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Groundwater arsenic contamination has been an important health and environmental 
concern over the past few decades. Arsenic compounds, when mixed with water, do not 
leave any trace and can only be detected through laboratory testing. The need for effective 
technology to remove arsenic from water as well as the lack of  efficient treatment of  arsenic-
borne diseases make the situation more vulnerable. The impact of  arsenic is particularly 
severe among lower socio-economic groups, who have limited access to modern technology 
and education. However, the problem of  arsenic contamination has been exacerbated by 
decreasing water levels and consequently increasing arsenic concentration.
The concentration of  arsenic in the groundwater of  17 blocks in Nadia district was 
determined using the Atomic Absorption Spectroscopy technique. Following this, a cross-
sectional survey was carried out among 437 people spread over different blocks of  Nadia 
district. Two questionnaires, one consisting of  knowledge and attitude items and the other 
consisting of  beliefs and practice items, have been used to gather information on the 
knowledge, attitude, beliefs, and practices of  people in Nadia.
The study highlights significant differences in knowledge and attitude towards arsenic with 
respect to locality, gender, age, education, occupation, and economic status. A moderate and 
positive correlation between knowledge and attitude towards arsenic has been ascertained. 
Misconceptions, myths, and unscientific practices have been observed among the people of  
Nadia. Immediate awareness-raising activities should be performed for mitigation.
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INTRODUCTION
Over the past few decades, groundwater arsenic pollution 
has become a serious health hazard. A hazard that cannot 
be detected by the senses directly affects about 200 
million individuals in 70 different nations. The arsenic 
compounds, when dissolved in water, do not alter its taste 
or smell. This water, if  used for drinking or irrigation 
purposes, causes fatal toxicity (Y. Chen et al., 2009; Kanel 
et al., 2023; Kumar, 2021; Moulick et al., 2021; Pál et al., 
2022; Shaji et al., 2021; S. K. Singh, 2017; Singha & Sikdar, 
2021). Arsenic is a metalloid having properties both of  
metals and non-metals. Having four oxidation states (0, 
-3, +3 and +5) arsenic exists in various allotropic forms 
such as elemental, sulfides or carbonates. The compounds 
formed by arsenic are highly toxic and poisonous in 
nature. So it is known to humans as the “King of  Poison” 
from very old time (Abdul et al., 2015; Huq et al., 2020; 
Shaji et al., 2021; S. K. Singh, 2017; Swain et al., 2021).
The sources of  arsenic are categorized into two types. 
These are geogenic and anthropogenic sources. Geogenic 
sources, also called natural sources, are sedimentary 
deposits, volcanic activities, and geothermal activities. 
Anthropogenic sources, also called man-made sources, 
are mining and smelting, coal and petroleum extractions, 
and their combustion and production industries like 
paper, cement, chemicals, etc. (Adeloju et al., 2021; Akter 
& Ali, 2011; Q. Y. Chen & Costa, 2021; Huq et al., 2020; 
Kaur et al., 2024; Patel et al., 2023; Sen et al., 2021; Shaji 
et al., 2021; Swain et al., 2021; Yadav et al., 2021; Zuzolo 

et al., 2020).
WHO sets the permissible arsenic limit in water at 10 
µg/L, but studies indicate that adverse health effects can 
occur at levels below this limit (Bhattacharya et al., 2015; 
Huq et al., 2020; Pinchoff  et al.,2022). 
The long-term exposure to arsenic damages the major 
organs drastically. It includes failure of  heart, kidney, 
bladder, liver, and brain functions. Various types of  
cancer, neurological disorders, Alzheimer’s disease, Black-
foot disease, and disorders in the skin and blood vessels 
have also been reported. Along with these disorders 
and effects, reproductive disorders, intellect, and motor 
dysfunction among children have also been observed 
(Engel & Lamm, 2008; Pinchoff  et al., 2022; Sanyal et al., 
2020; Shaji et al., 2021; Sinha & Prasad, 2020; Yadav et al., 
2021).
Despite its fatal toxicity, there is no effective treatment 
for arsenic-borne diseases, and no cost-effective removal 
of  arsenic from groundwater exists (Altowayti et al., 2022; 
Chakraborti et al., 2018; Khan et al., 2015; Srivastava, 
2020).
Although groundwater arsenic contamination has been 
detected all over the globe, the countries that belong 
to South Asia, Southeast Asia, and South America are 
suffering the most. Among them, Bangladesh and India 
are in the most dangerous situations (Adeloju et al., 2021; 
Asadullah & Chaudhury, 2011; Hettick et al., 2015; Jha 
et al., 2017; Marghade et al., 2023; Pinchoff  et al., 2022; 
Podgorski & Berg, 2020; Shaji et al., 2021; Shankar et al., 
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2014; R. Singh et al., 2015; S. K. Singh, 2017; Yadav et al., 
2021).
The first groundwater arsenic in India was noticed in 
Punjab, Haryana, and Himachal Pradesh. The states that 
belong to the basins of  Ganga and Brahmaputra contain 
groundwater concentrations of  arsenic many times more 
than the WHO permissible limit. Also, this riverside 
population density is considered to be the densest in the 
world. In India, twenty states and four union territories 
are affected by groundwater arsenic contamination 
(Bhattacharya et al., 2015; Chakraborti et al., 2003; Sen et 
al., 2021; Shaji et al., 2021; Swain et al., 2021).
The districts of  Howrah, Hooghly, and Bardhman on 
the western bank of  the Bhagirathi River and Malda, 
Murshidabad, Nadia, the North 24 Parganas, the South 
24 Parganas, and Kolkata on the eastern side are the most 
affected (Chakraborti et al., 2003, 2018; Koley, 2023; D. 
Mazumder et al., 2020; S. Rahaman et al., 2013; Sen et al., 
2021; Shaji et al., 2021; Swain et al., 2021).

Figure 1: Map showing the location of  Nadia

The Nadia District in West Bengal (Figure 1) is situated on 
the eastern side of  the Bhagirathi River. The population 
density is high in this district. The economy of  this 
district depends on agriculture, which cultivates all types 
of  crops. The district has 17 blocks and each of  them is 
contaminated with high level of  arsenic (Das et al., 2020; 
D. N. Mazumder et al., 2010).
The impact of  arsenic contamination is note-worthy. 
It has profound effects on human health, agriculture, 
society, and the economy of  the country. The adverse 
health effects of  arsenic come out after five to ten years 
of  regular exposure, depending on the concentration of  
arsenic in groundwater and food intake by the people. 
Unfortunately, people from lower socioeconomic groups 
suffer the most due to a lack of  arsenic-free water and 
nutrition (Abdul et al., 2015; Adeloju et al., 2021; Bhatia 
et al., 2014; S. Flanagan et al., 2012; Pinchoff  et al., 2022; 
Polya et al., 2019; Safiuddin, 2011; Sarkar et al., 2022; Shaji 
et al., 2021; Shankar et al., 2014; S. K. Singh, 2017; Swain 

et al., 2021; Thakur & Gupta, 2015; Yadav et al., 2021).
Although there are various studies related to arsenic-
caused health issues, arsenic removal technologies, 
determination of  arsenic concentration in water, social 
ostracism, economic and social effects, a grass-roots-level 
study that describes the victims’ cognitive and affective 
area towards arsenic contamination is rare (Alka et al., 
2021; Bali & Sidhu, 2021; Baloch et al., 2020; Bhat et al., 
2023; Dilpazeer et al., 2023; Kanel et al., 2023; Moreira et 
al., 2021; Muzaffar et al., 2023; Palma-Lara et al., 2020; Md. 
S. Rahaman et al., 2021; Rathi & Kumar, 2021; Sadee et al., 
2023; Sanyal et al., 2020; Sodhi et al., 2019; Wang et al., 2021; 
Weerasundara et al., 2021). Investigating what individuals 
know about arsenic, how they emotionally engage with 
it, and the beliefs and practices they uphold in affected 
areas takes on great significance. This study has been 
conducted with the aim of  evaluating the knowledge, 
attitudes, beliefs, and practices of  the local populace in 
relation to groundwater arsenic contamination.

