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 The aim of the present study is to assess the risk of dietary exposure to arsenic in selected contaminated areas of five districts (North 24 Parganas, 

South 24 Parganas, Nadia, Murshidabad and Malda) of Gangetic West Bengal of India.

 The total diet study was carried out by sampling twenty major food items from ten contaminated and one non contaminated market of 

each district. The arsenic content of each individual food items, composite samples from market basket study as well as the duplicate diet study was 

analyzed and the risk of dietary exposure to arsenic through the consumed food items and drinking water was computed by Per cent Provisional 

Tolerable Weekly Intake (PTWI), Hazard Quotient (HQ) and Target Cancer Risk (TCR).

 Results reveal that more than fifteen food items have arsenic content much higher 

than the threshold level of intake and can substantiate dietary risk. The cooking of the 

composite food items using arsenic free water reduced the arsenic load vis-a-vis cooking 

using contaminated water of the locality (47.1, 41.3, 43.8, 34 and 35.7% for Nadia, South 24 

Parganas, North 24 Paraganas, Malda and Murshidabad respectively). The non-

contaminated areas also have substantial arsenic exposure through the food web. Duplicate 

diet study among 30 families of Nadia district reveal significant arsenic concentration (0.03-

1.57 mg/kg), daily arsenic intake (0.026-1.949 mg/kg/day), %PTWI (20.07-1515.59), HQ 
-4 -2(0.18-13.65) and TCR (5.64x10 -4.30x10 ), and thereby demand a thorough investigation.

 The use of contaminated water for drinking as well as cooking purpose serves 

as a major pathway for the entry of the carcinogenic arsenic in human system. Some of the 

major dietary crops like lentil, green gram, tea etc had less arsenic accumulation and thereby 

emerged somewhat tolerant. The study also revealed that the use of distilled (free of arsenic) 

water can lower the load of arsenic, which can be a silver lining to solve the situation through 

Governmental drive for safe water in the locality by rendering the risk parameters somewhat 

benign.

 Arsenic, Dietary exposure, Hazard quotient, Risk assessment, Target cancer risk
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Introduction

Ground water arsenic (As) pollution has emerged as a 
problem of global concern, the severity being most 
unprecedented in India and Bangladesh (Guha Mazumder et al., 
2013). The presence of the metalloid and human exposure to it 
encompasses severe health hazards (Sharma et al., 2014) 
especially under significantly high levels of As exposure. Recent 
studies have also reported elevated cases of certain cancers, 
cardiovascular diseases, respiratory conditions, and diabetes 
even with low levels of As exposure (Davis et al., 2017).

-1India have groundwater As concentration of 50–1600 μgl . 
This is of a serious concern, as the value is several orders of 
magnitude higher than the maximum acceptable concentration 

-1(MAC) of As, as per the WHO guideline value (10 μgl ) (Sanyal et 
al., 2015). But the problem is not solely restricted to drinking the 
contaminated groundwater. Groundwater is extensively used 
(85–90%) in the affected belts of West Bengal to meet the crop 
(mainly rice) irrigational requirements (Sanyal and Nasar, 2002; 
Sanyal, 2017). The report of arsenic accumulation in day-to-day-
used vegetables grown on contaminated soils and/or using 
contaminated irrigation water is also evident (Meharg and 
Rahman, 2003; Biswas et al., 2012). 

Appropriate attention generation is noteworthy since a 
point and fixed source of arsenic contamination through drinking 
water may transform into a diffuse and uncertain source of 
contamination when it has a lateral shift by virtue of which it enters 
into the food web, and possibly biomagnifies in food chain (Sanyal 
and Nasar, 2002). Water and diet mediated As intake have been 
reported in arsenic-exposed populations of India, especially 
adjoining the Gangetic basin (Ohno et al., 2007). 

Guha Mazumder et al. (2013) reported significant dietary 
As content among human beings in affected areas of West 
Bengal even when As level remained within the WHO-prescribed 
permissible limit i.e. provisional tolerable weekly intake (PTWI) in 
case of drinking water. This emphasizes the transfer of As from 
soil to crop edibles and thereby to the food chain. Apart from the 
parameter of PTWI, the human health risk to As can also be 
expressed in terms of hazard quotient (HQ) (Mandal et al., 2019) 
and target cancer risk (TCR) (Antoine et al., 2017).

In order to carry out an effective study for dietary risk 
assessment, three steps are of the foremost necessity: analysis 
of the individual food products; carrying out the market basket 
studies; and categorizing duplicate diet portion. Taking due 
cognizance, the current study emphasizes the concern of total 
daily arsenic intake through drinking water and dietary 
components by Market Basket survey of the selected arsenic 
contaminated locality and validated through Duplicate Diet 
Method. The risk of dietary exposure was also ascertained 
through PTWI, HQ and TCR measurement. 

Materials and Methods

Selection of sites : The experimental study was primarily aimed 
at assessing the arsenic exposure through diet in the major 
contaminated zones of West Bengal, India. Five major arsenic 
contaminated districts as, Murshidabad, Malda, Nadia, North 24 
Parganas and South 24 Parganas were selected on the basis of 
the Village Summary of Tube-well Test Results under JPOA with 
UNICEF (http://www.dngmresfoundation.org). Substantial levels 
of As in the districts have been widely reported (PHED/UNICEF 

-1data, 2008), as in 24 parganas (North) (0.302 ± 0.214 mg l ), 24 
-1parganas (South) (0.249 ± 0.117 mg l ), Nadia (0.345 ± 0.139 mg 

-1 -1l ), Murshidabad (0.259 ± 0.061 mg l ) and Malda (0.205 ± 0.097 
-1mg l ). Market selection for collecting food samples (sampling 

elucidated in next section) were undertaken from ten 
contaminated and one uncontaminated area of each district 
based on the As content of tube well (Table 1 and 2). The higher 
content of As in the ground water of the selected areas result in 
higher accumulation in the various food items cultivated and their 
consumption results in its dietary exposure through food chain 
(Golui et al., 2017; Biswas et al., 2018).

