
List of Tables

Table No. 

Table 1.1: 

Table 1.2:

Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 3.5: 

Table 3.6:

Table 3.7: 

Table 3.8:

Table 3.9: 

Table 3.10: 

Table 3.11: 

Table 3.12: 

Table 3.13: 

Table 3.14: 

Table 3.15: 

Table 3.16: 

Table 3.17: 

Table 3.18:

Titles

Arsenic Affected Districts of West Bengal 

Permissible Limits of Bureau of Indian Standards (BIS) 

for Selected Parameters

Descriptive statistics of Groundwater Parameters during 

Pre-monsoon Season (2010-2012)

Descriptive statistics of Groundwater Parameters during 

Monsoon Season (2010-2012)

Descriptive statistics of Groundwater Parameters during

Post-monsoon Season (2010-2012)

Total Variance Explained by Factor Analysis during 
Pre-monsoon Season (2010-2012)

Rotated Component Matrix of Pre-monsoon season (2010-2012)

Total Variance Explained by Factor Analysis during 
Monsoon Season (2010-2012)

Rotated Component Matrix of Monsoon season (2010-2012) 

Total Variance Explained by Factor Analysis during 

Post-monsoon Season (2010-2012)

Rotated Component Matrix of Post-monsoon season (2010-2012) 

Distribution of Factor Score in Different Seasons 

Cluster Analysis of Pre-monsoon Season (2010-2012)

Cluster Analysis of Monsoon Season (2010-2012)

Cluster Analysis of Post-monsoon Season (2010-2012)

Pairs of Different Seasons for Seasonal Variability 

Correlation and Paired V Statistics of Different Seasons 

Seasonal Variability of Parameters 

Correlation Matrix (Pre-monsoon Season)

Correlation Matrix (Monsoon Season)

Lx

Page No.

13

14

42

48

54

58

58

60

60

61

62

62

67

70

74

76

77

78 

97 

97



Table No, Titles Page No.

Table 3.19: Correlation Matrix (Post-monsoon Season) 97

Table 4.1: Basic Information of the Surveyed Villages 103

Table 4.2: Prevalence Rate and Arsenic Concentration in Groundwater 104

Table 4.3: Age group wise Prevalence Rate

(Katlamari village of Raninagar-2 Block)

106

Table 4.4: Age group wise Prevalence Rate

(Garaimari village of Domkal Block)

106

Table 4.5: Age group wise Prevalence Rate

(Khayramari village of Jalangi Block)

107

Table 4.6: Age group wise Prevalence Rate

(Balia Danga village of Berhampur Block)

108

Table 4.7: Age group wise Prevalence Rate

(Mokrampurof Beldanga-1 Block)

109

Table 4.8: Age group wise Prevalence Rate

(Dharampur Ramna village of Hariharpara Block)

109

Table 4.9: Age group wise Prevalence Rate

(Boalia village of Bhagwangola-2 Block)

110

Table 4.10: Age group wise Prevalence Rate

(Patikabari village of Nawda Block)

111

Table 4.11: Age group wise Prevalence Rate

(Mithipur village of Raghunathganj-2 Block)

112

Table 4.12: Gender wise Prevalence Rate in Katlamari village of

Raninagar-2 Block

113

Table 4.13: Gender wise Prevalence Rate in Garaimari village of

Domkal Block

113

Table 4.14: Gender wise Prevalence Rate in Khayramari village of Jalangi

Block

114

Table 4.15: Gender wise Prevalence Rate in Balia Danga village of Berhampur

Block

114

Table 4.16: Gender wise Prevalence Rate in Mokrampur of Beldanga-1 Block 115

Table 4.17: Gender wise Prevalence Rate in Dharampur Ramna of

Hariharpara Block

116

x



Table No. Titles Page No.