MATERIALS AND METHODS
Study Participants and Procedure
This study is based on a cross-sectional survey carried out 
from October 2022 to April 2023. A random sampling 
method was performed among the people of  Nadia 
district, spread over 17 blocks. Two questionnaires, 
one for assessment of  knowledge and attitude and the 
other for collection of  information regarding arsenic 
contamination have been used in this study. Both the 
questionnaires consist of  items in Bengali language, 
which is the local language of  Nadia. The knowledge 
and attitude questionnaire comprises the items in five 
point scale having options strongly agree, agree, neutral, 
disagree and strongly disagree. The beliefs and practices 
items in a separate questionnaire have only yes and no 
options. There are both negative and positive items in 
both questionnaires.
The knowledge and attitude questionnaire which has been 
used as an instrument is previously standardized (Singha 
et al., 2022). The sample size has been calculated following 
the standard procedure. Considering the population size 
of  Nadia (5167600) (Nadia District Population Religion 
- West Bengal, Nadia Literacy, Sex Ratio - Census India, 
n.d.), 95% confidence level, 5% marginal error, and 50% 
population proportion, the value of  the sample size is 
385. Here, we have taken 437 samples, which is more than 
the calculated sample size.
The researcher introduced himself  to the respondents, 
offering a concise overview of  their study’s objectives 
and emphasizing its relevance to the participants’ lives. 
A comprehensive explanation of  the questionnaire 
completion process was then provided, with respondents 
instructed to select the most appropriate responses based 
on their own judgments. Notably, the questionnaire 
containing knowledge and attitude items spanned four 
pages, and respondents typically dedicated approximately 
one hour to completing it.
A questionnaire consisting of  10 items probing beliefs, 



Pa
ge

 
13

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

10 items evaluating practices, and demographic inquiries 
was utilized within the same 17 blocks of  Nadia District, 
West Bengal. This questionnaire was administered to 
223 respondents from diverse areas within the Nadia, 
including villages and towns. The researcher followed 
the same protocol as in the previous study, personally 
engaging with the respondents, presenting an overview 
of  their research, and highlighting its significance in 
the lives of  the respondents. The respondents required 
approximately 20 minutes to complete the answers.

Collection and Analysis of  Water Samples 
The tubewell water samples were collected from all 17 
blocks of  Nadia district. A total of  51 samples (3 samples 
from each block) were collected in such a manner that 
the distribution of  samples followed a uniform pattern, 
covering all the area. The water samples were collected 
in 200 mL vinyl bottles. Then 0.5 mL of  50% HCl 
solution was added to it and shaken properly. The bottles 
were then sealed with Teflon tape and preserved for the 
determination of  concentration of  arsenic using the 
Atomic Absorption Spectroscopy (AAS) technique.

Collection of  Data and Statistical Analysis
The knowledge and attitude scores are calculated taking 
the strongly agree as score 5 and strongly disagree as 1. The 
negative statements are scored reversely. The statistical 
analyses used in this study are independent sample t tests, 
1-way ANOVA, and post hoc tests. The analysis was 
performed using IBM SPSS Statistics software version 
26.0. In hypothesis testing, if  the p value is greater than 
or equal to 0.05, then the null hypothesis was accepted, 
indicating no difference between groups. If  the p value 
is less than 0.05, the null hypothesis was not accepted; 
rather, the alternative hypothesis was accepted, indicating 
a significant difference between groups (Banerjee et al., 
2009; Cronk, 2017; Davis & Mukamal, 2006; Emmert-
Streib & Dehmer, 2019; Expósito-Ruiz et al., 2010; Field, 
2019; Pereira & Leslie, 2009).
If  there is one metric dependent variable and one 
non-metric independent variable with two groups, an 
independent sample t test is the best choice to compare 
the means. If  an independent variable has more than two 
categories, a 1-way ANOVA (analysis of  variance) test 
is to be performed. The rule is that the data should be 
normal in both the cases. In this case, the samples do 
not follow a normal distribution, but the variance under 
each category was found to be equal. Also, the sample 
size was greater than 30. Therefore, normality is not a 
major issue here. So an independent sample t test may 
be used to compare the means of  two categories, and a 
1-way ANOVA may be used to compare the means of  
more than two categories of  independent variables. In 
the latter case, the Tukey method was applied as a post 
hoc test to find out the differences between more than 
two categories. For the unequal variance, the Welch test 
followed by the Games-Howell post hoc method has 
been applied (Field, 2019; Ghasemi & Zahediasl, 2012; 

Kothari & Garg, 2019; Mishra et al., 2019; Nargundkar, 
2019; Panneerselvam, 2013).

RESULTS AND DISCUSSIONS
Analysis of  Water samples
The drinking water sources of  the respondents are given 
in Table 1. It can be seen that 80% of  the people use 
tubewell water as their drinking water source. About 
15.6% of  the people collect their drinking water from 
other sources. This other source is bottled water, which 
they buy from the market.

Table 1: Source of  drinking water
W a t e r 
source

Frequency (n=437) Percentage (%)

River 16 3.7
Pond 1 0.2
Tubewell 350 80.1
Well 2 0.5
Others 68 15.6
The source of  drinking water is mainly tubewell. Other sources 
assigned here is predominantly bottled water which people bought 
from market.

The line graph showing the present groundwater arsenic 
concentration in different blocks of  Nadia district 
is presented in Figure 2. The green line indicates the 
accepted concentration of  arsenic, whereas the red line 
indicates the present arsenic concentration. It is seen that 
the groundwater concentration of  arsenic is many times 
higher than the safe limit

Figure 2: Line graph showing groundwater arsenic 
concentrations in different blocks of  Nadia. The green 
line indicates the safe limit assigned by WHO, whereas 
the red line depicts the recent arsenic concentration.

The total number of  sample is 437. The demographic 
variables are locality (urban and rural), gender (male 
and female), age (18–35 years and more than 35 years), 
caste (general, OBC, SC, and ST), academic qualification 
(illiterate, primary, secondary, higher secondary, graduate, 
and postgraduate), occupation (unemployed, farmer, 
business, service, and others), and economic status (BPL, 
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APL). Due to ethical consideration and fulfillment of  the 
need of  this study the age group under 18 is excluded 
from the study. The demographic variables with their 
frequency are presented in Table 2.

Table 2: Socio-demographic details of  the respondents
Variables Frequency 

(n=437)
Percentage (%)

Locality
Urban 99 22.7
Rural 338 77.3
Gender
Male 219 50.1
Female 218 49.9
Age
18-35 years 168 38.4
>35 years 269 61.6
Caste
General 252 57.7
OBC 75 17.2
SC 88 20.1
ST 22 5.0
A c a d e m i c 
Qualification
Illiterate 67 15.3
Primary 105 24.0
Secondary 83 19.0
Higher Secondary 58 13.3
Graduate & Post 
Graduate

124 28.4

Occupation
Unemployed 97 22.2

Comparison of  Knowledge
The comparison of  independent variables having two 
categories was conducted through an independent 
sample t test. The results are summarized in Table 4. 
The independent sample t test between urban and 
rural categories shows p =.129, t = 1.520, and df  = 
435. It indicates that there is no significant difference 
in knowledge between urban and rural populations 
regarding arsenic contamination.
The result of  the independent sample t test between male 
and female categories was p =.001, t = 3.463, and df  
= 435. It indicates that there is a significant difference 
in knowledge between males and females concerning 
arsenic contamination.
Further, an independent sample t test comparing different 
age groups revealed p =.013, t =-2.503, and df  = 435. So 
there is a significant difference in knowledge between the 
18–35 and more than 35 age groups concerning arsenic 
contamination.
Finally, the independent sample t test comparing BPL 
and APL groups shows p <.001, t = -6.662, and df  = 
435, which indicates a significant difference in knowledge 
between the below poverty line (BPL) and above poverty 
line (APL) categories regarding arsenic contamination.

Farmer 33 7.6
Business 79 18.1
Service 72 16.5
Others 156 35.7
Economic status
BPL 225 51.5
APL 212 48.5
OBC=Other Backward Classes, SC=Schedule Caste, 
ST=Schedule Tribe, BPL=Below Poverty Line, APL=Above 
Poverty Line; the Others category under Occupation is 
predominantly housewives.

Table 3: Comparison of  Knowledge through independent sample t test
Variables Mean (SD) p t df 95% CI

Lower Upper
Locality
Urban 92.46 (12.55) 0.129 1.520 435 -0.656 5.130
Rural 90.23 (12.98)
Gender
Male 92.84 (12.99) 0.001*** 3.463 435 1.825 6.617
Female 88.62 (12.48)
Age
18-35 years 88.79 (12.24) 0.013* -2.503 435 -5.635 -0.678
>35 years 91.95 (13.17)
E c o n o m i c 
status
BPL 86.93 (11.89) 0.001*** -6.662 435 -10.159 -5.530
APL 94.77 (12.72)
* p0.05, ** p0.05,*** p0.05.



Pa
ge

 
15

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

The comparison of  independent variables with more 
than two categories was conducted through 1-way 
ANOVA, and the results are summarized in Table 4. The 
result of  the 1-way ANOVA analysis for the comparison 
of  knowledge among different caste, F (3,433)=1.875, 
p =.133, indicates that there is no significant difference 
in knowledge score between the different castes towards 
arsenic contamination.
In another analysis, the result of  the 1-way ANOVA 
analysis F (4,432) = 16.139, p <.001, indicates that at least 
one category of  academic qualification differs significantly 
from the rest in their mean scores. Subsequent paired 

comparisons by post hoc analysis using the Tukey method 
showed that the mean knowledge score of  Graduates and 
Post-graduates (97.45) > Primary (88.67) = Secondary 
(90.05) = Higher Secondary (89.07) > Illiterate (83.84)
Furthermore, the result of  the 1-way ANOVA analysis, 
F (4,432) = 22.529, p <.001, indicates that at least 
one category of  occupation differs significantly from 
the rest in their mean scores. Post hoc analysis using 
the Tukey method showed that the mean knowledge 
score of  serviceman (101.88) > businessman (92.57) 
= unemployed (88.23), others (87.33)> farmer (85.52). 
Here, the other option is predominantly housewives.

