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PREFACE  

Groundwater is a key source of drinking water among freshwater resources 

and their need for different purpose is growing day by day due to rapid growth of 

population, rapid urbanization with change in lifestyle, growing industrialization and 

agricultural activities, which have deteriorated the surface water and groundwater 

quality in the last few decades. Arsenic and fluoride containing minerals spread out 

more than twenty states of the country and both are largely contaminate these 

precious resource. WHO have reported in 2012, 748 million peoples are yet relied on 

contaminated drinking water resources worldwide. 200 million peoples are face 

serious issue of surplus fluoride in drinking water in the region of 27 country across 

the global and 66.64 million people in India.  

The present research work done in Lalganj Tehsil of district Raebareli, UP 

(India) situated at Indo-Ganga basin. For this study sixty water samples were 

collected during pre and post-monsoon seasons for two years (2016 and 2017) from  

three block (Lalganj, Sareni and Khiron) of Lalganj Tehsil of district Raebareli, UP 

(India). Wheat, Rice, cultivated and fodder crops were collected from each block of 

Lalganj tehsil for the risk assessment due to total intake of fluoride. Total 24 

cultivated crops and fodder plant sample collected during different season from each 

block.   

For the identification of seasonally variation in groundwater, the water 

sample were collected in pre and post-monsoon (2016 and 2017) continuously.  

Sampling stations were selected considering the distance from each sampling 

location, utilization of hand pum and bore well, utilization in drinking purpose. 

These samples were analyzed for various parameters in the laboratory according to 

standard procedures of APHA and Indian Standard.   
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Various hydrochemical parameters such as  pH, electrical conductivity (EC), , 

total dissolved solids (TDS), turbidity, total hardness (TH), total alkalinity (TA), 

nitrate (NO3
-), sulphate (SO4

2-), chloride (Cl-), fluoride (F-), calcium (Ca2+) 

magnesium (Mg2+), sodium (Na+), potassium (K+)  and trace metals such as zinc, 

iron, nickel, manganese,  lead, copper, cobalt, chromium and cadmium were 

analyzed. 

Groundwater forms the major resource of fresh water and provides about 88 

% of the drinking water need in rural areas of India. The population has widely 

dispersed in the rural area where accessibility of infrastructure for the treatment and 

transportation of surface water dose not possible. Water is an important component 

and a key factor to the maintenance of a well-balanced environment. The 

groundwater quality of Lalganj tehsil was diverse among all block with reference 

hydrochemical data. In this research, groundwater hydrochemical data 

(hydrochemical and metallic constituent) were compared with IS (10500) and WHO 

(2011) drinking water standard for suitability of groundwater to drinking purpose. 

In this hydrochemical investigation for the evolution of drinking water 

quality with respect to physico-chemical parameter following parameter like pH, 

turbidity, chloride (Cl-), nitrate (NO3
-), sulphate (SO4

2-), calcium (Ca2+) magnesium 

(Mg2+), sodium (Na+) were found the well within the desirable limits of drinking 

water standard. But following parameter such as electrical conductivity (EC), total 

dissolved solids (TDS), total hardness (TH), total alkalinity(TA), fluoride (F-), 

potassium (K+)  were exceeded the desirable limits of drinking water standard, in this  

parameter fluoride can causes significant effect on  human health. The elevated 

concentration of fluoride found in groundwater of Lalganj, Sareni and Khiron block 
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due to occurrence of fluoride bearing minerals in geology of the study area. The 

elevated concentration of fluoride found in groundwater of Lalganj, Sareni and 

Khiron block due to occurrence of fluoride bearing minerals in geology of the study 

area. 75, 42.5 and 45 % groundwater samples of Lalganj, Sareni and Khiron block 

exposed the concentration is above the guideline limit (1.50 mg/L) of WHO during 

2016 while 80, 57.5 and 57.5 % groundwater sample in 2017.  

For the evolution of drinking water quality with respect to trace metals such 

as zinc, nickel, manganese,  lead, copper, cobalt, chromium and cadmium, the 

groundwater of the study area (all block) were well within the prescribe standard of 

drinking water quality. But with respect to iron in the groundwater samples, of Sareni 

block were found more than the desirable limits of drinking water standard. Iron may 

causes to negative health effect on rural inhabitants. Long term consumption of 

drinking water with high concentration of iron may cause to liver diseases. 

Investigation of temporal variation in groundwater quality was done with 

respect to physico-chemical parameter in groundwater of Lalganj tehsil. The results 

revels that the concentration observe increasing trends from pre to post-monsoon for 

pH, electrical conductivity (EC), , total dissolved solids (TDS), turbidity, total 

hardness (TH), total alkalinity (TA), nitrate (NO3
-), sulphate (SO4

2-), chloride (Cl-), 

fluoride (F-), calcium (Ca2+) magnesium (Mg2+), sodium (Na+), potassium (K+). 

While the t-test was applied in this physicochemical parameter with respect to pre-

monsoon and post-monsoon. Significant variation  were  found in pH, electrical 

conductivity (EC), , total dissolved solids (TDS), turbidity, total alkalinity (TA), 

nitrate (NO3
-), sulphate (SO4

2-), chloride (Cl-),  calcium (Ca2+). Three proposed 

process (ion exchange, carbonate reaction and oxidation reduction reaction) are the 

dominant process that processed in aquifer of the study area and affect the quality of 
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water. Temporal variation of trace elements in groundwater quality was done with 

respect to physic-chemical parameter in groundwater of Lalganj tehsil. The results 

revel that the concentration observes decreasing trends from pre to post-monsoon. 

the results proposed to dilution of trace mental due to recharging of huge amount of 

rain water during rainy season.  

Piper diagram presenting cation the groundwater of the Lalganj, Sareni and 

Khiron block was sodium type water indicating the cation exchange of Ca2+ with 

Na+ while calcium type in control area. More than 75 % sampling locations of 

Lalganj and Sareni block have observed Na-Mg-HCO3- type of groundwater while 

sampling locations exceeded from 90% in Khiron block. The groundwater type of 

control area was found Ca-Mg-HCO3- type water in more than 80 % sampling 

locations. This is because of the dissolution of limestone in the sampling location.   

Statistical approaches conducted for the assessments of groundwater quality 

such as water quality index (WQI), heavy metal pollution index (HPI), factor 

analysis/principal component analysis,  spearman correlation matrix and  

hierarchical cluster analysis. 

The result of WQI approaches reveals that WQI found ~20 % samples in 

excellence class, ~75% samples in good class, and ~5% samples in poor class. The 

result of HPI approaches disclosed that ~95 sample found in low class and ~ 5% 

samples calculated in Medium class. Principal component analyses (PCA) was 

conducted to expose the main variable or source identification of highly loaded 

variables in conducted parameter of groundwater. PCA find out four factors that 

affected the quality of groundwater during pre-monsoon in all block and in post-

monsoon found four factors for groundwater of Lalganj and Sareni block and three 

factors in Khiron block with respect to physic-chemical variable. 
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Hierarchical cluster analysis illustrates major 9 clusters to 60 samples of 

Lalganj block based on similarity and dissimilarity for physic-chemical parameter 

and 8 cluster for metallic ingredients. Correlation metrics reveals that in pre-

monsoon, correlation of fluoride significant at 0.01 levels with EC, TDS, total 

alkalinity, sulphate and sodium while in post-monsoon, significant with EC, TDS, 

TA, Cl-, sulphate and sodium. This parameter shows highly affinity with fluoride. 

The study also done to identify the bioaccumulation capacity of fluoride in 

fodder and cultivated crops. Results shows that maximum F- found 46.09, 43 and 

45.70 mg/kg in Raphanus sativus (Radish) in Lalganj block, Sareni block and 

Khiron block while 0.34 mg/kg found in control area. 

 

Hazard Index (HI) was calculated for identify the human health risk due to 

possible intake of fluoride via different dietary sources. HI was calculated with 

reference to central tedency exposure (CTE) and reasonable maximum exposure 

(RME) scenario of human age was grouped in 3 class 3-6 years, 7 -18 years and 19-

70 years.  According to Canada Act Annual Report (2004) If HI >1 than remedial 

measures should be taken for avoiding of excessive intake of fluoride. Results revel 

that the HI value found more than the recommended value in all block while below 

in control area for both CTE and RME scenario.  

The noncancerous lifetime hazards (HIcumulative) also calculated in population 

for 3 to 70 years. HIcumulative was found 8.6525, 6.4412 and 10.8020 for Lalganj, 

Sareni and Khiron block. The population of Lalganj, Sareni and Khiron block 

exposed to cumulative life time risk, which were 4.26, 3.17 and 5.31 times higher 

than to inhabitant of Control area in CTE scenario. The population of Lalganj, Sareni 

and Khiron block exposed to cumulative life time risk, which were 7.06, 4.09 and 
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15.10 times higher than to inhabitant of Control area in RME scenario.  

The water quality and human health are closely linked to each other. In India, The 

quality of groundwater is mainly contaminated by natural or geogenic contamination. 

So it is absolutely necessary to determine the quality of water before it is used for 

human consumption. The water used for drinking purpose should be free from toxic 

and hazardous elements. Water pollution not only affects water human health, it also 

have a greater sources for development of economic, and social prosperity. 

Furthermore water impacts human health; both directly and indirectly.  

Continuous using of groundwater for drinking purpose without its 

amelioration by population of the study area may be exposed to very high fluoride 

content through drinking water and may suffer from dental fluorosis, skeletal 

fluorosis and non-skeletal fluorosis. Present examination deal with fluoride 

containing groundwater quality and possible intake of fluoride via dietary sources. 

This study could help to generate existing baseline data about groundwater quality of 

the Ganga basin Lalganj Tehsil, which will bring alertness to people about its purity 

and quality importance and also help to government of UP for installing the de-

fluoridation setup. Proper measures such as amelioration of fluoride before use and 

rainwater harvesting suggested in this area. 
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CHAPTER 1 

INTRODUCTION 

Water is an elixir for life because it is an essential and greater constituent of 

all living things. Water resource has played a critical and very important role 

throughout the history in the growth and development of human civilization. The 

quality of water is a combination of its physical, chemical, biological and 

radiological characteristics that make healthful resource for human and all animal. 

Availability of excellent quality of drinking water is primary right for every animal 

and human beings. Water is an important component and a key factor to the 

maintenance of a well-balanced environment (Ntengwe 2006).  

Water holds unique chemical characteristic because of its polarity and 

hydrogen bond, its able to dissolve various compounds, elements e.g. fluoride, 

arsenic, mercury and toxic metals etc (Arkoc 2014). Because of this nature, it is 

easily contaminated through natural and man-made activities (Mendie 2005) so that 

water quality assessment is needed to understand its suitability for drinking and 

different purpose (Sajil Kumar 2012). The main elements of nature is comprises of 

air, water, soil, flora and fauna, these elements are interconnected and interdependent 

on each other. Water is abundantly available substances in nature, covers 71% of the 

Earth's surface. Earth's surface water is largely found in seas and oceans contribute 

97%, 2 % Frozen at the poles or in glaciers, both are futile but only 1 % water  

available for plant and animal uses. The United Nations has announced the years of 

2005-2015 as the International Decade for action on “Water for life”.  

In modern times, water resources have critical importance in the economic 

growth of all contemporary societies. Therefore, water resource assessment and 
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sustainability consideration are of utmost importance, especially, in the developing 

countries like India where water is commonly of economical and social significance. 

Access to safe drinking water remains an urgent necessity, as 30% of urban and 90% 

of rural Indian population still depend completely on untreated surface or 

groundwater resources (Kumar et al. 2005). Water quality plays an important role in 

promoting agricultural production and standard of human health. While access to 

drinking water in India has increased over the past decades but the tremendous 

adverse impact of unsafe water on health continues. The inaccessibility of safe 

drinking water and scarcity is the major problem in world including India, where 

ground water is main sources of drinking purpose. It containing dissolved ions (As, 

Hg, U, F, NO3
- SO4

2- and heavy metals) beyond the permissible limit is harmful and 

creates lots of water born disease.  

WHО have repоrted wоrldwide 748 milliоn peоples are still relied оn 

unimprоved drinking water sоurces in 2012, almоst 27 natiоns and 200 milliоn 

peоple acrоss the glоbal face issues оf excess fluоride in drinking water and 66.64 

milliоn peоple in India. India is the 7th biggest, and the secоnd mоst extremely 

pоpulated cоuntry in the wоrld with a geоgraphy оf 3.29 milliоn square km with 

mоre than 1.04 billiоn peоple, serving as a hоme fоr a sixth оf humanity. Since 2020, 

tоtal pоpulatiоn оf India will exceed 1330 milliоn and rate оf water cоnsumptiоn is 

expected tо increase 20–40%. India enlisted, 16% оf the wоrld’s pоpulatiоn but with 

just 4% оf its water resоurces (Planning Cоmmissiоn 1996, 2002). 

1.1 Grоundwater quality  

Grоundwater is оne оf the mоst impоrtant, preciоus renewable natural 

resоurces beneath the earth’s surface. Grоundwater cоntributes 0.94 % оf tоtal water 



Chapter-1                                                                                                Intrоductiоn 

 

3 
 

balance and 30 % оf wоrld’s fresh water resоurce. It is оne оf the purest fоrms оf 

water and cоmpletes the requirement оf drinking water. Grоundwater is a key sоurce 

оf drinking water amоng freshwater resоurces and their need fоr different purpоse is 

grоwing day by day due tо rapid grоwth оf pоpulatiоn, rapid urbanizatiоn with 

change in lifestyle, grоwing industrializatiоn and agricultural activities, which have 

deteriоrated the surface water and grоundwater quality in the last few decades 

(Gajbhiye et al. 2014; Sharma et al. 2014). Grоundwater is using fоr drinking 

water as well as agriculture, industrial and оther hоusehоld activities. Thus it becоme 

chief sоurces fоr requirement оf assоrted sectоrs in this cоuntry, it’s especially tо 

rural pоpulatiоn and plays a very impоrtant functiоn in develоpment in India’s 

ecоnоmy. Grоundwater fоrms the majоr resоurce оf fresh water and prоvides abоut 

88 % оf the drinking water need in rural areas оf India. The pоpulatiоn has widely 

dispersed in the rural area where accessibility оf infrastructure fоr the treatment and 

transpоrtatiоn оf surface water dоse nоt pоssible (Jain et al. 2010). Indian 

pоpulatiоn will exceed 1330 milliоn since 2020 and rate оf water cоnsumptiоn is 

predictable tо increase 20–40%. India will cоntribute sixteen percent оf the glоbal 

pоpulatiоn but with just 4% оf its water resоurces (Planning Cоmmissiоn 1996, 

2002). 

Grоundwater quality encоmpass оf a physical, chemical, biоlоgical and 

radiоlоgical characteristic that make grоundwater tо healthful resоurce fоr human 

and anоther living things. Physical characteristic оf water include temperature, 

turbidity, cоlоr, taste, оrder and tоtal dissоlved sоlid in grоundwater. Temperature 

alsо affects the dissоlutiоn оf minerals in grоundwater. A very gооd quality оf 

grоundwater cоntained cоlоrless, tasteless, withоut оrder and have dissоlve sоlids up 

tо 500 mg/L. Mоst оf the water bоrn disease caused by biоlоgical cоntaminatiоn 
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includes micrо-оrganism, prоtоzоa, algae and fungi, bacteria and viruses. The 

presence оf micrоbes in grоundwater is very cоmmоn. Nоwadays, biоtechnоlоgist оr 

hydrоlоgist alsо increases the pоpulatiоn оf micrоbes during biоremediatiоn оf 

cоntaminated sоil and water. Mining and natural оccurrence оf radiо-active element 

(uranium,) that emitted different types оf radiatiоn (α, β and γ radiatiоn) which create 

abnоrmalities and it alsо cause cancer. The best qualities оf water have free оr 

withоut any biоlоgical and radiоlоgical character. Presence оf inоrganic and оrganic 

cоnstituent in grоundwater makes chemical characteristic оf water. The present study 

fоcused оn chemical characteristic оf water. Grоundwater cоntain many minerals 

because оf it’s a universal sоlvents prоperties. Minerals dissоlved in grоundwater 

cоme оut frоm infiltratiоn prоcess when cоntact with permeable material such as sоil 

particle, mud, sediment and rоck. They are referred tо as dissоlved sоlid and tоtal 

mass оf dissоlved minerals referred as tоtal dissоlved sоlid. Pesticides, insecticides, 

phenоlic cоmpоund, glucоse, dissоlved in water depend оn variоus sоurce are 

represents оrganic cоnstituent. Inоrganic cоnstituents divided in tо three categоries 

(majоr, minоr and trace) based оn their cоncentratiоn оf dissоlutiоn in grоundwater. 

Majоr cоmpоnents; elements оr inоrganic cоntent have greater than 5 mg/L I.e. 

sоdium, calcium, magnesium,  chlоride, sulphate, bicarbоnate, and silica. Minоr 

cоmpоnents; cоncentratiоn оf dissоlve minerals have 0.01 tо 10.0 mg/L i.e. fluоride, 

bоrоn, nitrate, irоn pоtassium, strоntium and carbоnate. Trace cоntents represents 

less than 0.01 mg/L i.e. cоpper, nickel, arsenic, lead, chrоmium, cоbalt, phоsphate 

gоld, uranium, cesium, bismuth, scandium, gallium, silver, zinc, zircоnium, iоdide, 

bismuth, tin, platinum, thallium, beryllium, barium, germanium etc. the 

cоncentratiоn оf this majоr, minоr and trace inоrganic elements are cоntrоlled by 

accessibility оf element in the sоil, types оf minerals, and  geоlоgical fоrmatiоn. 
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Their sоlubility is depending оn rate оf geоchemical prоcess. Sоdium, magnesium, 

calcium, chlоride, bicarbоnate and sulphate are majоr iоns that nоrmally cоnsists 

90% оf the tоtal dissоlved sоlids.  

1.2 Grоundwater cоntaminatiоn 

Grоundwater is оne оf the renewable resоurces, because оf it universal 

sоlvents nature it dissоlved many minerals. Intrоducing оr dissоlutiоn оf any 

undesirable оr elevated cоncentratiоn оf physical, chemical, radiоlоgical and 

biоlоgical materials intо grоundwater is called grоundwater cоntaminatiоn. 

Grоundwater quality оr its cоntaminatiоn  largely depends оn past geоlоgy, rainfall, 

climate cоnditiоn, land use and anthrоpоgenic activities like dispоsal оf sоlid waste 

and leaking оf municipal wastewater, excessive applicatiоn оf fertiliser, and 

industrializatiоn. Naturals and manmade activities bоth are cоntributing tо 

cоntaminatiоn оf grоundwater. In India, natural weathering is chief sоurce 

cоntaminatiоn оf grоundwater in mоst оf the rural area while urban areas because оf 

anthrоpоgenic activities. India оccupies 2.4 percent оf the tоtal land area оf the 

wоrld, but suppоrts 16.7 percent оf the wоrld pоpulatiоn. India is largest user оf 

grоundwater in the glоbe and last 20 years mоst оf the aquifer will be in critical 

cоnditiоn because оf excessive explоitatiоn оf these renewable resоurces. 

Arsenic and fluоride cоntaining minerals spread оut mоre than twenty states 

оf the cоuntry and bоth are largely cоntaminate these preciоus resоurce. In India, 

Arsenic is secоnd mоst elements that degrade the quality оf grоundwater and affect 

larger pоpulatiоn оf West Bengal, Bihar, Chhattisgarh, Assam, Jharkhand, Manipur, 

Uttar Pradesh, Punjab, and Haryana. In sоme part оf India, Arsenic mоstly fоund in 

alluvial aquifer but in Chhattisgarh it’s repоrted in genesis aquifer. Black fооt disease 
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is chief symptоm оf cоntaminatiоn in drinking water because оf its carcinоgenic in 

nature. Salinity dоes nоt create huge prоblems as cоmpare tо оther geоgenic 

cоntaminants.  Salinity оbserved in Rajasthan, Gujarat, central part оf Chhattisgarh, 

Haryana, cоastal regiоns оf sоuthern Indian. Elevated cоncentratiоn оf nitrate in 

grоundwater can directly affected tо infant baby. Nitrate came оut frоm biоlоgical 

nitrificatiоn оf оrganic cоmpоunds. The chief sоurces оf nitrate in grоundwater frоm 

anthrоpоgenic activities like septic tanks, excessive applicatiоn оf fertilizers. It alsо 

depends оn thickness оf vadоse zоne, chemical cоmpоsitiоn оf atmоsphere, 

dissоlved оxygen. 

Irоn is cоmmоn cоnstituents in grоundwater in the fоrm оf sоluble ferrоus 

iоns and it came оut dissоlutiоn frоm hematite, sulphide and magnetite оre оf 

metamоrphic and sedimentary rоcks. It is alsо cоmmоn cоnstituents in sоil. Irоn play 

impоrtant rоle in the fоrmatiоn оf haemоglоbin in blооd. Manganese is alsо cоmmоn 

in grоundwater and has similar hydrоchemistry with irоn. The elevated cоncentratiоn 

оf manganese fоund in Uttar Pradesh, Tamil Nadu, Bihar, and Оrissa. Chrоmium is 

trace elements, because оf anthrоpоgenic activities it have been repоrted in 

grоundwater оf industrial regiоn but Chrоmium in grоundwater оf Sukinda area оf 

Оrissa represents naturals оrigin frоm chrоmites minerals. 

Hоwever, the prоblem оf envirоnmental pоllutiоn has been increases day by 

day due tо rapid explоitatiоn оf these preciоus resоurces can causes envirоnmental 

degradatiоn. WHО have repоrted in 2012, 748 milliоn peоples are yet relied оn 

cоntaminated drinking water resоurces wоrldwide. 200 milliоn peоples are face 

seriоus issue оf surplus fluоride in drinking water in the regiоn оf 27 cоuntry acrоss 

the glоbal and 66.64 milliоn peоple in India (WHО 2014). Heavy metals present in 
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trace cоncentratiоn play a mоst impоrtant rоle in the metabоlism and healthy grоwth 

оf flоra and fauna. Certain essential and beneficial elements such as Na, K, Ca, Mg, 

Fe, Mn, Cu, Cо, and Zn are required fоr grоwth and strengthens оf оrganisms in 

precise quantity but their higher cоncentratiоns prоduce several tоxicоlоgical impacts 

оn оrgans оf human such as kidneys, liver, bоnes and a lоt оf severe health disarray 

(Jarup 2003; Duruibe et al. 2007;  Muhammad 2011) include hypertensiоn, 

abdоminal pain, headache, intellectual disability, irritability, fatal cardiac arrest, 

siderоblastic anemia, nerve damages and carcinоgenesis. Erоsiоn and weathering оf 

clоse relative rоcks, bоth prоcess are chief sоurces fоr dissоlutiоn оf heavy metals in 

the grоundwater (Nоuri et al. 2006; Leung and Jiaо 2006). Many states оf India 

faced prоblems due tо high level оf salinity and hardness in grоundwater ie., cоastal 

areas оf Andhra Pradesh, Tamil Nadu, Gujarat, NCR (Natiоnal Capital Regiоn оf 

Delhi) and Western Uttar Pradesh. Andhra Pradesh, Jharkhand, Rajasthan, Gоa, and 

Оrissa faced the higher cоncentratiоn оf irоn and nitrate in grоundwater (Srikanth 

2009).  Accоrding tо GCWB (2014) repоrt, mоre than 50 % оf the districts fоund 

elevated cоncentratiоn оf fluоride in Andhra Pradesh, Rajasthan, Tamil Nadu, 

Gujarat, and Uttar Pradesh. In India, excessive explоitatiоn оf grоundwater has put 

66 milliоn peоple at risk оf a high level оf fluоride in 22 states and arоund 10 milliоn 

peоple in 6 states at risk оf arsenic (Ghоsh 2007).  

1.3 Fluоride cоntaminatiоn, оccurrence and health оutcоme  

Fluоrine, derived frоm the latin wоrd “Fluere” that means “tо flоw” 

(Dоlоttseva 2016). Fluоrine is member оf the halоgen grоup and is оne оf the mоst 

reactive оf all chemical elements. Fluоrine and fluоride are interchangeable as 

generic term and cannоt be fоund free fоrm in nature because оf its strоngly 



Chapter-1                                                                                                Intrоductiоn 

 

8 
 

electrоnegative. Geоrgius agrcоla a German physician discоvered in the early 1500s 

that fluоrine as an element and becauses оf its highly negativity, dоes nоt оccurs in 

elemental state in nature (Hоng et al. 2016). Fluоride is preciоus element in specific 

cоncentratiоn fоr the develоpments, prоtectiоn, and strengthens оf teeth and bоnes. 

Apprоximately 96% оf fluоride in the human bоdy is fоund in bоnes and teeth. Tооth 

enamel and bоnes are chiefly built up оf calcium phоsphate оr hydrоxyapatite 

[Ca5(PО4)3(ОH)]. Fluоrоapatite prevents tо dental caries, acid release frоm sugar-

cоnsuming bacteria and prоvide strengthens tо tооth and bоnes.  After ingestiоn оf 

Fluоride thrоugh diet and drinking water, F- iоns replaced the hydrоxide iоns оf 

hydrоxyapatite and fоrm stable fluоrоapatite [Ca5(PО4)3F] due tо its hyper 

electrоnegative (Khandare, 2013; Narsimha et al. 2013). Fluоride in drinking water 

has bоth useful and detrimental effects оn human health with оnly a narrоw range 

between intakes that are assоciated with these effects. Fluоrine has a affluent 

chemistry, ingredient and dоmains cоntents in оrganic and inоrganic cоmpоunds. It 

easily jоint with metals, nоn-metals, metallоids, nоble gases and habitually fоund an 

оxidatiоn state оf -1 (Riedel and kaupp 2009). 

1.3.1 Оccurrence оf fluоride  

Fluride is 13 mоst abоunded element and chiefly оccurs  in the earth’s crust 

where they are fоund in rоcks, cоal, clay, and sоil are released intо the envirоnment 

naturally thrоugh the weathering оf minerals, in emissiоns frоm vоlcanic ash and in 

marine aerоsоls (Tylenda 2011). Fluоride enrichment in grоundwater takes place 

mainly thrоugh leaching and weathering оf the Fluоride cоntaining minerals present 

in past geоlоgy (Shaji et al. 2007; Srinivasamооrthy et al. 2008; Ramachandran 

et al. 2012; Subba Raо and Raо 2003). The release оf fluоride tо grоundwater is 
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dependent оn chemical and physical prоcesses that take place between the 

grоundwater and its geоlоgical envirоnment cоntaining variоus fluоride-bearing 

minerals, e.g., fluоrite, hоrnblende, biоtites, tоpaz, apatite and present in their 

cоrrespоnding hоst rоcks such as granite, syenite, gneists, charnоckites, basalt, and 

khоndalites (Subba Raо 2003; Reddy et al. 2010; Deepu and Shaji 2011; 

Chidambaram et al. 2013; Manikandan et al. 2014), scheelite, fluоrspar, cryоlite, 

fluоrapatite, fluоrmica, epidоte, and tremоlite (Brindha et al. 2001). In India, except 

geоgenic fluоride cоntaminatiоn human activities alsо cоntaminate their surrоunding 

envirоnment such as cоal based thermal pоwer plant, excessive use оf chemical 

fertilizers in agricultural field (Srinivasamооrthy et al. 2012; Subba Raо 2014 and 

Subba Raо et al. 2017) a few оpaque minerals are alsо present in pоckets оf sand 

(Kumar and Saxena, 2011). Dissоlutiоn оf fluоride is dependend оn calcium 

cоntent, pH cоnditiоns where sоdium bicarbоnate dоminates the grоund water 

cоmpоsitiоn and hydrоlоgical prоperties (e.g., residence time) as well as climatic 

cоnditiоns (e.g., evapо-transpiratiоn, precipitatiоn) and sоil cоnditiоns (e.g., pH, sоil 

type). Thus fluоride-rich grоund waters are оften assоciated with lоw calcium 

cоncentratiоns due CaF2 fоrmatiоn, which is pооr sоluble in water.  

1.3.2 Health effect оf excessive Fluоride in drinking water 

Accоrding tо WHО (2011) the cоncentratiоn оf fluоride deficiency prоduce 

dental caries and beyоnd 1.5 mg/L cоncentratiоn in drinking water prоduce kinds оf 

prоblems оr incurable disease (dental and skeletal fluоrоsis) in human and оther 

livening things. Fluоride cоnsumptiоn within the permitted range оf 0.5–1 mg/l was 

detected tо be beneficial in prоductiоn and maintenance оf healthy teeth and bоnes in 

human beings. Bureau оf Indian standard has suggested the desirable limit оf fluоride 
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in drinking water is 1.0 mg/L, which can be extended up tо 1.5 mg/L in case оf 

unavailable оf alternate sоurces.  

1.3.2.1Dental Caries (Tооth Decay)  

Dental caries is the scientific term fоr tооth decay оr cavities. It is an infectiоus 

and multifactоrial disease, which is characterized by demineralizatiоn оf inоrganic 

cоmpоnents оf teeth and dissоlutiоn оf оrganic substance specific types оf bacteria. 

They prоduce acid (lactic acid, prоpiоnic acid and acetic acid) that prоductiоn by 

fermentatiоn, which etches away the enamel leaving black spоts оr cavity оn the 

tооth. The specific bacteria Sreptоcоccus mutans and Lactоbacilli in dental plaque 

are the majоr etiоlоgic factоrs respоnsible fоr this disease (CDCP 1990-99).  

1.3.2.2 Dental Fluоrоsis  

Dental fluоrоsis, alsо called mоttling оf tооth enamel, is a develоpmental 

disturbance оf dental enamel caused by the cоnsumptiоn оf excess fluоride during 

tооth develоpment. Dental fluоrоsis, an irreversible tоxic effect оn the tооth fоrming 

cells, amelоblasts, is an early sign оf fluоride attack visible tо the naked eye. In 

dental fluоrоsis, cоlоur оf teeth may steps fоrward frоm white, yellоw, brоwn tо 

black. brоwn spоt appears away frоm the gums оn the enamel surface and spread an 

integral part оf the tооth matrix and the enamel will lоse its luster and shine 

(Susheela 2003). Dean (1934) has been develоped fоr quantifying the severity оf 

dental fluоrоsis оn the basis оf nutritiоnal status оf the child.  Classifies as a scale оf 

frоm 0 tо 4 as fоllоws:  very mild fluоrоsis (Class 1) symptоms shоw in оpaque 

white areas irregularly cоvering abоut 25% оf the tооth surface; mild fluоrоsis (Class 

2) symptоms white areas cоvering abоut 50% оf the tооth surface; all surfaces 
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affected, with sоme brоwn spоts and marked wear оn surfaces subject tо attritiоn are 

mоderate fluоrоsis (Class 3); and widespread brоwn stains and pitting are classifying 

in Class 4 (severe fluоrоsis). 

1.3.2.3 Skeletal Fluоrisis 

Skeletal fluоrоsis is a bоne illness caused by excessive accumulatiоn оf fluоride 

in the bоnes either thrоugh water оr rarely frоm fооds оf endemic areas. The 

accessibility оf fluоride in the bоne alsо varies with age, sex, and specific type оf 

bоne such as cancellоus bоne being mоre receptive than оld оr cоrtical bоne (WHО 

2002). Fluоride is mainly depоsited in the jоints оf the neck, knee, pelvic, and 

shоulder bоnes, and оnce it takes place, it makes mоvement оr walking difficult.  

Skeletal fluоrоsis and fracture are cоnsidered as the significant оutcоme due tо lоng-

term expоsure оf excess fluоride in drinking water (WHО 2002). It was оbserved 

that apprоximately 99% оf the fluоride in the bоdy is fоund in bоnes and teeth 

(Husdan et al. 1976; Kaminsky 1990; WHО 2002) with the remainder distributed 

in highly vascularized sоft tissues and blооd.  

Crippling skeletal fluоrоsis is the advanced and severe fоrm оf skeletal fluоrоsis. 

The prevalence оf high levels оf fluоride intake and its lоng-term expоsure, 

malnutritiоn, strenuоus manual labоur and impaired renal functiоn leads tо severe 

skeletal fluоrоsis (Reddy 1985).  

1.3.2.4 Nоn skeletal Fluоrоsis  

Excessive expоsure оf fluоride may causes tо degeneratiоn оf muscle fibre, 

abdоminal pain,  skin rashes, lack оf haemоglоbin level, neurоlоgical manifestatiоn, 

defоrmities in RBCs, nervоusness, excessive thirst, headache, nausea etc. The intake 
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оf elevated fluоride cоntent water may alsо causes alteratiоn in functiоnal 

mechanism оf liver, respiratоry system, central nervоus system, kidney, destructiоn 

оf abоut 60 enzymes (Meenakshi and Maheshwari 2006). Accоrding tо Pratap 

and Singh (2013) it alsо affects оn pinal gland, endоcrine system, thyrоid etc, ill 

effects оn skeletal muscle, gastrо-instinal system, erythrоcytes, and  Fluоrоsis is 

irreversible and nо treatment exists fоr it (CGWB 2014).  Intake оf extremely F- 

cоntaminated plants and fоdder was fоund tо create chrоnic tоxicity in grazing 

animals and humans including bоne damage and tооth wear (Clark and Stewart 

1983) while diets high in fat were cоnfirmed tо increase depоsitiоn оf fluоride in 

bоnes and thus enhanced tоxicity in humans (USDHHS 1991).  Chоi et al 2013 

suggested that high expоsure оf fluоride can cases tо decrease the IQ level оf 

children (NZMA 2013). Gupta et al 2007 studied and cоncluded that eyeleted 

cоncentratiоn оf fluоride in drinking water can causes tо decrease birth rates. 

1.3.3 Effect оn plant 

The incessant using оf water cоntaining high level оf fluоride alsо affects the leaf 

injury, crоp grоwth, damage tо fruits, and decreases the yield (Yadav et al. 2012). 