Table 4.18: Gender wise Prevalence Rate in Patikabari village of

Nawda Block

116

Table 4.19: Gender wise Prevalence Rate in Mithipur village of

Raghunathganj-2 Block

117

Table 4.20: Percentage of General Symptoms 119

Table 4.21: Total Percentage of Thickening of Skin and Skin Lesions 120

Table 4.22: Percentage of Pigmentation in the Surveyed villages 123

Table 4.23: Percentage of Keratosis, Carcinoma and Severe Gangrene

Symptoms

125

Table 4.24: Per Capita Monthly Income of Affected and Non-affected Persons 127

Table 4.25: Occupational Pattern of Surveyed villages in Percentage 128

Table 5.1: Assigned Weights of Each Factors 139

Table 5.2: DRASTIC Rating System for Different Factors 139-140

Table 5.3: Depth to Water Index 143

Table 5.4: Aquifer Media Index 145

Table 5.5: Soil Vulnerability Index 149

Table 5.6: Topography Vulnerability Index 151

Table 5.7: Impact of Vadose Zone Vulnerability Index 152

Table 5.8: Composite Vulnerability Index 153

Table 5.9: Layer Removal Result 156

Table 5.10: Category wise Percentage of Wells 156

Table 5.11: Category wise Percentage of Arsenic Affected Wells 159

XI



Figure No. Tides Page No.

Fig. 3.10: Concentration of Iron during Pre-monsoon Season 44

Fig. 3.11: Distribution of Iron during Pre-monsoon Season 44

Fig. 3.12: Concentration of Chloride during Pre-monsoon Season 44

Fig. 3.13: Distribution of Chloride during Pre-monsoon Season 44

Fig. 3.14: Concentration of Sulfate during Pre-monsoon Season 45

Fig. 3.15: Distribution of Sulfate during Pre-monsoon Season 45

Fig. 3.16: Concentration of Total Hardness as CaCCb during Pre-monsoon Season 45

Fig. 3.17: Distribution of Total Hardness as CaCCfe in during Pre-monsoon Season 45

Fig. 3.18: Concentration of Nitrite during Pre-monsoon Season 46

Fig. 3.19: Distribution of Nitrite during Pre-monsoon Season 46

Fig. 3.20: Concentration of Arsenic during Monsoon Season 47

Fig. 3.21: Distribution of Arsenic during Monsoon Season 47

Fig. 3.22: Level of pH during Monsoon Season 47

Fig. 3.23: Distribution of pH during Monsoon Season 47

Fig. 3.24: Concentration of TDS during Monsoon Season 48

Fig. 3.25: Distribution of TDS during Monsoon Season 48

Fig. 3.26: Level of EC during Monsoon Season 49

Fig. 3.27: Distribution of EC in during Monsoon Season 49

Fig. 3.28: Concentration of Iron during Monsoon Season 49

Fig. 3.29: Distribution of Iron during Monsoon Season 49

Fig. 3.30: Concentration of Chloride during Monsoon Season 50

Fig. 3.31: Distribution of Chloride during Monsoon Season 50

Fig. 3.32: Concentration of Sulfate during Monsoon Season 50

Fig. 3.33: Distribution of Sulfate during Monsoon Season 50

Fig. 3.34: Concentration of Total Hardness as CaCCb during Monsoon Season 51

Fig. 3.35: Distribution of Total Hardness as CaCC>3 during Monsoon Season 51

Fig. 3.36: Concentration of Nitrite during Monsoon Season 51

Fig. 3.37: Distribution of Nitrite during Monsoon Season 51

Fig. 3.38: Concentration of Arsenic during Post-monsoon Season 52

Fig. 3.39: Distribution of Arsenic during Post-monsoon Season 52

Fig. 3.40: Level of pH during Post-monsoon Season 52

Fig. 3.41: Distribution of pH during Post-monsoon Season 52

Fig. 3.42: Concentration of TDS during Post-monsoon Season 53

Fig. 3.43: Distribution of TDS in during Post-monsoon Season 53

Fig. 3.44: Level of EC during Post-monsoon Season 53

Fig. 3.45: Distribution of EC during Post-monsoon Season 53

xiv



Figure No.

Fig. 3.46:

Fig. 3.47:

Fig. 3.48:

Fig. 3.49:

Fig. 3.50:

Fig. 3.51:

Fig. 3.52:

Fig. 3.53:

Fig. 3.54:

Fig. 3.55:

Fig. 3.56:

Fig. 3.57:

Fig. 3.58:

Fig. 3.59:

Fig. 3.60:

Fig- 3.61:

Fig. 3.62:

Fig. 3.63:

Fig. 3.64:

Fig. 3.65:

Fig. 3.66:

Fig. 3.67:

Fig. 3.68:

Fig. 3.69:

Fig. 3.70:

Fig. 3.71:

Fig. 3.72:

Fig. 3.73:

Fig. 3.74:

Fig. 3.75:

Fig. 3.76:

Fig. 3.77:

Fig. 3.78:

Fig. 3.79:

Fig. 3.80:

Concentration of Iron during Post-monsoon Season 54

Distribution of Iron during Post-monsoon Season 54

Concentration of Chloride during Post-monsoon Season 55

Distribution of Chloride in during Post-monsoon Season 55

Concentration of Sulfate during Post-monsoon Season 55

Distribution of Sulfate during Post-monsoon Season 55

Concentration of Total Hardness as CaCCte during Post-monsoon Season 56 

Distribution of Total Hardness as CaCOs during Post-monsoon Season 56

Concentration of Nitrite during Post-monsoon Season 57

Distribution of Nitrite during Post-monsoon Season 57

Scree Plot of Pre-monsoon Season 59

Scree Plot of Monsoon Season 59

Scree Plot of Post-monsoon Season 61

Factor Score 1 Distribution in Different Seasons 65

Factor Score 2 Distribution in Different Seasons 65

Factor Score 3 Distribution in Different Seasons 66

Factor Score 4 Distribution in Different Seasons 66

Cluster Distribution during Pre-monsoon Season 69

Cluster Distribution during Monsoon Season 72

Cluster Distribution during Post-monsoon Season 75

Factor Score Distribution Map during Pre-monsoon Season 80

Spatial Distribution of TDS during Pre-monsoon Season 81

Spatial Distribution of EC during Pre-monsoon Season 81

Spatial Distribution of Nitrite during Pre-monsoon Season 82

Spatial Distribution of Arsenic during Pre-monsoon Season 82

Spatial Distribution of Sulfate during Pre-monsoon Season 83

Spatial Distribution of Total Hardness as CaCCb during 83

Pre-monsoon Season

Spatial Distribution of pH during Pre-monsoon Season 84

Spatial Distribution of Chloride during Pre-monsoon Season 84

Spatial Distribution of Iron during Pre-monsoon Season 84

Factor Score Distribution Map during Monsoon Season 85

Spatial Distribution of TDS during Monsoon Season 86

Spatial Distribution of EC during Monsoon Season 86

Spatial Distribution of Chloride during Monsoon Season 87

Spatial Distribution of Total Hardness as CaCOs during Monsoon Season 87

Titles Page No.

xv



Figure No, Tides Page No.

Fig. 3.81: Spatial Distribution of Sulfate during Monsoon Season 88

Fig. 3.82: Spatial Distribution of Iron during Monsoon Season 88

Fig. 3.83: Spatial Distribution of Arsenic during Monsoon Season 89

Fig. 3.84: Spatial Distribution of pH during Monsoon Season 89

Fig. 3.85: Spatial Distribution of Nitrite during Monsoon Season 90

Fig. 3.86: Spatial Distribution of TDS during Post-monsoon Season 90

Fig. 3.87: Spatial Distribution of EC during Post-monsoon Season 90

Fig. 3.88: Factor Score Distribution Map during Monsoon Season 91

Fig. 3.89: Spatial Distribution of Total Hardness as CaCCfe during Post-monsoon 92
Season

Fig. 3.90: Spatial Distribution of Chloride during Post-monsoon Season 92

Fig. 3.91: Spatial Distribution of Sulfate during Post-monsoon Season 93

Fig. 3.92: Spatial Distribution of pH during Post-monsoon Season 93

Fig. 3.93: Spatial Distribution of Nitrite during Post-monsoon Season 94

Fig. 3.94: Spatial Distribution of Arsenic during Post-monsoon Season 94

Fig. 3.95: Spatial Distribution of Iron during Post-monsoon Season 94

Fig. 3.96: Distribution of Major Ions during Pre-monsoon Season 95

Fig. 3.97: Distribution of Major Ions during Monsoon Season 95

Fig. 3.98: Distribution of Major Ions during Post-monsoon Season 95

Fig. 3.99: Soil Sampling Locations 98

Fig. 3.100: Grain Size Characteristics 99

Fig. 4.1: Location of Sample Villages 102

Fig. 4.2: Correlation between Arsenic Concentration and Prevalence Rate 104

Fig. 4.3: Relationship between Prevalence Rate and Arsenic Concentration 104

Fig. 4.4: Distribution of Prevalence Rate in Murshidabad District 105

Fig. 4.5: Distribution of Arsenic Concentration in Murshidabad District 105

Fig. 4.6: Age Group wise Prevalence Rate in Katiamari village of Raninagar-2 Block 106