Market basket survey of the study area : The market basket 
survey for different food items and their As level analysis have 
been categorized in the following form of flow chart:

Ten contaminated market sites and one uncontaminated market 
sites were selected from each of the five districts

$
Twenty major food items (National Nutritional Monitoring Bureau, 
Technical Report, 26, 2012) were sampled from respective 
markets in triplicates

$
Samples were washed in tap water followed by double distilled 
water

$ 
Based on nature of food items, some were directly made ready for 
analysis, while others were cooked/ boiled

$
Each sample was dried and analyzed for arsenic

$
A composite mixture of the different food items collected from 
each market was made

$
The composite items were cooked using contaminated water of 
the locality and distilled water

$
Simultaneously, the food items collected from the 
uncontaminated market sites were composited and cooked with 
distilled water.

$
Finally the arsenic content was determined in the composite 
items under standard protocol.

Duplicate diet method: The observations recorded through the 

K. Bhattacharyya et al.: Arsenic induced human dietary risks
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Table 1 : Selection criteria of contaminated markets in selected district

Block Village Mean As Min As Max As

Nadia
1 Chakdah Krishnapur 0.42 0.01 0.82
2 Chakdah Chandamari 0.34 0.01 0.67
3 Chakdah Ganga Manoharpur 0.34 0.01 0.66
4 Chakdah Iswaripur 0.30 0.01 0.58
5 Chakdah Chanduria 0.27 0.01 0.52
6 Chakdah Saguna 0.25 0.01 0.48
7 Haringhata Hazrapota 0.42 0.06 0.77
8 Haringhata Nischintapur 0.31 0.01 0.61
9 Haringhata Ganguria 0.21 0.01 0.41
10 Krishnagar-II Mayakhol 0.59 0.01 1.16

Murshidabad
1 Beldanga-I Haraknagar 0.40 0.01 0.78
2 Beldanga-I Pulinda 0.29 0.01 0.57
3 Beldanga-I Bishannagar 0.25 0.01 0.49
4 Beldanga-I Debkundu 0.25 0.01 0.48
5 Beldanga-I Jhunka 0.23 0.01 0.43
6 Beldanga-I Sankarpara 0.22 0.01 0.43
7 Beldanga-I Maheshpur 0.21 0.01 0.41
8 Beldanga-I Barua 0.21 0.01 0.40
9 Beldanga-II Maradighi 0.32 0.01 0.63
10 Berhampore Rajdharpara 0.21 0.03 0.39

South 24 -Parganas
1 Bhangar-I Chakbarali 0.41 0.01 0.82
2 Bhangar-II Pithapukuria 0.39 0.01 0.76
3 Bhangar-I Dakshin Kathalia 0.35 0.01 0.70
4 Bhangar-II Wari 0.31 0.01 0.60
5 Bhangar-I Chakvika 0.29 0.01 0.57
6 Bhangar-I Bazaraite 0.24 0.01 0.47
7 Bhangar-II Bankachua 0.10 0.01 0.18
8 Bhangar-II Nawabad 0.11 0.01 0.19
9 Bhangar-II Sonpur 0.14 0.01 0.19
10 Bhangar-II Uttar Kasipur 0.15 0.01 0.19

North 24 -Parganas
1 Gaighata Jamdani 0.24 0.03 0.45
2 Gaighata Kahankia 0.23 0.01 0.45
3 Gaighata Kalanchi 0.25 0.01 0.49
4 Gaighata Kaya 0.21 0.01 0.38
5 Gaighata Pipli 0.21 0.01 0.38
6 Gaighata Purandarpur 0.23 0.01 0.45
7 Gaighata Sasadanga 0.21 0.01 0.40
8 Habra-I Ankhola 0.28 0.01 0.55
9 Habra-I Shimulpur 0.25 0.01 0.19
10 Habra-II Mena 0.91 0.04 3.77
Malda
1 Ratua-II Alipara 0.43 0.04 0.82
2 Ratua-II Kolkamara 0.32 0.01 0.63
3 Ratua-II Nasirpur 0.34 0.01 0.67
4 Ratua-II Dharampur 0.43 0.01 0.85
5 Manikchak Mathurapur 0.56 0.02 1.10
6 Manikchak Salabatganj 0.50 0.01 0.99
7 Manikchak Kamalpur 1.26 0.05 2.49
8 Manikchak Lalbathan 0.72 0.02 1.42
9 Manikchak Naoda 0.78 0.02 1.54
10 Manikchak Pukhuria 0.82 0.02 1.62
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above-mentioned total diet study through market basket design 
have been validated in three villages of Nadia district through 
Duplicate Diet Method to avoid possible artifacts. The duplicate 
diet study is simply a validation of the outcome of the total diet 
study conducted through the market basket design and may not 
need duplication in each study area or are really difficult to handle 
in areas remote from the headquarters, thus we selected Nadia 
because of its considerably higher and uniform trend of As levels 
in tube-well water, as described earlier. The duplicate diet study 
approach may primarily be stated as a direct sampling technique 
involving collection and analysis of an exact duplicate of food that 
is consumed (WHO, 1985). There may be a difference between 
As content of cooked and uncooked food. The accuracy of the 
duplicate diet methods for estimating personal exposures 
through food and water sources, types and quantities of food 
items consumed, and cooking methods is considerably higher 
(Piyawat Saipan and Ruangwises, 2009).

In this method, daily total food from ten (10) families of a 
village were collected, thoroughly mixed, homogenized and 
analyzed for arsenic concentration in composite food. In each of 
the families, the “senior” woman (mother or eldest daughter-in-
law) especially those who involve directly in preparation of food 
was interviewed. A participant’s entire day diet intake was 
formulated using a detailed questionnaire. Diet questionnaire 
method of study was previously validated in West Bengal (Guha 
Mazumder et al., 2013). The questionnaire encompassed each 
meal, starting from afternoon to lunch on subsequent day. Each 
diet category in each meal of each participant was quantified and 
recorded. To make quantitative assessment of food consumed by 
a participant in the family, a duplicate portion of the cooked items 
in each meal was collected and weighed. Considering the dry 
cooked collected food items, their dry weight was taken. The diet 
samples thereby collected were packed in well-zipped 
polyethylene pack, carried from the site to laboratory in buckets 
with ice, and thereafter stored at -20°C until further analytical 
studies.

Analysis of total arsenic content in the food: Among the 
selected diversified food categories, cooked foods were wet- 
weighed and raw food were dry-weighed; and dried until constant 
weight in an oven at 60ºC was obtained for calculating the 

moisture. Block digestion procedure was employed for As 
analysis. The dry samples were crushed and 1 gm of each sample 
was weighed to a 100 ml conical flask and digested with a mixture 
of nitric acid, perchloric acid, and sulphuric acid (10:4:1). The 
flasks were then kept under room temperature and filtered with 
Whatman No. 42 filter paper (Guha Mazumder et al., 2013) and 
the extract is collected for analysis.