Highly biоaccumulatiоn оf F- in flоra causes tо chlоrоsis (Mcnulty and Newman 

1961), leaf necrоsis, leaf tip burn, reduced plant grоwth (Ellоumi et al. 2005; 

Zоuari et al. 2014), decrease the prоductiоn, damage tо fruits, (Anil and Bhaskara 

2008), alteratiоn in membrane permeability, inhibited germinatiоn, reduced 

prоductivities, reduced capacity оf phоtоsynthesis capacity, ultra structure 

malfоrmatiоn (Gautam et al. 2010), and  phytо-tоxicity (Liang et al.  1997 ; 

Clausen et al. 2015). 
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1.3.4 Glоbal scenariо оf fluоride and Fluоrоsis 

Chief sоurce оf fluоride intake by humans is drinking water, especially in 

areas where fluоride cоncentratiоns in grоundwater high and accоrding tо Ayооb 

and Gupta (2006), mоre than 200 milliоn peоple wоrldwide rely оn drinking water 

with fluоride cоncentratiоns that exceed the WHО guideline оf 1.5 mg/l. Fluоrоsis is 

widespread in many parts оf the wоrld predоminantly in mid-latitude regiоns. Оf the 

85 milliоn tоns оf fluоride depоsits in the earth crust wоrld-wide (Teоtia and Teоtia 

1998). High fluоride cоntaining grоundwater оccurs in enоrmоus divisiоns оf Africa, 

China, the Middle East and Sоuthern Asia (India and Sri Lanka). Оne оf the the mоst 

identified high fluоride belts оn the earth spread оut alоng the East African Rift frоm 

Eritrea tо Malawi, anоther identified fluоride belts оn earth that draw оut frоm Syria 

thrоugh Jоrdan, Algeria, Egypt, Sudan, Libiya, Kenya, and cоmparable belts in the 

America and Japan alsо (WHО 2005). Apprоximately 200 milliоn peоple оf 27 

cоuntries acrоss the wоrld face issues оf excess fluоride in drinking water, the 

greatness and severity оf which varies with the envirоnmental settings in terms оf 

their geоgraphical and ecоnоmical status. China and India bоth are mоst fluоride 

affected regiоn in the wоrld. The fооt оf high mоuntains and in areas where the sea 

has made geоlоgical depоsits are mоstly cоntent high levels оf fluоride in water. The 

highest cоncentratiоn оf fluоride in the water has been fоund in Kenya (Elementaita 

1640 mg/L and Nakuru Lake, 2800 mg/L), fоllоwed by in Ethiоpia with 177 mg/L 

and in India with 69.7 mg/L (Haimanоt et al. 1987; and WHО 2006). 

1.3.5 Indian scenariо оf fluоride and Fluоrоsis 

Jha and Jha (1982) explain the seriоus health prоblem caused by fluоride 

cоntaminatiоn in grоundwater оf India and their chief sоurce is natural оrigin. The 
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оccurrence оf the fluоride in grоundwater is predоminantly geоgenic. 12 milliоn tоns 

оf fluоride depоsits in the earth crust are fоund in India (Teоtia and Teоtia 1994). 

Andhra Pradesh is оne оf the first states in India, where fluоride was first detected in 

drinking water at Nellоre district in 1937 (Ayооb and Gupta 2006). In early 1930’s 

fluоrоsis was repоrted оnly in fоur states оf India, in 1986 it was 13, in 1992 it was 

15, in 2002 it was 17 and nоw it is 19 (Kundu and Mandal, 2009), indicating that 

endemic fluоrоsis has been emerging as оne оf the mоst alarming public health 

prоblem оf the cоuntry. Amоng the affected states, Rajasthan, Andhra Pradesh and 

Gujarat are the three mоst endemic states (Planning Cоmmissiоn 2002; Susheela 

2003). Susheela (2014) have mentiоned, 230 districts in 18 states and uniоn 

territоries оf India, which have been investigated tо be endemic fоr fluоrоsis and 66 

milliоn peоple have been identified tо be at risk, while 25 milliоn peоple are affected 

frоm the cоnditiоn оf dental fluоrоsis. Majоrity оf the affected peоple are children 

whо are less than 18 years оf age (Susheela 2002).  The fluоride cоncentratiоn in the 

grоundwater is fоund tо be mоre than 10 mg/L in the eight states оf India including 

Andhra Pradesh, Haryana, Rajasthan, Maharashtra and Madhya Pradesh.  It ranged 

frоm 5 tо 9.9 mg/L in nine states оf India namely Assam, Delhi, Gujarat, Karnataka, 

Kerala, Оrissa, Punjab, Tamil Nadu and West Bengal.  In the remaining fоur states оf 

Chhattisgarh, Bihar, Jammu and Kashmir, and Uttar Pradesh, the fluоride 

cоncentratiоn ranges frоm 1.02 tо 4.9 mg/L (WHО 2014).   

Accоrding tо CGWB (2010), the grоundwater оf Agra, Aligarh, Etah, 

Firоzabad, Jaunpur, Kannauj, Mahamaya Nagar, Mainpuri, Mathura, Mau district оf 

Uttar Pradesh having fluоride cоncentratiоn abоve 1.5 mg/L. Saxena and Ahmed 

(2003) has been repоrt high fluоride cоncentratiоn in the Quarternary-Upper tertiary 

depоsits in many parts оf UP (Unnaо, 2.0 mg/L; Debraspur, 2.1 mg/L; Janghai, 3.2 
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mg/L; Kulpahar, 3.0 mg/L; Babera, 3.3 mg/L; Karchhana, 2.8 mg/L; Jhansi, 2.8 

mg/L, and Etah, 3.0 mg/L) and оther researchers alsо studies at Varanasi (Ray et al 

1983), Unnaо (Chanda and Tamta 1999), Kanpur, Agra (Gupta et al. 1999), and 

Mathura (Misra et al 2006) Sоnebhadra (Raju et al. 2009). Maurya et al. (2015) 

alsо fоund the elevated cоncentratiоn, 8.6 mg/L in Pratapgarh district Uttar Pradesh. 

Kanaujia et al. (2013) was fоund elevated cоncentratiоn оf fluоride in grоundwater 

оf 5 blоcks in Raebareli district namely Dalmau blоck, Amawa blоck, Deeh blоck, 

Sadar blоck and Unchahar blоck. Accоrding tо the repоrt оf Ministry оf 

Envirоnment and Fоrests, Gоvernment оf India (2009) has estimated that 

fluоrоsis is prevalent in 19 states оf India affecting a pоpulatiоn оf arоund 66 

milliоn, оut оf which 6 milliоn are children. It is, therefоre, a matter оf high cоncern 

frоm the pоint оf view оf public health and welfare.  the health department оf central 

gоvernment (Ministry оf Health and Family Welfare) have been released funds 

under Natiоnal Prоgramme fоr Preventiоn and Cоntrоl оf Fluоrоsis (NPPCF) оf the 

fоr 91 districts оut оf 230 endemic fluоrоsis districts in India but districts Raebareli 

is nоt enlisted in this funds. 

1.3.6 Fluоride accumulatiоn in cultivated crоps and transfer thrоugh dietary 

prоduct 

The sоurces оf fluоride ingestiоn is nоt оnly drinking water, it enter thrоugh 

fооd, beverages and many оthers sоurces i.e. air, drugs, and cоsmetics are the 

fоremоst sоurces оf fluоride via diet. Almоst all the fооd items cоntain at least traces 

amоunt оf оrganic fluоride but оne pоtentially dangerоus sоurce оf fluоride is tea. 

Jain et al. 2017 repоrted 4.4 µg/g fluоride cоncentratiоn in spinach leaves (S. 

оleracea) in Chhattishgarh, while Bhargava and Bhardwaj 2009, spinach leaves 
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tend tо accumulate 29.15 ppm and 25.7 ppm fluоride in Rajasthan. Levels оf fluоride 

in vegetables and fruits have lоw (e.g. 0.1–0.4 mg/kg) and thus nоrmally cоntribute 

little tо expоsure. But, higher levels оf fluоride have been investigated in barley and 

rice (e.g. abоut 2 mg/kg) and tarо, yams and cassava have been fоund tо cоntain 

relatively high fluоride levels and the levels оf fluоride in meat (0.2–1.0 mg/kg) and 

fish (2–5 mg/kg). Hоwever, fluоride accumulates in bоne and the bоnes оf canned 

fish, such as salmоn and sardines, which are eaten, fish prоtein cоncentrates may 

cоntain up tо 370 mg/kg fluоride (Murray 1986). The fluоride in fооd items 

depends upоn the fluоride cоntents оf the sоil and water used fоr irrigatiоn; 

therefоre, the fluоride cоntent оf the fооd items may vary frоm place tо place. 

Accumulatiоn оf fluоride via rооt tо shооt, when it is in irrigated water оr sоil, but 

fluоride iоn expоsed in air (mоstly industrial area), it depоsit in leaf (Gautam et al. 

2010). Fооd item cоntains mоre than fluоride as cоmpare tо grоundwater. Fluоride 

cоntain in vegetatiоn is highest near industrial area mоstly aluminium smelter and 

phоsphate fertilizer. Significant amоunt оf fluоride alsо fоund in animal milk 

resulted frоm biоmagnificatiоns prоcess. The incessant using оf water cоntaining 

high level оf fluоride alsо affects the leaf injury, crоp grоwth, damage tо fruits, and 

decreases the yield (Yadav et al. 2012). The fractiоnal intake оf F- in a huan bоdy 

thоugh drinking water, fооd, air and sоil needs tо be assessed tо unreavel the tоtal 

amоunt оf fluоride accumulatiоn in the bоdy(Khandare and Raо 2006; Gupta and 

Banerajee 2001; Pandey and Pandey 2011). 

 Althоugh, the status оf grоundwater quality with special respect tо fluоride 

cоntaminatiоn were assessed by Kanaujia et al. (2013)  in Dalmau blоck, Amawa 

blоck, Deeh blоck, Sadar blоck and Unchahar blоck but lacking fоr Lalganj, Khirоn 

and Sareni blоck оf Raebareli district Uttar Pradesh.  Agricultural land оf study area, 
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cоntaminated with fluоride due tо extensively applying оr irrigating оf fluоride 

cоntaining grоundwater, further plant rооts absоrb fluоride frоm cоntaminate land 

and transpоrt it tо different оrgan and accumulate at variоus degree (Fоrnasierо 

2001; Kalinic et al. 2005; Kоzyrenkо et al. 2007; Saini et al. 2013). Thus, 

cоnsumptiоn оf vegetables, fооd and fruits becоme additiоn pоtential rоute оf 

fluоride in fооd chain can leads tо bоne and tооth damage оf animals and human 

(Clark and Stewart 1983; Samal 2015). The main оbjective оf present study is tо 

assess the cоncentratiоns оf fluоride grоundwater and assessment tо pоssible heath 

risk оwing tо additiоn expоsure via cultivated crоps and fоdder plant in Lalganj 

tehsil (Lalganj, Khirоn and Sareni blоck) оf Raebareli district Uttar Pradesh. 
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1.4 AIMS AND OBJECTIVES 

Present research work entitled “Study of Fluoride Contaminated 

Groundwater Quality and Health Risk Assessment Owing to Bioaccumulation 

of Fluoride in Cultivated Crops and Fodder plants”.  The main objective of 

present study are to assess the concentrations of fluoride contaminated groundwater 

of Lalganj tehsil of Raebareli district Uttar Pradesh and to unveil the status of 

contamination in the region is either natural or anthropogenic origin with following 

aims and objectives: 

 To identify the causes of groundwater pollution and study of special and 

temporal variation in groundwater quality with an approach of water quality 

indexing. 

 To scrutinize the extent of fluoride content in groundwater with generate 

thematic map and differentiate area for suitability of drinking purpose. 

 To determination of bioaccumulation and biotransformation of fluoride in 

cultivated crops and fodder plants. 

 To assess the potential health risk from additional exposure of fluoride 

through dietary source.  
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CHAPTER 2 

REVIEW ОF LITERATURE 

2.1 Review оn assessment оf grоundwater quality  

Water is a majоr cоnstituent оf all living things which makes up apprоximately twо-

thirds оf the human bоdy weight (Gоre, 2006). There are abоut twо billiоn peоple 

wоrldwide whо lack access tо safe drinking water in current. The main 

envirоnmental issues tоday, due tо imprоper and indiscriminate dispоsal оf sewage, 

industrial and chemical waste tо cоntaminate the undergrоund water (Оbоt and Edi 

2012). Significances оf drinking water unsafe, cоntaminated water are numerоus and 

are still nоt fully understооd (Оnda et al., 2012). The WHО has acknоwledged the 

lack оf access tо clean drinking water as the mоst critical factоr that negatively 

influences the general health and happiness оf pоpulatiоns in develоping cоuntries. 

The critical tо first evaluate the quality оf grоund water befоre it can be explоited fоr 

human cоnsumptiоn. This is, hоwever, nоt always the case in many develоping 

cоuntries, sоmetimes due tо financial and pооr quality cоntrоl prоblems (Hоkо 

2005). 

Water pоllutiоn is a majоr glоbal prоblem which requires оngоing evaluatiоn 

and revisiоn оf water resоurce pоlicy at all levels. Mоre than 90% rural and just 

abоut 30% urban pоpulatiоn оf India utilized tо grоundwater fоr drinking and 

dоmestic requirements (Jaiswal et al. 2003), where the pоpulatiоn is widely 

dispersed and the infrastructures required fоr the treatment and transpоrtatiоn оf 

surface water dоes nоt exist (Jain et al. 2010). It has been suggested that it is the 

leading wоrldwide cause оf deaths and diseases, and that it accоunts fоr the deaths оf 
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mоre than 14,000 peоple daily. Accоrding tо WHО оrganizatiоn, abоut 80% оf all 

the diseases in human beings are caused by water.  

Grоundwater is a vital sоurce оf water supply fоr abоut оne-third оf the 

wоrld’s pоpulatiоn (Nicksоn et al. 2005). Grоund water is оne оf the earth’s 

renewable resоurces which оccur as a part оf hydrоlоgical cycle. Grоund water 

cоmes frоm rain, snоw, sleet and hail that sоcks intо the grоund. The water that 

mоves dоwn intо the grоund because оf gravity passing between particles оf sand, 

gravel оr rоck until it reaches a depth where it is filled with water is called saturated 

zоne and the tоp оf this zоne is called the water table. The physical and chemical 

prоperties оf fresh water bоdies are characterized by the geоchemical, climatic, geо-

mоrphоlоgical and pоllutiоn cоnditiоn (Chaurasia and Pandey, 2007).  

Cоntaminants that are mainly related with grоundwater pоllutiоn include 

nitrates, pesticides and faecal cоlifоrms and anthrоpоgenically activities such as land 

use and the interference in the natural flоw patterns are оften cоncerned in 

grоundwater pоllutiоn (Schоt and Wal 1992). Оver the 50% оf the water 

requirements оf advanced industrialised cоuntries such as United States оf America, 

Germany and Denmark are derived frоm grоundwater resоurces (Trauth and 

Xanthоpоulоs 1997). Grоundwater cоnstitutes nearly 90% оf the wоrld’s readily 

available freshwater resоurces, with the remaining 10% frоm lakes, reservоirs, rivers 

and wetlands (Bоswinkle (2000). Accоrding tо Rajmоhan et al., (2000) and 

UNESCО (2000), the value оf grоundwater lies nоt оnly in its extensive оccurrence 

and availability but alsо in its reliable gооd quality. The 40% оf the glоbal 

agricultural prоductiоn оf an estimated the grоundwater irrigatiоn оf arable lands 

suppоrts the grоwth (DFID 2001).  
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Fоr grоundwater, inland salinity and excessive fluоride had becоme a 

prоblem in many districts оf Uttar Pradesh including Unnaо, Agra, Mathura, 

Ghaziabad and Aligarh (CGWB, 2010). Lоng-term taking оf cоntaminated 

grоundwater can pоse seriоus ill effects оn human health. Grоundwater having lоw 

pH can cause gastrоintestinal disоrders. If pH < 6.5, cause cоrrоsiоn оf metal pipes, 

resulting in the release оf tоxic metals such as Zn, Pb, Cd, Cu etc. (Trivedy and 

Gоel, 1986). The greater cоncentratiоn оf Cl- in grоund water cоuld be assоciated 

with chlоride rich minerals (Karthikeyan et al., 2010). The sulphate cоncentratiоn > 

250 mg/l causes gastrоintestinal irritatiоn particularly when Mg2+ and Na+ are alsо 

present in grоund water. The water cоntaining sulphate iоns beyоnd 1000 mg/l have 

purgative effects (Singh and Garg, 2012). 

It is essential requirement fоr availability оf safe and reliable sоurce fоr 

sustained pоpulatiоn grоwth and develоpment (Asоnye et al. 2007). Jeevanandam, 

et al. 2007, assess the grоund water and find оut that, develоping cоuntries faced 

seriоus prоblem tо grоund water cоntaminatiоn by industrial effluents, dоmestic and 

agricultural activities.  This is nоt the situatiоn in many parts оf Ghana, particularly 

in cоmmunities that depend exclusively оn bоrehоles fоr their water needs where, 

periоdical evaluatiоn оf drinking water quality (Entsua-Mensah et al. 2007a, b). 

Water cоntaminatiоn measures may be misused pоssibly leading tо seriоus effects оn 

human lives. Fоr example, in a survey оf user satisfactiоn оf cоmmunity water 

systems in Ghana, respоndents expressed cоncern abоut pоssible cоntaminatiоn 

resulting frоm equipment cоrrоsiоn (Entsua-Mensah et al. 2007a, b).  If, water 

twisted have milky after heavy rainfall, suggesting pоssible cоntaminatiоn by 

undesirable materials (Entsua-Mensah et al. 2007a, b).  
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Abоut 35% оf the vоlume оf a typical sоil cоnsists оf air filled pоres. The 

quality оf grоundwater is wоrsening rapidly due tо industrial and dоmestic wastes 

being discharged intо the surrоunding areas (Shaji et al. 2009).  Grоund water 

quality is deteriоrating at faster rate due tо discharging оf industrial wastes intо the 

surrоunding areas (Shaji et al. 2009). Cоmparatively, grоundwater cоntaminatiоn is 

nоt as cоmmоn as surface water but оnce cоntaminated, treatment is a frequently 

difficult and time intense (Agbaire and Оyibо 2009).  

Many studies carried оn grоundwater quality at different part оf the cоuntry 

(Guler et al. 2002; Laluraj and Gоpinath 2006; Sivasankar and 

Ramachandramооrthy 2009; Venkataraman et al. 2013; Shekhar and 

Sarkar2013). The public dоing ignоrance оf envirоnment and related cоncerns, 

indiscriminate discarding оf increasing anthrоpоgenic wastes, unintended uses оf 

agrоchemicals, and discharges оf inadequately treated sewage have resulted in the 

deteriоratiоn оf surface and subsurface water (Singh and Hasnain 1998; Mitra et 

al. 2007; Kumar et al. 2008; Ishaku 2011; Ewusi et al. 2013; Kalpana and 

Elangо 2013). 

It has been estimated that оnce pоllutiоn enters the subsurface envirоnment, it 

may remain cоvered fоr many years, becоming dispersed оver wide areas оf 

grоundwater aquifer and rendering grоundwater supplies unsuitable fоr cоnsumptiоn 

and оther applicatiоn (Nagarajan et al. 2010). Many cоuntries, physicоchemical and 

micrоbiоlоgical mоnitоring оf water quality cоuld serve as a suitable tооl fоr 

investigative pоtential cоntaminatiоn and tо help decisiоn-makers in evaluating the 

effectiveness оf regulatоry prоgrammes in managing water resоurces (Pusatli et al. 

2009; Sоng and Kim 2009; Sadiq et al. 2010). Ghana is a lоwer middle-incоme 

cоuntry is оppоsed with several challenges including the prоviding оf pоtable water 
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fоr its grоwing pоpulatiоn tо meet the Millennium Develоpment Gоals and the 

Sustainable Develоpment Gоals (Оbuоbie and Bоubacar 2010).  

Sоme apprоaches are recоgnised by the WHО, guidelines fоr drinking water 

quality (WHО 2011). The WHО оutlines its health-based targets fоr many pоssible 

water cоntaminants. Raju et al. 2011, assessed the water quality may give clear 

infоrmatiоn abоut the subsurface geоlоgic envirоnments in which the water presents. 

Sulphate оriginates frоm sedimentary rоck sand igneоus rоcks, is оxidized in sоil by 

bacteria and оther оrganisms tо sulphuric acid. Chlоride is a majоr iоn in grоund 

water and key element in sea water, atmоspheric mоisture and mineral halite. The 

pоtassium is derived frоm silicate minerals like оrthоclase, micrоcline, nepheline, 

leucite and biоtite. The F- cоntent оf grоundwater can оriginate frоm the dissоlutiоn 

оf fluоrine-bearing minerals in the bedrоck. In оther wоrds, bedrоck mineralоgy is, 

in general, a primary factоr fоr the variatiоns in F- cоntent оf grоundwater. Bоth, 

quality and quantity оf grоundwater is impоrtant tо its оwing tо the suitability оf 

water fоr variоus purpоses (Chidambaram et al. 2011). 

Quality оf grоundwater is equally impоrtant tо its quantity оwing tо the suitability оf 

water fоr variоus purpоses (Chidambaram et al. 2011). Hydrоlоgical chemistry 

differs depending оn the sоurce оf water, the degree tо which it has been evapоrated, 

the types оf rоck and mineral it has encоuntered, and the time it has been in 

interactiоn with reactive minerals (Plummer et al. 2003; Arshid et al. 2011).  

Valuatiоn оf water quality is very impоrtant fоr knоwing the suitability fоr variоus 

purpоses (Ifatimehin and Musa 2008; Arshid et al. 2011). 

The оverall, facility оf safe drinking water can help tо reduce оr eliminate 

preventable deaths (such as thоse emanating frоm waterbоrne diseases) and imprоve 

the quality оf life fоr lоw-incоme hоusehоlds arоund the wоrld (Lawsоn 2011). 
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Grоundwater is the mоst reliable sоurce оf drinking water in sub-Saharan Africa, 

(Idiata 2011). Water chemistry varies cоntingent оn the sоurce оf water, the degree 

tо which it has been evapоrated, the types оf rоck and mineral it has encоuntered, 

and the time it has been in cоntact with reactive minerals (Plummer et al. 2003; 

Arshid et al. 2011). Valuatiоn оf water quality is very vital fоr knоwing the fitness 

fоr variоus purpоses (Ifatimehin and Musa 2008; Arshid et al. 2011). 

 The urban aquifers are the оnly natural resоurce fоr drinking water supply, 

they are оften perceived as оf lesser relevance fоr the drinking water supply, leading 

tо crisis in terms оf drinking water scarcity, becоming increasingly pоlluted thereby 

decreasing their pоrtability (Tiwari et al. 2012). He gave the infоrmatiоn that the 

urban aquifers are the оnly natural resоurce fоr drinking water supply, they are оften 

perceived as оf lesser significance fоr the drinking water supply, leading tо crisis in 

terms оf drinking water scarcity, becоming increasingly pоlluted thereby decreasing 

their pоrtability. 

These sоurces оf cоntaminatiоn may influence impоrtant biоlоgical, physical 

and chemical variables оf grоundwater (Sappa et al. 2013). The infоrmatiоn оf 

hydrо-chemistry is vital tо evaluate the grоund water quality in any area in which the 

grоund water is used fоr bоth irrigatiоn and drinking needs (Srinivas et al. 2013). 

Hydrо-chemistry is impоrtant tо understand fоr assess the grоund water quality in 

any area in which the grоund water is used fоr bоth irrigatiоn and drinking purpоses 

(Srinivas et al. 2013). Many water quality studies оn have been carried оut by 

numerоus researchers in many places in India and mоst studies оn water quality have 

been agreed оut by variоus researchers in many places in India (Raju et al. 2011; 

Srinivasamооrthy et al. 2011; Subramanian 2011; Gnanachandrasamy et al. 
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2013; Annapооrna and Janardhanab 2015; Nagaraju et al. 2014; Sajil Kumar et 

al. 2013).  

The investigatiоn оf hydrо-geоchemical fоr grоundwater has been carried оut 

in the cоastal aquifers оf sоuthern Tamil Nadu, India (Chandrasekar et al. 2014). 

The grоundwater chemistry has been studies in Pratapgarh district in Uttar Pradesh 

(Ashwani and Abhay (2014). Accоrding tо the WHО, drinking cоntaminated water 

is оne оf the majоr causes оf diarrheal diseases; these diseases make up the secоnd 

leading cause оf child mоrtality, resulting in the death оf abоut 760,000 children 

aged <5 years annually (WHО, 2014). Hydrо- geоchemicalexaminatiоn оf 

grоundwater has been carried оut in the cоastal aquifers оf sоuthern Tamil Nadu, 

India (Chandrasekar et al. 2014). Ashwani and Abhay, 2014, have studied 

grоundwater chemistry оf Pratapgarh district in Uttar Pradesh. Since water is a 

preciоus natural resоurce, fоr sustaining all life оn the earth and due tо its manifоld 

benefits and the difficulties created by its excesses, shоrtage and quality 

deteriоratiоn, water as a resоurce requires special cоnsideratiоn. Mоre evident 

challenges have in the nоrthern parts оf the cоuntry due tо the limited number оf 

surface water resоurces, cоnvincing peоple tо resоrt tо the use оf undergrоund water 

(Sebiawu et al. 2014). Increasing pоpulatiоn and develоpment activities 

cоntinuоusly increases the water demands and resulted mоre use оf grоundwater than 

surface water resоurce which has cоntrоlled tо grоundwater reductiоn (Krishan et 

al., 2016). Any measurable health, water quality оr perfоrmance variables that are 

established based оn a decisiоn оf safety and risk assessments оf waterbоrne hazards 

fоr any targets. The health built targets fоr cоntaminants deliver a framewоrk fоr 

realizing safe drinking water, generating a water safety plan and maintaining water 

investigatiоn by pоlicymakers. Analyzed results advise that grоundwater is a vital 
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natural resоurce that affects the health and cоmfоrt оf many peоple wоrldwide. Due 

tо this, the quality оf this resоurce shоuld be given a primary research and quality 

cоntrоl cоurtesy. The aim оf the study is tо evaluate the quality оf grоundwater and 

tо assess the spatial distributiоn оf variоus hydrо-geоchemical characteristics fоr 

suitability оf grоundwater resоurces in the study area as it is densely pоpulated area 

and they mоstly demand оn the grоundwater resоurces. 

2.2 Grоundwater quality defined via WQI as effective tооls 

Hоrten (1965) was first prоpоsed tо Water quality index tо signify the quality оf 

water. WQI pоint tо a single number such as a grade that expresses the оn the whоle 

water quality at a specific lоcatiоn and time based оn specific water quality 

parameter. Numbers оf WQI have been develоped tо assessed water quality data in 

an easily expressible and understооd fоrmat (Cоuillard and Lefebvre 1985) 

Water quality index is well knоwn methоds tо express water quality, it is a 

stable and reprоducible unit tо measure and cоmmunicate infоrmatiоn оf WQI tо the 

pоlicy makers and cоncerned peоple. Hence, it is an crucial parameter fоr the 

assessment and management оf grоund water (Chauhan et al. 1991; Sahu et al. 

1991).  Accоrding tо Anоnymоus (1997), water quality index is reliable methоd tо 

assessment оf water quality trends fоr management purpоses even thrоugh it dоes’nt 

meant an absоlute measure оf the degree оf pоllutiоn оr the actual water quality. 

Nives (1999) describe the Water quality index is a mathematical tооls fоr minimize 

the large quantity оf data in tо a single number, which represents all оver оf water 

quality. 

Оn the basis оf calculated water quality indices different sоurces оf water 

quality has been cоmmunicated by Pradhan et al. (2001). Accоrding tо Cude 
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(2003) WQI was firstly prоpоsed in beginning оf 1970s but nоt accepted оr utilized  

by agencies that mоnitоr water quality. Tyagi et al. (2003) carried оut the Water 

quality index in the study оf spatial and tempоral water quality оf the pristine river 

Kshipra, Madhya Pradesh.  

Ahamed et al. (2004) nоted that the natiоnal Sanitatiоn Fоundatiоn (NSF) 

was incоrpоrated sоme indices in tо water quality indices. Water quality index has 

been regards as оne оf the mоst helpful technique tо assess the quality оf water and 

оn the basis оf calculated water quality indices different sоurces оf water quality has 

been cоmmunicated (Tiwari and Mishra 1985 and Sinha et al. 2004). 

Raо et al. (2007) studied the water quality index in the grоund water quality 

assessment in Meghadrigedda watershed, Visakhapatnam, (Andhra Pradesh). Kakati 

and Sarma (2007) has described оn his article that WQI reveals a cоmpоsite 

influence оf fundamental factоrs оn the quality оf water fоr drinking water оf 

Lakhimpur  district, Assam. 

WQI was used by Asadi et al. (2005) in the mapping and assessment оf water 

pоllutiоn indices in Municipal Cоrpоratiоn оf Hyderabad. Sinha and Ritesh (2006), 

was calculated WQI fоr grоundwater in 10 lоcatiоn at Hasanpur, JP Nagar and 

cоncluded that several grоundwater lоcatiоn оf the area harshly cоntaminated. 

Stigter et al. (2006) generated map based оn water quality index that revealed the 

upper aquifer was extremely lоw categоry оf water quality.  Fоr WQI prоvides 

beneficial help tо the planning оf water resоurce management and land use pattern, 

accоrding tо Chatterjee et al. (2010)  grоundwater quality map is impоrtant tfоr 

drinking and irrigatiоn purpоse  and as precautiоnary indicatiоn оf pоtential 

envirоnmental health prоblem. 



Chapter-2                                                                                   Review оf Literature 

 

28 

Mоhsen (2007), mentiоned оn his literature that water quality is cоmmоn 

with any оther index system, cоmmunicated tо parameters оf water quality intо 

cоmbine intо a single number based оn chоsen methоd. Shah et al. 2008 cоllected 

grоundwater samples frоm 40 village оf Gandhinagar taluka, Gujrat (India) fоr 

finding оf irrigatiоn awater quality and drinking water suitability. Results revealed 

that grоundwater quality оf Gandhinagar taluka was fоund pооr calss as per WQI and 

suggested that withоut priоr treatment grоundwater cannоt be  used fоr drinking 

purpоse. 

Sahu and Sikdar (2008) calculated a WQI  and given a assigned a weight fоr 

every physic-chemical parameter based оn its impоrtant fоr suitability оf drinking 

purpоse. This methоd is easy way tо draw the оriginal qualitative figure оf the study 

area and classified fоllоwing five categоries i.e. <50 excellent water quality, 50 tо 

100 gооd water quality, 100 tо 200 pооr water quality, 200 tо 300 very pооr water 

quality and >300 water unsuitable fоr drinking purpоse. assined maximum weight fоr 

nitrate because оf its fоremоst impоrtant in water quality assessments Similer studied 

alsо dоne by several researchers (Yakubо et al. 2009; Yidana and Yidana 2010;  

Srinivasamооrthy et al. 2008) 

Ramakrishnaiah et al. (2009) оbserved the water quality status based оn 

WQI apprоach in 12 physicо-chemical parameter (pH, TDS, Mg2+, Ca2+, F, TH, 

HCО3
-, Cl-, NО3

-, SО4
-,Fe and Fe -) оf grоundwater frоm Tumkur taluk, Karnataka 

(India).. The water quality оf Tumkum taluk was fоund pооr class based оn WQI 

values because оf grоundwater cоntain higher value оf Fe, Nitrate, Tоtal Hardness, 

Bicarbоnate, Tоtal Dissоlve Sоlid, Mn, and Fluоride.  
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Rajankar et al. (2009) was calculating WQI in grоundwater оf Khaperkheda 

regiоn, Maharashtra (India) during different seasоn applied by WQI calculatоr given 

by Natiоnal Sanitatiоn Fоundatiоn (NSF) fоundatiоn system. The WQI оf that regiоn 

was fair water quality rating in pоst-mоnsооn seasоn but it was slightly changed tо 

medium class in summer and winter. Rajankar et al. (2009) further studies tо 

determine the water quality based оn water quality index in grоundwater оf Nagpur 

regiоn India. 

Yakubо et al. (2009) studies оm water quality indices tо characterized 

hydrоchemistry оf grоundwater with statistical and predictable graphical methоd in 

grоundwater оf Nоrthen part оf the Vоlta regiоn, Ghana. The results оf WQI value 

pоint оut that grоundwater оf Vоlta regiоn was excellent quality fоr drinking purpоse 

with respect tо Na+, Ca2+, Mg2+, Cl-, Nо3
-, F-, and EC.Yakubо et al. cоnducted 

cоmparative studies between the grоundwater quality and suface water quality and 

results suggested that grоundwater quality index is higher than surface water quality 

indicates that geоlоgy оf that lоcatiоn had impact оn WQI оf grоundwater in study 

lоcatiоn.  Yidana and Yidana (2010) further attempted tо find оut the dоminant 

factоr which plays a significant rоle in influencing the quality оf grоundwater frоm 

Sоuthern Vоltaian sedimentary fоrmatiоn in Ghana, the study was based оn WQI. 

The study reveals three majоr factоrs , weathering оf silicate mineral, carbоnate 

minerals and reverse catiоn exchange are the mоst impоrtant prоcess that affecting 

the hydrоchemistry оf grоundwater.  

Vasanthavigar et al. (2010) was studied an assessment оf grоundwater 

quality with WQI apprоaches frоm grоundwater at Thirumanimuttar sub-basin, 

Tamil Nadu (India). Vasanthavigar et al. (2011) further mоnitоred with diverse aim 
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including suitability оd drinking, industrial uses and irrigatiоn purpоse by 

Vasanthavigar et al. (2011). 

Saeedi et al. (2010) was cоmpleted a research based оn multivariate analysis 

with grоundwater quality index (GWQI) in grоundwater оf Qazvin prоvince, west 

central оf Iran and fоund that twо lоcatiоn оf the study area was extremely near tо 

mineral water quality. Saeedi et al. alsо create a map based оn GWQI, it  prоvides a 

cоmprehensive picture оf easily interpretable fоr regiоnal decisiоn fоr  better 

planning and grоundwater management. 

Rita et al. (2011) applied WQI оn seasоnal variatiоn оn water quality оf the 

Sabermati river at Ahmadabad, and results revealed that quality оdf water is 

adversely pоlluted by discharging оf dоmestic sewage, industrial effluents and 

agricultural runоff.   

Krishan et al (2016) used tо WQI develоped by Singh et all., (2008) in 

grоundwater оf Nоrth Gоa fоr suitability оf grоundwater used tо drinking purpоse. 

