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PREFACE

The present study entitled, ‘A SOCIO-ECONOMIC STUDY ON ARSENICOSIS
AFFECTED INHABITANTS IN MALDAH DISTRICT, WEST BENGAL’ makes
a part of the study in social geography, in which the present researcher has tried to
explain the socio-economic status of the arsenicosis inhabitants in the study area. The
spatial distribution pattern of arsenic in groundwater, determinants of arsenicosis
ailments, socio-economic and health impact of arsenicosis issues, current water supply
system, demand of arsenic-free water, and policy implication for regular and adequate
supply of arsenic-free water in the arsenic prone region have critically studied in this
research work. The present study shows the arsenicosis inhabitants are willing to pay
for installing the arsenic-free water supply sources at community level. This WTP
(Willingness to pay) varied with some socio-economic variables such as age, sex,
education status, household income, etc. Present researcher has added some

recommendations for reducing the arsenicosis issues.

After outlying the objectives and significant theoretical concern and problems of the
research, it may be helpful to maintain the contents of the chapters. It also provides an
outline of how to designed this content in this thesis. The present research work has

been arranged into seven chapters.

Chapter one, ‘Introduction’ starts with the study's basic information, such as the
statement of the problem, objectives and data sources of the study, and methodologies
adopted for the study. The researcher also mentioned some notable research work in the

literature review associated with the investigation.

Chapter Two, “Spatial variation and causes of arsenic concentration in
groundwater,” has demonstrated the spatial distribution of arsenic concentration in
groundwater in different block in Maldah district. The regional and spatial distribution
pattern of arsenic concentration varied significantly. The eastern part of ‘Barind’ plain
does not contain a considerable amount of Arsenic (As) due to the high elevation, the
nonacidic soil with a pH value of 6.8, and located far away from the margin of the
Ganga River. The higher pH value, the presence of clay and silt, and the less amount of
sand content in the soil of southern part of 'Tal' region are the causes of significant
amount of arsenic concentration in this physiographic region. The higher percentages
of clay content and a lower percentage of sand content in the Diara tract are responsible

for significant amount of arsenic concentration in groundwater.
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Chapter Three, “Socio-economic status of Arsenicosis inhabitants” provides the
socio-economic condition of the arsenicosis inhabitants in Maldah district. Here, some
significant social and economic variables like sex ratio, caste composition, education
level, religious composition, occupational composition, average income, accessibility
of arsenic-free water supply, health care services, etc., have been considered to identify
the socio-economic status of the arsenicosis inhabitants in Maldah district. The socio-
economic status of the arsenicosis inhabitants in the study area is not well. However, all
income groups have suffered from this problem. Comparatively, less educated male,
old respondents in the study area are more vulnerable. Moreover, the long-distance of
arsenic-free water supply sources from their habitation and the irregular supply of
arsenic-free water have compelled the respondents to use their tested arsenic-
contaminated tube wells’ water. The victims have not continued their treatment for
financial constraints, unawareness, and dissatisfaction with the present treatment

facilities.

Chapter Four, entitled “Socio-economic determinants of Arsenicosis” deliberate
that Arsenic toxicity is highly influenced by demographic, social and economic factors.
The significant social and economic determinants of arsenicosis comprise age, sex,
education status, household income, and poverty level. Health infrastructure is another
crucial determinant of arsenicosis, as most of the sample respondents have suffered
from the lack of any arsenic clinic, which caused to spread this issue. The prevalence of
the proper knowledge, attitudes, and practices regarding groundwater arsenic
contamination could significantly reduce the vulnerability of arsenic poisoning. Most of
the respondents with a very high prevalence level of knowledge, attitudes, and practice
concerning arsenicosis issues are literate as their perception of arsenicosis problems is
remarkable. They are not influenced by some local superstitious myth about arsenicosis
illness. However, respondents with low and very low prevalence levels are illiterate and
belong to the very poor, poor, and lower- middle-income group. This research work
shows that household income and literacy rate differ significantly across the study area.
The determinants of arsenicosis differ with the variation in literacy rate and different

household incomes.

