head root stem head
Source of irrigation
W, 3.36 1.04° 1.24° 3.58P 1.25P 1.47° 3.93b 1.19° 1.32°
A 3.66 1.272 1.45 3.85° 1.492 1.66 4.25 1.372 1.58°
Organic intervention
T, 3.712 1.36 1.55 3.90° 1.52 1.80° 4.29° 1.432 1712
T, 3.49%  1.16P 1.35¢ 3.68>  1.39bc 1.56P 4.07b¢  1.30b¢ 1.42b¢
T, 3.42¢ 1.07¢ 1.25¢ 3.64¢ 1.31¢ 1.48° 4.00¢ 1.21¢ 1.34¢
T, 3.58P 1.21° 1.45P 3.77° 144 161 4.16% 1.33 1.50°
Interaction
W, T, 3.55b¢ 120074 1.42¢ 3.77b¢ 1.35¢ 1.63° 4.10¢  1.28>d  1.53bc
W, T, 3.34de 1.05d 1254 3.54de  1.2gde 1.46° 3.91¢f 1.20¢ 1.31de
W, T, 3.26° 0.96¢ 1.14¢ 3.49¢ 1.20¢ 1.41° 3.84¢ 1164 1.20¢
W, T, 3.45% 110 1.35¢4  3.66°0  1.30d 1.50P 4.004-f  1.224 1.40¢
W,T, 3.86° 1512 1.68° 4.03° 1.68° 1.972 4.47 1572 1.882
W,T, 3.64° 1.27b¢ 144> 381bc 150> 1.65% 4.23b¢ 1.39b¢ 1.52b¢
w,T, 3.57P¢ 117°-4 1.32¢d 379bc 147 1.55P 4.15>-d4  1.25¢ 1.48>~d
W,T, 3.70% 1.32° 1.55P 3.88% 15726 172> 432 1.43% 1.60°
W, —irrigation through pond water; W, — irrigation through shallow tube well water; T, — no organic matter; T, - FYM

1

0

(farmyard manure) @ 15 t/ha; T, — vermicompost @ 5 t/ha; T, - sludge @ 5 t/ha. Means followed by a different letter

are significantly different (otherwise statistically at par) at P < 0.05 by Duncan’s multiple range test
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tion is a bio-indicator of oxidative stress caused
by this metalloid (MacFarlane and Burchet 2001).
Increasing AsY in irrigation water was observed to
increase radish chlorophyll, although it reduced
cabbage and pumpkin chlorophylls. Arsenic toxic-
ity often limits photosynthesis through reduced
pigmentation like carotenoid (Farnese et al. 2014).
Reduced proteins in vegetables observed in the
present study were more conspicuous with in-
creasing As!!! levels rather than with AsY due to
more aggressive reactivity of As!!! with sulfhydryl
groups in enzymes (Tripathi et al. 2007). However,
the effect of arsenic on photosynthetic pigments
may be inhibitory as well as stimulatory, depending
upon the plant species (Perales-Vela et al. 2007).
Leaf arsenic accumulation of cabbage, pumpkin
and radish were increased with increasing arsenic
in irrigation water and were maximum where AsV
concentration were 0.5 mg/L regardless of the veg-
etables grown. Tlusto$ et al. (2002) also observed
that total arsenic concentrations in both leaves and
roots of radish increased significantly in treated
soils irrespective of the arsenic compound added.

Field studies showed that arsenic accumulation in
all plant parts increased with the age of the selected
vegetables (Tables 3—5). Bhumbla and Keefer (1994)
observed that plants accumulate higher amounts
of arsenic as they age, more precisely at harvest as
compared to earlier growth stages (Sultana et al.
2015). The arsenic accumulations are usually very
high in roots followed by head > stem (in cabbage),
root > leaf > fruit > stem > rind (in pumpkin) and
root > leaf (in radish). The highest accumulations
were observed in radish root (4.10-4.54 mg/L),
followed by cabbage head (1.20-1.88 mg/L) and
pumpkin fruit (0.96-1.41 mg/L). Signes-Pastor
et al. (2008) analysed several vegetables grown in
As contaminated sites of the district 24 Parganas
(North) and found mean As level of 0.75 mg/kg,
with radish having the highest As concentration,
1.67 mg As/kg. Ren et al. (2010) reported higher
accumulation of As in the edible portions of leafy
or root crops than the storage organs or fruits.