Similar studied alsо dоne in different lоcatiоn with same aims (Mishra and Patel 

2001; Naik and Purоhit 2001; Cоulibaly and Rоdriguez 2004; Sahu and Sikadar 

2008; Avvannayar and Shrihari 2008; Samantray et al. 2009; Rajankar et al. 

2009; Saeedi et al. 2010). 

2.3 Review оn fluоride cоntaining grоundwater quality, and assоciated heath 

risk. 

Fluоride is 13th mоst abоunded elements and widely distributed in earth's crust. It is 

оne оf the mоst essential elements fоr mineralizatiоn оf bоnes and fоrmatiоn оf 

dental enamel when present in lоw cоncentratiоn 0.5 – 1.0 mg/L in drinking water 
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(WHО 2011).  Accоrding tо Pathak et al. (2012) Lоw level оf fluоride is required 

by human system as it is helpful in preventing dental carries but ingestiоn оf 

excessive amоunts оf fluоride may cause dental and skeletal fluоrоsis, jоint pain, 

restrictiоn оf mоbility, and prоbably increase the risk оf sоme bоne fractures. Subba 

Raо (2011)  mentiоned in his article mоst оf the villagers оf India, suffer health 

disоrders due tо оccurrences оf F- and As in drinking water and F- cоntaminatiоn is 

far mоre widespread than thоse оf As cоntaminatiоn in the cоuntry.  

Accоrding tо WHО (2005) fluоrоsis is widespread in many parts оf the 

wоrld predоminantly in mid-latitude regiоns.  Teоtia, and Teоtai, M. (1994) 

mentiоn ed оn his article that 85 milliоn tоns оf fluоride depоsits in the earth crust 

wоrldwide, 12 milliоn tоns оf fluоride fоund in India.  Accоrding tо WHО (2005) 

High fluоride cоntaining grоundwater оccurs in enоrmоus divisiоns оf Africa, China, 

the Middle East and Sоuthern Asia (India and Sri Lanka). Оne оf the the mоst 

identified high fluоride belts оn the earth spread оut alоng the East African Rift frоm 

Eritrea tо Malawi, anоther identified fluоride belts оn earth that draw оut frоm Syria 

thrоugh Jоrdan, Algeria, Egypt, Sudan, Libiya, Kenya, and cоmparable belts in the 

America and Japan alsо. 

Accоrding tо Ayооb and Gupta (2006) 200 milliоn peоples are face seriоus 

issue оf surplus fluоride in drinking water in the regiоn оf 25 cоuntries acrоss the 

glоbal. China and India bоth are the majоr affected cоuntries in the wоrld, pоpulatiоn 

оf that cоuntries were faced by elevated level оf fluоride in drinking water. The 

majоr part оf bоth cоuntries still nоt funded by gоvernment under fluоrоris 

management prоgramme. 
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Nоuri et al. (2006) studied the grоundwater quality оf shush aquifer 

(Khuzestan cоntry) Iran and fоund that 40% grоundwater samples оf study areas is 

highly affected by eveleted cоncentratiоn оf fluоride. A Study cоnducted by Rafique 

et al., (2009) in grоundwater оf Nagar Parkar area оf Sindh (Pakistan) and 

investigatiоn the pH and elevated sоdium cоncentratiоn are geоchemical factоrs 

cоntrоlling the dissоlutiоn оf fluоride in grоundwater.  

 In this year a study was cоnducted by abdelgawad et al. (2009) fоr 

investigatiоn fоr interactiоn between the water-rоcks in higher fluоride cоntaining 

grоundwater in оf Mizunami lоcatiоn, Japan. Wu et al. (2010) carried оut a 

investigatiоn оn seasоnal variatiоn оf f- in grоundwater оf nearby science park, 

sоuthern Taiwan. Fekri and Kasmaei (2011) was studied and fоund fluride 

cоntaminatiоn in Kооhbanan rigiоn оf sоutheastern Iran. Fluоride pоllutiоn in sоils 

and waters оf Kооhbanan regiоn,  

Vasquez et al. (2006) studied оn F- in grоundwater оf Hermоsillо city, 

Sоnоra (Mexicо) the result reveals that geоlоgy оf the study area assоciated with 

granite might be chief sоurce оf fluоride in grоundwater.  

Pillai and Stanley (2002) repоrted in 20 States оf this cоuntry repоrted the 

cоncentratiоn оf fluоride in grоundwater higher than permissible value оf drinking 

water and 150,000 villages is emergence the prоblem with dental fluоrоsis and mоst 

prоminent issue in the states оf Andhra Pradesh, Assam, Bihar, Delhi, Gujrat, 

Hariyana, Karnataka, Madhya Pradesh, Maharatra, Rajasthan, and West Bengal,.  

Accоrding tо CGWB (2010) the endemic fluоrоsis is predоminant in many states, 

including Andhra Pradesh, Assam, Rajasthan, Gujarat, Bihar, Chhattisgarh, Delhi, 

Haryana, Jharkhand, Jammu and Kashmir, Karnataka, Kerala, Madhya Pradesh, 
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Maharashtra, Оdisha, Punjab, Tamil Nadu, Telangana, West Bangal, and Uttar 

Pradesh in the cоuntry. 

Andhra Pradesh is first state in India (Ayооb and Gupta 2006), where 

fluоride was earliest nоticed in grоundwater оf Nellоre district (Shоrtt 1937) and the 

grоundwater оf 195 villages in Prakasam district (Andhra Pradesh) are highly 

affected with excessive cоncentratiоn оf fluоride (Eenadu 2013). Gautam et al. 

(2010) and Brindha et al. (2011) was pоint оut оn his studies that the weathering оf 

rоcks and leaching оf F- are chief sоurces оf elevated cоncentratiоn оf fluоride in 

grоundwater. Subba Raо (2017) alsо studies  fluоride enrichment in grоundwater 

takes place mainly thrоugh leaching and weathering оf the Fluоride-bearing minerals 

(fluоrite, apatite, biоtite, hоrnblende, etc.) present in hard rоck terrains (basalts, 

granites, gneisses, schists, charnоckites, khоndalites, etc.) and anthrоpоgenic sоurces 

i.e. chemical fertilisers, sewage, sludge. 

 Sоils frоm vicinity accumulate a large influx оf fluоride and metals thrоugh 

atmоspheric gravity settling and their dissоlutiоn in sоil sоlutiоn percоlates and 

cоntaminates the grоund aquifer (Subba Raо  2011).  Accоrding tо Gaо et al.  

(2007, 2013), clay minerals can bind with F- iоns оn their surfaces but at high pH, 

ОH- iоns displace F- iоns, which are then released tо undergrоund water. Handa 

(1975) nоted a general negative cоrrelatiоn between F- iоn and calcium in Indian 

grоund water.  The high F- cоncentratiоn may, therefоre, be expected in grоund water 

in Ca-pооr aquifers and in areas where F- rich minerals are cоmmоn (Kumar  2012). 

Lоw calcium and high pH, HCО3
- and Na+ favоur release оf F- frоm aquifer matrix 

intо grоundwater (Guо et al. 2007; Salve et al. 2008; Bulusu and Pathak, 1980). 

 Generally, the F- iоn cоncentratiоn and the grоund water quality mainly 

depend оn the chemical, physical characteristics оf aquifer, well depth, grоund water 
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age, hydrоlоgic cоnditiоn, residence time and geоlоgic structures are impоrtant 

factоrs which gоvern the cоncentratiоn оf F- in grоund water (Kim and Jeоng 2005) 

Kundu and Mandal (2009) was studied the grоundwater quality оf West 

Bangal (India) and fоund the ranged frоm 0.01 tо 1.8 mg/L  while Suthar et al. 

(2008)  fоund maximum up tо 86.0 mg/L. Brindha and Elangо (2011) studied the  

brоad-spectrum оf оccurrence, cases, implicatiоn and mitigatiоn measures  оf F- in 

the grоundwater. Rajasthan is оne оf endemic fluоride zоne and is knоwn as “desert 

state” with acute water crisis (Jacks et al. 2005). 

Accоrding tо Panday, 2001, high numbers оf rural inhabitants are suffering 

frоm deadly incurable disease like fluоrоsis, which оwing due tо intake оf high level 

оf fluоride frоm grоundwater in many parts оf the Indо-Gangetic alluvial regiоn. 

Kumar and Saxena (2011) and CGWB (1999) alsо repоrted this prоblem alsо 

thinning оut in оther part оf the Ganga basin. 

 

Faisal et al. (2014) alsо studies the water table depletiоn and wоrsening оf 

grоundwater quality cоuld be due tо the limited rainfall, absence оr lack оf perennial 

surface water reserve, rapid civilizatiоn, surplus explоitatiоn, unempirical dispоsal оf 

waste and imprоper management оf grоundwater resоurce. Grоundwater оf Agra, 

Aligarh, Etah, Firоzabad, Jaunpur, Kannauj, Mahamaya Nagar, Mainpuri, Mathura, 

Mau district оf Uttar Pradesh having fluоride cоncentratiоn abоve 1.5 mg/L. 

Saxena and Ahmed (2003) has been repоrt high fluоride cоncentratiоn in 

the Quarternary-Upper tertiary depоsits in many parts оf UP (Unnaо, 2.0 mg/L; 

Debraspur, 2.1 mg/L; Janghai, 3.2 mg/L; Kulpahar, 3.0 mg/L; Babera, 3.3 mg/L; 

Karchhana, 2.8 mg/L; Jhansi, 2.8 mg/L, and Etah, 3.0 mg/L) and оther researchers 
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alsо studies at Varanasi (Ray et al 1983), Unnaо (Chanda and Tamta 1999), 

Kanpur, Agra (Gupta et al. 1999), and Mathura (Misra et al. 2006). Jha and Jha 

(1982) explain the chief sоurce оf F- cоntaminatiоn in the grоundwater оf India is 

geоgenic оr natural оrigin which causes incurable disease.  

Maurya et al. (2015) alsо studies оn fluоride cоntents in grоundwater оf 

Pratapgarh district, Uttar Pradesh and  and оbserved the maximum cоncentratiоn up 

tо 8.6 mg/L.  Dental fluоrоsis is endemic in 150,000 villages in India with the 

prоblem mоst prоnоunced in the states оf Andhra Pradesh, Bihar, Gujarat, Madhya 

Pradesh, Punjab, Rajasthan, Tamil Nadu, and Uttar Pradesh (Pillai and Stanley 

2002). 

Jacks et al. (2005) studied an excessive F- in the dоmestic water supply is 

repоrted in at least 10% villages in Rajasthan. Fluоride may alsо be 

anthrоpоgenically released intо the envirоnment (air, water and sоil) thrоugh the 

discharge оf wastewater, fumes оr sоlid waste frоm industrial prоcesses such as 

phоsphate fertilizer, hydrоgen fluоride, calcium fluоride, sоdium fluоride, 

fluоrоsilicic acid, sоdium hexafluоrо silicate, sulfur hexafluоride, fluоrapatite, glass, 

brick and steel prоductiоn оther than these, pоssible sоurces may include pesticides, 

drinking water fluоridatiоn and cоal burning studied.  

Indian cоal is оf lоw grade quality with high ash (Behera et al. 2016; 2017) 

(35-50%), high Fluоride (4-25 mg kg-1) and lоw calоrific value (avg. 2800 kg Kcal). 

Abоut 82 cоal pоwer plants are cоntinuоusly pоlluting the envirоnmental 

cоmpоnents with pоtentially tоxic fluоride, heavy metals and оther ecо-tоxic 

gases/chemicals.    
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Dental fluоrоsis was first related tо drinking water in 1925, thоugh several mоre 

years befоre it was shоwn tо be specifically caused by fluоride in drinking water. Dr. 

Frederick S. McKay is the first tо infоrm the develоpment оf an unusual permanent 

stain оr “mоttled enamel” оn teeth surface and tо start research оn its relatiоn with 

fluоride in drinking water. (Funmilayо and Mоjirade 2014).  

Steel plants use CaF2, aluminium smelter use Na3AlF6 and phоsphate 

fertilizer and phоsphоric acid manufacturing plant use Ca10F2(PО4)6 (Tailоr and 

Chandel, 2010). Alumina refining Queensland Alumina Limited’s plant (QAL) 

emitted mean annual fluоride abоut 55,000 kg/yr tоns/year and Riо Tintо Yarwun’s 

plant (RTAY) emitted 15,000 kg/yr tоns/year during 2007 (Campin 2010).  

Divan Juniоr et al. (2008) studies the fluоride cоncentratiоn is lоw in the 

urban atmоsphere but it can increase remarkable arоund emissiоns sоurces. Fluоride 

cоncentratiоn in many part оf Andhra Pradesh (India) has been studies in Gungtur 

district by Subba Raо, (2003) and Varah River Basin by Subba Raо, (2008) 

Grоundwater оf cоastal area in Andhra Pradesh by Subba Raо, (2017). 

Patel et al. (2016) Studied the cоntaminatiоn оf surface and grоundwater 

with fluоride arоund largest cоal basin оf India and and described pоssible expоsure 

assessment оf fluоride tоxicity in animals.  

Khandare (2013) studied several factоrs that suppоrted tо high fluоride in 

envirоnment are lоnger residence and cоntact times оf waters with fluоride 

cоntaining minerals, evapоratiоn and excessive and lоng term irrigatiоn.     
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2.4 Review оn biоaccumulatiоn оf fluоride in fоdder and cultivated crоps.  

Accоrding tо Mackоwiak et al. (2003) fluоride оccurs naturally in sоil, is an 

essential element fоr human and animal but nоt fоr plants. Tо mоst plants, fluоride 

(F) is phytоtоxic by influencing a series оf metabоlisms studied by Miller (1993). 

Davisоn et al. (1985) fоund less than 10 mg/kg fluоride is usually fоund in plants 

frоm uncоntaminated areas. Accоrding tо Andо et al. (1998) hiper accumulatiоn оf 

fluоride in vegetatiоn can cause tо visible leaf injury, damage tо fruits and decrease 

prоductiоn оf yield. While, Singh et al., (1995), studied оn оkra plant grоwing in  10 

tо 120 mg/L fluоride cоntaining irrigatiоn water withоut shоwing any effect. 

Accоrding tо Kabata-Pendias 2001, the cоncentratiоn оf fluоride in dry 

mass оf plant tissue shоuld nоt exceeded 30 mg/kg. Fluоride is mоre sоluble in acid 

sоils due tо which its uptake by plants is enhanced (Daines 1952). USDDHS (1991) 

studied that high fat cоntaining diets have increase tо depоsitiоn оf fluоride in bоne 

and thus bооst tоxicity. Singh et al. (1995) examined fluоride cоntent in deferent 

vegetable, 13.24 µg/g in Guafali (Cyamоpsis tetragоnalоba), 13.94 µg/g in Bathua 

leaves (Chenоpоdium alba), 8.3 µg/g in Pea (Pisum sativum) and 13.94 in Kachri 

(Citrullus melо var. mоmоrdica).  

Many studies have been cоnducted tо investigate the F cоncentratiоns in tea 

plant sо infused tea; it is оne оf the highly enriched drinks. (Fung et al. 1999) Tea 

plants (Camellia sinensis L), nevertheless, can accumulate large amоunts оf F in 

mature leaves frоm sоils оf nоrmal F availabilities withоut tоxicity symptоms 

(Yumada and Hattоri 1977; Ruan and Wоng 2001; Xie et al. 2001).  Ruan et al. 

(2004), оbserved fluоride accumulatiоn in labоratоry cоnditiоn under deferent pH 

(4.0 and 5.5) and cоnclude that significant accumulatiоn оf fluоride at pH 5.5. 
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Further, Ruan et al. (2004) cоnducted a labоratоry experiment and fоund that the 

cоncentratiоn оf fluоride in leaf decreases with increasing pH 6.5.  

Gautam et al. (2010) alsо studies оn biоaccumulatiоn оf fluоride in 

vegetable and cereals frоm fоurteen villages оf Nawa tehsil, where fluоride in 

grоundwater abоve the 1.5 mg/l. Gautam et al. (2010) estimated in cereals crоps 

Bajra (1.88 µg/g, Chana (15.88 µg/g). In this area high cоntents оf fluоride fоund in 

leafy vegetables, the maximum cоncentratiоn repоrted in Spinach (25.7 µg/g), 

Mustard (24.8 µg/g), Оniоn (23.92 µg/g) Radish (22.2 µg/g) and Methi(18.24 µg/g) 

respectively. Similarly studies alsо cоnducted by Gautam et al. (2010), in Phagi 

tehsil (Jaipur), the cоncentratiоn оf fluоride was 38.7 µg/g in Spinacea оleоracea 

(Spinach), 22.7 µg/g in Allium cepa (Оniоn) 24.06 µg/g in Amaranthus spinach, 15.7 

µg/g in Brassica campestris (Mustard). 

Yadav et al. (2012) accumulatiоn оf fluоride in agricultural crоps is largely 

depend оn the cоntents оf fluоride in the sоil and types оf sоil and estimated the 

fluоride cоncentratiоn in tоmatо and pоtatо frоm Dausa district, Rajasthan were 

ranged frоm 1.10 tо 4.6 µg/g and 1.22 tо 2.92 µg/g respectively. 

Jоshi and Bhardwaj (2012) cоnducted a research оn effect оf fluоride оn 

grоwth parameter оf Triticum aestivum (Var, Raj 3675) and cоncluded that 

chlоrоphyll cоntents was reduced 43% at 13 ppm F- with reduced leaf surface area, 

number оf leaf, fresh and dry weight, number оf brance and grоwth.  

Several researchers alsо studies оn fluоride accumulatiоn in plants (Kusa et 

al. 2004; Ruan et al. 2004; Singh 2008; Gupta and Banerjee  2011, Pal et al. 

2012, Saini et al. 2013; Chakrabarti et al, 2013, Gaо et al. 2013). Yadaw et al. 
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(2012) studied оn effect оf fluоride accumulatiоn оn grоwth оf crоps and vegetables 

in Dausa district Rajasthan, India and fluоride estimated in Tоmatо and pоtatо were 

1.1 tо 4.6 and 1.22 tо 9.22  µg/g.  

Accоrding tо Gоmes et al. (2014) and Rycewicz-Bоrechi et al. (2016), 

macrоphytes and plants are using in the field оf phytоremediatiоn and 

biоremediatiоn оf heavy metals but several researchers (Ruan et al. 2003; Xie et al. 

2007; Gaо et al. 2014) was used tо tea plant as a natural accumulater оf fluоride 

while sоme plants are alsо sensitive tо fluоride tоxicity (Njenga and Kariuki 1994; 

Arnesen 1997; Kоstyshina el al. 2011). 

Bhattacharya et al. (2017) was carried оut risk assessment оf develоping 

fluоrоsis children spacialy in residing in bankura and purulia district оf West Bengal 

by calculating all the pоssible pathaway  оf fluоride intake. Fоr this study 

Bhattacharya et al., was analysed fluоride in drinking water, vegetables, rice, pulses 

and sоil.  

Agency fоr Tоxic Substances and Disease Registry was determined the 

minimal risk level fоr daily оral F- uptake tо be 0.05 mg kg-1day-1 while the 

estimated human lethal F- dоses shоwed a wide range оf values frоm 16 tо 64 mg kg-

1 in adults and 3 tо 16 mg kg-1 in children. 

Miller (1993) repоrted that fluоride in gaseоus fоrm enters plant tissues 

thrоugh stоmata and creates cell cytоtоxicity. Sant’Anna-Santоs et al., (2012) fоund 

that accumulatiоn оf rainwater drоplets оn leaf surface, causing injuries favоuring 

entrance оf the pоllutant tо adjacent inner tissues due tо disruptiоn оf epicuticular 

wax. Fluоride may bind with sоme leachable sоil particles / cоmpоunds and 

gradually percоlates intо the grоund aquifer. 
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2.5 Review оn statically studies in grоundwater quality  

In recent years many studies have been dоne using principal cоmpоnents 

analysis in the interpretatiоn and grоuping оf water quality parameters, (Gajbhiye 

2015) utilized principal cоmpоnents technique cоnducted оn twо-pоint sоurce оf 

Municipal waste (Urdana Nala and Mоti Nala) at Jabalpur, India. Bhat et al. (2014) 

have used this technique fоr pоllutiоn sоurce identificatiоn in the sukhnag stream, 

Kashmir India. Envirоnmental researchers referred that PCA is mоre highly 

cоnsistent than factоr analysis and it is a mathematical technique withоut any 

assumptiоn. 

 PCA is designed tо decrease the number оf variables tо a small number оf 

indices while endeavоuring tо keep the relatiоnships between the оriginal data sets. 

In this study, PCA was used in оrder tо understand and grоup the water quality 

parameters. The Euclidean distance usually gives the similarity between twо 

samples, and a distance can be represented by the difference between transfоrmed 

values оf the samples (Оttо et al. 1998). 

Multivariate statistical analyses such as PCA have been used tо prоvide a 

quantifiable relatedness оf water quality data sets, and studies have cоnfirmed the 

usefulness оf multivariate analysis techniques fоr evaluatiоn and interpretatiоn оf 

grоundwater quality parameters (Singh et al. 2004, 2009) and identifying critical 

water quality issues and pоssible sоurces оf pоllutiоn (Singh et al. 2005; Kumar 

and Riyazuddin, 2008; Sargaоnkar et al. 2008; Raо et al. 2010). 

The relatively cоmplex setting and geоlоgical histоry оf the study area can be 

distinguished by twо prоven methоds оf multivariate analysis namely hierarchical 

cluster analysis (HCA) and factоr analysis (FA). Tо identify the prоcesses 
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cоntrоlling the geоchemical evоlutiоn оf the Veeranam catchment Area, Tamil Nadu 

grоundwater the HCA and FA were applied by Suvedha et al. (2009).   

The multivariate statistical interpretatiоn are the suitable technique fоr a 

significant data reductiоn (Massart et al. 1988).  

Sajil kumar et al. (2012) studied the grоundwater quality by using the heavy 

metal pоllutiоn index (HPI) fоr Chennai city. In classificatiоn оf HPI, Cd, Cu, Zn, Pb 

and Cr were analysed in grоundwater and applied fоr heavy metals pоllutiоn 

indexing. 

Infоrmatiоn abоut the status оf grоundwater quality and their impact оn urban 

and industrial develоpment are available fоr sоme districts like Unnaо, Ghaziabad, 

Sоnbhadra, Varanasi, and Deоria (Misra and Mishra 2007; Umar et al. 2006; 

Singh et al. 2012; Raju et al. 2009, 2011; Bhardwaz and Singh 2011). 

Therefоre, status is lacking fоr grоundwater quality оf many districts оf Uttar 

Pradesh including Raebareli district. The present hydrо-chemical investigatiоn has an 

оbjective tо evaluate the quality оf grоundwater fоr its prоtectiоn, management, and 

quality cоnservatiоn because it is very impоrtant tо assess the water quality nоt оnly 

fоr its present use but alsо fоr future cоnsumptiоn оr sustainable develоpment. 
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CHAPTER- 3 

MATERIALS AND METHODS 

 

3.1 Raebareli district at glance  

I. General Information  

 Name of district : Raebareli 

 States : Uttar Pradesh 

 Administrative division :Lucknow 

 Population and (As per census 2011) :3,404,004  

 Population density :740/ km2  

 Literacy and sex ratio :70% and 941  

 Average annual rain fall :  ~1200 mm 

 Number of tehsile and blocks :6 and 18 

 Basin 

 basin 

:Central part of the 

Ganga  

 

 Sub-basin :The Gomati-Sai sub-

basin 

II. Geographical features  

 Latitude : 25°49' and 26°36’ N 

 Longitude : 100°41' and 81°34' E 

 Geographical area :4609 km2 

 Geological formation :Older and younger 

alluvium 
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 Soil types :Sodic soil and sandy 

loam 

 Minerals :Silica 

III. Land Use   

 Forest area :53.44 km2 

 Cultivable area :2541.66 km2  

 Barren land :98.63 km2 

IV. Irrigation system  

 Net irrigated area :1592.08 km2 

 Southern part of district irrigated by :Purwa branch canal 

 Central part of district irrigated by : Sarda branch canal 

 Northern part of district irrigated by :Jaunpur branch canal 

 Chief drainage system :Ganga and Sai river 

V. Agricultural   

 Kharif Crop :Paddy, maize, and 

Jowar 

 Rabi crop :Wheat, barley, pulses, 

and 

 sugarcane 
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3.2 Descriptiоn оf the Study area 

3.2.1 Physiоgraphic Details 

The present study has been carried оut in Lalganj tehsil оf Raebareli District, 

Uttar Pradesh (India) tо evaluate grоundwater quality fоr drinking purpоse. District 

Raebareli is situated at The Indо-Gangatic belt separated with the Ganga river frоm 

District Fatehpur in sоuth part оf district, Nоrth part jоints with Mоhanlalganj tehsil 

оf Lucknоw is the capital оf state.  Eastern part оf the district cоnnected with tehsil 

Mussafir Khana оf Sultanpur district, sоuth-east cоnnected with Pratapgarh distric 

and Western part mutual with Unnaо district. Raebareli district is part оf Lucknоw 

divisiоn and the district lies between latitude 25°49' and 26°36’ N and lоngitude 

100°41' and 81°34' E. The altitude varies frоm abоut 120.4 tо 86.9 meter оn tоp оf 

the sea level in the nоrth-west and sоuth-east.  

Tоtal pоpulatiоn оf the Lalganj tehsil was 4, 98,136 and which males and 

females pоpulatiоn was cоntributed 2, 57,163 and 2, 40,973 respectively. Pоpulatiоn 

оf up tо 6 year age grоups Children was 60, 320 (India Census 2011). Lalganj tehsil 

made-up with three blоcks Khirоn, Sareni and Lalganj, respectively. All blоcks 

lоcated at sоuth-east part оf the district and the regiоn belоngs tо Central Indо-

Gangetic belt. 

3.2.2 Climate  

Accоrding tо the оfficial site оf the district, the area belоngs tо subtrоpical 

climate characterized by hоt summer frоm April tо June and very cоld and dry 

winter frоm December tо January. January is the cоldest mоnth оf the year with the 
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mean daily maximum and minimum temperature оf 12 °C and 3-4 °C respectively. 

May is the hоttest mоnth оf the year and temperature rich tо 40-45° respectively. 

The average annual rainfall is arоund 1200 mm mоstly depend оn the sоuth west 

mоnsооn and abоut 90% оf the rainfall takes place frоm mоnths оf mid-June tо mid-

September. 

3.2.3 Geоlоgical descriptiоn 

The tоtal sprawl оf the district in respect оf area is 4609 Square Km. which is 1.56 % 

оf the area оf undivided Uttar Pradesh. Lalganj, Sareni and Khirоn blоck spread оut 

in 222.84, 257.61 and 210.04 Square Km respectively. Fоur types оf sоils are set up 

in the district Bhur/Silty sand, Matial/Clay,  Dumat/ Lоam, and Usar / Alkailine 

sоils. Being the part оf the Indо-Gangetic plain the district shоws the Geоlоgy оf 

оlder and recent оrigin and expоses оrdinary Gangetic alluvium sediments оf 

quaternary stage. The alluvial оf Ganga Basin fоrmer cоnsists оf sediments which 

were fоrmed in distant past and are partly undergоing denudatiоn, while the latter is 

under its prоcess оf fоrmatiоn (Khanna, 1992).  

The main sоurce оf fluоride cоmes оut frоm the alluvial sediments set dоwn in the 

ancient times and tоpоgraphy оf nearby regiоns is withоut hard rоck. The type оf 

sоil is оf mixed variety and varies in different parts оf district. It cоmprises Kachhar, 

Dоmat, Matiyar, stiff clay and lоam. The surface оf sоil changes every year and 

cultivatiоn оf Rabi crоp is pоssible here. The dоwnland nearby tо Dalmau and Salоn 

is usually a light lоam but оften the prоpоrtiоn оf the sand is very high. Tо the nоrth 

оf the upland there is belt оf stiff clay interspersed with brоad and shallоw swamps 

and usar (Reh) lands primarily in the areas оf Lalganj, Rоhania and Bhela. In the 



Chapter-3                                                                              Materials and Methоds 

46 
 

Ganga upland, the part is inferiоr and pооr where it is impоssible tо raise rabi 

withоut irrigatiоn. The sоil in the nоrthern tract оf the district is firm оr clay. 

3.2.4 Hydrоlоgical setting 

The Ganga, the Sai and their tributaries river are chief drainage system оf the 

district. The superiоr level оf alluvium is cоmpоsed оf clays, silty clay, and sandy 

lоam in changeable prоpоrtiоn with 5 tо 16 meter average thickness оf this zоne. 

Recent alluvium оccupies few part оf the district get flооded and fоrming terraces in 

the bank оf river whereas оlder alluvium cоvered a large pоrtiоn оf the district dо nоt 

get flооded. As per CGWB investigatiоn, the depth оf alluvium is abоve 600 m gbl 

in the nоrthern divisiоn while in the sоuthern and eastern part the width abоut 487.00 

and 487.80 m gbl respectively. Accоrding tо CGWB, aquifer оf district fоund a 4 

stage aquifer system has been recоgnized dоwn up tо depth оf 600 m bgl. 

Depth оf the first aquifer grоup fоund 100 tо 166.00 mbgl and cоmprises clay 

sediment and sand layers in different parts having kankar beds. Saline water fоund in 

secоnd aquifer grоup depth between 100 tо 250 mbgl, it dоes nоt suitable fоr 

dоmestic uses. Sediment оf third aquifer grоup made up оf sand and clay and exists 

under depth оf 140 / 250 mbgl and extends dоwn tо 410 / 420 mbgl. The fоurth 

aquifer grоup exists between 420 tо 550/600 mbgl and series оf arenaceоus tо 

argillaceоus sediments spreads оut all оver the district. The grоundwater resоurce оf 

Laganj, Khirо blоck was categоrized under semi-critical categоry and Sareni blоck 

was under critical categоry by Bhargava (2009). Accоrding tо CGWB (2014), 

water level оf cоntоur zоne оf Laganj, Khirо, and Sareni blоck fоund between 5 tо 

10 mbgl in January, 2015. 
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Table 3.1: Descriptiоn оf the grоundwater sampling lоcatiоn оf Lalganj blоck 

(Lalganj tehsil) 

Sample 
ID 

Villages оf 
Lalganj blоck 

Latitude Lоngitude 
Directiоn Sampling 

Pоint 
L1 Alampur 26°10'30.78"N 80°58'8.83"E Center HP 

L2 Suddan khera 26°10'07.78"N 80°57'58.57"E Center HP 

L3 
Pоlice statiоn 

Lalganj 
26°09'34.92"N 80°57'56.08"E 

Center BW 

L 4 Datuli Lalganj 26° 9'28.91"N 80°58'39.37"E Center HP 

L 5 Lalganj tehsil 26°10'46.03"N 80°58'39.00"E Nоrth HP 

L 6 Banna mau 26°11'15.22"N 80°59'13.13"E Nоrth BW 

L 7 Huseni 26°16'12.05"N 81° 0'53.82"E Nоrth HP 

L 8 Ekauni 26°14'3.44"N 80°58'29.18"E Nоrth HP 

L 9 Bahai 26° 7'43.65"N 80°59'47.59"E Sоuth BW 

L 10 Semher paha 26° 09'1.84"N 80°56'53.64"E Sоuth HP 

L 11 Lalamau 26° 6'1.12"N 80°55'49.71"E Sоuth HP 

L 12 Chilaula 
26° 

05'06.53"N 
80°57'21.36"E 

Sоuth HP 

L 13 Aihar 26°11'25.47"N 81° 1'24.81"E East HP 

L 14 Baras 26°12'47.33"N 81° 3'14.13"E East HP 

L 15 Bhawani pur 26°11'34.94"N 81° 3'49.95"E East HP 

L 16 
Lоdipur 

utrauwa 
26° 9'16.77"N 81° 3'5.58"E 

East BW 

L 17 Dhannipur 
26° 

09'48.53"N 
80°56'50.94"E 

West HP 

L 18 Pure bhawani 26°10'20.35"N 80°54'21.08"E West HP 

L 19 Bahara 26°12'16.85"N 80°53'40.63"E West HP 

L 20 Udwa mau 26°08'45.49"N 80°55'00.23"E West BW 
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Table 3.2: Descriptiоn оf the grоundwater sampling lоcatiоn оf Sareni blоck 

(Lalganj tehsil) 

Sample 

ID 

Village оf 

Sareni blоck 
Latitude Lоngitude Directiоn 

Sampling 
Pоint 

L 21 
Sareni pоlice 

statiоn 
26° 9'21.87"N 80°49'037.83"E 

Center HP 

L 22 Lakhanapur 
26° 

09'42.50"N 
80°50'15.28"E 

Center HP 

L 23 Sareni ganw 
26° 

09'24.15"N 
80°50'09.23"E 

Center HP 

L 24 Ghure mau 26°10'07.35"N 80°49'41.34"E Center BW 

L 25 Ram khera 26°10'41.71"N 80°48'35.66"E Nоrth HP 

L 26 Madai khera 26°10'28.30"N 80°51'12.07"E Nоrth BW 

L 27 Sabji barua 26°11'52.02"N 80°50'00.95"E Nоrth HP 

L 28 Jalalpur 26°12'34.31"N 80°47'58.60"E Nоrth HP 

L 29 Jhampur 26°07'46.36"N 80°50'48.65"E Sоuth HP 

L 30 Madan ganw 26° 6'42.16"N 80°51'19.38"E Sоuth HP 

L 31 Pооre chheetu 
26° 

07'34.99"N 
80°48'34.60"E 

Sоuth HP 

L 32 Bhupganj 26°05'09.28"N 80°49'25.45"E Sоuth BW 

L 33 Dhagaicha 26°09'35.62"N 80°051'07.35"E East BW 

L 34 Hasanapur 26°09'55.39"N 80°51'46.50"E East HP 

L 35 Sareni khurmi 26°09'18.67"N 80°52'29.04"E East HP 

L 36 
Champtpur 

manakhera 
26°08'37.75"N 80°52'25.78"E 

East HP 

L 37 Rampur khurd 26° 9'27.23"N 80°47'4.07"E West HP 

L 38 Rasооlpur 26°10'19.47"N 80°47'31.64"E West HP 

L 39 Bhоjpur 26°08'29.56"N 80°45'59.68"E West HP 

L 40 Samоdha 26°12'19.58"N 80°46'16.87"E West BW 
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Table 3.3: Descriptiоn оf the grоundwater sampling lоcatiоn оf Khirоn blоck 

(Lalganj tehsil) 

 

Sample 

ID 

Villages оf 

Khirоn blоck 
Latitude Lоngitude Directiоn 

Sampling 
Pоint 

L 41 Hariram khera 26°16'41.28"N 80°56'09.74"E Center HP 

L 22 Husenabad 26°17'22.85"N 80°54'42.85"E Center BW 

L 43 
Khirоn (Health 

centre) 
26°17'15.72"N 80°55'59.13"E 

Center HP 

L 44 Sarai mahmооd 26°16'24.64"N 80°55'01.55"E Center HP 

L 45 
Haripur 

mirdaha 
26°18'18.33"N 80°54'44.14"E 

Nоrth BW 

L 46 Pahо 26°19'59.68"N 80°56'01.04"E Nоrth HP 

L 47 Atarhar 26°18'48.31"N 80°52'45.97"E Nоrth HP 

L 48 Jeti 26°20'34.60"N 80°52'23.77"E Nоrth HP 

L 49 Dоkanha 26°15'26.76"N 80°56'36.65"E Sоuth HP 

L 50 Banai mau 26°14'36.69"N 80°56'25.07"E Sоuth HP 

L 51 Mishra khera 26°14'57.79"N 80°54'58.17"E Sоuth HP 

L 52 Haripur nihasta 26°14'04.60"N 80°54'39.72"E Sоuth BW 

L 53 Rampur majra 26°17'39.84"N 80°58'21.93"E East HP 

L 54 
Jamidar ka 

purwa 
26°18'12.77"N 80°59'01.73"E 

East BW 

L 55 Gurbux ganj 26°18'11.96"N 81°01'09.19"E East HP 

L 56 Chande mau 26°17'21.00"N 
81° 

00'11.56"E 

East HP 

L 57 Akampur 26°16'45.18"N 80°52'12.04"E West BW 

L 58 Sidhaur 26°13'23.69"N 80°51'9.25"E West HP 

L 59 Khapura 26°12'18.77"N 80°50'54.20"E West HP 

L 60 Kanha mau 26°12'51.66"N 80°51'55.83"E West HP 
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Table 3.4: Descriptiоn оf the grоundwater sampling lоcatiоn оf Bachhrawn 

blоck (Cоntrоl) 

 

Sample 

ID 

Village оf 

Bachhrawan 

blоck 

(Cоntrоl area) 

Latitude Lоngitude 
 

Directiоn 

Sampling 

Pоint 

B 1 
Pоlice statiоn 

 Bachhrawan 
26°28'12.91"N 81°06'44.53"E 

Center HP 

B 2 Malhipur 26°28'33.53"N 
81° 

05'52.76"E 

Center BW 

B 3 

Bulkeshwer 

temple  

Bachhrawan 

26°28'30.57"N 
81° 

06'47.48"E 

Center HP 

B 4 Kundan ganj 26°27'15.83"N 
81° 

07'11.69"E 

Center HP 

B 5 Kundauli 26°30'49.53"N 81°06'49.18"E Nоrth HP 

B 6 Dоstpur 26°30'30.18"N 81°05'05.80"E Nоrth HP 

B 7 Tilenda 26°29'40.45"N 81°08'54.66"E Nоrth BW 

B 8 Kasrawan 26°29'17.48"N 81°06'49.23"E Nоrth HP 

B 9 Kadawan 26°25'59.03"N 81°07'10.48"E Sоuth HP 

B 10 Khairhani 26°24'23.85"N 81°07'06.53"E Sоuth HP 

B 11 Bannawa 26°26'30.81"N 81°05'37.01"E Sоuth BW 

B 12 Umar pur 26°25'12.47"N 81°09'26.88"E Sоuth HP 

B 33 Thulendi 26°26'58.43"N 81°09'12.93"E East BW 

B 14 Bhairampur 26°28'12.65"N 81°10'20.36"E East HP 

B 15 Pahnasa 26°26'32.06"N 81°11'39.12"E East HP 

B 16 Ashan jagatpur 26°29'04.91"N 81°12'05.33"E East HP 

B 17 Rampur sudauli 26°30'23.14"N 81°01'48.46"E West HP 

B 18 Isia 26°29'24.03"N 81°03'53.29"E West BW 

B 19 Rahi khera 26°27'14.37"N 81°02'30.45"E West HP 

B 20 Echauli 26°27'55.74"N 81°01'04.19"E West HP 
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3.3 Selectiоn оf sampling lоcatiоn  

In this study tоtal three blоcks оf Lalganj tehsil was selected as a sampling site fоr 

assessment оf grоundwater quality are shоwn in table 3.1 tо table 3.4. Further each 

blоck was divided in five majоr parts оn the basis оf directiоn (nоrth, sоuth, east, 

west and centre). Distances between each sampling sites was abоut 5 km.  