Chapter Fifth, ‘Impact of arsenicosis on health and socio-economic condition of
the inhabitants’ infers an overview of the impact of arsenicosis through groundwater

arsenic contamination. Such effects are discussed in the health and socio-economic
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perspectives. The most significant social problems in the study area are difficulties in
getting married to arsenicosis victims’ women, the issue of social instability, the
dominance of the dowry system, preferences to remain unidentified, and the mental
stress of women, etc. Contamination of arsenic in groundwater has caused economic
issues for the arsenic-affected people in Maldah district, such as difficulty in getting
nutritious food, difficulties in keeping the business running, the physical weakness and
loss of earning capacity, the physical weakness and inability to do hard work, shrinking
of job opportunities, etc. Different types of health problems have been faced by the
arsenicosis patients in Maldah district, such as the occurrences of several skin-related
health hazards, the impact on the immune system, the occurrences of cancer-related
health hazards, the creation of tension among the human being, changes of the energy
level of the human being and so on. Furthermore, a maximum mean vulnerability score
of the high level of social vulnerability (0.65), high level of economic vulnerability
(0.97), and high level of health vulnerability (0.78) suggested, most of the respondent
have experienced a high level of wvulnerability in social, economic and health
perspective due to arsenicosis. Each of social, economic and health impacts are

influenced by some socio-economic variables.

Chapter Sixth, entitled ‘Present status of mitigation strategies’ deals with analysing
the infrastructural status of water supply and has also tried to determine the demand of
arsenic-free water for drinking and other purposes. Arsenic-free water supply in the
study area is not satisfactory. Most of the study participants informed that the PHED
pipeline is present in their habitation, but water supply is not available from these
sources. To overcome such problem, about 61% of respondents have agreed to pay
money for installing arsenic-free water supply sources at community level to acquire
arsenic-free water regularly. However, about 39% of respondents have still not agreed
to pay, as they have not invested their earnings for this purpose since they live below
the poverty level. Most of the respondents are willing to pay in principle to secure
access to arsenic safe drinking water through submersible, hand tube well, and
domestic connections. The variation of WTP varies with socio-economic condition of
the respondents. The socio-economic variables that significantly impact on WTP are
family size, monthly household income, educational status, poverty level, presence of
PHED pipeline, identification of arsenic above the permissible limit in tube well, etc. A

significant relationship exists between independent variables (poverty level, family

viii






ACKNOWLEDGEMENT

I wish to express my sincere thanks and heartiest gratitude to my supervisor Dr.
Sarbari Mukhopadhyay, Associate Professor, Maynaguri College, for her kind
supervision, systematic guidance, cordial assistance, and valuable support through
this research work. I am so thankful for her constant encouragement at every stage
of my work. I also convey my regards and thanks to the respected Prof. Sushama
Rohatgi and Asstt. Prof. Dr. Snehashish Saha for supporting me in all the crucial
periods of my research work.

I am highly indebted to Prof. D. K Mandal, HOD of department of Geography &
Applied Geography. North Bengal University for providing valuable insights and

suggestions that helped me shape my research work.

I am also thankful to all honourable teachers of the Department of Geography and
Applied Geography, North Bengal University, for allowing me to do this research
work. So, I sincerely thank to Prof. S. Sarkar, Prof. R. Roy, Dr. 1. Lepcha (nee)
Lama, Dr. S.K. Bhattacharya, Dr. A. Basak, Dr. I. Roy Chowdhury, Dr. R.K. Paul
and Dr. R. Moktan, Department of Geography and applied Geography, University
of North Bengal, for their support and help during thesis preparation. I also thank
to the department librarians and other non-teaching staff of the Department of
Geography, University of North Bengal.

I would like to express my deepest appreciation to the West Bengal State Science
& Technology Congress (WBSSTC) for recognizing my research with the
Outstanding Paper Award in 2022-2023 in the category of Social Science & IPR.
This award is a testament to the hard work and dedication that I have put into my
research, and I am honoured to have been selected for this prestigious award.

This research work is based on an opinion survey conducted in the arsenic-affected
areas in Maldah district. I am also thankful to the arsenicosis sufferers who have
given me valuable information during my field survey. This research would not
have been possible without the contribution of these individuals, and the assistance
of all people met is gratefully acknowledged. I would like to express my deep sense
of gratitude to the staff of various offices, viz Public Health Engineering
Department, Maldah, Paschim Banga Bigyan Manch, Block health Center,
Kaliachak-II, Manickchak, Bedrabad Hospital, Maldah, Maldah Medical Collage