Table 4: Comparison of  Knowledge through 1-way ANOVA
Variables Mean (SD) df  bg df  wg F p Posthoc
Caste
General 91.91 (12.78) 3 433 1.875 0.133
OBC 88.80 (11.59)
SC 89.83 (14.15)
ST 87.50 (12.51)
Academic Qualification
Illiterate 83.84 (12.53) 4 432 16.139 0.001*** Graduate & Post

Graduate> Higher
S e c o n d a r y = S e c o n d a r y = 
Primary>Illiterate

Primary 88.67 (11.51)
Secondary 90.05 (11.11)
HS 89.07 (12.87)
Graduate & PG 97.45 (12.57)
Occupation
Unemployed 88.23 (11.17) 4 432 22.529 0.001*** Service> Business= 

Unemployed=Others> Farmer
Farmer 85.52 (12.09)
Business 92.57 (11.98)
Service 1 0 1 . 8 8 

(11.59)
Others 87.33 (12.09)
bg=between groups, wg=within groups, PG=Post Graduate, the Others category under Occupation is predominantly housewives.; * 
p0.05, ** p0.05,*** p0.05.

Comparison of  Attitude
The comparison of  independent variables having 
two categories with respect to attitude was conducted 
through an independent sample t test, and the results are 
summarized in Table 5. The independent sample t test 
between urban and rural categories shows that p =.001, 
t = 3.292, and df  = 435, which indicates a significant 
difference in attitude between urban and rural populations 
regarding arsenic contamination.
Similarly, the independent sample t test between male 
and female categories resulted in p=.067, t=1.833, 
and df=435, indicating no significant difference in 

attitude between males and females concerning arsenic 
contamination.
Further, an independent sample t test comparing different 
age groups revealed p=.020, t=-2.336, and df=435. So 
there is a significant difference in attitude between the 18-
35 and more than 35-year age groups concerning arsenic 
contamination.
Finally, the independent sample t test comparing BPL 
and APL groups shows p<.001, t=-6.661, and df=435, 
indicating a significant difference in attitude between the 
below poverty line (BPL) and above poverty line (APL) 
categories regarding arsenic contamination. 
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Table 5: Comparison of  Attitude through independent sample t-test
Variables Mean (SD) p t df 95% CI

Lower Upper
Locality
Urban 108.37 (13.25) 0.001*** 3.292 435 2.062 8.171
Rural 103.26 (13.70)
Gender
Male 105.62 (14.40) 0.067 1.833 435 -0.173 4.984
Female 103.21 (12.97)
Age
18-35 years 102.48 (14.34) 0.020* -2.336 435 -5.787 -0.498
>35 years 105.62 (13.25)
Economic status
BPL 100.36 (13.24) 0.001*** -6.661 435 -10.829 -5.895
APL 108.72 (12.97)
* p0.05, ** p0.05,*** p0.05

The comparison of  independent variables with more 
than two categories was performed using 1-way ANOVA, 
and the results are summarized in Table 6. The result 
of  1-way ANOVA analysis, F (3,433) = 1.850, p =.137, 
indicates that there is no significant difference in attitude 
scores between the different castes towards arsenic 
contamination.
In another analysis, the result of  the 1-way ANOVA 
analysis F (4,432) = 21.976, p <.001, indicates that at least 
one category of  academic qualification differs significantly 
from the rest in their mean scores. Subsequent paired 
comparisons by post hoc analysis using the Tukey method 
showed that the mean attitude score of  Graduates and 

Post-Graduate (112.57) > Primary (100.65) = Secondary 
(103.75) = Higher Secondary (103.84) > Illiterate (96.55).
The attitude scores with respect to occupation differ 
from normality and variance. So in this case, the Welch 
test has been performed. The result of  the Welch test F 
(4,146.934) = 31.468, p<.001, indicates that at least one 
category of  occupation differs significantly from the rest 
in their mean scores. Post hoc analysis using the Games-
Howell method showed that the mean attitude score of  
Service (116.46) > Business (106.77) = Unemployed 
(101.53) = Others (101.38)> Farmer (95.33). Here, the 
other option is predominantly housewives.

Table 6: Comparison of  Attitude through 1-way ANOVA
Variables Mean (SD) df  bg df  wg F p Posthoc
Caste
General 105.32 (13.29) 3 433 1.850 0.137 -
OBC 101.88 (14.58)
SC 104.97 (14.68)
ST 100.55 (11.08)
A c a d e m i c 
Qualification
Illiterate
Primary 96.55 (10.32) 4 432 21.976 0.001*** Graduate & Post 

Graduate> Higher
Secondary=Secondary= 
Primary>Illiterate

Secondary 100.65 (13.78)
HS 103.75 (13.13)
Graduate & PG 103.84(13.36)

112.57 (11.90)
Occupation
Unemployed 101.53 (14.32) 4

(df1)
146.934
(df2)

31.468
(Asymptot ica l l y 
Distributed)

0.001*** Service> Business= 
Unemployed=Others> 
Farmer
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Farmer 95.33 (15.04)
Business 106.77 (10.51)
Service 116.46 (9.94)
Others 101.38 (12.46)
bg=between groups, wg=within groups, PG=Post Graduate, the Others category under Occupation is predominantly housewives.; * 
p0.05, ** p0.05,*** p0.05.

Correlation of  Knowledge and Attitude towards 
Arsenic
The Pearson product moment correlation (r) between 

knowledge and attitude has been found to be moderately 
positive and statistically significant (r =.639, p<.01). The 
result of  the correlation analysis is presented in Table 7.

Table 7: Correlation between Knowledge and Attitude towards Arsenic Contamination
Correlation

Knowledge Attitude
Knowledge Pearson Correlation 1 .639**

Sig. (two tailed) .000
N 437 437

Attitude Pearson Correlation .639** 1
Sig. (two tailed) .000
N 437 437

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

A scattered plot showing the relationship between 
knowledge and attitude towards arsenic contamination 
is depicted in Figure 3. Here, one can observe that an 

increase in knowledge leads to an increase in positive 
attitudes towards arsenic contamination.

Figure 3: Scatter Plot Showing the Correlation between Knowledge and Attitude Scores

Beliefs and Practices
After analyzing the knowledge and attitude questionnaire, 
we were interested to know the beliefs and practices of  
the people of  Nadia District towards arsenic. We prepared 
another questionnaire to study the beliefs and practices. 
This binary questionnaire consists of  10 belief  items and 
10 practice items. The result obtained is summarized in 
the Table 8.

Discussions
Impact of  demographic variables on Knowledge
Though the average knowledge score of  the urban 

individuals (92) is slightly greater than that of  the rural 
individuals (90), the statistical analysis indicates no 
significant difference in knowledge scores between the 
urban and rural populations. The cause of  the equality 
may be due to improved information source accessibility 
in rural areas, active participation by the government and 
NGOs, community engagement in education programs 
addressing arsenic contamination, and a robust social 
network. This outcome aligns with the similar research 
findings (Howat et al., 2006; Steyn et al., 2000). 
However, there was a significant difference in the 
knowledge scores between males (93) and females (89), 
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Table 8: Percentage of  yes and no responses against belief  and practice items
Belief  Statements (N=223) Yes (%) No(%)
The common water filters do not remove arsenic. 61 39
Arsenic cannot be removed by boiling. 55 45
Animals do not affected by arsenic. 40 60
Arsenic affected people are burden for their family and society. 38 62
Arsenicosis is not a genetic disease. 60 40
It is better to keep distance from arsenic affected people and his/her family. 50 50
Juice of  guava leaves can detect arsenic in water. 33 67
Arsenic borne diseases can occur through food intake. 62 38
There is no problem to conceive child for arsenic victims. 46 54
People are affected by arsenic due to rage of  God. 22 78
Practice Statements (N=223) Yes (%) No (%)
Are you using arsenic contaminated water unintentionally? 42 58
Are you using arsenic contaminated water for cooking? 47 53
Are you using arsenic contaminated water for irrigation? 65 35
Are you using arsenic contaminated water for bathing and drinking of  animal? 65 35
Do you participate in arsenic related discussions? 29 71
Do you test your drinking water regularly? 22 78
Are you conscious about the quality of  drinking water of  child and aged persons 
in your family?