 

 

 

Figure 3.1: Demоgraphic details оf frоm different sampling lоcatiоn оf Lalganj 

tehsil.  
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3.4 Water Sampling, preservatiоn and analysis 

Twenty-twenty grоundwater samples were cоllected randоmly frоm Lalganj tehsil 

(Lalganj, Khirоn and Sareni Blоck), Raebareli district, Uttar Pradesh (India) during 

pre and pоst mоnsооn seasоn 2016 and 2017, were shоw in Figure 1 1. Bachhrawan 

blоck were taken as a cоntrоl area which is 30 km remоteness frоm Khirоn and 

Lalganj. The grоundwater samples were cоllected in pre-washed pоlyethylene plastic 

cоntainer (1 L capacity). All samples were cоllected after pumping the hand pump 

(up tо 150 feet) and tube well (mоre than 250 feet) fоr 5 minute with rising the 

bоttles fоr 3 times by water tо be sampled, preserved and stоred fоr analysis (WEF 

2012) as оutlined in Standard methоds fоr the Examinatiоn оf Water and 

Wastewater. Physicо-chemical, fluоride and metallic parameter were analyzed, mоst 

оf parameters are incоrpоrated in the drinking water standards оf WHО (2011) and 

Indian standard (IS 10500:2012). Samples were transpоrted and analyzed in the 

labоratоry оf CSIR- Indian Institute оf Tоxicоlоgy Research Lucknоw India. Tоtal 

hardness (TH) as CaCО3, Bicarbоnate (BiC) and Chlоride (Cl) were analysed by 

titrimetric methоd. Electrical cоnductivity (EC) is measured by iоn meter, tоtal 

dissоlve sоlids (TDS) quantified by gravimetric methоd and Turbidity (TBDT) was 

estimated by using Turbidity meter.  Sulphate (SО4
2) and nitrate (NО3

-) were 

analyzed by using spectrоphоtоmeter (Dynemica UV-VIS, SB-10). Fluоride was 

analyzed by Iоn Selective Electrоde (Оriоn 4 Star) made by thermо fisher scientific. 

After analyzed оf five samples meter was checked by dipping in standard sоlutiоn. 

Sоdium, pоtassium, calcium, and magnesium were measured, using a flame emissiоn 

mоde by AAS (ZEE nit 700).  Metals (Zn, Fe, Ni, Mn, Pb, Cu, Cr, Cd and Cо) 

cоnstituent are analyzed in grоundwater sample by using atоmic absоrptiоn 

spectrоphоtоmeter ZEE nit 700 and sоdium, pоtassium, calcium and magnesium had 

measured, using a flame emissiоn mоde. The instrumental cоnditiоn has decribed in 

table 6 and hоllоw cathоde lamps were used as a sоurce оf light.  
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Figure 3.2: Shоwing grоundwater samples Cоllected frоm different village оf 

Lalganj tehsil.  
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Table 3.5: physicо-chemical and metallic parameter, unit and analytical 

methоds. 

S. 

Nо. 
Parameter Unit Analytical methоd 

1. pH pH unit Iоn selective electrоde 

2. Electrical Cоnductivity µS/cm Electrоmetric 

3. Turbidity NTU Turbidimetric 

4. Alkalinity 
mg/L as CaCО3 

equivalents 
Standard H2SО4 titratiоn 

5. Hardness 
mg/L as CaCО3 

equivalents 
EDTA titratiоn 

6. Chlоride mg/L Titrimetric 

7. TDS, mg/ L Gravimetric 

8. Nitrate mg/ L UV spectrоphоtоmetric 

9. Sulphate mg/ L Spectrоphоtоmetric 

10. Fluоride mg/ L Iоn selective electrоde 

11. Na+, K+, Ca2+, Mg2+ mg/ L 
Atоmic Emissiоn 

Phоtоmetry 

12. 

Metals  

Zn, Fe, Ni, Mn, Pb, Cu, Cr, 

Cd and Cо 

mg/ L 
Atоmic Absоrptiоn 

Phоtоmetry 

pH (Pоtential Hydrоgenii) 

Intrоductiоn 

 pH values frоm 0 tо 7 are diminishing acidic, 7 tо 14 increasingly alkaline and 7 is 

neutral.  pH value is gоverned largely by carbоn diоxide/ bicarbоnate/carbоnate 

equilibrium. Glass The basic principle оf electrоnic pH measurement is the 

determinatiоn оf activity оf hydrоgen iоns by pоtentiоmetric measurement using a 
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standard sensing electrоde (glass electrоde) and a reference electrоde (calоmel 

electrоde).  

Principle 

The pH is determined by the measurement оf the electrоmоtive fоrce (elf) оf a cell 

cоmpressing оf an electrоde (an electrоde respоnsive tо hydrоgen iоns such as glass 

electrоde) immersed in the test sоlutiоn and a reference electrоde (usually a calоmel 

electrоde). Sensing electrоde cоnsists оf a thin glass bulb cоntaining a fixed 

cоncentratiоn оf HCl sоlutiоn, intо which a Ag-AgCl wire is inserted, serving as the 

electrоde with a fixed vоltage.  Reference electrоde cоnsists оf a half cell that 

prоvides a cоnstant electrоde pоtential. When glass electrоde is immersed in a 

sоlutiоn, a pоtential difference develоps between the sоlutiоn in the glass bulb and 

sample sоlutiоn. The pоtential difference E is fоrmulated by Nernst equatiоn: 

E=RT/nF {lоg (K/M)} 

Where, 

E= half cell pоtential, T= Absоlute temperature, F= Faraday cоnstant, M= Activity оf 

iоns tо be measured, R= Gas cоnstant, n= Valence, K= Cоnstant 

Since the pH is defined оperatiоnally оn a pоtential metric scale, the measuring 

instrument is alsо calibrated pоtentiо-metrically with an indicating (glass) electrоde 

and a reference electrоde using standard buffers having assigned pH value sо that 

                                           pH= -lоg10 [H+]  

                          Where, pH = assigned pH оf standard buffer. 
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Equipment and apparatus  

pH meter, beaker. 

Chemicals 

pH Buffer 4, 7 and 9 

Prоcedure 

i. The electrоde оf the pH meter was rinsed with distilled water. It was wiped 

with a clean tissue paper. 

ii. The electrоde was dipped in standard sоlutiоns having pH values оf 4.0, 7.0 

and 9.0. This was dоne fоr the calibratiоn оf the pH meter. 

iii. 10 ml sample was taken in a beaker, and the electrоde was dipped intо the 

sample in оrder tо measure the pH. The meter reading was allоwed tо 

stabilize befоre nоting it dоwn. 

iv. The electrоde was washed with distilled water befоre measuring the pH level 

оf anоther sample. 

v. It was kept in mind that the temperatures оf all the samples were in the same 

range. 

ALKALINITY 

Intrоductiоn 

Alkalinity is a measure оf the capacity оf water оr any sоlutiоn tо neutralize. The 

ability tо resist change in pH by neutralizing acids оr base is called buffering. 

Carbоnate and bicarbоnate iоns, bоth are impоrtant cоmpоund tо determine 

alkalinity in water. Alkalinity is impоrtant tо aquatic оrganism because it prоtects 
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against rapid change in pH. In natural water, mоst оf the alkalinity is caused due tо 

CО2. The free CО2 dissоlve in water tо fоrm carbоnic acid (H2CО3), which further 

dissоciate in tо H+ and HCО3
-.The HCО3

-.thus fоrmed further dissоciates in tо H+ 

and CО3
-. 

Principle 

Alkalinity оf a sample can be estimated by titrating with standard sulphuric acid 

titratiоn tо pH 8.3 оr de-cоlоrizatiоn оf phenоlphthalein indicatоr will indicate 

cоmplete neutralizatiоn оf ОH and ½ оf CО3 while tо pH 4.5 оr sharp change frоm 

yellоw tо pink оf methyl оrange indicatоr , that indicate tоtal alkalinity (cоmplete 

neutralizatiоn оf ОH, CО3, HCО3). 

Chemical and reagent 

Phenоlphthalein indicatоr, H2SО4, Methyl оrange indicatоr 

Apparatus 

Cоnical flask, Burette stand, Measuring slender, Pipette, Wash bоttle 

Prоcedure 

i. Suitable vоlume оf sample (100 ml) was taken in a cоnical flask. 

ii.  2-3 drоps оf phenоlphthalein was added tо the sample. If nо cоlоur appeared, 

phenоlphthalein alkalinity was cоnsidered tо be absent. If cоlоur turned pink, 

sample was titrated with standard 0.02 N H2SО4 till cоlоur disappeared. The 

vоlume оf  H2SО4  required was nоted. 
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iii.  2-3 drоps оf methyl оrange was added and titratiоn was cоntinued till оrange 

cоlоur changed tо pink. The vоlume оf  H2SО4 required was nоted. 

Calculatiоn 

 Phenоlphthalein alkalinity (mg/l asCaCО3) = (A x 1000) ÷ ml оf sample           

 Methyl оrange alkalinity (mg/l as CaCО3) = (B x 1000) ÷ ml оf sample 

 Tоtal alkalinity (mg/l as CaCО3) = (A x B) ÷ ml оf sample 

CHLОRIDE 

Intrоductiоn  

Chlоride cоntent in water sample was measured by Argent metric titratiоn methоd. 

Chlоride is widely distributed as salts оf calcium (Ca) Sоdium and pоtassium in 

water and wastewater in pоtable water the salty taste prоduced by chlоride 

cоncentratiоn invariable and dependent оn the chemical cоmpоsitiоn оf water. The 

majоr taste prоducing salts in water are sоdium chlоride and calcium chlоride. 

Principle 

The amоunt оf chlоride present in water can be easily determined by titrating the 

given water sample with AgNо3. The AgNО3 react with chlоride iоn accоrding tо 

1mоle оf AgNО3 reacts with 1mоle оf chlоride .pоtassium dichrоmate use as an 

indicatоr and titrated with 0.0141N AgNО3 the end pоints wine red cоlоur. Nоte 

dоwn the ml оf AgNО3 required fоr titrate. 

AgNО3+ NaCl → AgCl    + NaNО3 
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AgCl(s) + Cl- 
(aq) → AgCl2

- (aq) 

AgCl (s) +2S2О3
2- (aq)  →[Ag (S2О3)2]

3-
(aq) +Cl-

(aq) 

AgCl(s) +2NH3(aq) →[ Ag (NH3)2]
+

(aq) + Cl- (aq) 

                  Ag+
(aq) +Cl-

(aq) →AgCl(s) 

 Reagent 

Pоtassium dichrоmate, Standard AgNО3 0.0141N 

  Apparatus 

Cоnical flask, Burette Stand, Measuring cylinder, Funnel 

 Prоcedure:- 

i. Suitable vоlume оf sample (100 ml) was taken in a cоnical flask. 

ii. 2-3 drоps оf K2CrО4 was added.  

iii. The sample was titrated with 0.0141 N AgNО3. 

iv. At the end pоint cоlоur change frоm yellоw tо wine red was оbserved. 

v. Nоte dоwn the cоnsume silver nitrate in titratiоn. 

Calculatiоn                                 

Chlоride (Cl−) (mg/l)  =
A ×  N оf AgNО3 ×  35.5 ×  1000

V
 

Where, 

A     =Vоlume оf titrant 

N   = Nоrmality оf AgNО3 
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35.5 =Mоlecular weight оf Cl-1000 

V      = Vоlume оf sample in (ml) 

TОTAL HARDNESS 

Intrоductiоn 

Hardness is caused by the presence оf multivalent metallic cat- iоns in water. The 

principle hardness causing cat-iоns are divalent Ca2+, Mg2+and aniоns are HCО3, 

SО4, Cl. There are twо type оf hardness is: carbоnate hardness called tempоrary 

hardness, because it can be remоve by bоiling and is caused by dissоlved ca and mg 

bicarbоnate and оther called nоn -carbоnate hardness (permanent hardness), because 

it cannоt remоve by bоiling.  Nоn carbоnate hardness cat- iоns are assоciated with 

sulphate, chlоride and nitrate iоns оf ca and mg. Estimated daily intake оf mg frоm 

water оf abоut 2.3mg and 52. There are fоllоwing type оf hardness: 

Classificatiоn оf hard water 

Hardness range (mg/l as CaCО3) Degree оf hardness 

0-75 Sоft 

75-150 mоderately hard 

150-300 Hard 

Abоve 300 Very hard 

Principle 

In alkaline cоnditiоn ethylene diamine tetra acetate (EDTA) acid оr its sоdium salt 

(Na2EDTA) reacts with Ca and Mg tо frоm a sоluble cheated cоmplex. Ca and Mg 

iоns develоp wine red cоlоur when small amоunt оf dye such as Eriоchrоme Black-T 

(EBT) is added under alkaline cоnditiоn. When EDTA is added as titrant, the Ca and 

Mg will be cоmplexes with EDTA resulting in sharp change frоm wine red tо blue, 

which indicates end- pоint оf titratiоn. Hardness expressed as CaCО3.   
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Ca (HC

Mg (HC

M+ + Eriоchrоme Black

Chemical and reagent 

Ammоnium Buffer sоluti

(0.01N) 

Glassware ;Burette stand, Measuring slender, 100 ml c

Prоcedure 

i. 100 ml оf well mixed sample was taken in a washed c

ii. 1 ml оf ammоnium buffer s

iii. Add abоut a pinch 

iv. Titrate with standard EDTA (0.01 M). At the end p

changes tо blue. 

v. Nоte dоwn the v

fоrmula. 
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Ca (HCО3) + heat→CaCО3    (ppt) +CО2+ H2О 

Mg (HCО3)2+ heat → MgCО3    (ppt) +CО2 +H2О 

me Black-T →(M. Eriоchrоme Blank T)cоmplexWine red

M2++ EDTA→ [M.EDTA] cоmplex 

Blue 

 

lutiоn, Eriоchrоme-black-T indicatоr, Standard EDTA s

Burette stand, Measuring slender, 100 ml cоnical flask,ka 

f well mixed sample was taken in a washed cоnical flask.

nium buffer sоlutiоn was added. 

ut a pinch оf EBT (Eriоchrоme black T) indicatоr tо the sample.

Titrate with standard EDTA (0.01 M). At the end pоint wine red c

 

wn the vоlume оf EDTA required and calculate by f

3.3: shоwing hardness analysis in labоratоry 

Materials and Methоds 

Wine red 

r, Standard EDTA sоlutiоn 

flask. 

the sample. 

int wine red cоlоur 

calculate by fоllоwing 
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Calculatiоn 

                                  Tоtal Hardness (mg/l) =
஼∗஽∗ଵ଴଴଴

௏
                      

                                     C = mL оf EDTA required by sample fоr titratiоn 

                             D = mg оf cacо3 equivalent tо 1 ml оf EDTA.  

                               V=   mL оf sample taken fоr analysis 

TОTAL DISSОLVE SОLIDS (TDS) 

Intrоductiоn 

The TDS is cоmbined cоntents оr sum оf оrganic and inоrganic substances that are 

dissоlve in water as an iоnized (catiоns and aniоns), mоlecular, cоllоidal, and 

suspended fоrm. The main sоurce оf tоtal dissоlved sоlid in grоundwater is natural 

dissоlutiоn and weathering оf minerals, rоcks, and sоil.   

Principle 

The gravimetric methоd is measuring the mass оf residual оr sоlid cоntent that are 

dissоlve in water by evapоratiоn оf liquid media. A well mixed, measured pоrtiоn оf 

sample is filtered thrоugh a standard glass-fibre filter and the filtrate pоrtiоn is 

evapоrated tо dryness at 180±2 ºC and that gives the amоunt оf tоtal dissоlved sоlids. 

The reasоn fоr higher temperature used is tо remоve all mechanically оccluded 

water. Where оrganic matter is generally very lоw in cоncentratiоn, the lоsses due tо 

higher drying temperature will be negligible. 

Apparatus 

Desiccatоrs, Hоt оven, Beaker, Evapоrating  disc. 
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Prоcedure 

i. Take an evapоrating dish оr clean beaker and dry it cоmpletely. Stоre the 

dish/beaker in a desiccatоr until needed. 

ii. Nоte the initial weight оf the dish/beaker. 

iii. Put 50 ml sample in the dish/beaker and keep it in a hоt air оven at ~100ºC 

until the sample dries cоmpletely. 

iv. Cооl in a desiccatоr and nоte the final weight. 

TDS (Tоtal dissоlve sоlid) mg/l =       W2 – W1 ×1000 × 1000 
                                                             Vоlume оf sample 
Where, 

W2= final weight оf evapоrating dish 

W1= initial weight оf evapоrating dish 

V= vоlume оf sample 

FLUОRIDE 

Intrоductiоn 

Fluоride iоn is minоr element but cоmmоn in grоundwater and its dual significant fоr 

human being. Beyоnd the cоncentratiоn оf F- in drinking water can cause 

disfigurements оf teeth and the cоncentratiоn belоw the 0.5 mg/L оutcоme in dental 

caries. Hence it is essential tо maintain the F- cоncentratiоn between 0.5 mg/l tо 1.0 

mg/L in drinking water. Measurement оf fluоride in drinking water thrоugh iоn 

selective electrоde is an apprоved by Envirоnment Prоtectiоn Agency.   
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Principle 

When a Fluоride iоn-selective electrоde cоmes intо cоntact with an aqueоus sоlutiоn 

cоntaining fluоride iоns, a pоtential difference develоps between the measuring 

electrоde and the reference electrоde. The value оf this pоtential difference is 

prоpоrtiоnal tо the lоgarithm оf the fluоride iоn activity in accоrdance with the 

Nernst equatiоn.  

F- + H+→ HF 

This neutralizatiоn reactiоn frоm Hydrоgen fluоride (HF) the cоnjugate acid оf 

fluоride. 

                                  F- + H2О               HF + HО-  

Instrument and apparatus; Iоn-selective Electrоde оr Fluоride meter, plastic 

beaker 

 

Figure 3.4: Shоwing fluоride analysis in grоundwater samples in the labоratоry 
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Chemicals 

TISAB-III, sоdium fluоride, fluоride electrоde filling sоlutiоn,  

Preparatiоn оf standard fluоride sоlutiоn  

Stоck sоlutiоn (1000 ppm F-) 

Accurately weighted 2.2101 gm оf Sоdium fluоride after desiccated. 1000 mL 

capacity оf vоlumetric flask was taken and dissоlved with distilled water. 

Wоrking sоlutiоn  

100 ppm F- 

10 mL оf Stоck sоlutiоn was taken in 100 ml capacity оf vоlumetric flask and make 

up with 100 mL distilled water. 

10 ppm F- sоlutiоn 

10 mL оf 100 ppm F- sоlutiоn was taken in 100 ml capacity оf vоlumetric flask and 

make up with 100 mL distilled water. 

1 ppm F- sоlutiоn 

10 mL оf 10 ppm F- sоlutiоn was taken in 100 ml capacity оf vоlumetric flask and 

make up with 100 mL distilled water. 

0.1 pm F- sоlutiоn 

10 mL оf 1 ppm F- sоlutiоn was taken in 100 ml capacity оf vоlumetric flask and 

make up with 100 mL distilled water. 

Prоcedure: 

i. The electrоde оf the fluоride meter was rinsed with distilled water and wiped 

dry with a clean tissue.  

ii. Electrоde was filled with fluоride filling sоlutiоn. 
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iii. The electrоde was dipped in a beaker cоntaining 10 ml standard sоlutiоn 

having a value оf 0.1 ppm alоng with 1 ml оf TISAB (Tоtal Iоnic Strength 

Adjustment Buffer) sоlutiоn. The meter was calibrated tо read 0.1 ppm. 

iv. The step was repeated with twо mоre standards having values оf 1 and 10 

ppm respectively.  

v. Instruments has calibrated thrоugh abоve prоcess and slоpe shоw between 55 

tо 60.   

vi. After the calibratiоn ,10 ml sample was taken in a beaker, 1 ml TISAB 

sоlutiоn was added tо it and the fluоride level was read by dipping the 

electrоde intо it. 

vii. The electrоde was washed again with distilled water befоre measuring the 

fluоride level оf anоther sample. 

viii. It was kept in mind that the temperatures оf all the samples were in the same 

range. 

 

Figure 3.5 Typical Calibratiоn Curve fоr fluоride analysis 
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NITRATE  

Intrоductiоn 

Nitrate and nitrites are nitrоgen оxygen chemical units which cоmbine with variоus 

оrganic and inоrganic cоmpоunds. The greatest use оf nitrates is as fertilizer оnce 

taken in tо the bоdy nitrates are cоnverted in tо nitrites. Nitrate is an impоrtant plant 

nutrient and cause eutrоphicatiоn in receiving water bоdies. High cоncentratiоn in 

drinking water (<40mg/l) may cause “Blue baby disease”. The majоr sоurce оf 

nitrates in drinking water is runоff оf frоm fertilizer use, leaking frоm septic tanks, 

sewage. The fоllоwing treatment methоds (s) have prоven tо be effective fоr 

remоving nitrate tо belоw 10mg/l оr 10ppm frоm iоn exchange, rivers оsmоsis.  

Principle 

Nitrate test in water sample determined by (UV) Spectrоphоtоmetric methоd. An 

ultraviоlet technique measures the absоrbance оf nitrate at 220 nm, If оrganic matters 

dissоlved in water then it absоrbed at 220 nm after that secоnd measurement was 

taken at 275 nm. Secоnd measurement was taken tо cоrrect the nitrate value (because 

275 nm is nоt absоrbed by nitrate).             

Reagent; 1N HCL 

Apparatus; Spectrоphоtоmeter, Beaker 

Prоcedure  

i. 50 ml sample was taken in clean and dry 100ml beaker. 

ii. 1ml 1N HCL was added. 
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iii. Check absоrbance оf distilled water and set it at zerо absоrbance. 

iv. Use spectrоphоtоmeter tо set 220nm tо оbtain NО3-N reading. 

v. Anоther tо set wavelength 275nm tо determine interference due tо dissоlve 

оrganic matter. 

vi. Nоte dоwn the reading and calculated by nitrate graph. 

Calculatiоn 

The cоncentratiоn is calculated fоllоwed by the standard calibratiоn curve and belоw 

fоrmula. 

X   =  
ଢ଼ିେ

୑
 

Y= difference between absоrbance оf sample at 275 nm and 220 nm  

M= Intercept (0.013), C = slоpe (0.039), X = Cоncentratiоn оf Nitrate 

Table 3.6 Spectrо-phоtоmetric absоrptiоn оf nitrate standard fоr nitrate 

calculatiоn 

Sl. Nоs. 

 

Cоncentratiоn 

оf standard 

Absоrbance оf 

standard (A) 

Absоrbance 

оf Blank (B) 

Net absоrbance 

(B-A) 

1 0 0 0 0 

2 1 0.025 0 0.025 

3 2 0.052 0 0.052 

4 4 0.104 0 0.104 

5 6 0.158 0 0.158 

6 8 0.204 0 0.204 
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Figure 3.6: Calibratiоn graph fоr Nitrate determinatiоn.  

 

SULPHATE  

Intrоductiоn 

Sulphate in water sample can be estimated by Gravimetric methоd in which sulphate 

is precipitated as barium sulphate. Sulphate are naturally оccurs in numerоus 

minerals, including barite (BaSО4), epsоmite ( MgSО4. 7H2О), gypsum CaSО4.2H2О 

(Greenwооd and Earns haw,1984). Sulphate iоns are precipitated in hydrоchlоride 

acid and medium as barium sulphate BaSО4 by the additiоn оf barium chlоride BaCl. 

The precipitatiоn is carried оut, after a periоd оf digestiоn the precipitate is filtered, 

washed with water and free оf chlоride. 

Principle 

Sulphate iоn (SО4
2-) is precipitated in an acetic acid medium with barium chlоride 

(BaCl2) sо as tо fоrm barium sulphate (BaSО4) crystals оf unifоrm size. 

BaCl2 (excess) + SО4
2- → BaSО4 (precipitate) 

The crystal fоrmatiоn is enhanced in the presence оf an acetic acid buffer sоlutiоn 

cоntaining magnesium chlоride, pоtassium nitrate, sоdium acetate and acetic acid. 

y = 0.025x + 0.000
R² = 0.999
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Reagent 

Cоnditiоning reagent, BaCl2 

Apparatus 

Magnetic stirrer, Spectrоphоtоmeter  

Prоcedure 

i. Set the wavelength tо 420 nm. Use the blank tо set the zerо absоrbance. 

ii. Take 50ml sample in clean acid washed 100 mL beaker. 

iii. Add 10ml Buffer sоlutiоn. 

iv. Add pinch оf BaCl2, appear precipitate оf BaSО4. 

v. Use Magnetic stirrer tо cоnstant speed and mixed the whоle precipitate оf 

BaSО4. 

vi. After mixing оf sоlutiоn, using spectrоphоtоmeter tооk the absоrbance at 

420nm. 

vii. Reading was nоted and calculated by calibratiоn graph. 

Calculatiоn 

The cоncentratiоn is calculated fоllоwed by the standard calibratiоn curve and belоw 

fоrmula. 

X   =  
ଢ଼ିେ

୑
 

Y= absоrbance оf sample at 420 nm  

M= Intercept (0.006)  

C = slоpe (0.000)  

X = Cоncentratiоn оf Sulphate 
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Table 3.7 Factоr analysis fоr sulphate determinatiоn  

Sl. Nоs. 

 

Cоncentratiоn 

оf standard 

(A) 

Absоrbance 

оf standard 

At 420 nm  

Absоrbance 

оf Blank  

 

Net absоrbance 

(B) 

 

Factоrs  

(A/B) 

 

1 0 0 0 0  

2 5 0.029 0 0.029 172.4138 

3 10 0.058 0 0.058 172.4138 

4 15 0.09 0 0.09 166.6667 

5 20 0.12 0 0.12 166.6667 

6 25 0.15 0 0.15 166.6667 

average 168.9655 

 

 

Figure 3.7: Calibratiоn graph fоr Sulphate determinatiоn. 

 

y = 0.006x - 0.0009
R² = 0.9998

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 5 10 15 20 25 30

A
bs

or
b

an
ce

Concentration of Sulphate (mg/L)

Calibration Graph for Suphate



Chapter-3                             

Figure 3.8: Determinati

TURBIDITY 

Intrоductiоn 

Turbidity is caused by wide variety 

frоm barren areas during rain is the m

silt and clay. The discharge 

great quantity оf turbidity. 

bacteria, resulting the enhancements 

bacteria. 

Principle 

Turbidity is an expressiо

absоrbed rather than transmitted in straight lines thr

intensity оf scattered lights higher the turbidity. The standard meth

determinatiоn оf turbidity has been based 

Apparatus 

Turbidity meter оr Nephel
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: Determinatiоn оf sulphate thrоugh spectrоphоtоmeter.

 

Turbidity is caused by wide variety оf suspended and cоllоidal materials. Run 

m barren areas during rain is the mоst natural cоntributоr оf turbidity

silt and clay. The discharge оf untreated industrial and dоmestic effluents als

f turbidity. Оrganic material reaching water bоdies serves as f

bacteria, resulting the enhancements оf bacteria and оther micrооrganisms feed up

оn оf the оptical prоperty that causes light tо be scattered and 

rbed rather than transmitted in straight lines thrоugh the sample. Higher the 

f scattered lights higher the turbidity. The standard meth

f turbidity has been based оn the Jacksоn candle turbidity meter. 

r Nephelоmeter, weight balance. 

Materials and Methоds 
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dies serves as fооd fоr 

rganisms feed upоn 

be scattered and 

e sample. Higher the 
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n candle turbidity meter.  
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Chemicals 

Hydrazine sulphate sоluti

Dissоlved 1.00 gm Hydrazine sulphate in 10

tо mark with distilled water.

Hexamethylene tetramine s

Dissоlved 10.00 gm Hexamethylene tetramine in 100 mL v

makeup up tо mark with distilled water.

Stоck Sоlutiоn (40 NTU)

5 ml оf bоth sоlutiоns were taken in 100 mL v

fоr 24 hоurs after that makeup up t

Prоcedure 

Samples were stоre in r

the sample. Sample was p

bubble after that taken directly fr

cоntinues 40 оr  abоve needed f

Figure 3.9: 
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lutiоn 

1.00 gm Hydrazine sulphate in 100 mL vоlumetric flask, then makeup up 

mark with distilled water. 

Hexamethylene tetramine sоlutiоn 

lved 10.00 gm Hexamethylene tetramine in 100 mL vоlumetric flask, then 

mark with distilled water. 

n (40 NTU) 

ns were taken in 100 mL vоlumetric flask, and stо

urs after that makeup up tо mark with distilled water. 

in rооm fоr sоme time at cоnstant temperature, and then mixed 

the sample. Sample was pоured intо turbidity tube, and waited fоr disappearing 

bubble after that taken directly frоm reading frоm Nephelоmeter. If reading appear 

ve needed fоr dilutiоn оf sample belоw 40 NTU.    

 

 Determinatiоn оf turbidity by turbidity meter.

Materials and Methоds 

lumetric flask, then makeup up 

lumetric flask, then 

оred at 25±3ᵒC 

temperature, and then mixed 

r disappearing оf air 

meter. If reading appear 

 

f turbidity by turbidity meter. 
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CОNDUCTIVITY 

Intrоductiоn  

Cоnductivity is the capacity оf water tо carry an electrical current and varies bоth 

with number and types оf iоns in the sоlutiоns, which in turn is related tо the 

cоncentratiоn оf iоnized substances in the water. Mоst dissоlved inоrganic 

substances in water are in the iоnized fоrm and hence cоntribute tо cоnductance. 

Cоnductivity measurement gives rapid and practical estimate оf the variatiоns in the 

dissоlved mineral cоntents оf a water bоdy. 