LIST OF TABLES

Table No. Theme Page No
Table 1.1  Number of inhabited Villages..........cccccoeviiriieiiiniiiiiicieeeeceeee e, 18
Table 1.2 List of the sample Villages ........c.cccceerviieiiiniieiieceeiee e 19
Table 2.1  Average Seasonal groundwater depth (mbgl) (1996-2017) ................... 35
Table 2.2  Descriptive statistics of 'As' in groundwater ............ccccovceeveevieneenennenn 57
Table 2.3  Arsenic concentration in groundwater in 7 blocks of Maldah district. ..58
Table 3.1  Percentage distribution of types of workers in Maldah district ............. 76
Table 3.2  Percentage distribution of categories of workers in Maldah district .....77
Table 3.3  Block-wise drinking water facilities in Maldah district for the year
2001314 et 79
Table 3.4  Source of Irrigation and Area Irrigated (area in hectare) by different
sources in the Blocks of Maldah for the year 2013-14 ..........c..c.......... 80
Table 3.5  Sex ratio of respondents in the study area ...........cccecoveveiievieniieieennnnne, 83
Table 3.6  Caste composition of respondents in the study area ...........ccccceeeueeneeene. 84
Table 3.7  Education status of respondents in the study area ..............cccceereenennne. 85
Table 3.8  Religious compositions of respondents in the study area ...................... 86
Table 3.9  Family types of respondents in the study area ...........cccceeeeeriiniiennen 87
Table 3.10 Family size of respondents in the study area ...........ccceceeverviinienennene. 88
Table 3.11 Mother tongue of respondents in the study area ............cccccevevevveennennne. 89
Table 3.12 Marital status of respondents in the study area............cccceeevveerveernnnennnne. 90
Table 3.13 Employment status of respondents in the study area ............c.cceeueeeee. 90
Table 3.14 Permanency of the job of respondents in the study area......................... 91
Table 3.15  Average income of sample respondents in the study area ..................... 92
Table 3.16 Family expenditure of sample arsenicosis patients in the study area. ...93
Table 3.17 Loan status of respondents in the study area ...........ccccevceeverviinienennene 93
Table 3.18 Purpose of loans of respondents in the study area...........ccccceceevvenennene. 94
Table 3.19 Savings of sample arsenicosis patients in the study area ....................... 95
Table 3.20 Present source of drinking water of sample respondents in Maldah
AISTIICT .t sttt e 95
Table 3.21 Health check-up of the sample respondents in the study area ............... 96

XXVii



Table No.

Theme

Table 3.22

Table 4.1
Table 4.2
Table 4.3
Table 4.4

Table 4.5

Table 4.6
Table 4.7

Table 4.8

Table 4.9

Table 4.10
Table 4.11
Table 4.12
Table 4.13

Table 4.14

Table 4.15

Table 4.16

Table 4.17

Table 4.18

Table 4.19
Table 5.1

Reasons for not-treatment of arsenicosis of the sample respondents in

the STUAY Ar€a ....cccviieiie et e 97
Age composition of the respondents in the study area ........................ 104
Age-group wise sex ratio of respondents in the study area .................. 107
Sex wise literacy rate of the respondents in the study area .................. 109

Present condition of PHED pipeline in sample respondents’ village in
Maldah district based on respondents’ Opinion ............cceeeeeveerevennnenns 111

Facilities of arsenic clinic in the village of sample respondents in the
SEUAY Ar@a. ...ttt 112

Follow up the sample arsenicosis patients in the study area............ 113

Satisfaction level of health facilities of sample respondents in the study
) (72 114

Awareness and administrative management about arsenic contamination
orated by sample respondents in the study area ........................ 115

Respondents' views about the organizations of arsenic awareness

programs in the study area ...............coooviiiiiiiiiiiiiiiii e 116

Occupational composition of respondents in the study area................. 117
Monthly income of sample respondents in the study area.................... 119
Poverty level of respondents in the study area ..........c.ccoecevevieriiennnnne. 120
Prevalence of clinical illness (signs/symptoms) among sample
TESPONACIILS ...ttt ettt ettt ettt et te et et e et esiaeebeeseaeenneens 123

Prevalence of knowledge about arsenic contamination in the sample
respondents in the study area ..........ccccceeevvieniiieniieececee e 129

Prevalence of attitudes about arsenic contamination in the sample
respondents in the study area ...........cccceeeviieniiiencieeeieeee e 131

Prevalence of practice about arsenic contamination in the sample
respondents in the study area..........ccccoeveeiiiiiieniieie e 132

Assessment of the prevalence of arsenicosis among the respondents

through TOPSIS approach..........ccceecvieiiiiiiiiniieieeeeee e 137
Percentage of prevalence level among respondents using TOPSIS
MOdel. ... 140
Paired Samples Test .....o.oviiiiiii 141

Points LIKert SCale .......cooueriiiiiiiiiiiiieeee e 148

XXViii

Page No.



Table No. Theme Page No.