92 08

Is there any treatment facility of  arsenic affected people in your place? 40 60
Do you collect water from the tubewell labeled as safe by the government? 50 50
Do you test your drinking water by paying the cost? 20 80

potentially attributed to a lower literacy rate among 
females. Social responsibility and occupational exposure 
are likely to play the pivotal roles. Existing studies support 
this observation (Paul, 2004; Yang et al., 2020).
There is a significant difference in knowledge scores 
between the 18–35 age group (89) and those above 35 
years old (92) concerning arsenic contamination. This 
discrepancy is possibly due to the greater experience 
of  older individuals. Professional experience and social 
networks are potential factors contributing to this 
difference. This is also consistent with other research 
findings (George et al., 2013; González-Herrera et al., 
2022; Paul, 2004; Sixpence et al., 2020).
A noteworthy distinction in knowledge scores is evident 
between the Below Poverty Line (BPL) and Above Poverty 
Line (APL) categories regarding arsenic contamination. 
The APL community, with better educational access, 
shows higher receptiveness to modern health education 
and information. This aligns with the supporting studies 
(Bandyopadhyay et al., 2017; Biswas et al., 2022; S. K. 
Singh et al., 2018).
There was no significant difference in knowledge scores 
among individuals of  different castes regarding arsenic 
contamination. Equal information access facilities, 
modernization, government policies, community 
initiatives, and increased social awareness may be the 
reasons behind it.
The 1-way ANOVA reveals significant differences in 

knowledge scores based on academic qualifications. 
The post hoc test indicates a hierarchy: graduate and 
postgraduate > primary = secondary = higher secondary 
> illiterate. This aligns with expectations, as higher 
education correlates with increased curriculum coverage, 
better information retrieval skills, critical thinking ability, 
and professional exposure (Anthonj et al., 2022; George 
et al., 2013; Hines et al., 1987; Hungerford & Volk, 1990; 
Kassahun & Mekonen, 2017; Newhouse, 1990; Paul, 
2004).
Similarly, the 1-way ANOVA identifies significant 
differences in knowledge scores based on occupation. 
The posthoc test indicates the following hierarchy: 
Serviceman > Businessman = Unemployed = Others 
> Farmer. This outcome aligns with expectations, as 
individuals in service and business often possess higher 
education levels, providing greater access to information 
and awareness of  environmental issues like arsenic 
contamination. This result is consistent with existing 
studies (Abbasi et al., 2016; Kassahun & Mekonen, 2017; 
Paul, 2004; S. K. Singh et al., 2018).

Impact of  demographic variables on Attitude
There is a significant difference in attitude scores 
between urban and rural populations regarding arsenic 
contamination. This discrepancy may be explained 
by the fact that urban people have enhanced access to 
information and higher literacy rates compared to rural 
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people. This finding is in close agreement with other 
studies (Ahadi et al., 2014; Kassahun & Mekonen, 2017; 
Ripon et al., 2021). 
A significant variance in attitude scores is observed 
between males and females concerning arsenic 
contamination. Access to information and social networks 
may be contributing factors to this outcome.
There is a significant difference in attitude scores between 
the 18–35-year-old and more than 35-year-old age groups 
towards arsenic contamination. This may be due to 
the experience of  older people compared to younger 
people. Older people are more motivated to learn to 
reduce arsenic consequences as they have seen long-term 
calamities caused by arsenic. Professional experience and 
social networks can also be the important reasons behind 
this difference. The result is consistent with the other 
studies (Domagała-Zyśk, 2021; Kassahun & Mekonen, 
2017; Staddon, 2020; Sudarmadi et al., 2001; Tek et al., 
2023).
There is a significant difference in attitude scores 
between the BPL and APL categories towards arsenic 
contamination. This outcome is also expected, as the APL 
community is more receptive to modern health education 
and related access to information since they have better 
educational access than BPL, who are more concerned 
with their basic needs for survival. This result is in close 
agreement with the other studies (Bandyopadhyay et al., 
2017; Behera et al., 2022; S. V. Flanagan et al., 2016; Guha 
et al., 2020).
There is no significant difference in attitude score between 
the different castes towards arsenic; this can be explained 
on the basis of  equal access to information. The digital era 
and modernization have shortened the gap between the 
accesses to information between different caste groups. 
Government policies, community-based initiatives, and 
social awareness also played an important role in this 
outcome. Since there is no difference in knowledge score 
between different castes, we may expect that there should 
not be any difference in attitude score either.
The 1-way ANOVA suggests that at least one category 
of  academic qualification differs significantly from the 
rest in their mean scores. After applying the post hoc 
test, we can say that the attitude scores show a significant 
difference between graduates and postgraduates: primary, 
secondary, higher secondary, and illiterate. The result is 
expected as more educated people have more curriculum 
coverage, information retrieval skills, critical thinking 
ability, and professional exposure. The result is also 
consistent with other studies (S. V. Flanagan et al., 2016; 
Hines et al., 1987; Hungerford & Volk, 1990; Kassahun & 
Mekonen, 2017; Newhouse, 1990).
The 1-way ANOVA suggests that at least one category 
of  occupation differs significantly from the rest in their 
mean scores. After applying the post hoc test, we can 
say that the attitude scores show a significant difference 
iniceman>Businessman=Unemployed=Others>Farmer. 
This outcome is expected, as servicemen and businessmen 
often have higher levels of  education compared to 

unemployed individuals or farmers. Higher education 
provides access to more information and awareness about 
environmental issues. The result is also consistent with 
other studies (Behera et al., 2022; Kassahun & Mekonen, 
2017; S. K. Singh et al., 2018).
	
Correlation of  Knowledge and Attitude towards 
Arsenic Contamination
The Pearson product moment correlation (r) of  
knowledge and attitude was found to be moderately 
positive and statistically significant (r =.639, p<.01). 
Hence, the null hypothesis is not accepted, and there is 
a significant relationship between knowledge and attitude 
towards arsenic contamination. An increase in knowledge 
leads to an increase in positive attitudes towards arsenic 
contamination. People with more knowledge about 
arsenic contamination are likely to have a positive attitude 
toward it. Knowledgeable people are more aware about 
the health risks associated with arsenic exposure. A 
deeper understanding of  the consequences of  arsenic 
contamination may bring a positive attitude to them.

Community Beliefs and Practices towards Arsenic 
Contamination
The beliefs portion of  the survey consists of  ten yes-or-
no questions. The outcomes were assessed in percentages 
which reveal intriguing insights. A substantial 39% of  
respondents believe that a standard filter can effectively 
separate arsenic from water. A significant 45% hold the 
opinion that boiling water can remove arsenic. A notable 
majority, accounting for 60%, believes that arsenic 
poses no threat to animals. Unfortunately, 38% of  those 
surveyed still believe that individuals with arsenic-related 
issues are burdens on both their families and society. 
A significant 62% majority believes that arsenicosis is 
a genetic disease. Additionally, 49% express a sense 
of  safety by maintaining a distance from individuals 
suffering from arsenic-related conditions. Unfortunately, 
33% of  respondents still believe that guava leaves can 
purify water contaminated with arsenic. A substantial 
38% of  participants do not believe that arsenic can enter 
the human body through food. A considerable 46% of  
those surveyed express opposition to conceiving a child 
if  one of  the parents is an arsenic victim. Strikingly, 22% 
of  respondents still think that people are affected by 
arsenic due to the wrath of  God. These findings not only 
illuminate the diverse range of  beliefs related to arsenic 
but also underscore the need for education and awareness 
on this issue.
The practices part of  the survey also comprises ten 
binary items, requiring respondents to answer either 
“yes” or “no.” These were analyzed similarly in terms of  
percentages, revealing significant insights into the issue. 
It was observed that 42% of  the surveyed population 
unknowingly uses water contaminated with arsenic. This 
revelation underscores the need for urgent attention 
and intervention. A substantial 47% of  respondents 
admitted that they are using arsenic-contaminated 
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water for cooking, posing a direct health risk to those 
consuming such food. A staggering 65% of  individuals 
use arsenic-contaminated water for irrigation, raising 
agricultural concerns and potential crop contamination. 
Approximately 65% of  the population relies on arsenic-
contaminated water for bathing and providing drinking 
water for animals, placing animal health in danger. A 
substantial 71% of  the population indicated a lack of  
participation in discussions related to arsenic issues, 
potentially hindering progress on this concern. A 
significant 78% of  respondents do not regularly test their 
drinking water for arsenic contamination, posing a grave 
concern for public health. Conversely, 92% of  surveyed 
individuals express awareness and concern about the 
quality of  drinking water for children and the elderly 
within their families. A substantial 60% of  respondents 
reported the absence of  any treatment facility for diseases 
caused by arsenic exposure, highlighting a critical gap in 
health care infrastructure. Half  of  the respondents (50%) 
rely on water from government-directed safe tubewells, 
suggesting a degree of  trust in public infrastructure. 
Unfortunately, a significant 80% of  surveyed individuals 
do not take the initiative to test their water quality by 
bearing the associated costs. These findings underscore 
the urgent need for education, infrastructure development, 
and community engagement to address this critical issue.

Organization of  Awareness Programme
In addition to these efforts, three consecutive awareness 
campaigns were conducted at three B.Ed. colleges located 
in Nadia. The primary objective of  these campaigns was 
to inform B.Ed. students about the ill-effects of  arsenic 
contamination, as they are the future teachers. Fostering 
their awareness has the potential to make the entire 
community aware.