Use of surface (pond) water for irrigation sig-
nificantly reduced arsenic accumulation in all
plant parts of the vegetables significantly from

Table 4. Effect of organic intervention on arsenic accumulation (mg/kg dry matter) in pumpkin (pooled data of two years)

Days after sowing (DAS)

65 after harvesting (130)

root stem leaf fruit rind root stem leaf fruit rind
Sources of irrigation
W, 337> 096> 212> 114> 074> 376> 120> 237° 138> 1.01P
W, 3.65°  1.25°  245%  1.33*  0.92°  4.03° 1397 269 148 129
Organic intervention
T, 3.68°  1.27°  245% 138  0.99°  4.06° 142% 266 1.55° 127°
T, 351> 1.10° 2323 123> 082> 3.89> 1.30° 2550 1.44% 115
T, 3.43> 1.02> 224> 119> 075> 3.82>  121¢ 246*  1.35°  1.09°
T, 3.55%  1.200 236>  1.31°" 0.90% 3972 1373 2592  1.48P 1.22°
Interaction
W, T, 3.52b¢ 1.15¢ 230 1.27°¢ 0.90%4 3.90b~4 1.32bc 2512 1482 1.12P-d
W, T, 3.38«d 0954 2.15%  1.14¢ 0714 3.77¢4 1200 2392 1.39>¢ 1.00¢
w,T, 3304 0.844  2.08° 1.11° 066 3.69¢ 1124  230°  1.31° 0.96¢
W, T, 3.39¢1 1.10¢  221b-¢ 121b¢  0.80Pd 3.84°d 126>~ 2447  1.41°° 1.10°d
Ww,T, 3.84% 138" 2590 149 108" 422 1522 281° 1.61°  141°
W,T, 3.64%°  1.24%°¢ 248C 1318°¢ 092°°¢ 4.00°° 1.39% 270  1.49°¢ 1.30%
w,T, 3.55P¢  1.19b¢ 23924 126bc  0.8424 3.95b¢ 130> 2612  1.39b¢ 1223
w,T, 370> 1.30°" 2512 1.40% 1.00°* 4.10°" 1.47°  2.73°  1.54> 1.33%®

W, —irrigation through pond water; W, — irrigation through shallow tube well water; T, — no organic matter; T, - FYM

1

(farmyard manure) @ 15 t/ha; T, — vermicompost @ 5 t/ha; T, — sludge @ 5 t/ha. Means followed by a different letter

are significantly different (otherwise statistically at par) at P < 0.05 by Duncan’s multiple range test
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Table 5. Effect of organic intervention on arsenic accumulation (mg/kg dry matter) in radish (pooled data of two years)

Days after sowing (DAS)

15 30 after harvesting (60)

root leaf root leaf root leaf
Sources of irrigation
W, 1.49° 1.38b 3.53P 1.59° 4.21° 1.69?
W, 1.622 1512 3.94* 1.70 4.372 1.822
Organic intervention
T, 1.69% 1.582 3.912 1.782 4.59° 1.90°
T, 1.54b¢ 1.432b 3.72% 1.65° 4.17° 1.752
T, 1.51¢ 1.40° 3.66" 1.592 4.19° 1.68°
T, 1.60% 1.49% 3.80% 1.672 4.41% 1.822
Interaction
W, T, 3.284e 1.59% 3.65% 1.70? 4.48% 1.802
W, T, 3.204¢ 1.48P 3.544 1.59° 4.20% 1712
W, T, 3.16¢ 1.47° 3.464 1.542 4.10° 1.622
W, T, 3.25d¢ 1.512b 3.61% 1.62° 4.28% 1.742
W,T, 3.85° 1.782 4.16° 1.85 4.69° 2.00°
W,T, 3.54b¢ 1.59 3.90¢ 1712 4.14° 1.79*
w,T, 3.43<d 1.542b 3.86 1.64° 4.28% 1.732
W,T, 3.712b 1.69% 3.99% 1.72° 4.54% 1.892
W, — irrigation through pond water; W, — irrigation through shallow tube well water; T ) — no organic