Table 5.2  Descriptive statistics of social hazards due to arsenicosis in the sample
respondents of Maldah diStrict..........cccceeeviieeiiieeiiieeieeee e, 152

Table 5.3  Perception level of respondents regarding the social unstability
as a result of arsenicosis in Maldah district...........cccceeeeiiincieecieeennnen. 154

Table 5.4  Perception level of respondents regarding the problem of being forced
to leave the village due to arsenicosis in Maldah district ..................... 155

Table 5.5  Perception level of respondents regarding the incidence of migration
due to arsenicosis threat in Maldah district ..........cccooevveniiiiniennnnns 156

Table 5.6  Perception level of respondents regarding the social impact of
Arsenicosis patients are treated as untouchable in Maldah district ......157

Table 5.7  Perception level of respondents regarding the impact of relatives were
discontinued to visiting arsenic-affected villages in Maldah district ... 158

Table 5.8  Perception level of respondents regarding the occurrence of conflict
within family as an outcome of arsenicosis in Maldah district............. 159

Table 5.9  Perception level of respondents regarding the occurrences of school
dropout due to arsenicosis in Maldah district............cccoeevverieeniiennnnnne. 160

Table 5.10 Perception level of respondents regarding the production of child
labour due to arsenicosis in Maldah district ............cccceeeevieieniencenen. 161

Table 5.11 Perception level of respondents regarding lack of cooperation as a
result of arsenicosis in Maldah district ...........cccoeeeeriiiiiiiniieiiiieeen, 162

Table 5.12 Perception level of respondents regarding the refutation of water
collection from the neighbours due to arsenicosis illness in Maldah
AISTIICE Lttt 163

Table 5.13  Perception level of respondents regarding the problem of selling
cultivated products due to arsenicosis in Maldah district..................... 164

Table 5.14  Perception level of respondents regarding the avoidance of arsenicosis
patients in social activities in Maldah district...........cccceceniivenennene. 165

Table 5.15 Perception level of respondents regarding the problem of depression or
ostracism due to arsenicosis in Maldah district .......................... 166

Table 5.16 Perception level of respondents regarding the preference to remain
unidentified due to arsenicosis in Maldah district ...........ccccccoeninnens 167

Table 5.17  Perception level of respondents regarding the social impact of hidden
hatred brew due to arsenicosis in Maldah district............cccceevvrennennnne. 168

Table 5.18 Perception level of respondents regarding the loss of faith due to
arsenicosis in Maldah diStrict ..........ccceeviiieiiieeiiieeeeee e, 169

XXiX



Table No.

Theme

Table 5.19

Table 5.20

Table 5.21

Table 5.22

Table 5.23

Table 5.24

Table 5.25

Table 5.26

Table 5.27

Table 5.28

Table 5.29

Table 5.30

Table 5.31

Table 5.32

Table 5.33

Table 5.34

Table 5.35

Perception level of respondents regarding the parents’ depression for
social exclusion due to arsenic threat in Maldah district...................... 170

Perception level of respondents regarding the obstruction of child
education due to arsenicosis in Maldah district.............ccceeveveeerveennneen. 171

Perception level of respondents regarding the creation of thought of
spending money on treatment is a waste in Maldah district................. 172

Perception level of respondents regarding the attempt of suicide due to
arsenicosis illness in Maldah diStrict .........c.ccceevveeiieniieiienieeiie, 173

Perception level of respondents regarding the problem of womens’
mental stress due to arsenicosis in Maldah district............ccccceerevenenn. 174

Perception level of respondents regarding the the difficulties in getting

marriage of women arsenicosis victims in Maldah district .................. 175
Perception level of respondents regarding the marriage to another due to
Arsenicosis of the first wife in Maldah district..........ccccocevvinininnenne. 176

Perception level of respondents regarding the ever-increasing amounts
of dowry due to arsenicosis in Maldah district............cccceevierirennnnne. 177

Perception level of respondents regarding the refutation of Women from

social function due to arsenicosis in Maldah district..........c.cccecevuenen. 178
Perception level of sample respondents concerning the social
vulnerability due to arsenicosis in Maldah district...........c.ccceceeveennnenee. 179

Descriptive statistics of economic hazards due to arsenicosis in the
sample respondents of Maldah district

Perception level of respondents regarding the creation of occupational
disadvantages due to arsenicosis illness in Maldah district ................. 182

Perception level of respondents regarding the occurrence of physical

weakness and cannot do hard work due to arsenicosis in Maldah district.183

Perception level of respondents regarding the occurrence of physical
weakness and loss of earning capacity due to arsenicosis in Maldah
AISTIICE Lttt s 184

Perception level of respondents regarding the problem of shrinking job
opportunities due to arsenicosis in Maldah district ..............cceeeenenne. 185

Perception level of respondents regarding the discontinuation of
business due to arsenicosis in Maldah district...........cccoeeeveeeniieennenne. 186

Perception level of respondents regarding the refusal of eligible persons
from acquiring jobs due to arsenicosis in Maldah district.................... 187

XXX

Page No.