Fig. 4.7: Age Group wise Prevalence Rate in Garaimari village of Domical Block 106

Fig. 4.8: Age Group wise Prevalence Rate in Khayramari village of Jalangi Block 107

Fig. 4.9: Age Group wise Prevalence Rate in Balia Danga village of Berhampur 108

Block

Fig. 4.10: Age Group wise Prevalence Rate in Mokrampur of Beldanga-1 109

113Fig. 4,11: Age Group wise Prevalence Rate in Dharampur Ramna village 109

of Hariharpara Block

Fig. 4.12: Age Group wise Prevalence Rate in Boalia village of Bhagawangola-2 110

Block

xvi



Figure No. Titles Page No.

Fig. 4.13: Age Group wise Prevalence Rate in Patikabari village of Nawda 111

Block

Fig. 4.14: Age Group wise Prevalence Rate in Mithipur village 112

of Raghunathganj -2 Block

Fig. 4.15: Gender wise Prevalence Rate in Katlamari village of Raninagar-2 Block 113

Fig. 4.16: Gender wise Prevalence Rate in Garaimari village of Domkal Block 113

Fig. 4.17: Gender wise Prevalence Rate in Khayramari village of Jalangi Block 114

Fig. 4.18: Gender wise Prevalence Rate in Balia Danga village of Berhampur Block 114

Fig. 4.19: Gender wise Prevalence Rate in Mokrampur of Beldanga-1 Block 115

Fig. 4.20: Gender wise Prevalence Rate in Dharampur Ramna village 116

of Haribarpara Block

Fig. 4.21: Gender wise Prevalence Rate in Padkabari village of Nawda Block 116

Fig. 4.22: Gender wise Prevalence Rate in Mithipur village of Raghunathganj-2 117

Block

Fig. 4.23: Village wise Percentage of Total General Symptoms 118

Fig. 4.24: Gender wise Percentage of Persons having Total General Symptoms 118

Fig. 4.25: Village wise Total Percentage of Thickening of Skin & Skin Lesions 119

Fig. 4.26: Gender wise Percentage of Persons having Total Thickening 121
of Skin 8c Skin Lesion

Fig. 4.27: Village wise Percentage of Pigmentation 122

Fig. 4.28: Gender wise Percentage of Persons having Pigmentation 123

Fig. 4.29: Village wise Percentage of Keratosis 8c Carcinoma 124

Fig. 4.30: Gender wise Percentage of Persons having Keratosis 8c Carcinoma 126

Fig. 4.31: Village wise Per Capita Monthly Income of Affected 127

8c Non-afFected Persons

Fig. 4.32 A-4.321: Village wise Percentage of Different Types of Occupation 129-130

among the Persons having Symptoms of Arsenicosis 

Fig. 4.33: Household Survey 131

Fig. 4.34 A-4.34 B: Cases of Pigmentation on Chest 132

Fig. 4.35: Arsenic Removal Plants (ARPs) 132

Fig. 4.36 A-4.36 D: Cases of Keratosis on Hand 8c Feet 133

Fig. 4.37: Cases of Keratosis 8c Gangrene on Feet 134

Fig. 4.38 A-4.38 B: Cases of Gangrene on Hand 8c Feet 134

Fig. 5.1 Drastic Modelling Workflow 141

Fig. 5.2: Depth to the Water Layer 144

Fig. 5.3: Groundwater Net Recharge Layer 145

Fig. 5.4: Aquifer Media Layer 146

xvii



Figure No. Tides Page No.

Fig. 5.5: Locations of the Bore Wells 147

Fig. 5.6: Subsurface Lithological Model 148

Fig. 5.7: Soil Media Layer 149

Fig. 5.8: Topography Layer 150

Fig. 5.9: Impact of Vadose Zone Layer 151

Fig. 5.10: Hydraulic Conductivity Layer 152

Fig. 5.11: Composite Vulnerability Zone Map 154

Fig. 5.12: Overlay of Vulnerability Map and Sampling Locations 157

Fig. 5.13: Overlay of Vulnerability Map and Sampling Locations with 
Average Arsenic Concentration > 0.05 mg/1

158

xviii