For analysis each extract was diluted (50 ml); 5 ml aliquot 
was transferred to a 50 mL volumetric flask; 5 mL of concentrated 
HCl and 1 mL of mixed reagent [5% KI + 5% ascorbic acid (both in 
w/v)] were added to it, kept for 45 min (for ensuring completion of 
chemical reaction) and the volume was made up. The analysis 
was executed in a Perkin-Elmer Atomic Absorption 
Spectrophotometer with Flow Injection Analysis System (FIAS 
400) under standard instrumental conditions (Sparks et al., 
2006). The accuracy of the instrumental analysis was validated 
using a standard reference material of rice flour (SRM1568a) 
prepared by NIST; at least once in every batch of 30 samples.

-1Sample Certified              Observed value (μg g )

value 
-1(μg g )

HNO -digest, Tri-acid digest, 3

determined through determined through 

Perkin Elmer ELAN Perkin Elmer FIAS 

DRCe-6000 ICP-MS 400 attached 

AAnalyst 200 AAS

SRM 290±30 283±8 294±6

1568a 

(rice flour)

Risk assessment of exposure to arsenic through dietary 
intake: Provisional tolerable weekly intake (PTWI) : The 
dietary risk associated with consumption of dietary food items in 
the As contaminated zone was computed. The weekly intake of As 
from each item (mg/week) was computed through simple 

-1multiplication of arsenic concentration (mg Kg  of wet wt.) and 
consumption rate (Kg of wet wt/week) for each and every specific 
food categories. Relating the Joint FAO/WHO Expert Committee 
on Food Additives (JECFA) values of PTWI with the National 

Table 2 : Selection criteria of control markets in selected district

Control

District Block Village Arsenic conc.

Nadia Chakdah Rautari 0.015
Mursidabad Beldanga-II Mahata 0.014
South 24 Parganas Bhangar-II Nimkuria 0.015
North 24 Parganas Habra-II Dogachia 0.018
Malda Ratua-II Paranpur 0.021

-1*In both Tables 1 and 2 As concentration is measured in mg l .
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Nutritional Monitoring Bureau (NNMB) dataset, a factor of 0.9 was 
divided to get actual PTWI (Guha Mazumder et al., 2013). Dietary 
As exposure was determined in terms of % PTWI as:

 

(*Weekly consumption data obtained from National Nutritional 
Monitoring Bureau- NNMB, 2012)

Hazard quotient (HQ): The US Environmental Protection 
Agency (USEPA) has developed a protocol of estimating As 
related health risk using hazard quotient (HQ) (IRIS, 2017). 
Hazard quotient may be categorized as the simple ratio of the 
average daily dose of the metalloid (ADD) to its reference dose 

-1 -1(RfD) measured in mg.kg.bodyweight .day . In other words, it is 
the maximum tolerable daily intake of As from all the food items 
and drinking water that does not result in any deleterious health 
effect (Pierzynski et al., 2000):

If HQ>1, then ADD>RfD, for a specific metal (loid) indicating a 
potential risk to As intake. The computation of HQ is based upon 

-1 -1some assumptions as 2.1 μg As kg body weight . day  as the 
PMTDI (WHO, 1996); daily intake of each food item based on 
report of NNMB (2012) and average body weight for an adult 
being 68 kg (Rahaman et al., 2013). 

Where M  is consumed food item(s) As content; W is the daily food

intake of each food item (Golui et al., 2017).

Target cancer risk (TCR): The target cancer risk (TCR) of any 
carcinogen may be assumed as a parameter to assess the 
potential risk of exposure to it throughout the entire lifetime 
(Antoine et al., 2017). In this estimation an oral slope factor and 
dose of carcinogen are considered over an individual’s lifetime. 
The equation for TCR is:

The connotations used can be illustrated as Efr 
(frequency of exposure to arsenic), Ed (duration of exposure i.e. 
70 yrs), FIR (ingestion rate in g per day for each food item), C 
(concentration of As in wet weight of food item), CPSo (oral 

-1cancer slope factor, considered 1.5 (mg kg ) per day for As), BWa 
(reference human body weight as 68 kg), ATc (average time of 

-3exposure to carcinogen i.e. 365days*70yrs) and 10  as a factor 
-4 -6for unit conversion. A TCR value of 10  to 10  (in other words, 1 in 

10,000 to 1 in 1,000,000) is the acceptable limit with the upper 
-4 tolerable limit strictly being 10 (Antoine et al., 2017).

Statistical analysis: Mean data of different parameters were 
adjudged by Tukey’s HSD (honest significant difference) test 
method. Statistical computations like simple descriptive statistics, 
computation of As content as well as risk assessment of arsenic 
through diet and the associated conclusions for hazard quotient 
as well as the target cancer risk were performed using Microsoft 
Excel 2016 and SPSS version 23.0 (SPSS, Inc.) (Mandal et al., 
2019).

Results and Discussion

As content in water and diet samples collected by market 
-1basket survey: The concentration of arsenic (mg kg ) in the 

different food items of the contaminated locations of all five districts 
varied considerably, and had the values of 0.334-1.212 (potato), 
0.589-1.322 (onion), 0.412-0.750 (pointed gourd), 0.569-1.112 
(tomato), 0.398-0.960 (bottle gourd), 0.356-0.732 (pumpkin), 
0.689-2.654 (spinach), 0.421-0.698 (papaya), 0.612-0.894 
(banana), 0.412-0.720 (brinjal), 0.364-0.992 (rice), 0.106-0.456 
(flour), 0.139-0.351 (lentil), 0.185-0.491 (green gram), 0.321-
0.605 (cabbage), 0.172-0.412 (tea), 0.425-0.815 (milk), 0.553-
1.126 (water), 0.425-0.568 (fish) and 0.245-0.529 (fowl). For 
comparative evidence, statistical analysis in the form of Tukey’s 
HSD Test has been carried out and represented in Table 3. Critical 
evaluation suggests that in all the areas of study the contaminated 
sites had significantly higher levels of As than their corresponding 
uncontaminated sites. Such difference was even more severe for 
food items that are succulent in nature (spinach, onion, tomato, 
potato etc.) or requiring more water (rice) owing to entry of As 
through water.