Table No.

Theme

Table 5.36

Table 5.37

Table 5.38

Table 5.39

Table 5.40

Table 5.41

Table 5.42

Table 5.43

Table 5.44

Table 5.45

Table 5.46

Table 5.47

Table 5.48

Table 5.49

Table 5.50

Table 5.51

Table 5.52

Perception level of respondents regarding the changes of livelihood
pattern due to arsenicosis in Maldah district ...........ccccceeecvieeeieeenneenee. 188

Perception level of respondents regarding the dropping of family income

due to arsenicosis in Maldah diStrict..........ccccceeeviieviieeccieeeie e, 189
Perception level of respondents regarding the problem of poor people
becomes poorer due to arsenicosis in Maldah district.............cc.....e.n. 190

Perception level of respondents regarding the problem of sold-off
assets due to arsenicosis in Maldah district ..........cccoeveiieiienieeniiennene 191

Perception level of respondents regarding the sold off assets to meet the
health expenditures due to arsenicosis in Maldah district ................... 191

Perception level of respondents regarding the increasing of economic
burden of the family due to arsenicosis in Maldah district................... 193

Perception level of respondents regarding the problem of financial
constraint due to arsenicosis in Maldah district.............cccoeevveeeeveennneen. 194

Perception level of respondents regarding not taking any medicine due
to financial constraint in Maldah district...........ccccoevviiiiiieniieiienieeen, 195

Perception level of respondents regarding the formation of high
indebtedness due to arsenicosis in Maldah district..............cccevveeennnne. 196

Perception level of respondents regarding the difficulties in getting
nutritious food due to arsenicosis in Maldah district............cccceceenenee. 197

Perception level of respondents regarding the the impact of arsenicosis
on agriculture in Maldah diStrict.........c..coceoieiiniiniiniinincccec 198

Level of economic vulnerability in the sample respondents of Maldah
DISEIICT oo 199

Descriptive statistics of health hazards due to arsenicosis in the sample
respondents of Maldah diStrict ..........ccceeeviieniiieniieeeee e 200

Perception level of respondents regarding the impact of arsenicosis on
the cancer-related hazards in Maldah district........cccccoceeveniencnnenne. 201

Perception level of respondents regarding the impact of arsenicosis on
skin-related health hazards in Maldah district...........cccccoceeninienncne 202

Perception level of respondents regarding the occurrences of
neurological disorder of the human being due to arsenicosis in Maldah
QISTIICT .ttt 203

Perception level of respondents regarding creation of tension due to
arsenicosis in Maldah district district ...........cccoooeviiiieniiinienenen. 204

XXXi

Page No.



Table No.

Theme

Table 5.53

Table 5.54

Table 5.55

Table 5.56

Table 5.57

Table 5.58

Table 5.59

Table 5.60

Table 5.61

Table 5.62

Table 5.63

Table 5.64

Table 6.1

Table 6.2

Table 6.3

Table 6.4

Table 6.5

Table 6.6

Perception level of respondents regarding the impact on immune
system due to arsenicosis illness in Maldah district ............c...c..e... 205

Perception level of respondents regarding the impact of arsenicosis on
the changes of energy level of human being in Maldah district......... 206

Perception level of respondents regarding the occurrences of weakness
of human beings due to arsenicosis in Maldah district...................... 207

Perception level of respondents regarding the creation of lethargy due
to arsenicosis in Maldah district..............cooooiiiiiiiii i 208

Level of health vulnerability in the sample respondents of Maldah

ISTIICE .ttt ettt 209
Level of overall vulnerability in the sample respondents of Maldah
QISTEICT ettt et et et 210
Descriptive statistics of Socio-economic-health indices in the
respondents of Maldah diStrict ..........ccceeeeiieiiiieciieece e, 210
Correlation between the indiCes .........ccceevveriereriieniiiieierieeeeeeee 211
Results of t-test between Economic Vulnerability Index, Social

Vulnerability Index, and Health Vulnerability Index in the respondents
of Maldah diStriCt ........cocuerieiiiiieiieeeee e 213

Summary of F statistic of social vulnerability index and selected socio-
€CONOMIC VATIADIES ...oveiiiiiiiiiiiiiiceecee e 214

Summary of F statistic of economic vulnerability index and selected
SOC10-€CONOMIC VAriabIEs. ......c.ooiiiiiiiiiiiice e 215

Summary of F statistic of health vulnerability index and selected socio-
€CONOMIC VATIADIES ..c..veiiiiiiiiiiiiiiieiicee e 215