Strength & Limitations of  the Study
The KAP study related to arsenic contamination is rare, 
so it is an important study. However, like other studies, it is 
also not free from its limitations. Firstly, self-administered 
questionnaires have been used in this study, which may 
cause social desirability bias. Secondly, the data collection 
was performed soon after the Corona pandemic, and so 
we suspect that this may reflect in the data. Finally, we 
had to finish the work within a limited time period due to 
economic constraints.

CONCLUSION
This research presented a comprehensive analysis 
of  the knowledge, attitudes, beliefs, and practices of  
the local population in Nadia District, West Bengal, 
regarding groundwater arsenic contamination. It 
was found that while there was a reasonable level of  
knowledge about arsenic contamination among the 
population, significant differences in knowledge based 
on factors such as gender, age, education, occupation, 
and economic status were observed. Urban residents, 
males, older individuals, educated people, servicemen, 

and those with higher economic status generally have 
better knowledge about arsenic contamination. This 
highlights the importance of  targeted educational 
campaigns and interventions to reach vulnerable groups. 
Attitudes towards arsenic contamination also varied 
among different demographic groups. Urban residents 
and those with higher education exhibited more positive 
attitudes. A positive attitude is associated with higher 
knowledge levels, which emphasizes the importance 
of  education in shaping public perception and concern 
about the arsenic issue. This study revealed a range of  
beliefs related to arsenic contamination, some of  which 
are unscientific and illogical. For example, a significant 
portion of  the population believes that common filters 
can remove arsenic from water or that arsenic can be 
removed by boiling. Addressing these misconceptions 
through education and awareness campaigns is essential. 
Alarmingly, a substantial portion of  the population 
continued to use arsenic-contaminated water for various 
purposes, including cooking and irrigation. This poses 
a direct health risk to the community. Additionally, the 
lack of  regular water quality testing and limited access to 
treatment facilities for arsenic-related diseases underscore 
the urgent need for infrastructure development and 
public health interventions. This study found a positive 
correlation between knowledge and attitude, indicating 
that increasing knowledge levels can lead to more positive 
attitudes towards arsenic contamination. This highlights 
the potential impact of  education and awareness 
programs on changing public perception and behavior.

Suggestion
In light of  the findings of  this study and previous 
researches on arsenic contamination, this section 
presents some recommendations aimed at mitigating 
arsenic contamination and its associated health risks. 
Immediate medical assistance and the distribution of  
arsenic-free drinking water are immediate requirements in 
the affected area. Organization of  awareness campaigns 
and regular monitoring and testing of  water are the 
other essential requirements. Implementation of  low-
cost arsenic removal plants is highly recommended. In 
this case, support from the community, government, and 
NGO initiatives is mandatory. Research on the arsenic 
issue must be encouraged.

Informed Consent
Informed consent was obtained from all individual 
participants included in the study.
Abbreviations
AAS Atomic Absorption Spectrometry
ANOVA Analysis of  Variance
APL Above Poverty line
B.Ed. Bachelor of  Education
BPL Below Poverty Line
IBM  International Business Machines 
KAP  Knowledge, Attitude and Practice
MS Microsoft



Pa
ge

 
21

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

NGO Non-Governmental Organization
OBC Other Backward Class
PHEDPublic Health and Engineering Department
SC Scheduled Castes
SES Socioeconomic Status 
SPSS  Statistical Package for Social Sciences
ST Scheduled Tribes
WHO  World Health Organization

REFERENCES
Abbasi, A., Rafique, M., Saghir, A., Abbas, K., Shaheen, 

S., & Abdullah, F. (2016). Gender and occupation 
wise knowledge, Awareness and prevention of  
tuberculosis among people of  district Muzaffarabad 
AJ & K. Pakistan Journal of  Pharmaceutical Sciences, 
29(6), 1959–1968.

Abdul, K. S. M., Jayasinghe, S. S., Chandana, E. P. S., 
Jayasumana, C., & Silva, P. M. C. S. D. (2015). Arsenic 
and human health effects: A review. Environmental 
Toxicology and Pharmacology, 40(3), 828–846. https://
doi.org/10.1016/j.etap.2015.09.016

Adeloju, S. B., Khan, S., & Patti, A. F. (2021). Arsenic 
Contamination of  Groundwater and Its Implications 
for Drinking Water Quality and Human Health 
in Under-Developed Countries and Remote 
Communities—A Review. Applied Sciences, 11(4), 1926. 
https://doi.org/10.3390/app11041926

Ahadi, Z., Heshmat, R., Sanaei, M., Shafiee, G., 
Ghaderpanahi, M., Rezaei Homami, M., Salehi, F., 
Abdollahi, Z., Azemati, B., & Larijani, B. (2014). 
Knowledge, attitude and practice of  urban and rural 
households towards principles of  nutrition in Iran: 
Results of  NUTRIKAP survey. Journal of  Diabetes 
and Metabolic Disorders, 13(1), 100. https://doi.
org/10.1186/s40200-014-0100-7

Akter, A., & Ali, M. H. (2011). Arsenic contamination 
in groundwater and its proposed remedial measures. 
International Journal of  Environmental Science & Technology, 
8(2), 433–443. https://doi.org/10.1007/BF03326230

Alka, S., Shahir, S., Ibrahim, N., Ndejiko, M. J., Vo, D.-V. N., 
& Manan, F. A. (2021). Arsenic removal technologies 
and future trends: A mini review. Journal of  Cleaner 
Production, 278, 123805. https://doi.org/10.1016/j.
jclepro.2020.123805

Altowayti, W. A. H., Othman, N., Shahir, S., Alshalif, A. 
F., Al-Gheethi, A. A., AL-Towayti, F. A. H., Saleh, 
Z. M., & Haris, S. A. (2022). Removal of  arsenic 
from wastewater by using different technologies 
and adsorbents: A review. International Journal of  
Environmental Science and Technology, 19(9), 9243–9266. 
https://doi.org/10.1007/s13762-021-03660-0

Anthonj, C., Setty, K. E., Ferrero, G., A. Yaya, A.-
M., Mingoti Poague, K. I. H., Marsh, A. J., & 
Augustijn, E.-W. (2022). Do health risk perceptions 
motivate water—And health-related behaviour? 
A systematic literature review. Science of  The Total 
Environment, 819, 152902. https://doi.org/10.1016/j.
scitotenv.2021.152902

Asadullah, M. N., & Chaudhury, N. (2011). Poisoning 
the mind: Arsenic contamination of  drinking water 
wells and children’s educational achievement in 
rural Bangladesh. Economics of  Education Review, 
30(5), 873–888. https://doi.org/10.1016/j.
econedurev.2011.05.001

Bali, A. S., & Sidhu, G. P. S. (2021). Arsenic acquisition, 
toxicity and tolerance in plants—From physiology 
to remediation: A review. Chemosphere, 283, 131050. 
https://doi.org/10.1016/j.chemosphere.2021.131050

Baloch, M. Y. J., Talpur, S. A., Talpur, H. A., Iqbal, J., 
Mangi, S. H., & Memon, S. (2020). Effects of  Arsenic 
Toxicity on the Environment and Its Remediation 
Techniques: A Review. Journal of  Water and Environment 
Technology, 18(5), 275–289. https://doi.org/10.2965/
jwet.19-130

Bandyopadhyay, S., Das, S., & Mondal, S. (2017). An 
Epidemiological Study on the Awareness and Attitude 
of  the Youths Toward AIDS in a Rural Area of  West 
Bengal in India. Journal of  the International Association of  
Providers of  AIDS Care, 16(3), 290–295. https://doi.
org/10.1177/2325957414539196

Banerjee, A., Chitnis, U. B., Jadhav, S. L., Bhawalkar, J. 
S., & Chaudhury, S. (2009). Hypothesis testing, type 
I and type II errors. Industrial Psychiatry Journal, 18(2), 
127–131. https://doi.org/10.4103/0972-6748.62274

Behera, B. K., Behera, J., & Mallick, H. (2022). Exploring 
Knowledge, Attitude and Practices Towards 
COVID-19: A Case Study in Odisha, India. Journal 
of  Contemporary Studies in Epidemiology and Public 
Health, 3(1), ep22002. https://doi.org/10.29333/
jconseph/11974

Bhat, A., Hara, T. O., Tian, F., & Singh, B. (2023). Review 
of  analytical techniques for arsenic detection and 
determination in drinking water. Environmental Science: 
Advances, 2(2), 171–195. https://doi.org/10.1039/
D2VA00218C

Bhatia, S., Balamurugan, G., & Baranwal, A. (2014). High 
arsenic contamination in drinking water hand-pumps 
in Khap Tola, West Champaran, Bihar, India. Frontiers 
in Environmental Science, 2(NOV), 1–8. https://doi.
org/10.3389/fenvs.2014.00049

Bhattacharya, P., Mukherjee, A., & Mukherjee, A. B. 
(2015). Groundwater Arsenic in India: Source, 
Distribution, Effects and Alternate Safe Drinking 
Water Sources-. In Reference Module in Earth Systems 
and Environmental Sciences. Elsevier. https://doi.
org/10.1016/B978-0-12-409548-9.09342-8