Almost all the 20 selected item showed considerably high 
accumulation and recoveries were higher in cereals, vegetables 
and fruits. Pulses accumulated less arsenic and thereby may be 
better alternative crop in contaminated area. These observations 
were taken across 20 rural markets of contaminated area of the 
state of West Bengal. Similar studies carried out by other 
researchers in the villages of the district of 24 Parganas (North) 
revealed mean arsenic accumulations in vegetables, cereals, 

-1and spice to the tune of 75 µg As/kg, 339 µg As kg  and 90 µg 
As/kg with paddy and boiled rice showing the highest 

-1concentrations, 496 and 469 µg As kg , respectively (Signes-
Pastor et al., 2008). Such findings bear good agreement with 
ICAR (2011) and Santra et al. (2013).

The food items from the control market sites have arsenic 
-1content (mg kg ) in the range of 0.228-0.382 (potato), 0.582-

0.836 (onion), 0.225-0.52 (pointed gourd), 0.345-0.465 (tomato), 
0.13-0.613 (bottle gourd), 0.209-0.432 (pumpkin), 0.712-1.052 
(spinach), 0.286-0.587 (papaya), 0.308-0.611 (banana), 0.361-
0.559 (brinjal), 0.269-0.628 (rice), 0.113-0.265 (flour), 0.125-0.24 
(lentil), 0.17-0.336 (green gram), 0.212-0.412 (cabbage), 0.116-
0.312 (tea), 0.184-0.689 (milk), 0.012-0.032 (water), 0.256-0.336 
(fish) and 0.176-0.256 (fowl). This finding is in line with Santra et 

PTWI % =
(As conc.x weekly consumption x 100)

JECFA, FAO-WHO PTWI

HQ = 
ADD

RFD

HQ = 
Mfood x W

RfD x 68

TCR = 
Efr x Ed x Fir x C x CPSo 

BWa x ATc
-3x 10
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al. (2013) who propounded that imported food crop and vegetable 
from these As contaminated areas of West Bengal make the 
people of neighbouring non-contaminated areas vulnerable to 
arsenic exposure through dietary intake. Even when the arsenic 

-1concentration in drinking water was reduced to <50 μg l  i.e. the 
permissible limit in India, water and diet continued to be the major 
source of arsenic found in urine of residents of arsenic-endemic 
region (Guha Mazumder et al., 2013). This may possibly be 
attributed to the diffused and uncertain lateral shift of arsenic in 
the locations where geogenically no arsenic is present but entry 
and bio-magnifications through food chain is underway (Sanyal, 
2017). 

Dietary risk (%PTWI, HQ and TCR) through collected food 
samples: The dietary risk associated with the consumption of the 
arsenic laden food materials can be expressed in terms of percent 
provisional tolerable weekly intake, hazard quotient and target 
cancer risk and have been presented in Tables- 4, 5 and 6 
respectively. 

It was evident that, twelve food items out of the twenty 
selected, namely, potato, onion, spinach, banana, brinjal, rice, 
flour, milk, water, fish and fowl crossed the maximum tolerable 
limit of PTWI (i.e. 100%) in the selected sites and proved to have 
serious health hazards upon consumption. Of the districts, nine 
food items crossed the limit in case of North 24 Paraganas, 

indicating the highest dietary risk in that area. The dietary risks 
associated with consumption are mostly expressed by drinking 
water and rice cultivated with the contaminated water, thereby 
making them the most vulnerable. Even in case of the food items 
collected from the non-contaminated control sites, a large 
number of items had PTWI closer to the threshold value indicating 
the entry and ramification of the toxin in the food chain. Signes-
Pastor et al. (2008) has also found rice as the main source of As 
intake, which contributed about 92–94% and 91–93% to the total 
As intake from food composites (rice, vegetables, and spices) by 
adults and children in contaminated villages of Murshidabad of 
West Bengal. Ohno et al. (2007) reported that average 
contributions to the total As intake were: drinking water 13%, 
liquid food 4.4%, cooked rice 56%, solid food 11%, and cereals 
16%. Such findings bear a close agreement with the reports from 
Halder et al. (2013) and Guha Mazumder et al. (2014).

As evident in case of estimated HQ, a serious concern 
persists owing to the majority of the food items being above the 
theoretical threshold value of 1.0 (Piyawat Saipan and 
Ruangwises, 2009). The threat due to contamination of drinking 
water and crops are also evident in the non-contaminated sites. 
The significantly higher value of HQ for rice (1.093-5.152) and 
water (10.438-39.412) results in potential threats among the 
human community. However we should take into account that not 
only food items, but also drinking water and inhalation of dust may 

-1Table 3 : Arsenic content (mg kg ) in food items of ten contaminated and one uncontaminated market sites of each district

Food Items Nadia Control 24 Pgs (S) Control 24 Pgs (N) Control Malda Control Murshi- Control
dabad

bc e b c a e d e a fPotato 0.412 0.274 0.474 0.382 0.749 0.288 0.351 0.282 0.752 0.228
a b b c c d c d bc cOnion 1.031 0.836 0.819 0.672 0.686 0.582 0.674 0.571 0.763 0.664
d e c d a cd b f c dPointed gourd 0.457 0.376 0.584 0.460 0.706 0.52 0.637 0.225 0.587 0.489
b c b cd a c b cd a dTomato 0.669 0.465 0.653 0.400 0.950 0.460 0.631 0.413 0.978 0.345
bc c de f a e d g b dBottle gourd 0.744 0.613 0.493 0.405 0.914 0.465 0.530 0.130 0.817 0.525
a c b d b f c d bc ePumpkin 0.644 0.432 0.501 0.365 0.498 0.209 0.403 0.376 0.467 0.315
c e a bc d e b c c eSpinach 0.913 0.752 1.649 1.052 0.830 0.712 1.266 0.934 0.932 0.721
c e bc d a b b f a bcPapaya 0.521 0.391 0.547 0.431 0.646 0.587 0.573 0.286 0.664 0.531
b e bc d a c b f b deBanana 0.696 0.467 0.652 0.553 0.852 0.611 0.682 0.308 0.698 0.517
ab c d e a c b d ab bcBrinjal 0.615 0.518 0.457 0.361 0.670 0.530 0.587 0.442 0.611 0.559
c e e f a e f g b dRice 0.694 0.554 0.531 0.408 0.836 0.568 0.393 0.269 0.744 0.628
c d b e a d e f b cFlour 0.246 0.192 0.311 0.145 0.407 0.205 0.150 0.113 0.318 0.265
b d a c a ab cd d a bLentil 0.202 0.128 0.318 0.180 0.319 0.240 0.159 0.125 0.303 0.213
d e b c a b d e a bGreen gram 0.219 0.170 0.337 0.263 0.462 0.336 0.210 0.191 0.462 0.321
c e ab c b c a b ab dCabbage 0.361 0.212 0.483 0.351 0.438 0.368 0.568 0.412 0.492 0.267
d e b c a ab d d b eTea 0.198 0.116 0.297 0.227 0.382 0.312 0.182 0.160 0.273 0.118
a c c f a e d e ab bMilk 0.780 0.628 0.625 0.184 0.765 0.224 0.449 0.214 0.729 0.689
c d b de a d c de b eWater 0.599 0.030 0.706 0.023 0.922 0.032 0.617 0.021 0.729 0.012
b c a a b c a d a cFish 0.507 0.312 0.524 0.284 0.511 0.324 0.558 0.256 0.546 0.336
d e c e a f e f b eFowl 0.343 0.256 0.379 0.176 0.471 0.216 0.277 0.216 0.411 0.176