Availability of PHED pipeline in sample respondents' village in

Maldah diStriCt .....cceeoiuieiiiiiieieeeee e 223
Status of the identification of danger level of Arsenic in sample

respondents' tube well in Maldah district ...........c.cooeviiiniiiiiininnn, 225
Inadequate stand posts for arsenic-free water supply creates long queue

in sample respondents' village in Maldah district ...........cccceverieneennenn 226
The maintenance status and related defunctionability of the stand post in
sample respondents' village in Maldah district ...........ccoccoeieninnenne. 228
Government officials promises were not realized for arsenic-free water

supply in sample respondents' village in Maldah district .................... 230
Causes of non-consumption of arsenic free water ...........ccccceeeeveeeneen. 231

XXXii

Page No.



Table No. Theme Page No
Table 6.7  Distance of arsenic-free water treatment plant ............ccceeceeevvverveennnns 232
Table 6.8  Suffering from the inadequate supply of arsenic-free safe water in
sample respondents in Maldah district...........ccccceeeviieeiiieinciee e, 233
Table 6.9  Source of drinking and cooking water before knowing the Arsenic
problem in sample respondents in Maldah district..........c.cccccveeennnnnee. 234
Table 6.10 Present source of drinking and cooking water of sample respondents in
Maldah diStrICT ..ee.veveieieiiiiiieieeee s 235
Table 6.11 Purpose of purchasing the arsenic-free water in sample respondents in
Maldah diStrICT ...cc.veeuieiieiiriieeee e 236
Table 6.12 Using status of purchased arsenic-free water by family members in
sample respondents in Maldah district............cccceeeviiieeciieinciie e, 237
Table 6.13  Alternative option of arsenic-free water used by sample respondents in
Maldah diStrICT ....cccueieiieiieeiiee e 239
Table 6.14 Satisfaction level of sample respondents about arsenic-free water supply 239
Table 6.15 Percentage of respondents about willingness to pay for ‘As’ free water. 240
Table 6.16 Reason for refusal of not willing to pay for the installation of arsenic-
fTEE WAL ..eouiiiiiiiiiieeie et 241
Table 6.17 Willingness to obtain the alternative options for arsenic safe water ...242
Table 6.18 Respondent’s opinion regarding the establishment and operational cost
of alternative options which have indeed to pay for arsenic safe water
101 o) 01 ) 2SO 244
Table 6.19 Characteristics of explanatory variables ...........ccccoceveriiniininnicnnene. 246
Table 6.20 Characteristics of explanatory variables ..........ccccocceeviiiiniieiniieeniens 246
Table 6.21 Type II analysis of Willing to pay for a communal DTW.................... 247
Table 6.22 Goodness of fit statistics of Willing to pay for a communal DTW ......249
Table 6.23  Probit model of WTP for a communal DTW ... 250

XXXiii



LIST OF FIGURES

Figure No.

Theme Page No.

Figure 1.1

Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6
Figure 1.7
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11
Figure 2.12

Figure 2.13

Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18

Location map of the study area (a) India (b) West Bengal (c)

Maldah ..o e 5
Block map of the study area ..........ccceeeciieiiiieiiieeceeeee e 6
Physiographic division of Maldah diStrict ...........cccccveeeviieeiieeeieeeeeeee, 7
Sample villages in Kaliachak-I and Kaliachak-II block........................... 8
Sample villages in Kaliachak-III and Manikchak block...........c..c.cc.c..... 8
Sample villages in Englishbazar and Ratua-1 block..........c.cccoceeviriennenne. 9
Sample villages in Ratua-II block...........cccoeviiiiiiiniiniiiiniicieieeeee e, 9
Location of dug wells in Maldah district ...........cccoceevieeciieniieniieiiees 31

Average Groundwater depth (mbgl) in Maldah district (1996-2017)......34

Geological formation of the study area ..........ccoceveevervinencnncnicnenne. 39
Geomorphology of the study area .........cccccoceeveriniininiinicnenceceee, 42
Elevation map of the study area ...........ccocoeeiiieiiiiiiniiiiee e, 43
Slope map of the study area..........ccceeeviieeriieeiiieceeeeeeeee e 45
River and surface waterbody in Maldah district ..........c.cccceevevievniennnnnen. 50
Percentage of clay among different component of soil in Maldah
AISTIICE. ittt 52
Percentage of silt among different component of soil in Maldah
district.54