Biswas, S., Debsarkar, A., & Pal, M. (2022). Water 
Insufficiency, Health Hazards and Rainwater 
Harvesting in North 24 Parganas, West Bengal, India: 
Results of  a Socio-economic Survey. Arthaniti: Journal 
of  Economic Theory and Practice, 21(2), 236–254. https://
doi.org/10.1177/0976747920963399

Chakraborti, D., Sengupta, M. K., Rahman, M. M., 
Chowdhury, U. K., Lodh, D., Ahamed, S., Hossain, 
M. A., Basu, G. K., Mukherjee, S. C., & Saha, K. C. 
(2003). Chapter 1—Groundwater arsenic exposure 



Pa
ge

 
22

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

in India. In W. R. Chappell, C. O. Abernathy, R. L. 
Calderon, & D. J. Thomas (Eds.), Arsenic Exposure 
and Health Effects V (pp. 3–24). Elsevier Science B.V. 
https://doi.org/10.1016/B978-044451441-7/50002-
6

Chakraborti, D., Singh, S., Rahman, M., Dutta, R., 
Mukherjee, S., Pati, S., & Kar, P. (2018). Groundwater 
Arsenic Contamination in the Ganga River Basin: 
A Future Health Danger. International Journal of  
Environmental Research and Public Health, 15(2), 180. 
https://doi.org/10.3390/ijerph15020180

Chen, Q. Y., & Costa, M. (2021). Arsenic: A Global 
Environmental Challenge. Annual Review of  
Pharmacology and Toxicology, 61(1), 47–63. https://doi.
org/10.1146/annurev-pharmtox-030220-013418

Chen, Y., Parvez, F., Gamble, M., Islam, T., Ahmed, 
A., Argos, M., Graziano, J. H., & Ahsan, H. (2009). 
Arsenic exposure at low-to-moderate levels and skin 
lesions, arsenic metabolism, neurological functions, 
and biomarkers for respiratory and cardiovascular 
diseases: Review of  recent findings from the Health 
Effects of  Arsenic Longitudinal Study (HEALS) in 
Bangladesh. Toxicology and Applied Pharmacology, 239(2), 
184–192. https://doi.org/10.1016/j.taap.2009.01.010

Cronk, B. C. (2017). How to Use SPSS®: A Step-by-Step 
Guide to Analysis and Interpretation (10th edition). 
Routledge.

Das, A., Das, S. S., Chowdhury, N. R., Joardar, M., Ghosh, 
B., & Roychowdhury, T. (2020). Quality and health 
risk evaluation for groundwater in Nadia district, West 
Bengal: An approach on its suitability for drinking 
and domestic purpose. Groundwater for Sustainable 
Development, 10, 100351. https://doi.org/10.1016/j.
gsd.2020.100351

Davis, R. B., & Mukamal, K. J. (2006). Hypothesis testing: 
Means. Circulation, 114(10), 1078–1082. https://doi.
org/10.1161/CIRCULATIONAHA.105.586461

Dilpazeer, F., Munir, M., Baloch, M. Y., Shafiq, I., Iqbal, 
J., Saeed, M., Abbas, M. M., Shafique, S., Aziz, K. H., 
Mustafa, A., & Mahboob, I. (2023). A Comprehensive 
Review of  the Latest Advancements in Controlling 
Arsenic Contaminants in Groundwater. Water, 15(3). 
https://doi.org/10.3390/w15030478

Domagała-Zyśk, E. (2021). Attitudes of  Different Age 
Groups Toward People With Intellectual Disability 
During the COVID-19 Pandemic. Frontiers in 
Psychiatry, 12, 591707. https://doi.org/10.3389/
fpsyt.2021.591707

Emmert-Streib, F., & Dehmer, M. (2019). Understanding 
Statistical Hypothesis Testing: The Logic of  
Statistical Inference. Machine Learning and Knowledge 
Extraction, 1(3), Article 3. https://doi.org/10.3390/
make1030054

Engel, A., & Lamm, S. H. (2008). Arsenic Exposure and 
Childhood Cancer—A Systematic Review of  the 
Literature. Journal of  Environmental Health, 71(3), 12–
17. JSTOR.

Expósito-Ruiz, M., Pérez-Vicente, S., & Rivas-Ruiz, 

F. (2010). Statistical inference: Hypothesis testing. 
Allergologia et Immunopathologia, 38(5), 266–277. 
https://doi.org/10.1016/j.aller.2010.06.003

Field, A. (2019). Discovering Statistics using IBM SPSS 
Statistics (Fourth edition). SAGE Publications India 
Pvt Ltd.

Flanagan, S., Johnston, R., & Zheng, Y. (2012). Arsenic in 
tube well water in Bangladesh: Health and economic 
impacts and implications for arsenic mitigation. 
Bulletin of  the World Health Organization, 90(11), 839–
846. https://doi.org/10.2471/BLT.11.101253

Flanagan, S. V., Spayd, S. E., Procopio, N. A., Marvinney, 
R. G., Smith, A. E., Chillrud, S. N., Braman, S., & 
Zheng, Y. (2016). Arsenic in private well water part 
3 of  3: Socioeconomic vulnerability to exposure in 
Maine and New Jersey. Science of  The Total Environment, 
562, 1019–1030. https://doi.org/10.1016/j.
scitotenv.2016.03.217

George, C. M., Factor-Litvak, P., Khan, K., Islam, T., Singha, 
A., Moon-Howard, J., Geen, A. van, & Graziano, J. H. 
(2013). Approaches to Increase Arsenic Awareness in 
Bangladesh: An Evaluation of  an Arsenic Education 
Program. Health Education & Behavior, 40(3), 331–338. 
https://doi.org/10.1177/1090198112454735

Ghasemi, A., & Zahediasl, S. (2012). Normality tests 
for statistical analysis: A guide for non-statisticians. 
International Journal of  Endocrinology and Metabolism, 
10(2), 486–489. https://doi.org/10.5812/ijem.3505

González-Herrera, A., Rodríguez-Blázquez, C., Romay-
Barja, M., Falcon-Romero, M., Ayala, A., & Forjaz, M. 
J. (2022). Age differences in knowledge, attitudes and 
preventive practices during the COVID-19 pandemic 
in Spain. Scientific Reports, 12(1), 20863. https://doi.
org/10.1038/s41598-022-25353-5

Guha, U., Chatterjee, M., Sardar, A. A., Jana, K., Saha, 
P., Maji, A. K., & Guha, S. K. (2020). Assessment of  
Knowledge, Attitudes, and Practices about Visceral 
Leishmaniasis in Endemic Areas of  Malda District, 
West Bengal, India. The American Journal of  Tropical 
Medicine and Hygiene, 104(2), 646–652. https://doi.
org/10.4269/ajtmh.20-0720

Hettick, B. E., Cañas-Carrell, J. E., French, A. D., & Klein, 
D. M. (2015). Arsenic: A Review of  the Element’s 
Toxicity, Plant Interactions, and Potential Methods of  
Remediation. Journal of  Agricultural and Food Chemistry, 
63(32), 7097–7107. https://doi.org/10.1021/acs.
jafc.5b02487

Hines, J. M., Hungerford, H. R., & Tomera, A. N. (1987). 
Analysis and Synthesis of  Research on Responsible 
Environmental Behavior: A Meta-Analysis. The Journal 
of  Environmental Education, 18(2), 1–8. https://doi.org
/10.1080/00958964.1987.9943482

Howat, A., Veitch, C., & Cairns, W. (2006). A descriptive 
study comparing health attitudes of  urban and rural 
oncology patients. Rural and Remote Health, 6(4), 563.

Hungerford, H. R., & Volk, T. L. (1990). Changing Learner 
Behavior Through Environmental Education. The 
Journal of  Environmental Education, 21(3), 8–21. https://



Pa
ge

 
23

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

doi.org/10.1080/00958964.1990.10753743
Huq, M. E., Fahad, S., Shao, Z., Sarven, M. S., Khan, I. 