N.B.: As content analyzed and calculated for each food items collected in triplicate from 10 contaminated and 1 uncontaminated market locations of each 
district; Means followed by a different letter are significantly different at p <= 0.05 by Tukey’s HSD (honest significant difference) test (otherwise 
statistically at par). Results is to be read horizontally to compare significant difference existing for each food items across the five different districts and 
their control. 
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contribute significantly towards the human entry of the metalloid, 
necessitating consideration of 0.5 as the safe limit (Golui et al., 
2017). In that case, more than 15 food items are dangerous to 
consume alone or in combination with one another as evidenced 
by HQ (IRIS, 2017).

The TCR of the selected food items reveals the 
substantial presence of the toxin in the food chain and 
ramification in the food web. Our calculation is based on total 
arsenic (tAs), the TCR for inorganic arsenic (iAs) will likely be 

lower (Antoine et al., 2017). USEPA has recommended the range 
-6 -4(10 -10 ) as the acceptable range of TCR without significant risks 

-4and propounded 10  the upper limit for cancer development 
(Shaheen et al., 2016). On the basis of the recommendations 
almost all (except lentil, green gram, and tea) food items under 
study are threaded with cancer risks and the greatest risk is 
promulgated by water and rice. Control sites are relatively safe 
but combination of diversified food items can be carcinogenic. 

-4TCR close to 10  or even lower is serious and needs 
comprehensive assessment.

Table 4 : PTWI (%) in food items of ten contaminated and one uncontaminated market sites of each district

Food Items Nadia Control 24 Pgs (S) Control 24 Pgs (N) Control Malda Control Murshi- Control
dabad

Potato 49.61 33.03 57.14 46.05 90.30 34.72 42.28 34.00 90.67 27.49
±18.29 ±23.04 ±64.71 ±20.95 ±46.69

Onion 120.30 97.53 99.66 78.40 77.78 67.90 82.34 66.62 78.40 77.47
±36.17 ±40.35 ±42.78 ±33.74 ±31.57

Pointed gourd 28.44 23.40 36.31 28.62 43.95 32.36 39.60 14.00 36.51 30.43
±13.13 ±23.47 ±27.26 ±13.63 ±21.66

Tomato 26.02 18.08 25.40 15.56 36.95 17.89 24.55 16.06 38.04 13.42
±13.70 ±13.69 ±16.15 ±11.71 ±15.24

Bottle gourd 28.93 23.84 19.17 15.75 35.53 18.08 20.59 5.06 31.78 20.42
±18.40 ±11.43 ±21.63 ±13.96 ±23.67

Pumpkin 40.09 26.88 31.19 22.71 30.99 13.00 25.07 23.40 29.08 19.60
±11.31 ±16.46 ±14.40 ±12.84 ±15.72

Spinach 39.05 32.17 70.52 45.00 35.48 30.46 54.17 39.95 39.89 30.84
±17.44 ±44.21 ±36.38 ±47.04 ±49.50

Papaya 32.42 24.33 34.04 26.82 40.18 36.52 35.66 17.80 41.30 33.04
±10.94 ±17.28 ±33.14 ±29.38 ±21.26

Banana 68.90 61.75 72.34 73.12 85.39 80.79 75.78 40.72 87.77 68.36
±23.24 ±36.72 ±70.43 ±62.42 ±45.18

Brinjal 71.77 60.43 53.31 42.12 78.11 61.83 68.53 51.57 71.24 65.22
±31.00 ±30.78 ±58.55 ±36.15 ±34.82

Rice 313.12 249.92 239.36 184.05 377.08 256.23 225.10 121.35 335.40 283.30
±121.25 ±120.98 ±219.27 ±152.00 ±261.35

Flour 47.83 37.33 60.41 28.19 79.20 39.86 29.11 21.97 61.85 51.53
±21.21 ±46.85 ±56.17 ±26.76 ±47.81

Lentil 8.63 5.48 13.59 7.70 13.65 10.27 6.78 5.35 12.96 9.11
±6.06 ±10.83 ±10.22 ±4.23 ±7.18

Green gram 9.36 7.27 14.40 11.25 19.76 14.37 8.97 8.17 19.75 13.73
±3.22 ±6.80 ±11.82 ±6.52 ±9.62

Cabbage 22.45 13.19 30.08 21.84 27.23 22.90 35.31 25.64 30.60 16.61
±24.98 ±18.11 ±24.55 ±28.29 ±24.42

Tea 0.30 0.17 0.44 0.34 0.57 0.47 0.27 0.24 0.41 0.18
±0.14 ±0.18 ±0.36 ±0.08 ±0.33

Milk 121.40 97.69 97.28 28.62 118.95 34.84 69.86 33.29 69.86 107.18
±32.91 ±52.97 ±64.25 ±59.89 ±59.89

Water 1724.36 86.33 2031.71 66.19 2652.45 92.09 1774.73 60.43 2096.75 34.53
±653.41 ±915.81 ±1,684.44 ±825.81 ±816.38

Fish 59.17 36.40 61.13 33.13 59.56 37.80 65.08 29.87 63.69 39.20
±30.53 ±23.80 ±37.14 ±17.66 ±30.34

Fowl 53.37 39.82 58.94 27.38 73.25 33.60 43.06 33.60 63.96 27.38
±23.04 ±26.49 ±58.85 ±23.34 ±22.15