Percentage of sand content among different component of soil in
Maldah diStriCt .....coceeriiiiiiieec e 55
Distribution of soil pH in Maldah district ........c..ccoceviiviniiiiniiniceee. 56
(a) Location of High and low 'As' concentrated blocks in Maldah
district (b) Geological formation of Maldah district ...........cccceeeveennennn. 58
Arsenic contamination of highly Arsenic affected blocks in Maldah
AISTIICE Lttt 59
‘As’ distribution in groundwater in Manikchak block .........c..cccecenee 60
‘As’ distribution in groundwater in Kaliachak-I block ........c..ccccceceenee 61
Location of worst ‘As’ affected villages in Maldah district..................... 62
‘As’ distribution in groundwater in Kaliachak-II block .........c..cccc..... 62
‘As’ distribution in groundwater in Kaliachak-III block ....................... 63

XXXiV



Figure No. Theme Page No
Figure 2.19 ‘As’ distribution in groundwater in English Bazar block ..................... 64
Figure 2.20 ‘As’ distribution in groundwater in Ratua-I block ...........c.ccceeeevvieennnnn. 65
Figure 2.21 °As’ distribution in groundwater in Ratua-II block ..........ccccceeevveeennnnnn. 66
Figure 3.1 The block-wise population density in Maldah district ............cceeennenn. 71
Figure 3.2  The block-wise sex ratio in Maldah district............ccceeveiiinciieenciieenieenns 72
Figure 3.3  The distribution of male-female, rural-urban, scheduled castes, and

the scheduled tribes' populations ...........ccceccveeeieniieiiienieeieeie e, 73
Figure 3.4 The block-wise total, male, female literacy rate in Maldah district ....... 74
Figure 3.5 Distribution of Hindu, Muslim, and Others religious group of

J020) 0101 P10 o NSRS 75

Figure 3.6
Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16

Figure 3.17
Figure 3.18
Figure 3.19
Figure 3.20
Figure 3.21
Figure 3.22

The block-wise distribution of different workers in Maldah district ...... 75

The block-wise distribution of different categories of workers in

Maldah diSTICT ...occueieiiiiieiie e 78
Percentage of Mouzas having drinking water facilities in the study
area.79

Irrigated area (hectare) by different sources in the study area................. 80
Road network in Maldah diStrict ............cocevienieiinienieeneeceee 81
Sex ratio of reSPONAENTS......ccouiiiiieiiiiiieie e 83
Caste composition of respondents in the study area.............ccceceeereeneenn. 84
Education status of respondents of the study area...........cccceeervireennennee. 85
Religious compositions of respondents in the study area ....................... 86
Family types of respondents in the study area............ceceeeeverieneenennee. 86
(a) Box plot of family size (b) P-P plot of the family size of the

L] 010) 116 (<311 £ UPR 88
Mother tongue of respondents in the study area...........cceccveeeeveencrveennnenn. 88
Marital status of respondents in the study area...........cccceevveecveenneeennnenn. 89
Employment status of respondents in the study area ............ccceveenenee. 91
Permanency of job of respondents in the study area ............cccceeueevenene. 91
Average income of the respondents in the study area ............ccccceceeneee 92
(a) Loan (b) Purposes of loans of sample arsenicosis patients in the
STUAY AICA ..eeeueiieeiiieeiiieeiiee ettt e ete e et eeetaeestteesbeeessaeesseeessseeesnseeensseeenns 94

XXXV



Figure No.

Theme Page No.

Figure 3.23

Figure 3.24
Figure 3.25

Figure 4.1

Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7
Figure 4.8

Figure 4.9
Figure 4.10

Figure 4.11
Figure 4.12
Figure 4.13
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 6.1
Figure 6.2

Figure 6.3
Figure 6.4

(a) Savings of sample arsenicosis patients (b) Types of the savings

of sample arsenicosis patients in the study area ............cccceccveevcieercnenns 95
Present source of drinking water in Maldah district............ccceeevveennennn. 96
Response regarding the health facilities (a) facilities of arsenic
clinic (b) Health check-up (c) Reasons for not treatment ....................... 97
(a) Box plot of age composition (b) P-P plot of the age composition

Of the reSPONAENLS .......eovuiiiiiiiiieiiecie et 104
Age-group wise sex ratio of respondents in the study area ................... 107
Sex wise literacy rate of the respondents in the study area ................... 110
Hierarchy charts of present condition of PHED pipeline....................... 111
Follow up the sample arsenicosis patients in the study area.................. 113
Awareness and administrative management of  arsenic
contamination in the sample respondents in the study area ................... 115
Occupation composition of respondents in the study area .................... 117
Strip plot of monthly income of sample respondents in the study