A., Alam, M., Saeed, M., Ullah, H., Adnan, M., Saud, 
S., Cheng, Q., Ali, S., Wahid, F., Zamin, M., Raza, 
M. A., Saeed, B., Riaz, M., & Khan, W. U. (2020). 
Arsenic in a groundwater environment in Bangladesh: 
Occurrence and mobilization. Journal of  Environmental 
Management, 262, 110318. https://doi.org/10.1016/j.
jenvman.2020.110318

Jha, S. K., Mishra, V. K., Damodaran, T., Sharma, D. 
K., & Kumar, P. (2017). Arsenic in the groundwater: 
Occurrence, toxicological activities, and remedies. 
Journal of  Environmental Science and Health, Part C, 35(2), 
84–103. https://doi.org/10.1080/10590501.2017.12
98359

Kanel, S. R., Das, T. K., Varma, R. S., Kurwadkar, S., 
Chakraborty, S., Joshi, T. P., Bezbaruah, A. N., & 
Nadagouda, M. N. (2023). Arsenic Contamination 
in Groundwater: Geochemical Basis of  Treatment 
Technologies. ACS Environmental Au, 3(3), 135–152. 
https://doi.org/10.1021/acsenvironau.2c00053

Kassahun, C. W., & Mekonen, A. G. (2017). Knowledge, 
attitude, practices and their associated factors towards 
diabetes mellitus among non diabetes community 
members of  Bale Zone administrative towns, South 
East Ethiopia. A cross-sectional study. PLoS ONE, 
12(2), e0170040. https://doi.org/10.1371/journal.
pone.0170040

Kaur, R., Garkal, A., Sarode, L., Bangar, P., Mehta, T., 
Singh, D. P., & Rawal, R. (2024). Understanding arsenic 
toxicity: Implications for environmental exposure and 
human health. Journal of  Hazardous Materials Letters, 5, 
100090. https://doi.org/10.1016/j.hazl.2023.100090

Khan, M. A. K., Sharmin, S., & Ahmad, M. (2015). Chronic 
Arsenic Toxicity in Bangladesh- The Challenges, 
Manifestations and how to Overcome it. Journal of  
Armed Forces Medical College, Bangladesh, 10(2), 100–104. 
https://doi.org/10.3329/jafmc.v10i2.25932

Koley, S. (2023). Sustainability appraisal of  arsenic 
mitigation policy innovations in West Bengal, India. 
Infrastructure Asset Management, 10(1), 17–37. https://
doi.org/10.1680/jinam.21.00021

Kothari, C. R., & Garg, G. (2019). Research 
Methodology:Methods and Techniques (4TH ED). 
New age international (P)limited.

Kumar, N. (Ed.). (2021). Arsenic Toxicity: Challenges and 
Solutions (1st ed. 2021 edition). Springer.

Marghade, D., Mehta, G., Shelare, S., Jadhav, G., & 
Nikam, K. C. (2023). Arsenic Contamination in 
Indian Groundwater: From Origin to Mitigation 
Approaches for a Sustainable Future. Water, 15(23). 
https://doi.org/10.3390/w15234125

Mazumder, D., Ghosh, A., Majumdar, K., Mukherjee, 
S., & Majumder, P. (2020). Ground Water Arsenic 
Contamination in Malda, West Bengal, India: 
Epidemiology and Efficacy of  Mitigation Measures. 
International Journal of  Medicine and Public Health, 10(1), 
34–37. https://doi.org/10.5530/ijmedph.2020.1.7

Mazumder, D. N., Ghosh, A., Majumdar, K., Ghosh, 
N., Saha, C., & Mazumder, R. N. (2010). Arsenic 
contamination of  ground water and its health impact 
on population of  district of  Nadia, West Bengal, 
India. Indian Journal of  Community Medicine, 35(2), 331. 
https://doi.org/10.4103/0970-0218.66897

Mishra, P., Pandey, C. M., Singh, U., Gupta, A., Sahu, 
C., & Keshri, A. (2019). Descriptive statistics and 
normality tests for statistical data. Annals of  Cardiac 
Anaesthesia, 22(1), 67–72. https://doi.org/10.4103/
aca.ACA_157_18

Moreira, V. R., Lebron, Y. A. R., Santos, L. V. S., Coutinho 
de Paula, E., & Amaral, M. C. S. (2021). Arsenic 
contamination, effects and remediation techniques: 
A special look onto membrane separation processes. 
Process Safety and Environmental Protection, 148, 604–623. 
https://doi.org/10.1016/j.psep.2020.11.033

Moulick, D., Samanta, S., Sarkar, S., Mukherjee, A., 
Pattnaik, B. K., Saha, S., Awasthi, J. P., Bhowmick, 
S., Ghosh, D., Samal, A. C., Mahanta, S., Mazumder, 
M. K., Choudhury, S., Bramhachari, K., Biswas, J. 
K., & Santra, S. C. (2021). Arsenic contamination, 
impact and mitigation strategies in rice agro-
environment: An inclusive insight. Science of  The Total 
Environment, 800, 149477. https://doi.org/10.1016/j.
scitotenv.2021.149477

Muzaffar, S., Khan, J., Srivastava, R., Gorbatyuk, M. S., 
& Athar, M. (2023). Mechanistic understanding of  
the toxic effects of  arsenic and warfare arsenicals 
on human health and environment. Cell Biology and 
Toxicology, 39(1), 85–110. https://doi.org/10.1007/
s10565-022-09710-8

Nadia District Population Religion—West Bengal, Nadia 
Literacy, Sex Ratio—Census India. (n.d.). Www.
Censusindia.Co.In. Retrieved November 16, 2023, 
from https://www.censusindia.co.in/district/nadia-
district-west-bengal-336

Nargundkar, R. (2019). Marketing Research: Text and 
Cases (Fourth edition). McGraw-Hill.

Newhouse, N. (1990). Implications of  Attitude and 
Behavior Research for Environmental Conservation. 
The Journal of  Environmental Education, 22(1), 26–32. 
https://doi.org/10.1080/00958964.1990.9943043

Pál, L., Jenei, T., McKee, M., Kovács, N., Vargha, M., 
Bufa-Dőrr, Z., Muhollari, T., Bujdosó, M. O., 
Sándor, J., & Szűcs, S. (2022). Health and economic 
gain attributable to the introduction of  the World 
Health Organization’s drinking water standard on 
arsenic level in Hungary: A nationwide retrospective 
study on cancer occurrence and ischemic heart 
disease mortality. Science of  The Total Environment, 
851(Pt 2), 158305. https://doi.org/10.1016/j.
scitotenv.2022.158305

Palma-Lara, I., Martínez-Castillo, M., Quintana-Pérez, 
J. C., Arellano-Mendoza, M. G., Tamay-Cach, F., 
Valenzuela-Limón, O. L., García-Montalvo, E. A., 
& Hernández-Zavala, A. (2020). Arsenic exposure: 
A public health problem leading to several cancers. 



Pa
ge

 
24

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

Regulatory Toxicology and Pharmacology, 110, 104539. 
https://doi.org/10.1016/j.yrtph.2019.104539

Panneerselvam, R. (2013). Research Methodology 
(Second edition). Prentice Hall India Learning Private 
Limited.

Patel, K. S., Pandey, P. K., Martín-Ramos, P., Corns, W. T., 
Varol, S., Bhattacharya, P., & Zhu, Y. (2023). A review 
on arsenic in the environment: Contamination, 
mobility, sources, and exposure. RSC Advances, 13(13), 
8803–8821. https://doi.org/10.1039/D3RA00789H

Paul, B. K. (2004). Arsenic contamination awareness 
among the rural residents in Bangladesh. Social 
Science & Medicine, 59(8), 1741–1755. https://doi.
org/10.1016/j.socscimed.2004.01.037

Pereira, S. M. C., & Leslie, G. (2009). Hypothesis testing. 
Australian Critical Care, 22(4), 187–191. https://doi.
org/10.1016/j.aucc.2009.08.003

Pinchoff, J., Monseur, B., Desai, S., Koons, K., Alvero, 
R., & Hindin, M. J. (2022). Is living in a region with 
high groundwater arsenic contamination associated 
with adverse reproductive health outcomes? An 
analysis using nationally representative data from 
India. International Journal of  Hygiene and Environmental 
Health, 239, 113883. https://doi.org/10.1016/j.
ijheh.2021.113883

Podgorski, J., & Berg, M. (2020). Global threat of  arsenic 
in groundwater. Science, 368(6493), 845–850. https://
doi.org/10.1126/science.aba1510

Polya, D. A., Sparrenbom, C., Datta, S., & Guo, H. 
(2019). Groundwater arsenic biogeochemistry – Key 
questions and use of  tracers to understand arsenic-
prone groundwater systems. Geoscience Frontiers, 
10(5), 1635–1641. https://doi.org/10.1016/j.
gsf.2019.05.004

Rahaman, Md. S., Rahman, Md. M., Mise, N., Sikder, 
Md. T., Ichihara, G., Uddin, Md. K., Kurasaki, 
M., & Ichihara, S. (2021). Environmental arsenic 
exposure and its contribution to human diseases, 
toxicity mechanism and management. Environmental 
Pollution, 289, 117940. https://doi.org/10.1016/j.
envpol.2021.117940

Rahaman, S., Sinha, A. C., Pati, R., & Mukhopadhyay, D. 
(2013). Arsenic contamination: A potential hazard to 
the affected areas of  West Bengal, India. Environmental 
Geochemistry and Health, 35(1), 119–132. https://doi.
org/10.1007/s10653-012-9460-4

Rathi, B. S., & Kumar, P. S. (2021). A review on sources, 
identification and treatment strategies for the 
removal of  toxic Arsenic from water system. Journal 
of  Hazardous Materials, 418, 126299. https://doi.
org/10.1016/j.jhazmat.2021.126299