*PTWI calculated for each food items collected in triplicate from 10 contaminated and 1 uncontaminated market locations of each district. 
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As content and associated dietary risks for composite food 
samples: The As content under the different conditions of 
composite sample preparation have been presented in Table 7. 
The results of the study indicate considerable reduction in the As 
content of the composite food samples when cooked with distilled 
water (47.1, 41.3, 43.8, 34 and 35.7% for Nadia, South 24 
Parganas, North 24 Paraganas, Malda and Murshidabad 
respectively) which possibly suggests the grave situation 
presented by water alone in those area. The reduction in the As 
content also curbs down the risk of dietary exposure as evident by 

the % PTWI, HQ and TCR values. However in all the cases the 
values of the dietary risk parameters have been found to be above 
the tolerable threshold limit, indicating that the entry of the 
carcinogen and possible build-up in the human body. The target 
cancer risk among the community in the five districts has been 
presented in Fig. 1 which further testifies our findings. The 
cooking medium remained always very important since 
significantly higher As is recovered from rice cooked using 
polluted cooking water containing arsenic and only rice 
consumption will contribute 45.0, 38.6 and 37.2% to the final TAS 

Table 5 : HQ of food items from ten contaminated and one uncontaminated market sites of each district 

Food Items Nadia Control 24 Pgs (S) Control 24 Pgs (N) Control Malda Control Murshi- Control
dabad

Potato 0.447 0.297 0.514 0.415 0.813 0.313 0.381 0.306 0.816 0.247
±0.163 ±0.206 ±0.586 ±0.185 ±0.423

Onion 1.083 0.878 0.860 0.706 0.721 0.611 0.708 0.600 0.801 0.697
±0.326 ±0.357 ±0.389 ±0.305 ±0.378

Pointed gourd 0.256 0.211 0.327 0.258 0.396 0.291 0.357 0.126 0.329 0.274
±0.118 ±0.213 ±0.246 ±0.123 ±0.196

Tomato 0.234 0.163 0.229 0.140 0.333 0.161 0.221 0.145 0.342 0.121
±0.123 ±0.123 ±0.147 ±0.105 ±0.137

Bottle gourd 0.261 0.215 0.173 0.142 0.320 0.163 0.186 0.046 0.286 0.184
±0.165 ±0.102 ±0.196 ±0.126 ±0.214

Pumpkin 0.361 0.242 0.281 0.204 0.279 0.117 0.226 0.211 0.262 0.176
±0.101 ±0.146 ±0.129 ±0.418 ±0.140

Spinach 0.352 0.290 0.635 0.405 0.320 0.274 0.488 0.360 0.359 0.278
±0.158 ±0.397 ±0.327 ±0.424 ±0.447

Papaya 0.292 0.219 0.306 0.241 0.362 0.329 0.321 0.160 0.372 0.297
±0.101 ±0.157 ±0.297 ±0.263 ±0.190

Banana 0.829 0.556 0.776 0.658 1.014 0.727 0.812 0.367 0.831 0.615
±0.286 ±0.357 ±0.500 ±0.214 ±0.357

Brinjal 0.646 0.544 0.480 0.379 0.704 0.557 0.617 0.464 0.642 0.587
±0.284 ±0.273 ±0.525 ±0.326 ±0.315

Rice 2.819 2.250 2.157 1.657 3.396 2.307 1.596 1.093 3.022 2.551
±1.097 ±1.097 ±1.990 ±0.934 ±2.356

Flour 0.431 0.336 0.544 0.254 0.713 0.359 0.263 0.198 0.557 0.464
±0.193 ±0.420 ±0.508 ±0.245 ±0.438

Lentil 0.078 0.049 0.122 0.069 0.123 0.092 0.061 0.048 0.117 0.082
±0.054 ±0.096 ±0.092 ±0.039 ±0.065

Green gram 0.084 0.065 0.130 0.101 0.178 0.129 0.081 0.074 0.178 0.124
±0.031 ±0.062 ±0.108 ±0.058 ±0.085

Cabbage 0.202 0.119 0.271 0.197 0.245 0.206 0.318 0.231 0.276 0.150
±0.224 ±0.162 ±0.218 ±0.252 ±0.218

Tea 0.003 0.002 0.004 0.003 0.005 0.004 0.002 0.002 0.004 0.002
±0.001 ±0.002 ±0.003 ±0.001 ±0.003

Milk 1.092 0.880 0.875 0.258 1.071 0.314 0.629 0.300 1.021 0.965
±0.294 ±0.476 ±0.574 ±0.532 ±0.378

Water 15.520 0.777 18.293 0.596 23.889 0.829 15.987 0.544 18.889 0.311
±5.959 ±8.291 ±15.287 ±7.514 ±7.255

Fish 0.533 0.328 0.550 0.298 0.537 0.340 0.586 0.269 0.574 0.353
±0.273 ±0.210 ±0.336 ±0.155 ±0.273

Fowl 0.480 0.359 0.531 0.246 0.660 0.303 0.388 0.303 0.576 0.246
±0.210 ±0.238 ±0.537 ±0.210 ±0.196

*HQ calculated for each food items collected in triplicate from 10 contaminated and 1 uncontaminated market locations of each district. 
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shallow dug wells, rivers as well as ponds to tube-wells was 
primarily aimed at protecting the human community from cholera, 
typhoid and/or other water-borne diseases consequently created 
arsenic poisoning (Guha Mazumder et al., 2013). Easy 
availability through abstraction of groundwater has made its 
presence felt in all sorts of cultivation practices, leaving aside 
surface water sources, thereby aggravating the problem further 
(Sinha and Bhattacharyya, 2014).

The composite sample collected from the non-
contaminated market and cooked using As free water also 

-1intake for cooking water containing 50, 250, and 500 mg l , 
respectively (Signes et al., 2008).

International Agency of Research on Cancer (IARC) have 
classified As among the class I human carcinogen however the 
exact mode of action is very hard to predict (IARC, 2004). The 
ingestion of arsenic can cause diverse health consequences 
including skin, bladder, kidney, liver, prostate, and lung cancer 
(Yoshida et al., 2019).