ATEA ..ttt ete et e et e bt e s a e et eh e et sh e e bt e a e e bt ea bt e bt e e a bt e b e st e e beeenreenaee 119
Poverty level of respondents in the study area ..........ccccoceeevvenieennennne. 119
Percentage of prevalence of clinical illness (signs/symptoms)
among sample reSpoNdents ............ceecveerieriiierieeieenie e 124
Percentage of prevalence of knowledge.............................. 130
Percentage of prevalence of attitude ...........occeeviieiiieiieniiiieieeee 131
Percentage of prevalence of practice ..........ccccevveeviieiieniiiiieenieeeene, 133
Different Social hazards due to ars€niCosis .........ccoceeevveereeriueeneeenneenne 153
Different Economic Hazards due to arsenicosis ...........ccoceeveereeeneenne. 181
Different health hazards due to arsenicosis .........ccccceeveevieriieenieenieene. 200
Box plot of @a composite INAEX .......ccevviieriieeiiieeieeeieeeeeee e 212
Available facilities of PHED pipeline ..........cccccocevviniiincininiineiniennns 224
Hierarchy charts of identification of Arsenic dangerous level in
sample respondents’ tube Well .........coooeeriiiiiiiiiii e, 225
Hierarchy charts of inadequate stand posts create a long queue ........... 227
Hierarchy charts of the maintenance status and related
defunctionability of the stand posSt.........ccceeviieeiiieeiiieeeee e, 228

XXXVi



Figure No.

Theme Page No.

Figure 6.5

Figure 6.6
Figure 6.7
Figure 6.8

Figure 6.9

Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13

Figure 6.14
Figure 6.15

Figure 6.16
Figure 6.17

Hierarchy charts of the realized status of Government officials

1020011 AR 230
Distance of arsenic free water treatment plant in the study area............ 232
Suffered from an inadequate supply of Arsenic-free safe water .......... 233
Hierarchy charts of source of drinking or cooking water before
knowing the Arsenic problem..........ccceevcvieriiriieniieeiieieee e 234
Present source of drinking or cooking Water .............ccceeeueevivenreeneenne. 235
Purpose of purchasing the arsenic-free water............cccceevveevivenreenenne. 237
Purchased safe water is used by sample respondents .............cccoeeuneeee. 238
Alternative option of arsenic-free Water ...........cccceeeeveeeciieeniieencneeennne, 238
Satisfaction level of sample respondents about arsenic free- water
101 o) 01 ) USSR 240
Percentage of respondents’ willingness to pay for ‘As’ free water ...... 241
Reason for refusan of not willing to pay for the installation of
ATSENIC-TIEE WALET.....eevtiiiiiieeiieieeie ettt 242
Three alternative options for arsenic-safe water source ........................ 243
Validation of WTP using ROC Curve ........ccccceeeveeiieciienieeieseeeieene 250

XXXVii



LIST OF PLATES

Plate No. Theme Page No.

Plate 1.1  Household survey. Data collected from Health worker and

arseNiCOSIS Patient ........c.oovuiiiiiiiiiiiiee e 20
Plate 2.1  High and undulating lands of Barind Plain ............cccoociviniinininncnnn. 46
Plate 2.2  Marshy land and slight slope of Tal re@ion ..........cccoecvveviiniiieiiienieenenne, 47
Plate 4.1  Arsenicosis patients having age above 40 years .........c.cccceeeveevreervennnn. 105
Plate 4.2  Arsenicosis patients, the age of 20-39 years .........cccevevveeierieenieenvennnen. 106
Plate 4.3  Male ArseniCoSis PAtIENTS ....c..eevveeeriieeriieeiiieeiieeecieeeeieeeeveeeeveeeseree e 108
Plate 4.4  Female ArseniCosis PAtiCntS ........cceecvvieevvieeiieeeiieeeiieeeieeeeieeesneeeseneens 108

Plate 4.5  Arsenic-free water supply is not available from the existing

PHED PIPEIINE.....coiiiiiiiiiieeiieccieeeeee et 111
Plate 4.6  Daily Labour .......coooiiiiiiiiiee e 118
Plate 4.7  (a) Swelling on feet. (b) Black- white spot on the palm (c)

Black spot in the body (d) Black and white spot in body ....................... 122
Plate 4.8  Identity Card of Arsenicosis patients ..........cccceeeeveerveeriienveenieennnenn. 125-127
Plate 6.1  Long queue due to inadequate stand post..........ccceeeeveerveecieerieenieenveennen. 226
Plate 6.2  Damaged pipeline and unpleasant surroundings...........ccecceeveeeeeeneennen. 229
Plate 6.3  Used tube-well water after detection of arsenic ...........ccoeceeevveecieeneennnen. 235

XXXViii