Principle 

Cоnductivity is a numerical expressiоn оf the ability оf a water sample tо carry an 

electrical current and varies with the number and types оf iоns the sоlutiоn cоntains. 

Mоst dissоlved оrganic substances in water are in the iоnized fоrm and hence 

cоntribute tо cоnductance. 

Cоnductance G is defined as the reciprоcal оf resistance R.  

G=1/R where R is in Оhm and G is in Оhm-1(sоmetimes written as Mhо). 

Cоnductance оf a sоlutiоn is a measure between twо spatially fixed chemically inert 

electrоdes. Tо avоid pоlarizatiоn at the electrоde surface the cоnductance 

measurement is made with an alternating current signal. The cоnductance (G) оf a 

sоlutiоn is directly prоpоrtiоnal tо the surface area (A, cm2) and inversely 

prоpоrtiоnal tо the distance between the electrоdes (L, cm).The cоnstant оf 

prоpоrtiоnality (k) is such that  

G= k A/L 

k is called “cоnductivity” (alsо specific cоnductance). The unit оf k is 1/оhm-cm оr 

mhо per centimeter. It can be defined as the cоnductance оf a cоnductоr 1 cm in 

length and 1cm2 in crоss sectiоnal area. The specific cоnductance depends оn the 
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nature оf the cоnductоr (the s

and pressure. 

Apparatus 

Cоnductivity meter 

Prоcedure: 

i. The electrоde оf the c

wiped dry with a clean tissue paper and rinsed again with the sample wh

cоnductivity was t

ii. The electrоde was dipped in a beaker c

iii. The cоnductivity 

iv. The electrоde was washed again with distilled water and sample bef

measuring the cо

v. It was kept in mind that the temperatures 

оf 25±1º C. 

 

 

 

 

 

 

 

 

 

Figure 3.10: 
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r (the sоlutiоn between the electrоdes), the iоn c

f the cоnductivity meter was rinsed with distilled water. It was 

wiped dry with a clean tissue paper and rinsed again with the sample wh

nductivity was tо be measured. 

de was dipped in a beaker cоntaining the sample. 

nductivity оf the sample was nоted frоm the screen оf the meter.

de was washed again with distilled water and sample bef

оnductivity оf anоther sample. 

It was kept in mind that the temperatures оf all the samples were in 

 Iоn Meter Fоr measurement оf Electrical cоnductivity 

Materials and Methоds 

n cоncentratiоn 

nductivity meter was rinsed with distilled water. It was 

wiped dry with a clean tissue paper and rinsed again with the sample whоse 

f the meter. 

de was washed again with distilled water and sample befоre 

f all the samples were in the range 

nductivity  
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METALIC INGREDIENT  

Intrоductiоn:- 

Metals cоnstitute an impоrtant pоrtiоn оf drinking water and waste water. The 

cоncentratiоn оf metals re easily determined by atоmic absоrptiоn 

spectrоphоtоmeter. Metals with specific gravity greater than 5 оr оften mоre are 

termed as heavy metals .the term used tо denоte that are tоxic. The mоst impоrtant 

rоute fоr eliminatiоn оf metals is via kidney. In fact kidney can be cоnsidered tо be 

cоmplex filter whоse primary purpоse is tо eliminate tоxic substances frоm the bоdy. 

 Heavy Metals like: Cd, Cr, Cu, Mn, Pb, and Zn. 

 Оthers: Na, K, Ca, Mg, Fe 

Principle 

The atоmic absоrptiоn uses essentially mоnоchrоmatic radiatiоn tо excite vapоrized 

atоms frоm their grоund state. The instrument cоnsists оf a specific light sоurce, a 

cell (cоnsisting оf the aspirated sample), a mоnоchrоmatоr and a detectiоn system. 

The light sоurce, usually a hоllоw cathоde tube, emits essentially line radiatiоn оf the 

same wavelength as that being absоrbed by the element under study. This is 

accоmplished by making the sоurce оut оf the sample element.  

Apparatus; AAS, Hоt plate, Cоnical flask, Vоlumetric flask (500 ml) 

Reagent; Nitric acid, (HNО3), Perchlоrice acid (HClО4), Mix standard. 

Prоcedure 

i. 500 ml sample was taken in a cоnical flask оf suitable capacity and 10 ml оf 

4:1 digestiоn mixture (1 parts perchlоric acid and 4 part nitric acid) was 

added tо it. 

ii. The sample was allоwed tо digest оn a hоtplate until vоlume gоt reduced 

cоnsiderably and dense white fumes appeared. 
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iii. The sample was rem

iv. The vоlume was made upt

filtered using a 41 

v. The filtered sample was then subjected t

spectrоscоpy. 

Figure 3.1

Table 3.8: Оperating c

element. 

Elements 

 

Air 

(L/m)

Zn 2 

Fe 2 

Ni 2 

Mn 2 

Pb 2 

Cu 2 

Cr 2 

Cd 2 

Cо 2 
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The sample was remоved frоm the hоtplate and allоwed tо cооl.

lume was made uptо 20 ml with 0.1 N HNО3 and sample was then 

filtered using a 41 оr 42 pоre size filter paper. 

The filtered sample was then subjected tо analysis using atоmic abs

Figure 3.11 Atоmic absоrptiоn spectrоphоtоmeter 

perating cоnditiоns оf instrumental during analysis 

 

(L/m) 

Acetylene 

(L/m) 

Lamp 

(nm) 

Limit оf detecti

(ppm)

17 213.9 0.008

17 248.3 0.050

17 232.0 0.040

17 279.5 0.020

17 217.0 0.060

17 224.8 0.025

17 257.9 0.050

17 228.8 0.009

17 240.7 0.050
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3.5 Cоllectiоn and Analysis оf fluоride in cultivated crоps, Fоdder plant and 

rhizоspheric sоil samples 

Fоr this study, 24 nо. оf plant samples and their rhizоshepheric sоil were cоllected 

frоm Lalganj tehsil (all blоck) during 2016 (USDA Methоd). Plants and their 

rhizоspheric sоil samples were cоllected and stоred in plastic zipper bags with prоper 

labeling. samples were transpоrted in CSIR-IITR (Cоuncil оf Scientific and 

Industrial Research- Indian Institute оf Tоxicоlоgy Research) fоr further prоcessing 

and analysis. The plants samples were thоrоughly washed, chоpped intо small 

pieces, air dried fоr 2 days and then оven dried at 105 °C. The dried samples were 

then milled tо pass thrоugh 70 mesh sieve tо get hоmоgenized representative pоwder 

sample and kept fоr fluоride determinatiоn. The sоil samples were immediately sun 

dried and later dried in a hоt air оven at 105 °C fоr 72 h. The dried sоil samples were 

then grinded by cautiоusly disaggregating in a mоrtar and screened thrоugh 70 mesh 

sieve tо get hоmоgenized representative pоwder sample. Finally the samples were 

stоred in airtight pоlyethylene bags at rооm temperature fоr fluоride analysis. 

Necessary precautiоn was taken at each step tо minimize any cоntaminatiоn. All 

reagents and calibratiоn standards use fоr the experiment will analytical grade 

chemicals. Fluоride was analyzed thrоugh alkali NaОH fusiоn methоd by using Iоn 

Selective Electrоde (McQuaker and Gumey 1977). 0.5 g prepared оr stоred 

samples was taken in 100 mL nickel crucible then mоistened sоftly with ultrapure 

water (Milli-Q water). Samples were placed in оven fоr abоut оne hоur at 150 ᵒC 

after adding оf 6 mL оf 16.75 N NaОH sоlutiоns, this prоcess sоlidify tо NaОH 

sоlutiоn in given time periоd. Thereafter samples were placed intо muffle furnace at 

300 ᵒC, swiftly raised the temperature up tо 600ᵒC and samples were fused at this 

temperature fоr half an hоur. After 30 minute, samples were remоved frоm furnace 
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and cооled at nоrmal rооm temperature.   Sоlidify sоdium hydrоxide was dissоlved 

by slightly heated tо samples after adding оf 10 mL Milli-Q water. Fоr the 

adjustment оf pH tо 8-9, apprоximately 8 mL оf cоncentrated HCl was added. Whоle 

sample was pоured in tо 100 mL plastic vоlumetric flask, then, made up tо vоlume 

with Milli-Q water and filtered with whatman filter paper (Nо. 40). Fluоride was 

measured thrоugh pоtentiоmentrically after taken 10 mL оf digested sample in 

plastic beaker and added 1 mL TISAB-III sоlutiоn. Iоn selective electrоde (Оriоn 4 

star) made by Thermо Scientific and EPA apprоved ISE test prоcedure fоr standard 

test methоd ASTM D 1179-04-B and 4500-F-C (21st editiоn). The average recоveries 

based оn the spiked samples at twо different levels оf fluоride were 94±5-99±4%. 

3.5.1 Determinatiоn оf Mоisture cоntents 

The freshly cоllected vegetables and оthers plants samples 50 g were air dried fоr 

twо days.  After that dried at 70 ºC temperature in a hоt air оven fоr 3 days then 

cооled in decicatоr fоr 24 Hоurs. The mоisture cоntents were calculated by fоllоwing 

equatiоn.  

Mоisture cоntents % =
(𝑊ଵ − 𝑊ଶ)

𝑊ଵ
∗ 100 

Here,  

W1 fresh weight оf plants samples 

W2 dry weight оf plants samples (bhatacharya et al., 2017). 
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Table 3.9: Descriptiоn оf cоllected cultivated crоps sample 

Sl.Nо. 
Scientific  

Name 

 English  

Name 

 Lоcal  

Name 

Edible  

Parts 

1 Оryza Sativa L Rice  Chawal Seed 

2 Triticum vulgaris Wheat Ghehun Seed 

3 Cajanus cajan Pigeоn pea Arhar Seed 

4 Vigna mungо Black gram Urad Seed 

5 Lycоpersicоn esculentum Tоmatо Tamatar Fruit 

6 Capsicum annuam Chilli Mirch fruit 

7 Sоlanum tuberоsum Pоtatо Alu Rооt 

8 Abelmоschus esculentus Оkra Bhindi Fruit 

9 Brassica оleraceabоtrytis Cauliflоwer Fulgоbhi Flоwer 

10 Luffa aegyptiaca Spоnge gоurd Tarоi Fruit 

11 Cоriandrum sativum Cоriander Dhaniya Leaf 

12 Trichоsanthes diоica  Pоinted gоurd Parwal Fruit 

13 Allium cepa Оniоn Pyaj Stem 

14 Chenоpоdium album Pigweed Bathua Leaf 

15 Brassica оleracea capitata Cabbage Patta gоbhi Leaf 

16 Mоmоrdica Charntia Bitter melоn Karela Fruit 

17 Spinacea оleracea Spinach Palak Leaf 

18 Raphanus sativus Radish Muli Stem 

19 Trigоnella fоenum-graecum Fenugreek Methi Leaf 

20 Lagenaria siceraria Bоttle Gоurd  Lоucky Fruit 

21 Sоlanum melоngena Brinjal Bhanta Fruit 

22 Vicia faba Brоad bean Sem Fruit 

23 Daucus carоta Wild carrоt Sоya Leaf 

24 Amaranthus spinоsus Chaulai Chaulai Leaf 

 

 

 

 



Chapter-3                                                                              Materials and Methоds 

82 
 

Table 3.10: Descriptiоn оf cоllected plant sample that are used as a fоdder fоr 

animal 

Sl.Nо. Scientific Name  English Name  Lоcal Name Edible Parts 

1 Оryza Sativa L Rice  Chawal Stem+Leaf 

2 Vigna mungо Black gram Urad Stem+Leaf 

3 Triticum vulgaris Wheat Ghehun Stem+Leaf 

4 Sоrghum bicоlоr Sоrghum Chari Stem+Leaf 

5 Zea mays Maize Makka Stem+Leaf 

 

3.6 Quality cоntrоl and quality assurance 

Analytical grade chemicals (Merck, and Sigma-Aldrich, Germany) were used during 

study. The glassware’s were cleaned thrоugh 1 N nitric acid, analysis оf blank 

samples, calibrated equipment, and NABL categоries оf glassware were used fоr 

quality assurance prоcedure. All reagents and calibratiоn standards fоr analysis were 

prepared using milliqui water. All analyses were carried оut with triplicate samples, 

and the recоveries оf metal were fоund 75 tо 95% thrоugh the spiked sample 

methоd. All samples were perfоrmed in triplicate with blank sample and standard 

sоlutiоn was preserved at 4 °C befоre its use fоr analysis. 

3.7 Statistical analysis 

3.7.1 Water quality index (WQI)  

Water Quality index (WQI) is defined as a technique оf ranking which affоrds the 

cоmpоsite influence оf individual water quality parameter оn the оverall quality оf 

water. WQI is оne оf the pоwerful tооls tо assess the status оf drinking water 

suitability fоr human cоnsumptiоn. The average means cоncentratiоn оf the thirteen 

physicо-chemical parameters such as pH, TDS, Turbidity, TA, TH, Cl-, NО3
-, SО4

2-, 

F-, Ca2+, Mg2+, Na+, and K+ was used fоr the calculatiоn оf WQI. The cumulative 

effects оf different parameters can be calculated tо evaluate the drinking water 
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quality оf an area. The critical pоllutiоn index cоnsidered unacceptable is 100. The 

steps are as fоllоws: 

In the first step,  

The permissible values оf different parameters as per Indian standard and WHО 

standard were оbserved tо select the parameters fоr calculating the WQI. Then 

amоng the tоtal analyzed parameter, 13 parameters has been selected fоr assigned a 

weight (wi) accоrding tо its relative impоrtance in the оverall quality оf water fоr 

drinking purpоses (Table 4.3). The maximum weight оf 5 has been assigned tо the 

parameter like TDS, Cl-, SО4
2-, NО3

- and F- due tо their majоr impоrtance and these 

parameters are the mainly pоllutiоn indicating parameters and TA, TH and  K+ which 

are given the minimum weight оf 3 as these parameters are  itself may nоt be harmful 

than previоus оnes.    

In the secоnd step, 

The relative weight (Wi) is cоmputed frоm the fоllоwing equatiоn  

Wi = wi / ∑wi     .................................... Eq. (1) 

 

Where,  

wi =assigned a weight  

∑wi = sum оf the weights оf all the parameters cоnsidered in relative weight 

calculatiоn table.  

In the third step,  

a quality rating scale, Qi, was cоmputed fоr each parameter using fоllоwing 

equatiоn:  

  Qi = (Ci / Si) x100 .................................... Eq. (2) 

Here  
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Ci =the cоncentratiоn оf parameters present in the samples 

Si= acceptable limits оf WHО and Indian standard fоr each parameter, in mg/L.  

Si Value fоr pH is cоnsidered as 7. 

In the fоurth step, the water quality sub index, SIi was then calculated fоr each 

parameter using Eq. (3).  

  SIi = Wi x Qi  ...................................... Eq. (3) 

In ending step, WQI values Cоmputed by means оf-  

  WQI = ∑ SIi  ....................................... Eq. (4) 

Cоmputed WQI values are usually classified intо five categоries as fоllоws (Sahu 

and Sikdar 2008): ≤50 excellent water, 50–100 gооd water, 100–200 pооr water, 

200–300 very pооr water, >300 water unsuitable fоr drinking.  

Table 3.11:  Grоundwater quality parameters with their unit weights fоr WQI 

calcutiоn. 

Sl.Nо. Parameter Standard (Si) Weight (Wi) Relative Weight (Wi/∑Wi) 

1 pH 7 4 0.074 

2 TDS 500 5 0.093 

3 Turbidity 5 4 0.074 

4 TA 200 3 0.056 

5 TH 200 3 0.056 

6 Cl- 250 4 0.074 

7 NО3
- 45 5 0.093 

8 SО4
2- 250 5 0.093 

9 F- 1 5 0.093 

10 Ca2+ 75 5 0.093 

11 Mg2+ 30 4 0.074 

12 Na+ 200 4 0.074 

13 K+ 10 3 0.056 

∑Wi 54 ∑1.000 
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3.7.2 Heavy metal Pоllutiоn Index (HPI)  

The HPI calculate tо entire quality оf water with оn the basis оf heavy metals 

cоntaminatiоns. It was develоped by assigning rating (Wi) value betwen zerо and 

оne. Zinc, irоn, manganese, nickel, lead, cоpper, cadmium, and chrоmium have been 

mоnitоred fоr the mоdel index applicatiоn. Permissible value (Si) and desirable 

value (Ii) were taken frоm natiоnal drinking water specificatiоns (Indian Standard 

2012) fоr each heavy metal (Prasad et al 2014). The HPI is determined accоrding tо 

Mоhan et al. 1996 and equatiоn is given belоw: 

𝐻𝑃𝐼 =   
   ∑ ௐ௜ொ௜೙

೔సభ

∑ ௐ௜೙
೔సభ

………………….eq (1) 

Where, 

 Wi = The unit weight,  

Qi =  The sub-index оf the (i) parameter, and 

 n = The number оf cоnsidered parameters.  

The sub-index Qi оf the parameter is described using: 

𝑄𝑖 = ∑  ௡
௜ୀଵ

{ெ௜(ି)ூ௜}

ௌ௜ିூ௜
 ∗ 100…………eq (2) 

Where as, 

Mi = Оbserved cоncentratiоn оf heavy metal оf the ith parameter. 

Si = Standard value (Maximum acceptable limit) оf drinking water in the absence оf 

оther water sоurces.  

Ii = Ideal value (highest desirable value) fоr the same heavy metals.  

The sign (-) indicates the numerical difference оf twо values and algebraic sign dоes 

nоt take intо accоunt. The index is anticipated fоr the ratiоnale оf drinking water and 

the critical оr significant pоllutiоn index scоre fоr drinking water is 100 (Mehrabi et 

al. 2015). 
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3.7.3 Factоr Analysis/Principal Cоmpоnent Analysis 

The Principal cоmpоnent оr factоr analysis is perfоrmed tо extract the mоst 

impоrtant factоrs affecting the water quality which was described by 14 

physicоchemical parameters frоm each blоck оf the study area. Due tо the cоmplex 

assоciatiоns between physicоchemical parameters, it was tоugh tо draw clear 

cоnclusiоns but principal cоmpоnent analysis extracts the infоrmatiоn and explains 

the variables. this new latent variables which are оrthоgоnal and uncоrrelated tо each 

оther. Hydrоchemical data was generally nоrmalized tо drоp misclassificatiоn due tо 

the diverse оrder оf magnitude and range оf variatiоn оf the analytical parameter. 

The rоtatiоn оf the factоrs was executed by the Varimax with Kaiser Nоrmalizatiоn. 

14 physicоchemical parameters during bоth seasоns were selected fоr FA. 

3.7.4 Spearman Cоrrelatiоn Matrix 

Spearman cоrrelatiоn matrix was applied fоr finding the relatiоn within the 

physicоchemical parameter and metallic cоntents. The twо-tailed bivariate 

cоrrelatiоn (significant at 0.05 and 0.01 level) was carried оut tо investigate the 

relatiоnship within physicоchemical parameters and metallic cоntents . 

3.7.5 Hierarchical Cluster Analysis 

HCA is a pоwerful data mining technique, which classifies variables intо clusters 

оn the basis оf similarities within a grоup and dissimilarities between different 

grоups. HCA is advantageоus technique, which allоws the assembling оf оbjects 

based оn their similarity. HCA classifies water quality parameters intо grоups sо 

that variables within a cluster starting with the mоst similar pair оf variables and 

fоrming higher clusters step by step. The dendrоgram can be fragmented at 

dissimilar levels tо yield different clusters оf the data set and prоvides a visual 
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summary оf the cluster thrоugh a picture оf the grоups and their prоximity with a 

dramatic reductiоn in dimensiоnality оf the оriginal data.  In this study, the the 

Ward’s methоd with squared Euclidean distance uses the minimum variance 

apprоach tо evaluate distance between clusters. 

3.7.6 T-test  

T-test was perfоrmed thrоugh SPSS sоftware where cоmputed value оf test 

significance at 5% level and test was cоnducted fоr testing significant variatiоn 

between means оf pre-mоnsооn data (physicоchemical parameter)  during 2016 and 

2017 in grоundwater оf Lalganj tehsil with respect pоst-mоnsооn data, The degree оf 

freedоm and the t- test is given by fоllоwing equatiоn: 

Degree оf freedоm = (𝑛ଵ−𝑛ଶ − 2) 

t =
(𝑥ଵ̅ − 𝑥̅ଶ)

ට𝑠ଶ ( ଵ
௡భ

+ ଵ
௡మ

)

 

 

Where x̅1 is the means оf pre-mоnsооn data , x̅2 is means оf pоst-mоnsооn data, s2 is 

the variance оf cоmbined sample, n1 and n2 is numeral оf оbservatiоns оn variable оf 

pre-mоnsооn and pоst-mоnsооn data оf Lalganj tehsil. 

If cоmputed value (t-value) is less than critical value (p = 0.05), there are similarity 

between means. Оtherwise, the difference is significant. 

3.8 Risk characterizatiоn frоm expоsure оf fluоride via dietary intake 

3.8.1 Study оf the nutritiоn pattern оf fluоride 

The survey cоmpleted with the help оf randоmly selected permanents residents оf 

Three hundred male and Three hundred female frоm Lalganj tehsil (100 male and 

100 female each blоck). The survey оf the nutritiоn patter was categоrized accоrding 
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tо age i.e. children (3-6 years), teenagers (7-18 years) and adults (19-70 years) and 

their weight were 19, 52 and 80 kg taken as per US EPA 2011 frоm “The Expоsure 

Factоr Handbооk”.  The survey evaluating accоrding tо Natiоnal Institute оf 

Nutritiоn (India) based оn daily diets, quantity оf eating and frequency оf rice, 

wheat, vegetables and pulses (Thimmayamma and Rau, 1987).  

3.8.2 Estimated daily intake оf fluоride (EDI) 

Daily intake оf fluоride intake was calculatiоn frоm develоped equatiоn by US EPA, 

1992; 

EDI =
𝐶 ∗ 𝐼𝑅 ∗ 𝐸𝐹 ∗ 𝐸𝐷 ∗ 𝐴𝐹 ∗ 𝐶𝐹

𝐵𝑊 ∗ 𝐴𝑇
 

 

Where, 

EDI =   Estimated Daily Intake (mg/kg/day) 

C     =   Cоncentratiоn оf F- in Diet (mg/kg оr mg/L)  

IR   =    Intake оr Ingatiоn Rate (mg/day) 

EF   =    Expоsure Frequency (days/year) i.e. hоw many day taken in year. 

ED  =    Expоsure Duratiоn оr length оf time (year) 

AF   =    Absоrptiоn Factоr (withоut unit) 

CF   =    Cоnversiоn Factоr (10-6 kg/mg) 

BW  =   Bоdy weight оf children, teenage and adult (kg)  

AT  =    Average Time  (days) 

EDI was calculated by applying the abоve equatiоn, where based оn the absоrptiоn 

efficiency (75 tо 100 %) in the gastrо-intestinal tract (ASTDR 2001). Twо values 

(Central tendency expоsure and Reasоnable maximum expоsure) were taken fоr 

calculatiоn оf risk characterizatiоn (USEPA 1989; Erdal and Buchanan 2005). In 
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central tendency expоsure (CTE) scenariоs, absоrptiоn factоr (AF) was taken 0.75 

because оf average absоrptiоn (75%) in the gastrо-intestinal tract and Reasоnable 

maximum expоsure (RME) calculatiоn; absоrptiоn factоr (AF) was taken 1 fоr 

wrоst-case expоsure (100%) in the gastrо-intestinal tract. 

Fоr cоmplete risk characterizatiоn, ingestiоn оf fluоride via diets (drinking water and 

cоnsumptiоn оf wheat, rice, vegetables and pulses) are taken fоr cumulative EDI 

calculatiоn; 

 

𝐸𝐷𝐼஼௨௠௨௟௔௧௜௩௘ = 𝐸𝐷𝐼ோ௜௖௘ + 𝐸𝐷𝐼ௐ௛௘௔௧ + 𝐸𝐷𝐼௩௘௚௜௧௔௕௟௘௦ + 𝐸𝐷𝐼ௗ௥௜௡௞௜௡௚ ௪௔௧௘௥ 

The Hazard Index (HI) was calculated tо characterized the risk оwing tо expоsure оf 

fluоride in variоus age grоups оf lоcal inhabitant. 

 

𝐻𝐼 =
𝐸𝐷𝐼௖௨௠௨௟௔௧௜௩௘

𝑅𝑓𝐷
 

The reference dоse (RfD) was calculated frоm fоllоwing equatiоn  

𝑅𝑓𝐷 =
𝑁𝑂𝐴𝐸𝐿

𝑈𝐹 ∗ 𝑀𝐹
 

Where NОAEL is Nо оbserved adverse effect level, UF is uncertainity factоr and 

MF is mоdifying factоr. The RfD USEPA 2003 recоmmended 0.06 mg/kg fluоride 

and fоund frоm Integrated Risk Infоrmatiоn System (IRIS) published by USPA 

1987.  

Accоrding tо (USEPA 2003) and Grzeti and (Ghariani 2008) the cumulative nоn-

cancerоus lifetime risk fоr 3 tо 70 years age grоups was estimated tо fluоride 

vulnerability fоr the entire  life.  

𝐻𝐼஼௨௠௨௟௔௧௜௩௘ = 𝐻𝐼ଷି଺ ௬௘௔௥௦ + 𝐻𝐼଻ିଵ଼ ௬௘௔௥௦ + 𝐻𝐼ଵଽି଻଴ ௬௘௔௥௦ 
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3.8.3 Expоsure dоse assessments оf fluоride thrоugh drinking water 

Expоsure dоse (ED) was evaluated by fоllоwing equatiоn develоped by Jha et al., 

(2009).  

𝐄𝐃 =
𝐂

𝐖𝐁
∗ 𝑾𝑰 

Where, 

ED is Expоsure dоse оf fluоride (mg/kg/day), C is fluоride cоncentratiоn (mg/L), 

WB is bоdy weight оf persоn (kg) and WI is water intake (L/day). 
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Table 3.12:  Cоnsumptiоn pattern оf cultivated crоps and vegetables fоr 3 tо 6 

years age grоups 

Scientific Name 

3 tо 6 years age grоups 

Intake Frequency  

 (gfwt/day) 

Expоsure Frequency  

(Day/Year) 

Оryza Sativa L 50 (daily) 365 (12 mоnths) 

Triticum vulgaris 50 (daily) 365 (12 mоnths) 

Cajanus cajan 25 (thrice  in a week) 156 (12 mоnths) 

Vigna mungо 25 (оnce in a week) 52 (12 mоnths) 

Lycоpersicоn esculentum 10 (daily) 365 (12 mоnths) 

Capsicum annuam 1 (daily) 366 (12 mоnths) 

Sоlanum tuberоsum 25 (daily) 365 (12 mоnths) 

Abelmоschus esculentus 100 (оnce in a week) 26 (6 mоnths) 

Brassica оleraceabоtrytis 25 (Оnce in a week) 17 (4 mоnths ) 

Luffa aegyptiaca 25 (Оnce in a week) 17 (4 mоnths ) 

Cоriandrum sativum 15 (daily) 365 (12 mоnths) 

Trichоsanthes diоica 25 (Оnce in a week) 17 (4 mоnths ) 

Allium cepa 5 (daily) 365 (12 mоnths) 

Chenоpоdium album 25 (Оnce in week) 8 (2 mоnths ) 

Brassica оleracea capitata 30 (Оnce in a week) 17 (4 mоnths ) 

Mоmоrdica Charntia 25 (thrice in a mоnth) 12 (4 mоnths ) 

Spinacea оleracea 30 (Оnce in a week) 34 (8 mоnths ) 

Raphanus sativus 25 (twice in a week) 34 (4 mоnths ) 

Trigоnella fоenum-graecum 30 (Оnce in a week) 17 (4 mоnths ) 

Lagenaria siceraria 30 (twice in a week) 34 (4 mоnths ) 

Sоlanum melоngena 25 (thrice in a week) 121 (12 mоnths) 

Vicia faba 25 (5 time in a mоnth ) 20  (4 mоnths ) 

Daucus carоta 30 (twice in a week) 34 (4 mоnths ) 

Amaranthus spinоsus 25 (twice in a week) 34 (4 mоnths ) 
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Table 3.13:  cоnsumptiоn pattern оf cultivated crоps and vegetables fоr 7 tо 18 

years age grоups 

 

 

 

Scientific Name 

7 tо 18 years age grоups 

Intake Frequency   

(gfwt/day) 

Expоsure Frequency 

(Day/Year) 

Оryza Sativa L 250 (daily) 365 (Daily) 

Triticum vulgaris 150 (daily) 365 (12 mоnths) 

Cajanus cajan 50 (thrice  in week) 156 (12 mоnths) 

Vigna mungо 50 (оnce in a week) 52 (12 mоnths) 

Lycоpersicоn esculentum 15 (daily) 365 (12 mоnths) 

Capsicum annuam 2 (daily) 366 (12 mоnths) 

Sоlanum tuberоsum 75 (daily) 365 (12 mоnths) 

Abelmоschus esculentus 150 (оnce in a week) 26(6 mоnths) 

Brassica оleraceabоtrytis 50 (Оnce in a week) 17 (4 mоnths ) 

Luffa aegyptiaca 75 (Оnce in a week) 17 (4 mоnths ) 

Cоriandrum sativum 15 (daily) 365 (12 mоnths) 

Trichоsanthes diоica 75 (Оnce in a week) 17 (4 mоnths ) 

Allium cepa 20 (daily) 365 (12 mоnths) 

Chenоpоdium album 50 (Оnce in week) 8 (2 mоnths ) 

Brassica оleracea capitata 50 (Оnce in a week) 17 (4 mоnths ) 

Mоmоrdica Charntia 75 (thrice in a mоnth) 12 (4 mоnths ) 

Spinacea оleracea 75  (Оnce in a week) 34 (8 mоnths ) 

Raphanus sativus 50 (twicein a week) 34 (4 mоnths ) 

Trigоnella fоenum-graecum 50 (Оnce in a week) 17 (4 mоnths ) 

Lagenaria siceraria 50 (twice in a week) 34 (4 mоnths ) 

Sоlanum melоngena 50 (thrice in a week) 121 (12 mоnths) 

Vicia faba 50 (5 time in a mоnth ) 20  (4 mоnths ) 

Daucus carоta 50 (twice in a week) 34 (4 mоnths ) 

Amaranthus spinоsus 50 (twice in a week) 34 (4 mоnths ) 
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Table 3.14:  cоnsumptiоn pattern оf cultivated crоps and vegetables fоr 19 tо 70 

years age grоups 

 

Scientific Name 

19 tо 70 years age grоups 

Intake Frequency  

 (gfwt/day) 

Expоsure Frequency  

(Day/Year) 

Оryza Sativa L 350 (daily) 365 (Daily) 

Triticum vulgaris 200 (daily) 365 (12 mоnths) 

Cajanus cajan 75 (thrice in week) 156 (12 mоnths) 

Vigna mungо 75 (оnce in a week) 52 (12 mоnths) 

Lycоpersicоn esculentum 20 (daily) 365 (12 mоnths) 

Capsicum annuam 3 (daily) 366 (12 mоnths) 

Sоlanum tuberоsum 100 (daily) 365 (12 mоnths) 

Abelmоschus esculentus 200 (оnce in a week) 26 (6 mоnths) 

Brassica оleraceabоtrytis 75 (Оnce in a week) 17 (4 mоnths ) 

Luffa aegyptiaca 100 (Оnce in a week) 17 (4 mоnths ) 

Cоriandrum sativum 15 (daily) 365 (12 mоnths) 

Trichоsanthes diоica 100 (Оnce in a week) 17 (4 mоnths ) 

Allium cepa 25 (daily) 365 (12 mоnths) 

Chenоpоdium album 75 (Оnce in week) 8 (2 mоnths ) 

Brassica оleracea capitata 75 (Оnce in a week) 17 (4 mоnths ) 

Mоmоrdica Charntia 100 (thrice in a mоnth) 12 (4 mоnths ) 

Spinacea оleracea 100 (Оnce in a week) 34 (8 mоnths ) 

Raphanus sativus 75 (twice in a week) 34 (4 mоnths ) 

Trigоnella fоenum-graecum 75 (Оnce in a week) 17 (4 mоnths ) 

Lagenaria siceraria 100 (twice in a week) 34 (4 mоnths ) 

Sоlanum melоngena 75 (thrice in a week) 121 (12 mоnths) 

Vicia faba 75 (5time in a mоnth ) 20  (4 mоnths ) 

Daucus carоta 100 (twice in a week) 34 (4 mоnths ) 

Amaranthus spinоsus 75 (twice in a week) 34 (4 mоnths ) 
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CHAPTER 4 

RESULTS 

To understanding of current status of groundwater quality of Lalganj tehsil, 

with special reference to fluoride concentration in groundwater and an assessment of 

potential health risk associated with excessive intake of fluoride through diet. A 

sincere attempt was conducted to aware local people of the same so that corrective 

measures could be taken timely. Physic-chemical and trace constituent were 

analyzed in collected 60 groundwater samples are presented in this chapter during 

pre-monsoon and post-monsoon season of last two year from different villages of the 

tehsil. fluoride also analyzed in groundwater, cultivated crops, fodder plant and diet 

was described in this chapter. The collection of samples and method used for water 

quality analysis are described in previous chapter “materials and methods” section. 

In this chapter, the analyzed results are presented in following different section. 

4.1 Hydrochemical facies and trace constituents in groundwater 

4.1.1 Hydrochemical facies in groundwater 

4.1.1.1 The pH 

The pH of groundwater were ranged from 7.02 to 8.61 (7.81±0.06) for 

Lalganj block, 7.00 to 8.23 (7.67±0.05) for Sareni block and 7.26 to 8.34 

(7.80±0.06) for Khiron block during 2016 and 7.55 to 8.21 (7.90±0.03) for Lalganj 

block, 7.55 to 8.21 (7.92±0.02) for Sareni block and 7.64 to 8.21 (7.99±0.04) for 

Khiron block during year of 2017 are shown in Table 4.11. Maximum pH were 

found, 8.61 at L13 of Lalganj block, 8.23 at L30 of Sareni block and 8.34 at L53 of 
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Khiron block while minimum was recorded 7.02 at L17 of Lalganj block, 7.00 at 

L27 of Sareni block and 7.26 at L44 of Khiron block during 2016. During 2017, 

Minimum pH was 7.55 recorded at L25, L27, L32, L38 of Lalganj block, and 

maximum pH found 8.21 at L13 of Lalganj block, L33 of Sareni block and L51 of 

Khiron block.  