matter; T, — FYM (farmyard manure) @ 15 t/ha; T, — vermicompost @ 5 t/ha; T, - sludge @ 5 t/ha. Means
followed by a different letter are significantly different (otherwise statistically at par) at P < 0.05 by Duncan’s

multiple range test

the plants raised with underground (shallow tube
well, STW) irrigation water, simply due to low
As concentration in pond water than STW water
in the experimental area. Use of less contami-
nated surface water may be considered as possible
mitigation of arsenic contamination of food stuff
although such propositions are not acceptable
to farmers using STW drafted water due to easy
availability and deficiency of water bodies in this
thickly populated and intensively cultivated area
(Sinha and Bhattacharyya 2014).

Soil amendment with organic manures was ob-
served to significantly reduce arsenic accumula-
tion in all plant parts of the selected vegetables
across growth stages over control situations.
Vermicompost application made such reduc-
tions in arsenic accumulation most consistently
and efficiently followed by FYM and sludge. Such
reductions in edible parts of the selected vegeta-
bles, as revealed in Figure 1, showed that organic
amendments reduced As accumulation in cab-
bage head, followed by pumpkin fruit and radish

root. Organic amendments such as composts and
manures that contain a high amount of humified

25 4 a @ Farmyard manure
= Vermi-compost
£ 20 J N p
g g Sludge
g8 .

% § 15 4 a

& © Q

O O

s N

: g N

g 0 N

g 5. I b b
0 T N H T

Cabbage head Pumpkin fruit Radish root

Figure 1. Percentage decrease in arsenic concentration
due to the use of organic amendments. Mean values
for treatments with different lowercase letters indicate
significant differences (otherwise statistically at par) at
P < 0.05 by the Duncan’s multiple range test
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Table 6. Assessment of the risk of dietary exposure to arsenic
Average weekly consumption _Arsenic ingestion in a week (mg) PTWI (%)

Vegetable . - -

(kg fresh weight) min. max. min. max.
Cabbage 0.95* 0.10 0.13 10.08 13.44
Pumpkin 0.74* 0.13 0.16 10.70 13.15
Radish 0.63* 0.09 0.10 5.99 7.00

*National Nutritional Monitoring Bureau, Goverment of India: West Bengal rural survey 2004-2006 database on food

consumption; PTWI — provisional tolerable weekly intake

organic matter can decrease the bioavailability of
heavy metals through adsorption and by forming
stable complexes with humic substances (Sinha
et al. 2011). Earlier studies also indicated that in
West Bengal the crops and vegetables cultivated
in the arsenic-contaminated soil accumulate a
significant amount of arsenic and finally enter to
the human food chain (Santra et al. 2013). The
risk of dietary exposure to arsenic through these
vegetables was assessed and is recorded in Table 6.
A risk assessment study in Denmark observed a
risk of 4% PTWI of dietary exposure to arsenic-
contaminated carrot (NFAD 1995/1996). Although,
arsenic accumulation in edible parts of the selected
vegetables was quite high, the arsenic ingestion
through the selected vegetables remained far be-
low the unsafe limit of dietary risk (5.99-13.44%
of provisional tolerable weekly intake of arsenic).
The low importance of vegetables in daily As intake
was mainly due to the fact that vegetables have a
high water content (approximately 90%). Under
circumstances of food shortage, rice becomes the
most important food and represents about 70%
of the daily food intake, and at the same time, it
becomes the largest source of As. During times
when vegetables, milk, and bakery products are
more abundant, the importance of rice decreases
and represents about 35% of daily food intake and
vegetables become more abundant source of dietary
risk of exposure to arsenic (Signes-Pastor et al. 2008).
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