The scenario has cropped up after tube-wells emerged in 
the 1970s. The transformation of the source of drinking water from 

Table 6 : TCR of food items from ten contaminated and one uncontaminated market sites of each district

Food items Nadia Control 24 Pgs (S) Control 24 Pgs (N) Control Malda Control Murshi- Control
dabad

Potato 7.27E-04 4.84E-05 8.36E-04 6.74E-05 1.32E-03 5.08E-05 6.19E-04 4.98E-05 1.33E-03 4.02E-05
±2.65E-03 ±3.35E-03 ±9.53E-03 ±3.00E-03 ±6.88E-03

Onion 1.82E-03 1.48E-04 1.45E-03 1.19E-04 1.21E-03 1.03E-04 1.19E-03 1.01E-04 1.35E-03 1.17E-04
±5.47E-03 ±6.00E-03 ±6.53E-03 ±5.12E-04 ±6.35E-03

Pointed gourd 8.06E-04 6.64E-05 1.03E-04 8.12E-05 1.25E-04 9.18E-05 1.12E-04 3.97E-05 1.04E-04 8.63E-04
±3.71E-03 ±6.71E-03 ±7.76E-03 ±3.80E-04 ±6.18E-03

Tomato 1.18E-04 8.21E-04 1.15E-04 7.06E-04 1.68E-04 8.12E-04 1.11E-04 7.29E-04 1.73E-04 6.09E-04
±6.18E-03 ±6.18E-03 ±7.41E-03 ±5.29E-03 ±6.88E-03

Bottle gourd 1.31E-04 1.08E-05 8.70E-04 7.15E-04 1.61E-04 8.21E-04 9.35E-04 2.29E-05 1.44E-04 9.26E-04
±8.29E-03 ±5.12E-03 ±9.88E-03 ±6.35E-04 ±1.08E-03

Pumpkin 1.14E-04 7.62E-04 8.84E-04 6.44E-04 8.79E-04 3.69E-04 7.11E-04 6.64E-04 8.24E-04 5.56E-04
±3.18E-03 ±4.59E-03 ±4.06E-03 ±3.71E-04 ±4.41E-04

Spinach 1.61E-04 1.33E-04 2.91E-03 1.86E-04 1.46E-03 1.26E-04 2.23E-04 1.65E-04 1.64E-04 1.27E-04
±7.24E-03 ±1.82E-03 ±1.50E-03 ±1.94E-03 ±2.02E-03

Papaya 9.19E-04 6.90E-04 9.65E-04 7.61E-04 1.14E-04 1.04E-05 1.01E-05 5.05E-04 1.17E-04 9.37E-04
±3.18E-03 ±4.94E-03 ±9.35E-03 ±8.29E-04 ±6.00E-04

Banana 1.23E-03 8.24E-03 1.15E-03 9.76E-03 1.50E-03 1.08E-05 1.20E-03 5.44E-04 1.23E-03 9.12E-04
±4.24E-03 ±5.29E-03 ±7.41E-04 ±3.18E-04 ±5.29E-04

Brinjal 1.09E-03 9.14E-03 8.06E-03 6.37E-03 1.18E-03 9.35E-03 1.04E-03 7.80E-03 1.08E-03 9.86E-03
±4.76E-03 ±4.59E-03 ±8.82E-03 ±5.47E-04 ±5.29E-04

Rice 1.22E-02 9.78E-02 9.37E-02 2.20E-03 1.48E-02 1.00E-03 6.94E-02 4.75E-03 1.31E-02 1.11E-03
±4.76E-02 ±4.76E-02 ±8.65E-03 ±4.06E-03 ±1.02E-02

Flour 4.34E-04 3.39E-04 5.49E-04 2.56E-04 7.18E-04 3.62E-04 2.65E-04 1.99E-05 5.61E-04 4.68E-04
±2.47E-03 ±4.24E-03 ±5.12E-03 ±2.47E-03 ±4.41E-03

Lentil 3.56E-05 2.26E-05 5.61E-05 3.18E-05 5.63E-05 4.24E-05 2.81E-05 2.21E-05 5.35E-04 3.76E-05
±1.41E-03 ±4.41E-03 ±4.24E-03 ±1.76E-03 ±3.00E-03

Green gram 3.86E-05 3.00E-05 5.95E-05 4.64E-05 8.15E-04 5.93E-05 3.71E-05 3.37E-05 8.15E-04 5.66E-05
±7.06E-03 ±2.82E-03 ±4.94E-03 ±2.65E-03 ±3.88E-04

Cabbage 6.37E-04 3.74E-05 8.52E-04 6.19E-05 7.73E-04 6.49E-04 1.00E-05 7.27E-05 8.68E-04 4.71E-05
±1.59E-04 ±5.12E-04 ±6.88E-04 ±7.94E-04 ±6.88E-04

Tea 3.49E-06 2.05E-07 5.24E-06 4.01E-07 6.74E-06 5.51E-07 3.21E-06 2.82E-07 4.82E-06 2.08E-07
±3.71E-06 ±2.12E-06 ±4.24E-06 ±8.82E-06 ±3.88E-06

Milk 1.38E-03 1.11E-04 1.10E-03 3.25E-04 1.35E-03 3.95E-04 7.92E-04 3.78E-04 1.29E-03 1.22E-04
±4.06E-04 ±6.00E-04 ±7.24E-04 ±6.71E-04 ±4.76E-04

Water 1.06E-02 5.29E-05 1.25E-02 4.06E-05 1.63E-02 5.65E-05 1.09E-02 3.71E-05 1.29E-02 2.12E-05
±4.59E-02 ±5.65E-02 ±1.04E-02 ±5.12E-02 ±4.94E-02

Fish 8.95E-03 5.51E-04 9.25E-03 5.01E-04 9.02E-03 5.72E-04 9.85E-03 4.52E-04 9.67E-03 5.93E-04
±2.65E-03 ±3.53E-03 ±5.65E-03 ±2.65E-04 ±4.59E-04

Fowl 6.05E-03 4.52E-04 6.69E-03 3.11E-04 8.31E-03 3.81E-04 4.89E-03 3.81E-04 7.25E-03 3.11E-04
±1.97E-03 ±3.00E-03 ±6.71E-03 ±2.65E-04 ±2.47E-04

*TCR calculated for each food items collected in triplicate from 10 contaminated and 1 uncontaminated market locations of each district. 
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participants drinking PHED-supplied low As tap water. It indicates 
that even if safe drinking water is supplied, dietary intake of rice 
potentially exposes rural people of West Bengal to risk of As 
toxicity (Halder et al., 2013).