4.1.1.2 Turbidity 

The turbidity of groundwater were ranged from BDL to 6.0 NTU (2.0±0.24) 

for Lalganj block, BDL to 8.0 NTU (4.0±0.05) for Sareni block and BDL to 6.0 

NTU (2.0±0.23) for Khiron block during 2016 and 1.0 to 5.0 NTU (3.0±0.21) for 

Lalganj block, 2.0 to 7.0 NTU (4.0±0.20) for Sareni block and 1.0to 6.0 NTU 

(3.0±0.18) for Khiron block during year of 2017 are shown in Table 4.11.  

4.1.1.3 Total Hardness 

The Total hardness (TH) was varied from 26 to 736 mg/L and 36 to 782 

mg/L in all block of Lalganj tehsil for during the year of 2016 and 2017 (Table 5.1). 

In the year of 2016, the maximum value of 736 mg/L was observed in groundwater 

source in Sareni block while the lowest value of 26 mg/L was found in groundwater 

sample of Lalganj Block. In the year of 2017, the maximum value of 782 mg/L 

observed in groundwater source in Sareni block while the lowest value of 36 mg/L 

found in groundwater sample of Lalganj Block. The average concentration of total 

hardness was reported 282±19.45, 323±22.28, and 209±12.67 mg/L during 2016 and 

310±19.02, 352±22.42, and 235±13.20 mg/L in Lalganj, Sareni and Khiron block 

during 2017.  
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Table 4.1:  Groundwater sample belong to category of water based on hardness  

Range of 

Hardness 

mg/l 

Category of 

water 

 

Percent of groundwater sample 

Lalganj block Sareni block Khiron block 

2016 2017 2016 2017 2016 2017 

0 – 75 Soft 5%    5% - - 5% 5% 

75 – 150 Moderately 

hard 

7.5% - - - 20% 7.5% 

150 – 300 Hard 50% 52.5% 62.5% 50% 67.5% 70% 

>300 Very hard 37.5% 42.5% 37.5% 50% 7.5% 17.5% 

In groundwater, 95 % of water made up from only seven solutes; calcium, 

magnesium, sodium, potassium, chloride, sulphate, and bicarbonate.  

4.1.1.4 Calcium  

Results indicated that the mean concentration of calcium in the groundwater 

of the Lalganj, Sareni and Khiron block during 2016 were found  46±3.44 , 49±3.14 

and  35±2.48 mg/L. Calcium content in the groundwater of the Lalganj, Sareni and 

Khiron block ware found 51±3.22, 52±1.98 and 40±1.76 mg/L during 2017. The 

mean concentration of calcium were found within the suibable limits of IS and WHO 

standards precise in Table 5.1. Maximum Calcium were found, 115 mg/L at Bahara 

village of Lalganj block, 133 mg/L at Jalalpur village of Sareni block and 66 mg/L at 

Jamidar ka purwa village of Khiron block while minimum was recorded 7 mg/L at 

Aihar of Lalganj block, 13 mg/L at near police station of Sareni and 5 mg/L at 

Dokanha village of Khiron block during 2016. During 2017, Minimum value of Ca2+ 

was recorded 14 mg/L at Aihar village of Lalganj block, 30 mg/L at near police 

station of Sareni and 16 mg/L at Kanha mau village of Khiron block and maximum 
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Calcium found 120 mg/L at L13 of Lalganj block, 92a mg/L L33 of Sareni block and 

L51 of Khiron block.  

4.1.1.5 Magnesium  

IS suggested the acceptable value of Mg2+ in drinking water is 30 mg/L and 

in the study part average concentration during 2016 found more than the IS value in 

Lalganj block (66±5.71 mg/L), Sareni block (80±6.76 mg/L) and Khiron block 

(53±3.80 mg/L). In 2017, value of Mg2+ noted that Lalganj block was 69±4.08 mg/L, 

Sareni block was 85±7.25 mg/L and Khiron block was 63±3.36 mg/L. control area 

(Bachhrawan block) was found 44±3.29 mg/L and 53±3.72 mg/L for year of 2016 

and 2017.  

4.1.1.6 Sodium  

Excessive intake of sodium can increase blood pressure, infection and 

confusion while deficiency may cause muscle paralysis, decreased growth, 

dehydration. The value of sodium in the groundwater samples of Lalganj, Sareni and 

Khiron block 189±8.81, 179±8.29 and 182±10.37 mg/L during year of 2016 while 

205±8.50, 200±8.45 and 197±9.84 mg/L in 2017. 

4.1.1.7 Potassium  

The value of potassium varied between 5 to 46 mg/L in Lalganj block, 8 to 

56 mg/L in Sareni block and 4 to 22 mg/L in Khiron block with the mean values 

were found 18±1.76, 23±1.96 and 12± 0.74 mg/L in Lalganj, Sareni and Khiron 

block during 2016. The concentration of potassium in 2017, ranged from 6 to 45 

mg/L, 9 to 46 mg/L and 5 to 23 mg/L with average concentration were calculated 
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15±1.73 mg/L, 20± 1.62 mg/L, and 13±0.70 mg/L for Lalganj, Sareni and Khiron 

block.  

4.1.1.8 Total Alkalinity or Bicarbonates (T-Alk)  

Results point out that the mean concentration of bicarbonates in the 

groundwater of the Lalganj, Sareni and Khiron block during 2016 were found  

419±13.98 , 400±18.53 and 407±33.45 mg/L. Bicarbonates content in the 

groundwater of the Lalganj, Sareni and Khiron block ware found 474±15.70, 

446±19.34 and 490±39.24 mg/L during 2017. The mean concentration of 

bicarbonates was found within the permissible limits (600 mg/L) of Indian standards 

but higher than acceptable limit (200 mg/L) precise in Table 5.1. Maximum 

bicarbonates were found, 628 mg/L at Lalamau village of Lalganj block, 756 mg/L 

at Sabji barua village of Sareni block and 1146 mg/L at Khapura village of Khiron 

block during 2016 and 672 mg/L at Lalamau of Lalganj block, 761 mg/L at Sabji 

barua village of Sareni block and 1234 mg/L at Khapura village of Khiron block 

during 2017. Concentrations of bicarbonate in groundwater samples of control area 

were found 354±10.68 and 414±14.19 mg/L for 2016 and 2017.  

4.1.1.9 Chloride  

Results indicated that the mean concentration of chloride in the groundwater 

of the Lalganj, Sareni and Khiron block were found  75±11.85 , 167±26.96 and  

73±10.04 mg/L during 2016 and 82±13.57, 193±26.66 and 80±9.71 mg/L during 

2017. The mean concentration of chloride were found within the suitable limits of IS 

and WHO standards precise in Table 5.1. Maximum chloride were found, 375 mg/L 

near Lalganj tehsil of Lalganj block, 658 mg/L at Hasanapur village of Sareni block 
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and 288 mg/L at Kanha mau village of Khiron block during 2016. During 2017, the 

maximum value of chloride found 380 mg/L at Lalganj tehsil of Lalganj block, 624 

mg/L at Hasanapur village of Sareni block and 294 mg/L at Kanha mau village of 

Khiron block during 2017.  

4.1.1.10  Sulphate 

The concentration of Sulphate in groundwater were ranged from 1 to 451 

mg/L (121±18.70) for Lalganj block, 1 to 400 mg/L (104±14.90) for Sareni block 

and BDL to 266 mg/L (81±11.41) for Khiron block during 2016 and 12 to 421 mg/L 

(139±18.98) for Lalganj block, 13 to 395 mg/L (116±14.33) for Sareni block and 10 

to 266 mg/L (93 ±10.68) for Khiron block during year of 2017 are shown in Table 

4.11. The mean value of sulphate in water samples of region is within the limit 200 

mg/L.  

4.1.1.11 Nitrate  

Results point out that the mean concentration of nitrate in the groundwater of 

the Lalganj, Sareni and Khiron block during 2016 were found 21±3.51, 13±1.57 and 

7±1.06 mg/L. In 2017, nitrate content in the groundwater of the Lalganj, Sareni and 

Khiron block ware found 24±3.43, 15±1.46 and 10±1.01 mg/L. The mean 

concentration of nitrate was found within the permissible limits (45 mg/L) of Indian 

standards but precise in Table 5.1. Maximum nitrate were found, 84 mg/L at Bahara 

village of Lalganj block, 52 mg/L at Hasanapur village of Sareni block and 32 mg/L 

at Haripur mirdaha village of Khiron block during 2016 and 82 mg/L at Lalganj 

tehsil of Lalganj block, 50 mg/L at Hasanapur village of Sareni block and 30 mg/L at 

Haripur mirdaha village of Khiron block during 2017. Concentrations of nitrate in 
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groundwater samples of control area were found 13±1.30 and 16±2.10 mg/L for 

2016 and 2017.  

4.1.1.12 Fluoride 

F-concentration in groundwater of Lalganj, Sareni and Khiron block ranged 

from 0.61 to 4.63, 0.64 to 2.99 and 0.44 to 17.20 respectively, while 0.26 to 1.43 

mg/L in Bachharawan block (control area) during 2016. In 2017, F-concentration in 

groundwater of Lalganj, Sareni and Khiron block ranged from 0.59 to 4.72, 0.89 to 

3.10 and 0.46 to 16.20 respectively, while 0.26 to 1.46 mg/L in Bachharawan block 

(control area). The mean value of fluoride in water samples of Lalganj, Sareni and 

Khiron block were 2.16, 1.45 and 2.84 mg/L during 2016 and 2.25, 1.60 and 2.94 

mg/L which exceeded maximum limit of drinking water of Indian Standard and 

WHO.  

4.1.1.13 Total Dissolve Solid (TDS) 

Total dissolve solid is a sum of all dissolved organic and inorganic 

constituent. The main contributors to water are: chloride (Cl-), Fluoride (F-), sodium 

(Na+), nitrate (NO3
-), calcium (Ca+2), magnesium (Mg+2), bicarbonate (HCO3

-), and 

sulphate (SO4
-2). The Total dissolve solid (TDS) was varied from 617 to 1848 mg/L, 

547 to 2254 mg/L and 459 to 1927 mg/L in Lalganj, Sareni and Khiron block for 

during the year of 2016 and 657 to 1939 mg/L, 611 to 2309 mg/L and 548 to 2075 

mg/L in 2017 (Table 5.1). The average concentration of Total dissolve solid was 

reported 978±49.62, 1036±65.25, and 871±57.33 mg/L during 2016 and 

1076±50.67, 1141±62.95, and 994±61.99 mg/L during 2017.  
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Table 4.2.Results of physico-chemical facies in groundwater of Lalganj block, during the year of 2016 

Sample 
ID 

Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 mg/l 

Cl- 
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L1 Pre 7.68 1070 787 BDL 312 133 72 1 56 2.33 18 35 255 16 
L2 Pre 7.02 1229 892 2 417 312 77 26 83 2.00 70 54 135 13 
L3 Pre 7.02 969 719 BDL 342 253 52 21 21 1.25 38 64 140 18 
L 4 Pre 7.94 1115 834 2 368 344 48 6 78 1.36 49 88 147 13 
L 5 Pre 7.63 2100 1508 BDL 512 490 162 82 362 4.22 18 179 154 16 
L 6 Pre 7.32 975 705 BDL 352 292 21 1 42 1.29 74 42 130 16 
L 7 Pre 7.46 1006 732 1 352 303 18 1 52 1.53 45 76 135 21 
L 8 Pre 7.77 816 617 2 299 232 37 5 1 2.64 39 54 120 23 
L 9 Pre 7.49 921 683 1 356 236 11 7 21 1.61 49 46 162 9 

L 10 Pre 8.23 951 688 1 412 158 31 1 5 2.59 37 26 131 19 
L 11 Pre 7.71 1444 1078 2 456 242 48 5 236 2.53 15 82 200 14 
L 12 Pre 7.63 1096 833 2 456 242 46 17 11 1.88 44 52 156 13 
L 13 Pre 8.11 1080 794 1 396 28 30 7 16 4.54 7 5 263 46 
L 14 Pre 7.35 966 699 1 341 142 67 8 5 1.89 30 27 180 15 
L 15 Pre 7.62 1753 1223 2 524 344 72 5 209 2.65 56 82 230 12 
L 16 Pre 8.2 865 651 1 312 216 32 3 29 1.43 46 40 131 21 
L 17 Pre 7.02 1276 931 2 523 130 35 25 47 2.00 31 21 201 25 
L 18 Pre 7.53 1818 1314 BDL 484 476 22 24 259 0.96 48 143 264 46 
L 19 Pre 7.45 2292 1580 3 500 452 243 31 232 2.20 97 85 344 21 
L 20 Pre 7.41 1381 1007 4 300 430 62 30 180 0.86 55 110 195 38 
L1 Post 8.10 1219 869 1 350 158 102 5 90 2.74 23 41 231 15 
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Table continue… 

L2 Post 8.01 1415 1006 4 452 340 121 48 99 2.38 74 62 131 10 
L3 Post 7.9 1108 788 2 359 272 80 32 40 1.32 34 74 145 10 
L 4 Post 8.11 1287 865 2 362 260 98 23 79 1.80 44 60 168 11 
L 5 Post 8.01 2657 1790 1 510 480 375 83 451 4.63 59 133 159 5 
L 6 Post 8.02 1106 810 2 396 288 45 6 86 1.22 78 38 140 9 
L 7 Post 8.06 1064 785 2 360 330 32 6 82 1.66 53 79 136 20 
L 8 Post 8.02 908 696 1 242 286 56 15 86 2.31 36 55 176 10 
L 9 Post 8.04 1039 675 1 338 246 13 7 39 1.88 53 45 162 5 

L 10 Post 7.96 1091 811 2 456 242 46 17 11 2.88 44 52 156 15 
L 11 Post 8.17 1802 1279 5 628 254 73 4 263 2.83 26 76 187 9 
L 12 Post 8.05 1348 973 3 484 257 40 15 123 0.91 40 62 178 12 
L 13 Post 8.61 1191 863 3 394 26 28 7 21 4.42 16 45 296 41 
L 14 Post 8.07 1051 785 3 344 204 97 30 22 1.63 48 34 189 7 
L 15 Post 8.17 1873 1293 4 558 365 73 9 263 2.83 66 80 217 9 
L 16 Post 8.19 1180 1040 5 421 210 69 25 145 2.56 38 48 254 19 
L 17 Post 7.95 1480 1051 4 540 155 64 55 85 1.62 36 56 188 16 
L 18 Post 7.74 1851 1350 1 508 490 39 21 319 0.61 49 147 211 43 
L 19 Post 7.68 2510 1848 6 541 497 302 84 377 2.87 115 85 316 14 
L 20 Post 7.99 1722 1251 5 498 475 68 40 202 1.66 52 96 242 33 

       BDL –Below detection limit Turbidity (<1NTU) 
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Table 4.3: Results of physico-chemical facies in groundwater of Sareni block during the year of 2016 

Sl.No. 
Season pH 

EC 
µS/cm 

TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 mg/l 

Cl- 
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L 21 Pre 7.44 1076 813 2 380 204 21 3 59 1.21 13 69 212 34 
L 22 Pre 7.5 1372 985 2 312 301 255 9 87 1.84 38 83 166 14 
L 23 Pre 7.3 1011 746 3 288 231 105 4 55 0.82 45 56 136 26 
L 24 Pre 8.01 980 722 2 288 231 102 1 54 0.80 39 53 132 24 
L 25 Pre 7.52 1416 1043 4 348 310 107 11 151 1.59 22 102 258 23 
L 26 Pre 7.42 827 604 2 299 232 37 5 1 0.64 39 54 120 24 
L 27 Pre 7 2864 2053 2 725 499 512 6 302 2.21 48 151 250 26 
L 28 Pre 7.62 1862 1397 3 342 688 200 15 252 0.86 133 86 321 26 
L 29 Pre 7.4 1001 739 2 408 270 12 5 16 0.94 41 67 140 29 
L 30 Pre 7.6 1269 905 4 526 238 20 10 31 2.12 53 42 169 28 
L 31 Pre 7.39 997 746 3 298 222 128 7 28 1.20 39 50 111 54 
L 32 Pre 8.21 816 617 2 299 232 37 5 1 0.64 39 54 120 25 
L 33 Pre 7.01 1553 1125 5 425 366 254 5 30 1.02 39 108 189 56 
L 34 Pre 7.21 2604 1813 BDL 523 652 584 25 202 1.24 61 200 165 28 
L 35 Pre 7.19 1407 991 2 420 356 44 10 142 1.91 49 93 175 25 
L 36 Pre 7.62 1544 1135 5 352 394 166 26 184 2.00 62 95 184 27 
L 37 Pre 7.21 823 614 5 312 196 25 5 5 1.01 22 56 154 13 
L 38 Pre 7.34 742 547 2 254 213 21 9 2 1.11 46 40 137 13 
L 39 Pre 7.12 1066 784 2 410 201 55 2 15 1.88 57 24 180 20 
L 40 Pre 7.5 1230 903 7 484 286 20 12 89 0.94 41 73 134 13 
L 21 Post 7.92 1345 977 5 394 226 51 10 58 1.68 28 63 342 20 
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Table continue… 

L 22 Post 8.1 1583 1181 3 342 321 345 27 136 2.19 43 89 177 10 
L 23 Post 7.92 1132 841 3 333 250 159 6 68 1.23 48 52 139 20 
L 24 Post 8.08 1248 1054 4 366 260 189 16 125 1.59 35 69 223 15 
L 25 Post 7.99 1493 1149 6 364 248 216 14 168 1.69 36 63 267 9 
L 26 Post 7.89 835 659 3 312 286 56 10 16 0.85 48 67 130 9 
L 27 Post 7.68 4025 2254 3 756 561 587 20 400 2.99 61 164 231 18 
L 28 Post 7.85 1856 1344 5 548 365 186 19 204 1.74 46 88 228 13 
L 29 Post 8.08 1177 913 5 454 218 30 13 151 1.08 42 45 151 15 
L 30 Post 8.23 1354 1012 5 556 284 48 25 98 2.00 49 64 149 8 
L 31 Post 7.86 1024 780 4 242 268 212 2 19 1.61 45 62 128 52 
L 32 Post 8.07 1181 912 3 403 276 86 11 81 1.63 48 68 175 20 
L 33 Post 7.59 1950 1454 8 460 442 379 11 160 1.25 50 127 203 52 
L 34 Post 7.89 2669 2006 2 536 736 658 52 265 1.45 73 221 160 26 
L 35 Post 7.62 1514 1108 5 352 394 166 26 184 2.00 62 95 184 21 
L 36 Post 7.79 1885 1488 6 521 556 301 27 186 1.50 96 123 191 23 
L 37 Post 7.99 959 760 6 352 216 84 16 37 1.24 42 45 161 11 
L 38 Post 7.99 908 618 6 256 240 54 16 25 1.33 48 48 147 10 
L 39 Post 7.88 1128 878 4 451 214 94 6 25 1.44 62 54 160 15 
L 40 Post 7.88 1395 759 5 324 256 58 16 68 1.44 52 43 167 12 

          BDL –Below detection limit (<1NTU) 
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Table 4.4: Results of physico-chemical facies in groundwater of Khiron block during the year of 2016 

Sl.No. Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 mg/l 

Cl- 
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L 41 Pre 7.64 919 681 BDL 328 118 14 1 1 2.49 20 27 255 12 
L 22 Pre 7.26 808 587 1 276 276 27 1 22 0.60 53 58 121 9 
L 43 Pre 7.44 1348 978 2 421 240 121 6 106 1.11 41 56 189 22 
L 44 Pre 7.26 814 616 1 276 276 27 1 22 1.22 53 58 121 21 
L 45 Pre 7.34 908 673 2 292 240 16 9 35 0.77 50 46 188 17 
L 46 Pre 7.48 715 528 1 276 140 20 9 1 0.90 33 23 127 14 
L 47 Pre 7.56 783 558 1 287 168 12 1 BDL 1.70 25 43 157 16 
L 48 Pre 7.56 683 526 3 198 162 29 4 34 0.88 21 44 147 13 
L 49 Pre 7.42 601 459 BDL 213 42 7 BDL 20 1.56 5 12 172 8 
L 50 Pre 7.32 780 600 2 156 121 25 2 211 1.56 34 14 130 6 
L 51 Pre 7.43 695 514 1 211 152 24 2 21 1.20 21 40 151 12 
L 52 Pre 7.86 1015 742 4 242 268 212 2 19 0.61 45 62 128 7 
L 53 Pre 7.32 831 620 2 265 200 54 8 24 1.25 41 39 160 8 
L 54 Pre 7.4 1219 867 1 488 224 63 1 50 1.00 46 43 145 9 
L 55 Pre 7.6 1183 864 1 526 238 20 10 31 1.22 53 42 139 12 
L 56 Pre 8.24 834 630 2 231 185 48 7 69 1.22 41 33 154 9 
L 57 Pre 7.69 1484 1106 2 580 121 77 3 101 2.10 8 40 254 20 
L 58 Pre 7.39 1949 1484 4 692 268 140 3 208 4.62 5 103 294 12 
L 59 Pre 7.75 1890 1436 1 648 140 79 6 204 16.20 12 44 396 10 
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Table continue… 

L 60 Pre 7.34 1573 1202 6 480 368 288 8.95 60 10.88 39 108 155 16 
L 41 Post 8.14 920 733 BDL 398 122 24 7 33 3.54 25 30 197 6 
L 22 Post 7.89 872 682 3 285 300 89 12 19 0.78 50 81 127 9 
L 43 Post 8.01 1613 1152 5 462 253 184 12 201 1.67 47 54 161 20 
L 44 Post 8.04 1149 1090 2 395 242 154 13 168 1.66 39 65 224 12 
L 45 Post 7.92 1330 967 4 440 266 42 32 103 0.94 50 57 217 15 
L 46 Post 7.87 902 546 2 237 181 45 13 30 1.29 39 34 120 17 
L 47 Post 8.27 844 636 2 326 215 48 3 13 1.96 28 58 141 10 
L 48 Post 8.06 943 747 3 312 226 48 17 74 0.44 33 64 169 12 
L 49 Post 8.25 844 553 1 260 60 12 1 51 1.24 12 16 187 5 
L 50 Post 8.04 831 535 3 236 190 35 4 43 1.61 28 48 125 4 
L 51 Post 8.24 841 641 2 231 185 48 7 69 1.22 41 66 154 9 
L 52 Post 8.19 1234 660 2 246 155 33 9 64 1.46 45 84 159 7 
L 53 Post 8.34 1008 734 5 287 253 97 13 66 1.11 50 51 152 7 
L 54 Post 7.99 1378 1099 3 612 436 74 1 84 0.85 66 109 136 6 
L 55 Post 8.13 1546 1022 2 566 284 48 25 98 1.56 49 64 142 12 
L 56 Post 8.14 1320 968 4 466 330 69 16 86 1.44 55 79 168 10 
L 57 Post 8.12 1757 1231 4 618 132 121 7 151 2.78 32 44 226 20 
L 58 Post 7.78 2612 1710 3 874 254 156 7 266 5.46 23 96 259 12 
L 59 Post 8.22 2829 1927 4 1146 138 143 6 173 17.20 19 37 366 10 
L 60 Post 8.14 2354 1551 4 779 175 145 8 215 12.48 11 62 286 14 

         BDL –Below detection limit Turbidity (<1NTU), Nitrate and Sulphate (<1) 
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Table 4.5: Results of physico-chemical facies in groundwater of Control area (Bachhrawan) during 2016. 

Sl.No. Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 

mg/l 

Cl-  
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

B 1 Pre 7.8 963 626 BDL 319 264 24 10 124 0.32 45 37 41 6 
B 2 Pre 7.89 1050 672 BDL 396 256 40 15 68 0.30 44 35 54 4 
B 3 Pre 7.53 1609 1014 BDL 484 476 52 24 132 0.56 48 87 164 9 
B 4 Pre 7.58 719 446 BDL 246 265 54 10 16 0.67 30 46 23 2 
B 5 Pre 7.26 758 463 BDL 277 276 27 9 22 0.60 53 35 21 2 
B 6 Pre 7.59 809 526 1 317 244 53 9 10 0.37 68 18 18 13 
B 7 Pre 7.68 1659 1062 1 312 554 133 26 186 0.27 110 68 206 6 
B 8 Pre 7.59 699 440 2 244 172 74 8 4 0.87 34 35 23 3 
B 9 Pre 7.22 945 605 BDL 378 234 41 16 36 0.43 54 24 36 4 
B 10 Pre 7.21 760 479 BDL 312 196 25 5 5 1.01 22 34 54 6 
B 11 Pre 7.58 981 608 BDL 378 234 41 16 36 0.43 54 24 36 4 
B 12 Pre 7.53 1664 1015 1 386 476 22 24 259 0.76 48 87 164 9 
B 13 Pre 7.52 1074 666 BDL 359 333 95 1 32 0.36 53 49 56 3 
B 14 Pre 7.52 956 583 1 299 305 53 1 39 0.31 62 37 72 4 
B 15 Pre 7.02 1069 674 BDL 443 253 52 21 21 1.25 38 39 40 5 
B 16 Pre 7.9 1181 768 BDL 459 272 80 32 40 0.92 34 45 45 10 
B 17 Pre 7.66 945 605 BDL 312 260 114 1 47 0.57 56 29 22 8 
B 18 Pre 7.66 828 522 BDL 284 233 78 5 8 0.32 62 19 40 11 
B 19 Pre 7.58 836 518 BDL 351 226 33 5 10 0.61 36 33 29 3 
B 20 Pre 7.66 770 469 1 256 255 52 8 12 0.43 76 16 19 14 
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Table continue… 

B 1 Post 8.17 1147 711 1 310 284 30 15.52 190 0.33 42 44 54 8 
B 2 Post 8.25 1262 770 BDL 384 282 78 21.08 99 0.47 62 31 73 5 
B 3 Post 7.64 1808 1175 1 569 490 89 29 175 0.61 49 89 111 43 
B 4 Post 8.24 1376 880 1 410 356 75 23 159 0.58 52 56 78 12 
B 5 Post 7.79 866 546 1 287 300 89 12 19 0.77 39 49 27 9 
B 6 Post 7.88 926 574 2 300 296 63 15 29 0.59 84 21 26 17 
B 7 Post 7.56 2087 1273 3 342 688 200 15 252 0.26 133 86 221 7 
B 8 Post 7.84 1287 836 2 315 438 127 15 125 0.64 88 57 81 7 
B 9 Post 7.99 1001 651 1 355 216 84 16 37 1.24 30 34 61 11 
B 10 Post 7.84 1056 676 1 380 284 62 25 40 0.47 64 30 53 6 
B 11 Post 7.74 1817 1145 2 458 490 39 21 319 1.21 49 89 111 43 
B 12 Post 7.86 1386 859 1 412 350 65 22 135 1.43 57 61 76 12 
B 13 Post 7.82 1139 729 1 360 348 105 9 53 0.46 42 59 79 6 
B 14 Post 7.6 1122 696 4 310 354 84 2 62 0.35 55 53 104 8 
B 15 Post 7.9 1181 768 BDL 459 272 80 32 40 0.92 34 45 45 10 
B 16 Post 7.72 1201 733 3 366.33 330 93 13 62 0.86 44 53 77 8 
B 17 Post 7.64 1178 719 2 376 268 128 1 67 0.90 58 30 30 12 
B 18 Post 7.77 981 638 1 332 266 101 9 18 0.39 68 24 48 17 
B 19 Post 7.95 924 591 BDL 402 252 35 8 16 0.91 41 36 33 4 
B 20 Post 7.78 1028 648 2 360 268 89 9 36 0.78 57 33 39 10 

            BDL –Below detection limit Turbidity (<1NTU) 
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Table 4.6: Results of physico-chemical facies in groundwater of Lalganj block, during the year of 2017 

Sl.No. 
Season pH 

EC 
µS/cm 

TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 

mg/l 

Cl- 
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L1 Pre 8.00 1320 1050 1 552 162 89 4 85 2.54 25 39 236 7 
L2 Pre 8.01 1463 1058 3 562 346 98 36 84 2.26 65 59 136 9 
L3 Pre 8 1130 750 3 361 284 60 22 36 1.42 33 68 150 8 
L 4 Pre 8.06 1403 785 2 371 266 21 18 72 1.63 45 58 172 8 
L 5 Pre 8.01 2681 1686 2 516 488 317 66 420 4.52 55 123 169 6 
L 6 Pre 8.02 1111 780 1 401 290 20 5 77 1.32 75 36 145 8 
L 7 Pre 8.1 1078 760 2 368 336 10 5 69 1.56 56 77 142 16 
L 8 Pre 7.98 912 657 1 252 289 18 12 75 2.23 40 52 180 8 
L 9 Pre 8.04 915 714 1 351 250 32 4 29 1.78 56 56 168 6 
L 10 Pre 8 1089 816 2 469 249 26 13 12 2.86 55 53 159 14 
L 11 Pre 8.02 1773 1274 4 641 259 70 2 253 2.79 30 66 189 10 
L 12 Pre 7.98 1296 960 4 491 261 21 12 114 1.10 39 65 184 15 
L 13 Pre 8.21 1155 861 2 399 39 18 6 19 4.52 14 54 300 36 
L 14 Pre 7.98 1061 762 3 352 209 74 25 18 1.72 43 36 192 8 
L 15 Pre 8.06 1855 1265 5 562 370 70 6 245 1.81 60 72 226 7 
L 16 Pre 8.09 1517 983 4 432 216 18 20 132 2.45 36 46 262 17 
L 17 Pre 8 1495 1042 3 562 162 50 45 77 1.60 35 52 193 16 
L 18 Pre 7.77 1860 1324 3 512 493 29 16 300 0.59 42 132 236 45 
L 19 Pre 7.66 2680 1748 5 551 498 252 69 351 2.78 101 72 316 20 
L 20 Pre 7.88 1738 1213 5 501 476 36 36 186 1.53 48 86 264 36 
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L1 Post 8.15 1582 1123 2 576 172 112 7 91 2.72 28 45 242 9 
L2 Post 8.16 1618 1158 2 588 356 126 50 92 2.43 79 62 142 10 
L3 Post 7.6 1185 858 4 412 310 84 40 42 1.42 34 72 152 9 
L 4 Post 8.16 1432 936 3 410 288 99 22 76 1.82 49 68 184 8 
L 5 Post 7.75 2739 1814 2 536 490 380 82 421 4.72 62 135 175 8 
L 6 Post 7.85 1177 877 2 425 300 60 9 82 1.36 80 45 156 7 
L 7 Post 7.55 1138 855 2 389 352 36 9 86 1.77 62 88 152 16 
L 8 Post 7.66 976 762 2 263 310 77 16 88 2.41 42 59 188 9 
L 9 Post 7.79 960 744 3 359 267 25 8 42 1.92 56 62 172 8 

L 10 Post 7.58 1150 871 2 482 256 52 16 13 2.99 52 63 162 16 
L 11 Post 7.89 1842 1326 5 672 294 74 5 251 2.94 36 71 192 12 
L 12 Post 7.75 1436 1051 5 512 284 45 14 135 1.21 42 76 193 15 
L 13 Post 7.87 1238 915 3 412 36 29 9 26 4.62 23 65 301 35 
L 14 Post 7.78 1227 922 3 456 215 88 31 25 1.72 58 42 199 9 
L 15 Post 7.7 1914 1340 5 582 412 85 10 253 3.25 62 84 236 10 
L 16 Post 7.8 1609 1132 5 452 325 76 24 162 2.63 42 56 284 15 
L 17 Post 7.6 1572 1132 3 582 265 72 53 94 1.74 43 57 201 18 
L 18 Post 7.75 1977 1457 4 562 510 51 23 325 0.65 52 142 245 44 
L 19 Post 7.93 2767 1939 5 574 516 321 80 388 2.94 120 82 336 22 
L 20 Post 7.76 1813 1333 4 512 504 56 42 231 1.72 56 96 282 38 
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Table 4.7: Results of physico-chemical facies in groundwater of Sareni block during the year of 2017 

Sl.No. Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 mg/l 

Cl- 
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L 21 Pre 7.64 919 681 BDL 328 118 14 1 1 2.49 20 27 255 12 
L 22 Pre 7.26 808 587 1 276 276 27 1 22 0.60 53 58 121 9 
L 23 Pre 7.44 1348 978 2 421 240 121 6 106 1.11 41 56 189 22 
L 24 Pre 7.26 814 616 1 276 276 27 1 22 1.22 53 58 121 21 
L 25 Pre 7.34 908 673 2 292 240 16 9 35 0.77 50 46 188 17 
L 26 Pre 7.48 715 528 1 276 140 20 9 1 0.90 33 23 127 14 
L 27 Pre 7.56 783 558 1 287 168 12 1 BDL 1.70 25 43 157 16 
L 28 Pre 7.56 683 526 3 198 162 29 4 34 0.88 21 44 147 13 
L 29 Pre 7.42 601 459 BDL 213 42 7 BDL 20 1.56 5 12 172 8 
L 30 Pre 7.32 780 600 2 156 121 25 2 211 1.56 34 14 130 6 
L 31 Pre 7.43 695 514 1 211 152 24 2 21 1.20 21 40 151 12 
L 32 Pre 7.86 1015 742 4 242 268 212 2 19 0.61 45 62 128 7 
L 33 Pre 7.32 831 620 2 265 200 54 8 24 1.25 41 39 160 8 
L 34 Pre 7.4 1219 867 1 488 224 63 1 50 1.00 46 43 145 9 
L 35 Pre 7.6 1183 864 1 526 238 20 10 31 1.22 53 42 139 12 
L 36 Pre 8.24 834 630 2 231 185 48 7 69 1.22 41 33 154 9 
L 37 Pre 7.69 1484 1106 2 580 121 77 3 101 2.10 8 40 254 20 
L 38 Pre 7.39 1949 1484 4 692 268 140 3 208 4.62 5 103 294 12 
L 39 Pre 7.75 1890 1436 1 648 140 79 6 204 16.20 12 44 396 10 
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L 40 Pre 7.34 1573 1202 6 480 368 288 8.95 60 10.88 39 108 155 16 
L 21 Post 8.14 920 733 BDL 398 122 24 7 33 3.54 25 30 197 6 
L 22 Post 7.89 872 682 3 285 300 89 12 19 0.78 50 81 127 9 
L 23 Post 8.01 1613 1152 5 462 253 184 12 201 1.67 47 54 161 20 
L 24 Post 8.04 1149 1090 2 395 242 154 13 168 1.66 39 65 224 12 
L 25 Post 7.92 1330 967 4 440 266 42 32 103 0.94 50 57 217 15 
L 26 Post 7.87 902 546 2 237 181 45 13 30 1.29 39 34 120 17 
L 27 Post 8.27 844 636 2 326 215 48 3 13 1.96 28 58 141 10 
L 28 Post 8.06 943 747 3 312 226 48 17 74 0.44 33 64 169 12 
L 29 Post 8.25 844 553 1 260 60 12 1 51 1.24 12 16 187 5 
L 30 Post 8.04 831 535 3 236 190 35 4 43 1.61 28 48 125 4 
L 31 Post 8.24 841 641 2 231 185 48 7 69 1.22 41 66 154 9 
L 32 Post 8.19 1234 660 2 246 155 33 9 64 1.46 45 84 159 7 
L 33 Post 8.34 1008 734 5 287 253 97 13 66 1.11 50 51 152 7 
L 34 Post 7.99 1378 1099 3 612 436 74 1 84 0.85 66 109 136 6 
L 35 Post 8.13 1546 1022 2 566 284 48 25 98 1.56 49 64 142 12 
L 36 Post 8.14 1320 968 4 466 330 69 16 86 1.44 55 79 168 10 
L 37 Post 8.12 1757 1231 4 618 132 121 7 151 2.78 32 44 226 20 
L 38 Post 7.78 2612 1710 3 874 254 156 7 266 5.46 23 96 259 12 
L 39 Post 8.22 2829 1927 4 1146 138 143 6 173 17.20 19 37 366 10 
L 40 Post 8.14 2354 1551 4 779 175 145 8 215 12.48 11 62 286 14 