Ripon, M. K. H., Khan, N. M., Khan, A. E. M. A., Ahmed, 
R., Afrin, S., Sayed, M. A., & Moghal, M. M. R. (2021). 
A Comparative Study on the knowledge and attitude 
of  COVID-19 among Urban and Rural populations 
of  Bangladesh (p. 2021.08.10.21261843). medRxiv. 
https://doi.org/10.1101/2021.08.10.21261843

Sadee, B. A., Galali, Y., & Zebari, S. M. S. (2023). Toxicity, 

arsenic speciation and characteristics of  hyphenated 
techniques used for arsenic determination in 
vegetables. A review. RSC Advances, 13(44), 30959–
30977. https://doi.org/10.1039/d3ra05770d

Safiuddin, M. (2011). Arsenic contamination of  
groundwater in Bangladesh: A review. International 
Journal of  the Physical Sciences, 6(30), 6791–6800. 
https://doi.org/10.5897/IJPS11.1300

Sanyal, T., Bhattacharjee, P., Paul, S., & Bhattacharjee, 
P. (2020). Recent Advances in Arsenic Research: 
Significance of  Differential Susceptibility and 
Sustainable Strategies for Mitigation. Frontiers in 
Public Health, 8, 464. https://doi.org/10.3389/
fpubh.2020.00464

Sarkar, S. D., Swain, P. R., Manna, S. K., Samanta, S., Majhi, 
P., Bera, A. K., Das, B. K., & Mohanty, B. P. (2022). 
Arsenic contamination in food chain—A menace to 
food safety, human nutrition and health. Journal of  
Environmental Biology, 43(03), 339–349. https://doi.
org/10.22438/jeb/43/3/MRN-1973

Sen, J., Bogin, B., Mondal, N., Dey, S., & Roy, S. (2021). 
Groundwater arsenic contamination in the Bengal 
Delta Plain is an important public health issue. 
Human Biology and Public Health, 1. https://doi.
org/10.52905/hbph.v1.7

Shaji, E., Santosh, M., Sarath, K. V., Prakash, P., 
Deepchand, V., & Divya, B. V. (2021). Arsenic 
contamination of  groundwater: A global synopsis 
with focus on the Indian Peninsula. Geoscience 
Frontiers, 12(3), 101079. https://doi.org/10.1016/j.
gsf.2020.08.015

Shankar, S., Shanker, U., & Shikha. (2014). Arsenic 
Contamination of  Groundwater: A Review of  
Sources, Prevalence, Health Risks, and Strategies for 
Mitigation. The Scientific World Journal, 2014, 1–18. 
https://doi.org/10.1155/2014/304524

Singh, R., Singh, S., Parihar, P., Singh, V. P., & Prasad, 
S. M. (2015). Arsenic contamination, consequences 
and remediation techniques: A review. Ecotoxicology 
and Environmental Safety, 112, 247–270. https://doi.
org/10.1016/j.ecoenv.2014.10.009

Singh, S. K. (2017). An analysis of  the cost-effectiveness 
of  arsenic mitigation technologies: Implications 
for public policy. International Journal of  Sustainable 
Built Environment, 6(2), 522–535. https://doi.
org/10.1016/j.ijsbe.2017.10.004

Singh, S. K., Taylor, R. W., Rahman, M. M., & Pradhan, 
B. (2018). Developing robust arsenic awareness 
prediction models using machine learning algorithms. 
Journal of  Environmental Management, 211, 125–137. 
https://doi.org/10.1016/j.jenvman.2018.01.044

Singha, S. K., Ray, S., & Sikdar, D. P. (2022). Arsenic 
in mind: Construction of  knowledge and attitude 
scales. International Journal of  Scientific Research 
Updates, 4(2), 223–230. https://doi.org//10.53430/
ijsru.2022.4.2.0192

Singha, S. K., & Sikdar, D. P. (2021). Role of  Public 
Awareness Ensuring the Sustainability of  Arsenic 



Pa
ge

 
25

https://journals.e-palli.com/home/index.php/ajec

Am. J. Environ. Clim. 5(2) 11-25, 2026

Mitigation. Journal of  Pharmaceutical Research 
International, 391–404. https://doi.org/10.9734/
jpri/2021/v33i58A34130

Sinha, D., & Prasad, P. (2020). Health effects inflicted 
by chronic low-level arsenic contamination in 
groundwater: A global public health challenge. Journal 
of  Applied Toxicology, 40(1), 87–131. https://doi.
org/10.1002/jat.3823

Sixpence, A., Nkoka, O., Chirwa, G. C., Milanzi, E. B., 
Mangani, C., Mathanga, D. P., & Ntenda, P. A. M. 
(2020). Levels of  knowledge regarding malaria causes, 
symptoms, and prevention measures among Malawian 
women of  reproductive age. Malaria Journal, 19(1), 
225. https://doi.org/10.1186/s12936-020-03294-6

Sodhi, K. K., Kumar, M., Agrawal, P. K., & Singh, D. K. 
(2019). Perspectives on arsenic toxicity, carcinogenicity 
and its systemic remediation strategies. Environmental 
Technology & Innovation, 16, 100462. https://doi.
org/10.1016/j.eti.2019.100462

Srivastava, S. (Ed.). (2020). Arsenic in Drinking 
Water and Food. Springer Singapore. https://doi.
org/10.1007/978-981-13-8587-2

Staddon, R. V. (2020). Bringing technology to the mature 
classroom: Age differences in use and attitudes. 
International Journal of  Educational Technology in Higher 
Education, 17(1), 11. https://doi.org/10.1186/s41239-
020-00184-4

Steyn, N. P., Senekal, M., Brtiso, S., & Nel, J. (2000). Urban 
and rural differences in dietary intake, weight status 
and nutrition knowledge of  black female students. 
Asia Pacific Journal of  Clinical Nutrition, 9(1), 53–59. 
https://doi.org/10.1046/j.1440-6047.2000.00137.x

Sudarmadi, S., Suzuki, S., Kawada, T., Netti, H., 
Soemantri, S., & Tri Tugaswati, A. (2001). A Survey 
of  Perception, Knowledge, Awareness, and attitude 
in Regard to Environmental Problems in a Sample 
of  two Different Social Groups in Jakarta, Indonesia. 
Environment, Development and Sustainability, 3(2), 169–
183. https://doi.org/10.1023/A:1011633729185

Swain, S., Biswas, A., & Maiti, D. K. (2021). 14—Arsenic 
pollution and human health issues – special reference 
to Bengal Delta. In R. O. A. Rahman & C. M. Hussain 

(Eds.), Handbook of  Advanced Approaches Towards 
Pollution Prevention and Control (pp. 281–305). 
Elsevier. https://doi.org/10.1016/B978-0-12-
822121-1.00014-X

Tek, N. A., Ermumcu, M. Ş. K., Gövez, N. E., & 
Dazıroğlu, M. E. Ç. (2023). Evaluation of  awareness, 
knowledge, and attitudes level of  sustainable nutrition 
in different age groups: A cross-sectional study. 
European Journal of  Environment and Public Health, 7(4), 
em0142. https://doi.org/10.29333/ejeph/13390

Thakur, B. K., & Gupta, V. (2015). Groundwater 
Arsenic Contamination in Bihar: Causes, Issues and 
Challenges. MANTHAN: Journal of  Commerce and 
Management, 2(1), 45–60. https://doi.org/10.17492/
manthan.v2i1.6434

Wang, Y., Yu, J., Wang, Z., Liu, Y., & Zhao, Y. (2021). 
A review on arsenic removal from coal combustion: 
Advances, challenges and opportunities. Chemical 
Engineering Journal, 414, 128785. https://doi.
org/10.1016/j.cej.2021.128785

Weerasundara, L., Ok, Y.-S., & Bundschuh, J. (2021). 
Selective removal of  arsenic in water: A critical 
review. Environmental Pollution, 268, 115668. https://
doi.org/10.1016/j.envpol.2020.115668

Yadav, M. K., Saidulu, D., Gupta, A. K., Ghosal, P. S., 
& Mukherjee, A. (2021). Status and management of  
arsenic pollution in groundwater: A comprehensive 
appraisal of  recent global scenario, human health 
impacts, sustainable field-scale treatment technologies. 
Journal of  Environmental Chemical Engineering, 9(3), 
105203. https://doi.org/10.1016/j.jece.2021.105203

Yang, X., Wei, L., & Su, Q. (2020). How Is Climate Change 
Knowledge Distributed among the Population in 
Singapore? A Demographic Analysis of  Actual 
Knowledge and Illusory Knowledge. Sustainability, 
12(9). https://doi.org/10.3390/su12093782

Zuzolo, D., Cicchella, D., Demetriades, A., Birke, M., 
Albanese, S., Dinelli, E., Lima, A., Valera, P., & Vivo, 
B. D. (2020). Arsenic: Geochemical distribution 
and age-related health risk in Italy. Environmental 
Research, 182, 109076. https://doi.org/10.1016/j.
envres.2019.109076