As content and associated dietary risks through duplicate 

contains substantial As content which again emphasizes that 
food-chain is a diffused, grave and virtually unprecedented 
source of contamination (Sanyal, 2017; Wolle et al., 2019). Where 
the level of arsenic in drinking water is low, consumption of rice 
acts the principle route of arsenic exposure. Further, higher 
concentration of arsenic was found in urine samples of 

Table 7 : As concentration and associated dietary risks of the composite food cooked in contaminated and distilled water

-1Districts              As conc. (mg kg )                  PTWI (%)                        HQ                        TCR

Cooked with Cooked with Cooked with Cooked with Cooked with Cooked with Cooked with Cooked with 
contaminated distilled contaminated distilled contaminated distilled contaminated distilled
water water water water water water water water

Nadia (n=10) 0.541 0.304 778.58 437.57 7.009 3.938 2.21E-02 1.24E-02
±0.13 ±0.09 ±194.03 ±133.74 ±1.684 ±1.166 ±5.31E-03 ±3.67E-03

Nadia (control) - 0.187 - 269.07 - 2.423 - 7.63E-03
S-24 Pgs (n=10) 0.563 0.332 810.09 477.86 7.294 4.301 2.30E-02 1.35E-02

±0.06 ±0.07 ±86.84 ±99.03 ±0.777 ±0.907 ±2.45E-03 ±2.86E-03
S-24 Pgs (control) - 0.212 - 305.04 - 2.746 - 8.65E-03
N-24 Pgs (n=10) 0.619 0.348 890.10 501.17 8.019 4.508 2.53E-02 1.42E-02

±0.17 ±0.14 ±242.05 ±198.35 ±2.202 ±1.814 ±6.94E-03 ±5.71E-03
N-24 Pgs (control) - 0.198 - 284.90 - 2.565 - 8.08E-03
Malda (n=10) 0.432 0.285 621.31 410.37 5.597 3.692 1.76E-02 1.16E-02

±0.09 ±0.06 ±127.05 ±90.93 ±1.166 ±0.777 ±3.67E-03 ±2.45E-03
Malda (control) - 0.113 - 162.59 - 1.464 - 4.61E-03
Murshidabad 0.543 0.349 781.46 502.75 7.035 4.521 2.22E-02 1.42E-02
(n=10) ±0.11 ±0.10 ±151.79 ±139.29 ±1.425 ±1.296 ±4.49E-03 ±4.08E-03
Murshidabad - 0.247 - 355.41 - 3.200 - 1.01E-02
(control)

* Composite market based samples collected from ten contaminated and one control sites of market of each district.
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-4Fig. 1 : Illustration of Target Cancer Risk of dietary exposure to arsenic. The dotted line indicates the threshold value of arsenic exposure (E-04 i.e. 10 ) 
for occurrence of cancer in human being. The value of arsenic exposure below the line is considered as safe, while values above the line are unsafe. It is 
noteworthy that arsenic exposures for control sites as well as for food cooked with distilled water are somewhat safer than their corresponding 
counterparts when cooked with contaminated water of the site.
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of lateral shift of the toxin from the point source of the 
contaminant. In case of the composite food sample and the 
duplicate diets, when consumed using distilled (free of arsenic) 
water can lower the load of arsenic. This can possibly usher the 
belief that Governmental drive for safe water in the locality can be 
a solution to solve the crux of the problem by rendering the risk 
parameters somewhat benign.
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diet study: In the present study, we have tried to cross check and 
validate the findings of the total diet study (in market basket 
design) through duplicate diet method with selected 30 farm 
families in the contaminated and control sites. The daily food 
consumed by the adult member of each family was collected, 
mixed and analyzed for the As content. Significantly varying As 

-1recoveries ranging from 0.03-5.30 mg kg  and dietary risk 
parameters %PTWI (20.07-5037.36), HQ (0.18-45.35) and TCR 

-4 -1(5.6x10 -1.43x10 ) were obtained (Table-8). Twelve of the thirty 
selected families had As content in their duplicate diets much 
higher than the threshold limits, while eight more families had 
dietary risk (%PTWI, HQ and TCR) very close to the tolerable limit 
enunciating the presence of the toxins in the dietary pattern of the 
local community.

The duplicate diet has been adopted by others in different 
country; some of them used total arsenic, while others considered 
inorganic arsenic for drawing conclusive evidences. Jorhem et al 
(1998), in a study with 15 Swedish adults, reported an average 

-1daily intake of total As of 60.0 ± 0.04 μg day . In Fukuoka of 
Japan, Mohri et al (1990) estimated daily intake of both total and 

-1inorganic arsenic in the ranges of 27.0-376 and 1.8-22.6 μg day , 
-1respectively. Kile et al. (2007) reported a daily intake of 48 μg day  

total arsenic in Bangladesh. Leroux et al. (2018) reported 0.61± 
-1 -10.41 μg kg day  i.e. about 36.6± 26.4 μg/day total arsenic in 

Brazil. Hayashi et al. (2019) reported exposure of Japanese 
-1 population to 145-186 μg day arsenic through a duplicate diet 

study. Coincidentally the As content in the present study was 
-1 -1considerably high (0.026-1.949 mg kg day ), more or less similar 

to the reports of WHO-BCKV (2008), ICAR (2011) and ICAR-
NAIP (2012) in the same study area.

The dietary risks assessed through Duplicate Diet Study 
were relatively lower than those observed through market basket 
design and recoveries varied widely across family. This is 
possibly a silver lining, manifested through provision of arsenic 
free safe water where seemingly, most of the participant families 
are using safe water for drinking and cooking. 

In arsenic contaminated area, where contaminated 
groundwater is substantially used for irrigating arable crops, both 
drinking water and food can equally contribute to innumerable 
cases of health hazards. The dietary risk parameters (% PTWI, 
HQ and TCR) clearly picture the grave consequences of the entry 
of the toxin in the food chain. Even the significant risk among the 
population of non-contaminated sites can be elucidated by the 
bio-magnifications of the toxin through the food web as a means 

Table 8 : Arsenic concentration and associated dietary risk of food items through duplicate diet study

-1Districts  As conc. (mgkg ) PTWI (%) HQ TCR

Nadia 0.36 ± 0.48 232.56 ± 380.51 2.07 ± 3.38 6.51E-03± 1.07E-02
Range 0.03 – 1.57 20.07 – 1515.59 0.18 – 13.65 5.64E-04 – 4.30E-02

* Duplicate diet study carried out with daily food consumed by 30 families
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