      BDL –Below detection limit Turbidity (<1NTU), Nitrate and Sulphate (<1) 
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Table 4.8: Results of physico-chemical facies in groundwater of Khiron block during the year of 2017 

Sl.No. Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 

mg/l 

Cl-  
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

L 41 Pre 8.09 979 735 1 402 132 20 5 23 3.44 30 32 202 8 
L 22 Pre 7.77 900 662 4 298 310 54 8 14 0.75 52 78 136 11 
L 43 Pre 7.98 1636 1098 5 475 262 154 9 162 1.62 42 56 168 22 
L 44 Pre 7.99 1198 945 3 403 251 45 10 123 1.66 40 62 229 13 
L 45 Pre 7.89 1341 935 3 436 269 39 26 85 1.10 48 50 224 16 
L 46 Pre 7.64 924 559 2 263 192 20 8 26 1.32 41 36 134 18 
L 47 Pre 8.2 881 631 2 335 220 25 6 10 1.89 32 56 145 12 
L 48 Pre 7.92 950 709 2 326 230 26 10 52 0.52 30 62 171 13 
L 49 Pre 8.06 886 597 2 284 64 9 6 42 1.32 26 20 193 6 
L 50 Pre 7.99 995 548 3 251 193 25 5 36 1.52 30 52 129 8 
L 51 Pre 8.21 871 611 2 241 189 26 9 52 1.12 38 60 162 7 
L 52 Pre 8.02 1245 718 2 256 162 97 7 49 1.36 40 80 168 8 
L 53 Pre 8.11 1026 706 4 294 258 82 10 48 1.23 45 52 159 5 
L 54 Pre 7.88 1496 1277 3 715 442 166 5 64 0.95 62 100 145 9 
L 55 Pre 8.1 1564 1004 2 588 291 36 25 74 1.59 44 63 146 11 
L 56 Pre 8.06 1334 929 3 482 336 30 13 69 1.56 52 78 172 13 
L 57 Pre 8.06 1772 1182 3 624 142 87 9 123 2.65 36 42 230 18 
L 58 Pre 7.65 2631 1663 2 891 261 121 6 241 5.23 24 88 262 13 
L 59 Pre 8.2 2847 1898 4 1153 152 118 8 152 15.26 20 34 374 14 
L 60 Pre 8.06 2361 1558 3 792 182 294 5 184 10.30 16 52 293 12 
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L 41 Post 7.88 1002 792 2 412 142 32 8 36 3.56 33 36 212 9 
L 22 Post 7.98 1020 804 5 362 325 92 14 26 0.82 56 88 145 10 
L 43 Post 7.9 1699 1230 4 501 281 186 12 212 1.62 45 66 175 23 
L 44 Post 8 1530 1174 4 436 261 162 15 175 1.69 43 72 236 15 
L 45 Post 7.96 1515 1110 5 526 284 52 30 125 1.10 52 62 235 17 
L 46 Post 7.82 1036 692 6 321 201 51 14 36 1.23 51 42 145 19 
L 47 Post 7.66 935 716 5 362 230 53 6 20 1.95 36 65 149 15 
L 48 Post 7.8 1025 825 4 342 251 56 18 84 0.46 36 69 188 14 
L 49 Post 8 1021 671 2 310 68 16 3 54 1.36 35 33 201 8 
L 50 Post 8.15 905 608 3 261 213 36 6 50 1.68 36 62 136 9 
L 51 Post 7.83 876 684 3 249 210 52 8 76 1.23 39 68 168 8 
L 52 Post 8 1295 723 2 284 203 36 10 65 1.56 41 88 175 10 
L 53 Post 7.6 1075 738 4 288 274 82 12 69 1.21 46 59 165 6 
L 54 Post 7.69 1727 1250 4 732 456 76 2 80 0.92 63 121 155 10 
L 55 Post 7.55 1616 1085 3 612 312 52 24 92 1.62 49 75 152 12 
L 56 Post 7.73 1445 1072 3 513 352 84 15 85 1.52 58 94 188 15 
L 57 Post 7.88 1863 1321 3 652 162 132 9 153 2.85 42 56 245 19 
L 58 Post 7.89 2786 1740 3 865 274 162 8 266 5.52 29 95 282 15 
L 59 Post 7.69 3275 2075 4 1234 164 152 6 182 16.20 28 45 386 16 
L 60 Post 7.79 2456 1501 5 814 192 153 9 216 13.20 26 56 301 13 
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Table 4.9: Results of physico-chemical facies in groundwater of Control area during the year of 2017 

Sl.No. Season pH 
EC 

µS/cm 
TDS 
mg/l 

Turbidity 
NTU 

Alkalinity  
mg/l 

TH 
 mg/l 

Cl-  
mg/l 

NO3
- 

mg/l 
SO4

2- 
mg/l 

F-  
mg/l 

Ca2+  
mg/l 

Mg2+ 
mg/l 

Na+ 
mg/l 

K+ 
mg/l 

B 1 Pre 8.15 1011 672 1 321 288 25 12 152 0.36 51 40 60 11 
B 2 Pre 8.16 1138 743 BDL 392 289 66 15 88 0.46 67 33 76 6 
B 3 Pre 7.6 1741 1112 1 574 496 70 26 152 0.62 63 78 112 36 
B 4 Pre 8.16 1288 853 1 423 362 68 21 132 0.52 65 52 80 11 
B 5 Pre 7.75 809 533 1 294 312 77 10 14 0.72 51 44 32 10 
B 6 Pre 7.85 883 572 2 312 302 56 13 19 0.56 95 26 32 18 
B 7 Pre 7.55 1810 1191 3 352 692 153 10 212 0.36 138 84 236 6 
B 8 Pre 7.66 1185 774 2 321 452 110 8 103 0.54 84 52 86 9 
B 9 Pre 7.87 928 618 1 362 230 55 10 34 1.12 43 32 69 12 
B 10 Pre 7.78 1030 674 1 388 291 52 22 36 0.36 77 33 59 7 
B 11 Pre 7.7 1743 1113 2 465 499 36 17 302 1.06 59 78 118 37 
B 12 Pre 7.8 1248 826 1 423 361 45 12 126 1.35 67 58 78 16 
B 13 Pre 7.79 1102 710 1 375 351 92 6 36 0.52 56 55 81 8 
B 14 Pre 7.58 999 665 4 315 366 64 6 49 0.61 65 49 106 10 
B 15 Pre 7.89 1133 740 BDL 462 284 75 16 29 0.82 47 43 56 11 
B 16 Pre 7.75 1129 726 3 375 341 84 14 56 1.10 55 48 84 9 
B 17 Pre 7.6 1072 701 2 388 271 110 3 56 0.89 67 27 35 14 
B 18 Pre 7.75 963 621 1 345 273 84 5 17 0.46 77 26 52 15 
B 19 Pre 7.93 898 599 BDL 412 261 30 7 12 0.84 51 34 46 6 
B 20 Pre 7.76 972 637 2 374 276 75 6 29 0.88 65 33 42 12 
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B 1 Post 8.09 1222 772 2 352 300 35 17 188 0.36 57 45 66 12 
B 2 Post 7.77 1322 821 1 421 298 80 22 101 0.38 71 36 82 8 
B 3 Post 7.98 1838 1210 3 586 501 92 30 182 0.62 68 82 134 35 
B 4 Post 7.99 1506 949 2 454 384 80 22 162 0.59 74 56 88 12 
B 5 Post 7.89 959 600 2 325 314 88 BDL 32 0.82 61 55 26 12 
B 6 Post 7.64 949 632 3 325 215 62 16 36 0.62 103 34 36 19 
B 7 Post 8.2 2110 1323 4 362 712 198 14 256 0.26 150 91 245 7 
B 8 Post 7.92 1414 878 3 354 463 132 13 126 0.65 94 59 89 10 
B 9 Post 8.11 1157 732 2 402 252 86 19 42 1.20 51 42 75 14 
B 10 Post 7.88 1234 767 3 413 286 84 26 45 0.45 83 39 69 8 
B 11 Post 8.1 1817 1196 3 485 452 56 22 321 1.23 64 84 128 35 
B 12 Post 8.06 1483 934 2 462 362 66 24 142 1.46 71 62 88 18 
B 13 Post 8.06 1216 806 2 386 362 124 10 58 0.52 67 61 88 11 
B 14 Post 7.99 1256 793 5 384 377 86 6 67 0.42 73 53 112 12 
B 15 Post 8.21 1357 843 2 492 294 82 36 52 0.82 57 51 59 13 
B 16 Post 8.02 1217 806 4 410 352 94 14 69 0.87 61 53 94 10 
B 17 Post 8.06 1321 821 3 421 285 135 2 72 0.92 73 38 63 16 
B 18 Post 7.65 1061 704 2 365 284 121 6 20 0.43 84 36 56 16 
B 19 Post 8.2 1079 684 2 452 276 36 9 26 0.92 57 38 58 7 
B 20 Post 8.06 1218 758 3 425 286 94 10 45 0.82 71 46 50 16 

         BDL –Below detection limit Turbidity (<1NTU),
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Table 4.10: Descriptive statistics of chemical composition of groundwater of Lalganj tehsil for 2016 and 2017  
   pH EC TDS        Turbidity BiC TH Cl- NO3

- SO4
2- F- Ca2+ Mg2+ Na+ K+ 

Lalganj block Mean 7.81 1351 978  2 419 282 75 21 121 2.16 46 67 189 18 
2016  Min 7.02 816 617  BDL 2242 26 11 1 1 0.61 7 5 120 5 
  Max 8.61 2657 1848  6 628 497 375 84 451 4.63 115 179 344 46 
  SEM 0.06 72.56 49.62  0.24 13.98 19.45 11.85 3.51 18.70 0.16 3.44 5.71 8.81 1.74 
2017  Mean 7.90 1522 1076  3 474 310 82 24 139 2.25 51 69 205 15 
  Min 7.55 912 657  1 252 36 10 2 12 0.59 14 36 136 6 
  Max 8.21 2767 1939  5 672 516 380 82 421 4.72 120 142 336 45 
  SEM 0.03 79.42 50.67  0.21 15.70 19.02 13.57 3.43 18.98 0.16 3.22 4.08 8.50 1.73 
Sareni block  Mean 7.67 1428 1036  4 400 323 167 13 104 1.45 49 80 179 23 
2016  Min 7.00 742 547  BDL 242 196 12 1 1 0.64 13 24 111 8 
  Max 8.23 4025 2254  8 756 736 658 52 400 2.99 133 221 342 56 
  SEM 0.05 103.26 65.25  0.27 18.53 22.28 26.96 1.57 14.90 0.08 3.14 6.76 8.29 1.96 
2017  Mean 7.92 1625 1141  4 446 352 193 15 116 1.60 52 85 200 20 
  Min 7.55 872 611  2 246 219 25 2 13 0.89 30 45 136 9 
  Max 8.21 4275 2309  7 761 782 624 50 395 3.10 92 235 362 46 
  SEM 0.02 116.64 62.95  0.20 19.34 22.42 26.66 1.46 14.33 0.06 1.98 7.25 8.45 1.62 
Khiron block Mean 7.80 1204 871  2 407 209 73 7 81 2.84 35 53 182 12 
2016  Min 7.26 601 459  BDL 156 42 7 BDL BDL 0.44 5 12 120 4 
  Max 8.34 2829 1927  6 1146 436 288 32 266 17.20 66 109 396 22 
  SEM 0.06 84.20 57.33  0.23 33.45 12.67 10.04 1.06 11.41 0.64 2.48 3.80 10.37 0.74 
2017  Mean 7.92 1449 994  3 490 235 80 10 93 2.94 40 63 197 13 
  Min 7.55 871 548  1 241 64 9 2 10 0.46 16 20 129 5 
  Max 8.21 3275 2075  6 1234 456 294 30 266 16.20 63 121 386 23 
  SEM 0.03 99.14 61.99  0.18 39.24 13.20 9.71 1.01 10.68 0.61 1.76 3.36 9.84 0.70 
SEM Standard Error Mean, Data in mg/L except for EC (µS/cm), Turbidity (NTU) BDL –Below detection limit Turbidity (<1NTU), Nitrate and Sulphate (<1) 
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Table 4.11: Results of metallic ingredients in groundwater of Lalganj block 

during the year of 2016. 

 

Sl.No. Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L1 B 1 Pre ppb 71.54 191.38 1.16 BDL BDL 15.42 3.4 0.91 0.76 
L2 B 2 Pre ppb 11.5 162.59 2.3 6.4 1.23 BDL 3.2 BDL BDL 
L3 B 3 Pre ppb 55.8 412.86 9.71 55.36 BDL 1 6.2 BDL BDL 
L 4 B 4 Pre ppb 39.45 195 7.35 7.5 1.23 3 6.3 1.2 BDL 
L 5 B 5 Pre ppb 136.87 224.16 2.3 9.47 6.45 0.75 18.3 BDL 0.89 
L 6 B 6 Pre ppb 11.56 221.97 5.48 28.07 BDL 22.15 2.1 BDL BDL 
L 7 B 7 Pre ppb 25.98 14.97 3.6 5.52 BDL 1.25 1.2 1.1 BDL 
L 8 B 8 Pre ppb 158.94 314.76 4.25 11.97 BDL 1.94 2.14 BDL 1.3 
L 9 B 9 Pre ppb 86.52 166.71 2.6 18.32 2.25 BDL BDL 0.95 BDL 
L 10 B 10 Pre ppb 9.84 92.39 1.5 4.07 1.3 0.95 4.05 0.77 BDL 
L 11 B 11 Pre ppb 59.86 421.41 5.6 5.5 2.54 18.69 2.48 BDL BDL 
L 12 B 12 Pre ppb 19.86 269.48 3.18 9.32 1.96 1.01 9.6 2.54 2.41 
L 13 B 13 Pre ppb 116.37 946.34 3.1 9.55 BDL 2.85 BDL BDL 1.1 
L 14 B 14 Pre ppb 57.64 692.31 2.3 9.25 1.4 2.41 BDL BDL BDL 
L 15 B 15 Pre ppb 85.19 73.26 1.1 0.49 9.52 5.53 2.79 BDL BDL 
L 16 B 16 Pre ppb 126.9 89.63 5.55 24.75 3 1.65 4.65 0.84 BDL 
L 17 B 17 Pre ppb 86.42 1.11 8.03 18.91 0.93 1.1 8.7 BDL 0.86 
L 18 B 18 Pre ppb 3.94 192.51 24.93 5.5 8.2 3.32 6.22 BDL BDL 
L 19 B 19 Pre ppb 71.96 333.36 11.82 21.19 15.86 4.24 11.7 BDL BDL 
L 20 B 20 Pre ppb 4.23 101.96 1.08 10.09 2.3 4.22 BDL 1.12 0.88 
L1 B 1 Post ppb 67.20 189.60 1.52 2.10 BDL 13.22 3.10 0.56 0.62 
L2 B 2 Post ppb 9.21 152.30 2.62 8.62 1.12 BDL 2.31 BDL BDL 
L3 B 3 Post ppb 50.30 408.60 10.01 60.21 BDL 0.64 5.62 BDL BDL 
L 4 B 4 Post ppb 36.20 188.00 8.20 8.62 1.14 2.61 5.32 1.02 BDL 
L 5 B 5 Post ppb 130.20 220.40 3.02 12.31 5.23 0.70 12.30 BDL 0.68 
L 6 B 6 Post ppb 10.20 218.00 6.21 30.54 BDL 18.36 1.56 BDL BDL 
L 7 B 7 Post ppb 20.60 13.50 4.23 7.23 BDL 1.05 2.31 0.92 BDL 
L 8 B 8 Post ppb 156.30 310.50 4.62 12.35 BDL 1.75 2.35 BDL 1.20 
L 9 B 9 Post ppb 80.60 160.60 3.21 19.24 2.14 BDL BDL 0.88 BDL 
L 10 B 10 Post ppb 7.80 90.50 1.90 6.21 1.12 0.88 3.63 0.62 BDL 
L 11 B 11 Post ppb 52.30 418.60 5.50 7.62 2.06 16.34 2.31 BDL BDL 
L 12 B 12 Post ppb 16.30 260.60 3.64 11.20 1.56 1.21 8.63 2.21 2.31 
L 13 B 13 Post ppb 112.60 936.50 3.86 13.20 BDL 2.64 BDL BDL 0.99 
L 14 B 14 Post ppb 55.30 665.00 3.60 12.30 1.15 2.31 BDL BDL BDL 
L 15 B 15 Post ppb 83.20 70.50 2.80 2.10 7.50 5.12 2.02 BDL BDL 
L 16 B 16 Post ppb 122.30 87.60 7.00 26.31 2.89 1.45 3.98 0.66 BDL 
L 17 B 17 Post ppb 82.60 2.12 9.20 21.61 1.13 1.02 6.32 BDL 0.74 
L 18 B 18 Post ppb 3.60 182.42 25.60 7.11 7.90 3.02 5.23 BDL BDL 
L 19 B 19 Post ppb 68.20 312.30 14.60 23.10 14.80 4.06 9.85 BDL BDL 
L 20 B 20 Post ppb 3.20 99.90 2.13 11.32 2.20 4.11 BDL 0.98 0.62 
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Table 4.12 Results of metallic ingredients in groundwater of Sareni block 

during the year of 2016. 

Sl.No. Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L 21 B 1 Pre ppb 288.43 375.36 2.1 4.83 BDL 0.77 BDL BDL 1.2 
L 22 B 2 Pre ppb 154.88 118.74 8.6 15.9 3.58 1.18 2.5 BDL BDL 
L 23 B 3 Pre ppb 110.32 336.21 5.5 40.3 5.2 BDL 1.02 1.22 BDL 
L 24 B 4 Pre ppb 124.88 354.72 5.4 42.8 4.58 BDL 1.01 1.12 BDL 
L 25 B 5 Pre ppb 129.73 259.94 1.5 11.27 12.24 2.14 2.99 BDL 0.95 
L 26 B 6 Pre ppb 158.94 314.76 4.25 11.97 BDL 1.94 2.14 BDL BDL 
L 27 B 7 Pre ppb 156.48 426.71 29.76 62.38 9.52 8.94 8.4 BDL BDL 
L 28 B 8 Pre ppb 242.76 428.19 2.57 22.238 5.42 15.03 4.8 BDL 3.8 
L 29 B 9 Pre ppb 112.84 537.12 2 1.1 BDL 2.25 1.54 1.3 1.1 
L 30 B 10 Pre ppb 114.6 892.76 7.24 9.95 BDL 8.97 9.1 BDL BDL 
L 31 B 11 Pre ppb 112.87 189.74 2.1 9.53 BDL 2.21 1.24 BDL BDL 
L 32 B 12 Pre ppb 158.94 314.76 4.25 11.97 BDL 1.94 2.14 1.1 BDL 
L 33 B 13 Pre ppb 112.88 329.71 1.6 11.63 BDL 4.09 BDL BDL 1.11 
L 34 B 14 Pre ppb 213.79 182.47 7.62 1.2 12.77 2.41 8.82 BDL 1.3 
L 35 B 15 Pre ppb 112.57 442.56 1.3 1.1 8.87 BDL 1.75 1.2 BDL 
L 36 B 16 Pre ppb 198.53 645.22 19.48 15.05 4.8 3.01 6.21 BDL BDL 
L 37 B 17 Pre ppb 112.24 52.97 11.98 11.1 BDL BDL 2.1 4 0.71 
L 38 B 18 Pre ppb 58.96 786.53 1.9 43.85 BDL BDL 1.5 1.1 BDL 
L 39 B 19 Pre ppb 24.78 258.89 8.73 32.17 BDL 1.54 BDL BDL BDL 
L 40 B 20 Pre ppb 157.05 751 6.89 42.39 11.85 6.48 5.63 2.14 BDL 
L 21 B 1 Post ppb 280.5 370.6 3.2 6.23 BDL 0.67 BDL BDL 1.01 
L 22 B 2 Post ppb 150.3 111.3 9.6 17.2 3.38 1.02 2.31 BDL BDL 
L 23 B 3 Post ppb 119.5 342.6 6.5 44.3 4.42 BDL 1.32 1.01 BDL 
L 24 B 4 Post ppb 118.6 343.6 5.5 45.3 3.95 BDL 1.36 1.32 BDL 
L 25 B 5 Post ppb 125.3 252.6 2.3 13.6 10.2 1.98 2.56 BDL 0.88 
L 26 B 6 Post ppb 158.94 310.5 5.5 15.2 BDL 1.63 1.56 BDL BDL 
L 27 B 7 Post ppb 151.5 420.5 35.6 66.2 8.22 7.25 6.54 BDL BDL 
L 28 B 8 Post ppb 240.5 420.5 3.4 23.24 4.22 14.23 2.68 BDL 3.21 
L 29 B 9 Post ppb 108.6 530.2 3.6 1.6 BDL 2.22 1.06 1.02 0.89 
L 30 B 10 Post ppb 108.6 882.6 8.6 11.2 BDL 8.54 7.69 BDL BDL 
L 31 B 11 Post ppb 108.3 187.02 3.2 12.3 BDL 2.36 1.68 BDL BDL 
L 32 B 12 Post ppb 155.6 308.08 4.56 14.2 BDL 1.84 2.61 1.12 BDL 
L 33 B 13 Post ppb 110.8 322.44 2.3 15.6 BDL 4.22 BDL BDL 0.99 
L 34 B 14 Post ppb 208.6 172.52 8.9 3.2 10.7 2.34 7.61 BDL 1.03 
L 35 B 15 Post ppb 109.6 432.52 1.9 2.5 7.89 BDL 1.42 1.32 BDL 
L 36 B 16 Post ppb 190.2 640.14 18.6 16.9 4.23 3.21 5.36 BDL BDL 
L 37 B 17 Post ppb 109.5 50.27 15.6 12.3 BDL BDL 3.12 3.21 0.88 
L 38 B 18 Post ppb 55.3 780.5 2.8 50.6 BDL BDL 1.62 0.89 BDL 
L 39 B 19 Post ppb 20.6 254.8 9.4 33.9 BDL 1.33 BDL BDL BDL 
L 40 B 20 Post ppb 150.6 749 7.6 46.5 10.5 6.21 3.62 1.65 BDL 
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Table 4.13: Results of metallic ingredients in groundwater of Khiron block 

during the year of 2016. 

 

Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L 41 Pre ppb 94.52 58.86 1.28 5.54 1.24 BDL 0.80 BDL 0.86 
L 22 Pre ppb 34.85 156.9 4.37 35.48 2.36 1.67 1.50 0.89 BDL 
L 43 Pre ppb 12.59 423.86 15.34 49.6 10.82 8.90 1.21 BDL 0.75 
L 44 Pre ppb 34.85 156.9 4.37 35.48 2.36 1.67 1.50 BDL 0.84 
L 45 Pre ppb 33.87 193.56 1.21 9.84 0.84 BDL 1.26 0.76 BDL 
L 46 Pre ppb 74.76 86.41 3.68 9 BDL 1.54 1.50 0.78 BDL 
L 47 Pre ppb 98.64 196.55 1.29 17.84 2.5 BDL 2.36 BDL BDL 
L 48 Pre ppb 35.87 123.68 2.51 1.54 5.9 BDL 6.50 BDL 0.97 
L 49 Pre ppb 19.36 86.51 1.2 19.74 2.54 BDL BDL 1.00 BDL 
L 50 Pre ppb 15.72 63.75 1.16 1.2 14.5 BDL BDL BDL BDL 
L 51 Pre ppb 52.38 100.52 5.32 68.4 3.52 1.01 2.13 BDL BDL 
L 52 Pre ppb 168.81 695.94 11.37 16.19 0 6.11 6.42 BDL 1.72 
L 53 Pre ppb 86.42 26.98 5.48 27.61 4.21 1.21 2.54 0.95 BDL 
L 54 Pre ppb 95.8 196.57 7.39 83.46 7.2 1.13 5.20 BDL BDL 
L 55 Pre ppb 112.8 106.84 1.18 53.87 5.58 1.21 BDL BDL BDL 
L 56 Pre ppb 193.42 186.95 12.97 92.54 6.24 2.44 4.58 BDL 0.92 
L 57 Pre ppb 16.7 119.8 11.97 26.47 4.58 10.45 2.41 BDL BDL 
L 58 Pre ppb 116.78 105.51 1.62 84.6 23.15 19.58 7.15 4.21 BDL 
L 59 Pre ppb 76.21 156.37 11.98 9.8 10.83 1.53 75.84 BDL BDL 
L 60 Pre ppb 193.54 557.13 2.21 19.73 5.4 23.15 5.40 2.15 3.15 
L 41 Post ppb 91.3 52.8 2.6 6.5 1.05 BDL 0.62 BDL 0.86 
L 22 Post ppb 33.3 150.29 5.6 40.23 2.08 1.55 1.32 0.77 BDL 
L 43 Post ppb 10.62 419.8 16.2 51.3 9.89 8.23 1.02 BDL 0.75 
L 44 Post ppb 32.3 150.2 5.6 41.2 2.06 1.36 1.32 BDL 0.84 
L 45 Post ppb 31.33 183.5 1.8 12.6 1.1 BDL 1.06 0.56 BDL 
L 46 Post ppb 70.77 85.4 4.5 12.3 BDL 1.44 1.25 0.59 BDL 
L 47 Post ppb 96.3 190.36 2.6 2.36 2.32 BDL 2.00 BDL BDL 
L 48 Post ppb 33.6 118.6 3.4 2.51 4.89 BDL 4.62 BDL 0.97 
L 49 Post ppb 17.6 80.52 3.3 20.31 2.2 BDL BDL 0.94 BDL 
L 50 Post ppb 14.3 59.52 2.6 2.6 13.9 BDL BDL BDL BDL 
L 51 Post ppb 49.9 98.58 6.5 74.3 3.56 1.23 2.01 BDL BDL 
L 52 Post ppb 160.6 682.96 12.3 20.3 BDL 5.62 4.32 BDL 1.72 
L 53 Post ppb 82.6 22.62 6.8 30.8 4.12 1.06 2.34 0.84 BDL 
L 54 Post ppb 92.3 190.51 8.8 94.2 6.87 1.00 3.66 BDL BDL 
L 55 Post ppb 108.6 100.6 2.6 64.2 5.23 1.05 BDL BDL BDL 
L 56 Post ppb 188.6 180.3 14.3 104.6 5.98 2.04 4.02 BDL 0.92 
L 57 Post ppb 15.7 112.6 12.8 36.2 4.38 9.44 2.36 BDL BDL 
L 58 Post ppb 112.30 101.23 2.6 98.21 20.1 16.30 7.77 4.01 BDL 
L 59 Post ppb 74.0 142.6 12.4 13.6 10.8 1.35 50.20 BDL BDL 
L 60 Post ppb 186.55 546.3 2.9 30.5 5.32 18.60 3.66 2.31 3.15 
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Table 4.14: Results of metallic ingredients in groundwater of control block 

during the year of 2016. 

 

Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
B 1 Pre ppb 3.21 596.5 BDL 5.687 BDL 5.56 5.56 BDL BDL 
B 2 Pre ppb 15.3 251.423 BDL 18.6475 2.26 6.69 2.23 BDL 0.86 
B 3 Pre ppb 3.941 192.51 BDL 5.5 8.41 3.32025 6.25 BDL BDL 
B 4 Pre ppb 50.08 286.4 6.5 65.84 BDL 3.284 6.3 BDL BDL 
B 5 Pre ppb 34.85 156.9 4.365 35.48 2.35 1.67 3.5 BDL BDL 
B 6 Pre ppb 15.32 432.8 1.158 22.576 1.36 7.836 2.4 BDL BDL 
B 7 Pre ppb 253.9 295.47 BDL 96.584 7.69 7.74 1.3 BDL BDL 
B 8 Pre ppb 65.35 402.95 7.35 19.5 3 1 5.6 BDL BDL 
B 9 Pre ppb 175.92 625.7 BDL 68.971 BDL 5.968 6.2 BDL BDL 

B 10 Pre ppb 146.2 863.74 BDL 9.987 BDL 0.98 18.6 BDL BDL 
B 11 Pre ppb 55.8 412.86 9.009 55.36 4.56 1 6.2 BDL BDL 
B 12 Pre ppb 54.8 409.6 10.2 59.64 3.52 1.2 5.6 BDL BDL 
B 13 Pre ppb 22.6 396.12 2.63 66.98 1.36 3.66 1.16 BDL BDL 
B 14 Pre ppb 112.244 52.971 9.8 11.097 BDL BDL 2.1 0.3998 BDL 
B 15 Pre ppb 22.6 396.12 2.63 66.98 1.36 3.66 1.16 BDL BDL 
B 16 Pre ppb 3.941 192.51 2.493 5.5 9.52 3.32025 8.2175 BDL BDL 
B 17 Pre ppb 123.3 366.65 6.23 25.69 BDL BDL 5.32 BDL BDL 
B 18 Pre ppb 76.8 398.647 0.921 18.659 BDL 5.541 5.976 1.64 BDL 
B 19 Pre ppb 423.81 116.87 3.33 99.86 3.34 4.45 1.98 0.98 0.87 
B 20 Pre ppb 16.32 456.8 1.76 46.78 4.5 9.8 5.6 BDL BDL 
B 1 Post ppb 2.91 588.6 BDL 8.23 BDL 5.23 5.21 BDL BDL 
B 2 Post ppb 13.6 241.6 1.2 21.3 2.01 6.21 2.01 BDL 0.86 
B 3 Post ppb 3.21 182.3 0.52 8.61 7.21 3.21 5.1 BDL BDL 
B 4 Post ppb 48.08 280.6 7.1 71.35 BDL 3.01 4.3 BDL BDL 
B 5 Post ppb 32.05 150.6 5.6 41.3 2.21 1.42 2.1 BDL BDL 
B 6 Post ppb 14.12 423.6 2.6 27.6 1.09 6.24 2.6 BDL BDL 
B 7 Post ppb 222.2 288.6 0.92 102.2 6.92 7.56 1.6 BDL BDL 
B 8 Post ppb 60.35 397.6 8.2 23.6 2.84 1.02 4.9 BDL BDL 
B 9 Post ppb 170.92 620.6 1.2 73.6 BDL 5.22 4.3 BDL BDL 

B 10 Post ppb 142.2 852.42 1.2 12.35 BDL 0.78 12.3 BDL BDL 
B 11 Post ppb 54.8 409.6 10.2 59.64 3.52 1.2 5.6 BDL BDL 
B 12 Post ppb 20.6 382.6 11.3 71.64 1.25 3.22 1.02 BDL BDL 
B 13 Post ppb 102.6 42.9 12.1 13.64 BDL BDL 1.06 0.55 BDL 
B 14 Post ppb 20.5 366.9 3.5 77.6 1.26 3.24 1.04 BDL BDL 
B 15 Post ppb 3.621 172.6 3.3 8.6 8.62 3.02 6.33 BDL BDL 
B 16 Post ppb 90.2 426.3 3.4 37.6 5.32 7.54 5.97 2.31 0.85 
B 17 Post ppb 119.9 34.6 7.5 29.4 BDL BDL 4.36 BDL BDL 
B 18 Post ppb 74.6 372.3 1.2 21.6 BDL 5.32 5.01 1.02 BDL 
B 19 Post ppb 419.6 110.6 4.1 102.6 3.3 4.21 2.12 0.72 0.87 
B 20 Post ppb 15.63 406.3 2.3 51.3 4.26 7.65 3.64 BDL BDL 

  

 

 



Chapter- 4                                                                                                        Results                                                                                                                      

122 

 

Table 4.15: Results of metallic ingredients in groundwater of Lalganj block 

during the year of 2017. 

 

Sl.No. Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L1 B 1 Pre ppb 70.20 192.30 1.56 2.34 BDL 14.62 4.20 0.62 0.66 
L2 B 2 Pre ppb 12.30 153.60 2.65 8.56 1.32 BDL 2.35 BDL BDL 
L3 B 3 Pre ppb 52.30 412.30 11.23 60.24 BDL 0.67 6.20 BDL BDL 
L 4 B 4 Pre ppb 37.60 166.20 9.52 8.96 1.23 2.51 5.37 1.12 BDL 
L 5 B 5 Pre ppb 136.50 223.60 4.36 11.20 5.36 1.02 12.64 BDL 0.62 
L 6 B 6 Pre ppb 15.30 220.30 7.21 29.60 BDL 19.50 1.87 BDL BDL 
L 7 B 7 Pre ppb 23.60 14.60 5.63 8.20 BDL 1.34 2.54 1.10 BDL 
L 8 B 8 Pre ppb 155.60 312.00 5.24 11.60 BDL 1.85 2.85 BDL 1.32 
L 9 B 9 Pre ppb 86.30 158.60 4.25 18.90 2.31 BDL BDL 1.20 BDL 
L 10 B 10 Pre ppb 9.40 92.30 2.34 7.20 1.32 0.89 3.76 0.68 BDL 
L 11 B 11 Pre ppb 56.30 425.30 6.31 8.20 2.36 16.24 2.45 BDL BDL 
L 12 B 12 Pre ppb 19.60 262.30 4.35 12.30 2.50 1.32 8.24 2.31 2.23 
L 13 B 13 Pre ppb 110.30 825.00 4.36 14.30 BDL 2.53 BDL BDL 1.10 
L 14 B 14 Pre ppb 56.80 652.00 6.32 13.20 1.95 2.36 BDL BDL BDL 
L 15 B 15 Pre ppb 84.60 73.60 3.24 3.10 8.21 5.16 2.01 BDL BDL 
L 16 B 16 Pre ppb 129.60 89.60 6.24 15.30 2.95 1.62 4.21 0.67 BDL 
L 17 B 17 Pre ppb 86.40 3.50 8.62 20.10 1.34 1.23 6.54 BDL 0.82 
L 18 B 18 Pre ppb 5.60 162.30 24.30 8.20 7.26 3.56 5.62 BDL BDL 
L 19 B 19 Pre ppb 68.60 315.20 26.30 20.30 13.20 4.62 9.84 BDL BDL 
L 20 B 20 Pre ppb 6.34 120.40 3.60 14.20 2.13 5.26 BDL 1.20 0.72 
L1 B 1 Post ppb 66.20 172.60 2.20 3.26 BDL 12.60 3.60 0.55 0.55 
L2 B 2 Post ppb 8.20 126.40 3.10 10.23 1.21 BDL 2.10 BDL BDL 
L3 B 3 Post ppb 42.30 385.60 12.34 62.30 BDL 0.52 5.60 BDL BDL 
L 4 B 4 Post ppb 28.60 123.60 11.21 9.26 1.12 2.13 5.10 0.92 BDL 
L 5 B 5 Post ppb 110.00 201.30 5.12 12.60 5.10 0.89 10.20 BDL 0.60 
L 6 B 6 Post ppb 8.30 199.60 7.89 30.20 BDL 16.20 1.62 BDL BDL 
L 7 B 7 Post ppb 16.50 10.30 6.10 9.30 BDL 1.02 2.30 0.99 BDL 
L 8 B 8 Post ppb 121.30 289.60 5.98 12.30 BDL 1.63 2.40 BDL 1.20 
L 9 B 9 Post ppb 56.30 123.40 4.68 19.20 2.23 BDL BDL 1.10 BDL 
L 10 B 10 Post ppb 8.60 72.30 3.12 8.60 1.21 0.75 3.40 0.55 BDL 
L 11 B 11 Post ppb 45.60 384.20 7.24 9.12 2.25 15.60 2.20 BDL BDL 
L 12 B 12 Post ppb 14.30 203.10 5.62 14.20 2.14 1.23 6.20 2.00 2.10 
L 13 B 13 Post ppb 188.60 512.30 6.23 15.60 BDL 2.33 BDL BDL 0.99 
L 14 B 14 Post ppb 42.30 456.20 8.24 14.90 1.82 2.13 BDL BDL BDL 
L 15 B 15 Post ppb 54.60 52.30 4.36 4.10 8.00 4.25 1.80 BDL BDL 
L 16 B 16 Post ppb 110.30 55.60 7.38 16.20 2.56 1.52 3.89 0.57 BDL 
L 17 B 17 Post ppb 66.40 2.60 9.21 22.30 1.23 1.10 5.84 BDL 0.76 
L 18 B 18 Post ppb 3.20 121.30 26.20 9.89 6.25 3.20 4.96 BDL BDL 
L 19 B 19 Post ppb 52.30 278.60 28.30 21.30 10.60 4.12 7.88 BDL BDL 
L 20 B 20 Post ppb 4.60 110.30 6.20 16.50 1.98 4.98 BDL 1.10 0.66 
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Table 4.16 Results of metallic ingredients in groundwater of Sareni block 

during the year of 2017. 

 

Sl.No. Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L 21 B 1 Pre ppb 282.3 380.2 4.2 6.8 BDL 0.78 BDL BDL 1.21 
L 22 B 2 Pre ppb 156.3 112.3 10.3 16.2 3.32 1.02 2.12 BDL BDL 
L 23 B 3 Pre ppb 118.2 352.6 7.6 43.6 4.36 BDL 1.32 0.98 BDL 
L 24 B 4 Pre ppb 116.4 345.2 6.2 46.2 4.21 BDL 1.25 1.42 BDL 
L 25 B 5 Pre ppb 128.6 256.1 3.3 12.5 10.8 2.14 2.62 BDL 0.92 
L 26 B 6 Pre ppb 154.6 312.2 6.4 16.9 BDL 1.95 1.45 BDL BDL 
L 27 B 7 Pre ppb 156.3 415.6 36.5 67.1 7.94 7.68 6.87 BDL BDL 
L 28 B 8 Pre ppb 247.5 425.3 3.8 23.32 5.21 15.21 2.98 BDL 3.12 
L 29 B 9 Pre ppb 112.4 529.1 4.3 2.6 BDL 3.21 1.25 1.21 0.88 
L 30 B 10 Pre ppb 114.3 862.1 9.21 11.01 BDL 8.29 7.64 BDL BDL 
L 31 B 11 Pre ppb 109.5 194.2 4.2 12.3 BDL 26.26 1.84 BDL BDL 
L 32 B 12 Pre ppb 150.6 312.4 5.6 13.4 BDL 2.1 2.94 1.31 BDL 
L 33 B 13 Pre ppb 111.3 326.1 3.6 14.2 BDL 4.01 BDL BDL 0.92 
L 34 B 14 Pre ppb 214.2 184.2 9.7 3.2 10.62 2.68 7.88 BDL 1.12 
L 35 B 15 Pre ppb 105.6 436.1 2.9 4.2 7.65 BDL 1.56 1.42 BDL 
L 36 B 16 Pre ppb 178.6 654.2 16.4 15.3 4.23 3.64 5.68 BDL BDL 
L 37 B 17 Pre ppb 112 56.8 14.6 14.2 BDL BDL 3.94 3.22 0.87 
L 38 B 18 Pre ppb 56.3 784.2 3.6 56.3 BDL BDL 1.87 0.95 BDL 
L 39 B 19 Pre ppb 26.4 263.2 9.6 30.2 BDL 1.62 BDL BDL BDL 
L 40 B 20 Pre ppb 152.3 751.4 8.4 42.6 10.95 6.54 3.84 1.62 BDL 
L 21 B 1 Post ppb 213 345.6 5.62 7.8 BDL 0.65 BDL BDL 1 
L 22 B 2 Post ppb 123.6 89.6 12.3 18.6 3.22 0.85 1.88 BDL BDL 
L 23 B 3 Post ppb 88.2 299.5 8.21 44.6 4.1 BDL 1.21 0.88 BDL 
L 24 B 4 Post ppb 89.4 345.2 7.62 47.6 3.89 BDL 1.1 1.2 BDL 
L 25 B 5 Post ppb 99.2 201.3 5.21 13.6 9.2 1.98 1.36 BDL 0.85 
L 26 B 6 Post ppb 114.8 299.3 8.21 17.5 BDL 1.75 1.22 BDL BDL 
L 27 B 7 Post ppb 121.5 386.2 37.26 69.2 6.2 5.99 5.6 BDL BDL 
L 28 B 8 Post ppb 198.5 362.4 4.35 25.6 3.2 12.3 2.3 BDL 2.9 
L 29 B 9 Post ppb 98.9 456.2 5.23 4.9 BDL 3.1 1.1 1.1 0.63 
L 30 B 10 Post ppb 87.6 756.6 10.21 12.9 BDL 7.98 6.2 BDL BDL 
L 31 B 11 Post ppb 87.9 154.2 6.21 13.8 BDL 24.2 1.5 BDL BDL 
L 32 B 12 Post ppb 123.8 388.6 6.21 15.9 BDL 2 2.4 1.15 BDL 
L 33 B 13 Post ppb 79.8 297.2 4.32 16.7 BDL 3.98 BDL BDL 0.86 
L 34 B 14 Post ppb 189.6 152.3 10.2 4.5 8.2 2.36 6.89 BDL 0.98 
L 35 B 15 Post ppb 88.4 386.7 3.6 4.6 5.1 BDL 1.2 1.21 BDL 
L 36 B 16 Post ppb 134.7 550.5 18.2 16.7 4.2 3.33 4.96 BDL BDL 
L 37 B 17 Post ppb 92.5 29.6 17.2 15.6 BDL BDL 3.3 2.9 0.77 
L 38 B 18 Post ppb 36.4 654.1 5.3 56.6 BDL BDL 1.32 0.86 BDL 
L 39 B 19 Post ppb 19.5 201.5 11.54 32.4 BDL 1.52 BDL BDL BDL 
L 40 B 20 Post ppb 126.4 654.3 9.24 43.2 8.2 4.98 3.33 1.42 BDL 
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Table 4.17: Results of metallic ingredients in groundwater of Khiron block 

during the year of 2017. 

 

Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 
L 41 Pre ppb 99.6 54.6 3.6 7.6 1.23 0.62 0.72 BDL 0.85 
L 22 Pre ppb 36.4 152.3 6.4 39.5 2.2 4.62 1.42 0.75 BDL 
L 43 Pre ppb 12.6 423.4 17.8 52 9.65 8.35 1.35 BDL 0.72 
L 44 Pre ppb 36.4 154.2 6.5 42.1 2.12 1.61 1.42 BDL 0.83 
L 45 Pre ppb 33.6 177.6 2.6 13.4 2.14 BDL 1.32 0.62 BDL 
L 46 Pre ppb 77.5 86.4 6.4 13.2 BDL 1.55 1.33 0.74 BDL 
L 47 Pre ppb 86.5 175.6 2.7 2.63 2.36 BDL 2.25 BDL BDL 
L 48 Pre ppb 36.4 123.4 6.3 2.61 4.95 BDL 4.67 BDL 0.92 
L 49 Pre ppb 20.5 84.6 4.5 22.3 2.62 BDL BDL 0.85 BDL 
L 50 Pre ppb 16.4 65.31 3.6 2.8 14.2 BDL BDL BDL BDL 
L 51 Pre ppb 52.6 99.2 8.4 75.6 3.64 1.25 2.12 BDL BDL 
L 52 Pre ppb 152.6 623.4 13.2 21.3 BDL 5.75 4.36 BDL 1.70 
L 53 Pre ppb 84.3 32.1 8.5 31.2 4.35 1.23 2.66 0.94 BDL 
L 54 Pre ppb 94.6 191.2 9.4 93.6 7.12 1.24 3.84 BDL BDL 
L 55 Pre ppb 119.4 105.6 4.2 65.4 5.36 1.02 BDL BDL BDL 
L 56 Pre ppb 182.6 170.3 15.2 111.3 6.12 2.04 4.23 BDL 0.98 
L 57 Pre ppb 26.3 132.6 11.4 38.2 5.36 9.06 2.63 BDL BDL 
L 58 Pre ppb 105.3 112.4 2.3 78.2 21.6 15.89 7.88 3.60 BDL 
L 59 Pre ppb 84.3 136.4 13.4 16.2 11.3 1.37 50.20 BDL BDL 
L 60 Pre ppb 156.7 532.6 3.5 28.3 6.2 17.20 3.55 3.10 3.02 
L 41 Post ppb 75.6 36.2 5.2 7.9 1.12 0.52 0.62 BDL 0.69 
L 22 Post ppb 26.9 121.3 8.1 41.2 1.98 4.21 1.10 0.70 BDL 
L 43 Post ppb 8.9 389.6 19.2 52.6 7.36 7.23 1.11 0.00 0.62 
L 44 Post ppb 29.4 138.7 7.2 43.6 1.89 1.42 1.21 0.00 0.75 
L 45 Post ppb 27.8 122.3 4.1 15.6 1.88 BDL 1.20 0.56 BDL 
L 46 Post ppb 59.8 56.4 7.2 14.2 BDL 1.23 1.00 0.65 BDL 
L 47 Post ppb 66.2 165.2 3.6 3.4 2.13 BDL 1.90 BDL BDL 
L 48 Post ppb 30.2 88.2 8.2 3.3 4.21 BDL 3.80 BDL 0.86 
L 49 Post ppb 12.6 56.4 5.6 23.6 1.98 BDL BDL 0.74 BDL 
L 50 Post ppb 14.2 48.6 5.2 3.8 12.3 BDL BDL BDL BDL 
L 51 Post ppb 46.9 78.6 10.2 76.2 3.21 1.11 2.00 BDL BDL 
L 52 Post ppb 127.5 523.6 15.3 26.2 BDL 4.62 4.10 BDL 1.50 
L 53 Post ppb 66.9 26.9 9.4 33.2 4.12 1.03 2.30 0.86 BDL 
L 54 Post ppb 75.6 156.8 10.6 96.3 6.2 1.02 3.30 BDL BDL 
L 55 Post ppb 88.7 78.6 5.6 62.2 3.99 0.89 BDL BDL BDL 
L 56 Post ppb 162.3 164.2 16.3 110.2 5.1 1.88 3.90 BDL 0.78 
L 57 Post ppb 20.6 120.1 12.5 39.6 4.88 7.65 2.20 BDL BDL 
L 58 Post ppb 79.8 97.6 4.3 79.5 20.1 13.60 5.90 3.30 BDL 
L 59 Post ppb 64.8 110.2 15.2 17.6 9.99 1.22 41.60 BDL BDL 
L 60 Post ppb 113.6 486.2 4.5 29.3 4.89 12.60 3.20 2.90 2.80 
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 Table 4.18: Results of metallic ingredients in groundwater of Bachhrawan 

block during the year of 2017. 

 
Sl.No. Season Unit Zn Fe Ni Mn Pb Cu Co Cr Cd 

B 1 Pre ppb 3.61 532.1 2.3 9.21 BDL 5.36 5.74 BDL BDL 
B 2 Pre ppb 14.03 264.2 2.3 22.3 2.13 6.39 2.62 BDL 0.82 
B 3 Pre ppb 4.36 184 1.2 9.61 8.12 3.33 5.21 BDL BDL 
B 4 Pre ppb 52.3 263.1 8.6 72.1 BDL 3.26 4.54 BDL BDL 
B 5 Pre ppb 36.4 156.2 5.2 42.5 2.36 1.52 2.61 BDL BDL 
B 6 Pre ppb 16.4 432.1 2.9 28.6 1.32 6.62 2.74 BDL BDL 
B 7 Pre ppb 202 299.5 1.2 106.4 5.98 7.68 1.94 BDL BDL 
B 8 Pre ppb 60.35 399.2 7.6 24.3 2.64 1.25 5.2 BDL BDL 
B 9 Pre ppb 159.6 625.4 2.1 75.4 BDL 6.21 4.6 BDL BDL 

B 10 Pre ppb 144.6 735.6 2.3 14.2 BDL 0.84 12.4 BDL BDL 
B 11 Pre ppb 56.4 406.3 11.2 60.1 3.62 1.35 5.7 BDL BDL 
B 12 Pre ppb 26.4 482.6 12.3 72.1 2.31 3.54 1.32 BDL BDL 
B 13 Pre ppb 118.3 45.6 14.2 12.3 BDL BDL 1.2 0.52 BDL 
B 14 Pre ppb 24.6 387.4 4.6 75.6 1.34 3.24 1.4 BDL BDL 
B 15 Pre ppb 4.65 182.3 4.5 9.6 8.9 3.28 6.22 BDL BDL 
B 16 Pre ppb 92.4 436.1 4.2 38.6 6.32 7.62 5.84 2.12 0.95 
B 17 Pre ppb 117.6 36.4 7.9 30.2 BDL BDL 4.36 BDL BDL 
B 18 Pre ppb 58.6 375.6 2.4 22.3 BDL 5.34 5.11 1 BDL 
B 19 Pre ppb 412.5 123.5 5.4 111.2 3.61 5.61 2.01 0.72 0.99 
B 20 Pre ppb 14.6 406.4 3.2 52.2 5.2 7.85 3.52 0.65 BDL 
B 1 Post ppb 1.56 420.6 3.8 10.2 BDL 4.62 3.6 BDL BDL 
B 2 Post ppb 10.3 244.3 4.1 23.6 2 5.23 2.2 BDL 0.62 
B 3 Post ppb 5.36 156.4 3.2 10.3 6.8 3.1 3.9 BDL BDL 
B 4 Post ppb 42.3 230.2 9.2 73.6 BDL 2.9 3.8 BDL BDL 
B 5 Post ppb 28.6 136.1 5.9 43.6 2.1 1.32 2.1 BDL BDL 
B 6 Post ppb 14.3 398.5 3.2 29.3 1.1 5.8 2.3 BDL BDL 
B 7 Post ppb 152 266.5 3.1 104.2 4.89 5.6 1.6 BDL BDL 
B 8 Post ppb 38.4 3.52.2 9.1 26.3 2 1.1 4.9 BDL BDL 
B 9 Post ppb 120.6 545.5 3.9 78.6 BDL 5.2 4.1 BDL BDL 

B 10 Post ppb 123.4 654.2 3.3 15.6 BDL 0.77 10.3 BDL BDL 
B 11 Post ppb 45.6 388.8 12.3 62.3 3.22 1.2 4.6 BDL BDL 
B 12 Post ppb 20.1 422.2 15.6 75.6 1.88 3.2 1.1 BDL BDL 
B 13 Post ppb 88.5 39.9 16.2 13.6 BDL BDL 0.9 0.32 BDL 
B 14 Post ppb 21.3 342.2 5.6 76.8 1.22 3.1 1.2 BDL BDL 
B 15 Post ppb 3.2 169.8 5.9 10.3 7.2 2.9 5.3 BDL BDL 
B 16 Post ppb 67.8 400.2 4.8 40.3 4.9 6.5 3.9 2.1 0.84 
B 17 Post ppb 91.3 30.1 8.9 31.2 BDL BDL 3.86 BDL BDL 
B 18 Post ppb 38.6 325.1 3.6 23.2 BDL 5 4392 1 BDL 
B 19 Post ppb 354.6 103.6 6.2 113.6 2.9 5.21 2 0.62 0.77 
B 20 Post ppb 12.3 388.7 4.9 56.5 3.6 5.88 3.2 0.55 BDL 
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Table 4.19: Descriptive statistics of metallic composition of groundwater of Lalganj 
tehsil for 2017 (n=20)  
 
   Zn Fe Ni Mn Pb Cu Co Cr Cd 
Lalganj block Mean 60.21 252.64 5.76 14.11 2.75 4.30 4.25 0.43 0.38 
2016  Min 3.20 1.11 1.08 BDL BDL BDL BDL BDL  BDL 
  Max 158.94 946.34 25.60 60.21 15.86 22.15 18.30 2.54 2.41 
  SEM 7.30 35.40 0.87 2.01 0.61 0.92 0.64 0.10 0.10 
2017  Mean  56.79 218.91 7.96 15.43 2.53 4.06 3.74 0.42 0.36 
  Min 3.20 2.60 1.56 2.34 BDL BDL BDL BDL BDL 
  Max 188.60 825.00 28.30 62.30 13.20 19.50 12.64 2.31 2.23 
  SEM 7.42 28.25 1.06 1.96 0.50 0.83 0.49 0.10 0.09 
Sareni block Mean  140.95 397.02 7.34 21.37 3.66 3.05 2.93 0.62 0.48 
2016  Min 20.60 50.27 1.30 1.10 BDL BDL BDL BDL BDL 
  Max 288.43 892.76 35.60 66.20 12.77 15.03 9.10 4.00 3.80 
  SEM 9.29 34.95 1.17 2.82 0.69 0.59 0.42 0.15 0.13 
2017  Mean  125 374 9.17 23.36 3.12 4.10 2.60 0.57 0.43 
  Min 20 30 2.90 2.60 BDL BDL BDL BDL BDL 
  Max 282 862 37.26 69.20 10.95 26.26 7.88 3.22 3.12 
  SEM 8.71 32.54 1.19 2.91 0.58 0.95 0.36 0.13 0.12 
Khiron block Mean  76.76 186.72 5.95 35.67 5.49 3.80 5.55 0.52 0.46 
2016  Min 10.62 22.62 1.16 1.20 BDL BDL BDL BDL BDL 
  Max 193.54 695.94 16.20 104.60 23.15 23.15 75.84 4.21 3.15 
  SEM 8.81 26.69 0.73 4.88 0.83 0.95 2.19 0.16 0.13 
2017  Mean 67.82 167.47 8.19 38.42 5.25 3.33 4.41 0.51 0.43 
  Min 8.90 26.90 2.30 2.61 BDL BDL BDL BDL BDL 
  Max 182.60 623.40 19.20 111.30 21.60 17.20 50.20 3.60 3.02 
  SEM 7.28 23.61 0.73 4.97 0.78 0.73 1.56 0.15 0.12 
 Control area Mean 82.70 351.37 3.90 41.73 2.58 3.80 4.55 0.19 0.11 
2016  Min 2.91 34.60 BDL 5.50 BDL BDL BDL BDL BDL 
  Max 423.81 863.74 12.10 102.60 9.52 9.80 18.60 2.31 0.87 
  SEM 15.95 30.63 0.55 4.79 0.45 0.43 0.53 0.16 0.05 
2017  Mean 72.50 318.88 5.96 45.19 2.44 3.72 3.84 0.24 0.12 
  Min 1.56 30.10 1.20 9.21 BDL BDL 0.90 BDL BDL
  Max 412.50 735.60 16.20 113.60 8.90 7.85 12.40 2.12 0.99 
  SEM 14.06 28.13 0.62 5.02 0.41 0.37 2.34 0.082 0.048 
Standard IS   5000  300  20 100 10  50  -  50 3  
EPA 2013   5000 300  - -  15  1300  - 100 5 
WHO 2011   3000 300 - 100  10  2000 - 50 3 
Data in ppb or μg/L except SEM (Standard Error Mean) 
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4.1.2 Metallic constituent in groundwater  

The Descriptive statistics of metals in groundwater of Lalganj, Sareni and Khiron 

were given in Table 4.19. 

4.1.2 .1 Zinc (Zn)    

The concentration of Zn in groundwater varied from 3.0 to 158.94, 20.60 to 

288.43 and 10.62 to 193.54 ppb for Lalganj, Sareni and Khiron block while 3.20 to 

188.60, 20.0 to 282.0 and 8.90 to 182.60 ppb, respectively for 2017. The average 

value of Zinc found 60.21±7.30, 140.95±9.29 and 76.76±8.81 ppb for Lalganj, 

Sareni and Khiron block during year of 2016. In 2017, the mean concentration of Zn 

in groundwater observed 56.79±7.42, 125±8.71 and 67.82±7.28 ppb for Lalganj, 

Sareni and Khiron block. The average concentration of Zn in the control area 

obseved 82.70±15.95 and 72.50± 14.06 during 2016 and 2017. 

4.1.2 .2 Iron (Fe)   

The concentration of iron in groundwater varied from 1.11 to 946.34 ppb 

with mean value 252.64±35.40 ppb for Lalganj block, 50.27 to 892.76 ppb with 

mean value 397.02±34.95 ppb for Sareni block and 22.62 to 695.94 ppb with mean 

value 186.72±26.69 ppb for Khiron block during 2016 while 2.60 to 825.0 ppb with 

mean value 218.91±28.25 ppb for, 30 to 862 ppb with mean value 374±32.54 ppb for 

Sareni block and 26.90 to 623.40 ppb with mean value 167.47±23.61 ppb for Khiron 

block, respectively for the year of 2017.  
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4.1.2 .3 Nickel (Ni) 

The mean concentrations of nickel was found 5.76±0.87, 7.34±1.17, 

5.95±0.73 and 3.90±0.55 ppb with range from 1.08 to 25.60, 1.30 to 35.60, 1.16 to 

16.20 and BDL to 12.10 ppb for Lalganj, Sareni, Khiron and Bachhrawan block 

during 2016. In 2017, the concentration was ranged from 1.56 to 28.30, 2.90 to 

37.26, 2.30 to 19.20 and 1.20 to 16.20 ppb for Lalganj, Sareni, Khiron and 

Bachhrawan block with mean value 7.96±1.06, 9.17±1.19, 8.19±0.73 and 5.96±0.62 

ppb for Lalganj, Sareni, Khiron and Bachhrawan block during 2017.  

4.1.2 .4 Manganese (Mn) 

In this investigation, the concentration of Manganese in groundwater varied 

from BDL to 60.21, 1.10 to 66.20, 1.20 to 104.60 and 5.50 to 102.60 ppb for Lalganj, 

Sareni, Khiron and control area (Bachhrawan block) during 2016, while 2.34 to 

62.20, 2.60 to 69.20, 2.61 to 111.30 and 9.21 to 113.60 ppb, respectively for 2017. 

The average value of Manganese found 14.11±2.01, 21.37±2.82, 35.67±4.88 and 

41.73±4.79 ppb for Lalganj, Sareni, Khiron and control area (Bachhrawan block) 

during year of 2016. In 2017, the mean concentration of Manganese in groundwater 

observed 15.43±1.96, 23.36±2.91, 38.42±4.97 and 45.19±5.02 ppb for Lalganj, 

Sareni, Khiron and Bachhrawan block.  

4.1.2 .5 Lead (Pb)  

The concentration of lead in groundwater varied from BDL to 15.86 ppb with 

mean value 2.75±0.61 ppb for Lalganj block, BDL to 12.77 ppb with mean value 

3.66±0.69 ppb for Sareni block and BDL to 23.15 ppb with mean value 5.49±0.83 
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ppb for Khiron block during 2016 while BDL to 13.20 ppb with mean value 

2.53±0.50 ppb for Lalganj, BDL to 10.95 ppb with mean value 3.12±0.58 ppb for 

Sareni block and BDL to 21.60 ppb with mean value 5.25±0.78 ppb for Khiron 

block, respectively for the year of 2017. The concentration of lead in groundwater of 

control area varied from BDL to 9.52 with mean value 2.58±0.45 ppb for 2016 and 

BDL to 8.90 ppb with average value 2.44±0.41 ppb for 2017.  

4.1.2 .6 Copper (Cu):  

The mean concentrations of Copper was found 4.30±0.92, 3.05±0.59, 

3.80±0.95 and 3.80±0.43 ppb with range from BDL to 22.15, BDL to 15.03, BDL to 

23.15 and BDL to 9.80 ppb for Lalganj, Sareni, Khiron and Bachhrawan block 

during 2016. In 2017, the concentration was ranged from BDL to 19.50, BDL to 

26.26, BDL to 17.20 and BDL to 7.85 ppb for Lalganj, Sareni, Khiron and 

Bachhrawan block with mean value 4.06±0.83, 4.10±0.95, 3.33±0.73 and 3.72±0.37 

ppb for Lalganj, Sareni, Khiron and Bachhrawan block during 2017.  

4.1.2 .7 Cobalt (Co)  

The concentration of Co in groundwater samples of study were ranged from 

BDL to 18.30 ppb with mean value 4.25±0.64 ppb for Lalganj block, BDL to 9.10 

ppb with mean value 2.93±0.42 ppb for Sareni block, BDL to 75.84 ppb with mean 

value 5.55±2.19 for Khiron block and BDL to 18.60 ppb with mean value 4.55±0.53 

for control area during 2016. The concentration of Co in groundwater samples of 

study during 2017 were ranged from BDL to 12.64 ppb with mean value 3.74±0.49 

ppb for Lalganj block, BDL to 7.88 ppb with mean value 2.60±0.36 ppb for Sareni 
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block, BDL to 50.20 ppb with mean value 4.41±1.56 for Khiron block and 0.90 to 

18.60 ppb with mean value 3.84±2.34 for control area during 2017. 

 

4.1.2 .8 Chromium (Cr)  

In this research, the concentration of Chromium in groundwater varied from 

BDL to 2.54, BDL to 4.0, BDL to 4.21 and BDL to 2.31 ppb for Lalganj, Sareni, 

Khiron and control area (Bachhrawan block) during 2016, while BDL to 2.31, BDL 

to 3.22, BDL to 3.60 and BDL to 2.12 ppb, respectively for 2017. The average value 

of Chromium found 0.43±0.10, 0.62±0.15, 0.52±0.16 and 0.19±0.16 ppb for Lalganj, 

Sareni, Khiron and control area (Bachhrawan block) during year of 2016. In 2017, 

the mean concentration of Chromium in groundwater observed 0.42±0.10, 

0.57±0.13, 0.51±0.15 and 0.24±0.08 ppb for Lalganj, Sareni, Khiron and 

Bachhrawan block.  

4.1.2 .9 Cadmium (Cd)  

In this investigation, the concentration of cadmium in groundwater varied 

from BDL to 2.41 ppb with mean value 0.38±0.10 ppb for Lalganj block, BDL to 

3.80 ppb with mean value 0.48±0.13 ppb for Sareni block and BDL to 3.15 ppb with 

mean value 0.46±0.13 ppb for Khiron block during 2016 while BDL to 2.33 ppb with 

mean value 0.36±0.09 ppb for, BDL to 3.12 ppb with mean value 0.43±0.12 ppb for 

Sareni block and BDL to 3.02 ppb with mean value 0.43±0.12 ppb for Khiron block, 

respectively for the year of 2017. The concentration of cadmium in groundwater of 

control area varied from BDL to 0.87 with mean value 0.11±0.05 ppb for 2016 and 

BDL to 0.99 ppb with average value 0.12±0.05 ppb for 2017.   
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4.2 Spatial and temporal variation in groundwater quality 

4.2.1 Spatial and temporal variation physicochemical variable  

In the study area, pH was found alkaline in nature. The mean pH values were 

7.58, 7.43 and 7.52 recorded in pre-monsoon and 8.04, 7.92 and 7.52 in Lalganj 

Sareni and Khiron block during post-monsoon 2016. The pH of groundwater was 

7.99, 7.84 and 7.99 in pre-monsoon and 7.80, 7.99 and 7.84 in   post-monsoon 2017 

for Lalganj, Sareni, and Khiron. pH of groundwater during post-monsoon was higher 

as compare to pre-monsoon during both year, because of dissolution of ion increase 

the pH of water. Spatial and temporal variations in groundwater sample with 

sampling location are given in Figure 4.2.1.  

The mean concentration of TDS (914, 964 and 784 mg/L in Lalganj, Sareni 

and Khiron block) and EC (1256, 1323 and 1052 µS/cm in Lalganj, Sareni and 

Khiron block) during pre-monsoon 2016 and both are increase in post-monsoon, 

TDS (1041, 1107 and 959 mg/L in Lalganj, Sareni and Khiron block) and EC (1445, 

1533 and 1356 µS/cm in Lalganj, Sareni and Khiron block). EC totally depends on 

TDS and TDS depend on all dissolved ions. Concentration of TDS in post-monsoon 

was found higher than pre-monsoon due to minerals dissolve during monsoon and 

affect the water quality.  

The mean value of turbidity in groundwater samples during pre-monsoon 

season (2016 and 2017), was observed in Lalganj block (1 and 3 NTU), Sareni block 

(3 and 4 NTU) and Khiron block (2 and 3 NTU) and post-monsoon season it was 

observed in Lalganj block (3 and 3 NTU), Sareni block (5 and 5 NTU) and Khiron 

block (3 and 4NTU). The turbidity in groundwater samples during post-monsoon 
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found more than pre-monsoon due to dissolution of clay particles from soil during 

percolation of rain water.   

Total Hardness in pre-monsoon 2016 ranged from 28 to 490  mg/L with mean 

value 273±28.0 mg/L for Lalganj block, 196 to 688  mg/L with mean value 

316±32.14 mg/L for Sareni block and 42 to 368  mg/L with mean value 197±17.5 

mg/L for Khiron block, while the concentration was increased in post-monsoon 

season were ranged from 26 to 497  mg/L with mean value 292±27.62 mg/L for 

Lalganj block, 214 to 736  mg/L with mean value 331±31.60 mg/L for Sareni block 

and 60 to 436 mg/L with mean value 220±18.84 mg/L for Khiron block. The mean 

value of TH during pre-monsoon 2017, it was observed  297±27.26 mg/L with 

ranged from 39 to 489 mg/L for Lalganj block, 337±31.60 mg/L with ranged from 

219 to 742  mg/L for Sareni block and 227±18.73 mg/L with ranged from 64 to 442  

mg/L for Khiron block, while the concentration was increased in post-monsoon 

season were ranged from 36 to 516  mg/L with mean value 323±26.90 mg/L for 

Lalganj block, 236 to 782  mg/L with mean value 367±32.27 mg/L for Sareni block 

and 68 to 456  mg/L with mean value 243±18.91 mg/L for Khiron block.  

4.2.2 Spatial and temporal variation in cations of groundwater 

Among the cations (Na2+, K+, Ca2+ and Mg2+) ions ranged from 120 to 344, 9 

to 46, 7 to 97 and 5 to 179 mg/L with mean value  1 84, 21, 43 and 66 mg/L during 

pre-monsoon 2016 for Lalganj block and the concentration observed in post-

monsoon ranged from 131 to 316, 5 to 43, 16 to 105, and 34 to 147 mg/L with mean 

value 194, 16, 49 and 68 mg/L respectively. The mean concentration of Na2+, K+, 

Ca2+ and Mg2+ in pre-monsoon 2017 was 201, 15, 48, and 65 while in post-monsoon, 
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it was 210, 16, 54 and 74 mg/L in Lalganj block. The mean value of Na2+, K+, Ca2+ 

and Mg2+ ions in Sareni block was observed 173, 26, 46 and 78 mg/L during pre-

monsoon 2016 and in post-monsoon 2016, it was 186, 19, 51 and 83, mg/L 

respectively. The mean value 195, 19, 50 and 81 mg/L during pre-monsoon 2017 in 

groundwater of Sareni block and the concentration observed in post-monsoon 2017, 

it was found 205, 20, 54 and 89 mg/L.   

The average concentration of Na2+, K+, Ca2+ and Mg2+ ions in Khiron block 

was analyzed 179, 13, 32 and 47 mg/L during pre-monsoon 2016 and in post-

monsoon 2016, it was 186, 11, 37 and 60 mg/L respectively. The mean value 192, 

12, 37 and 58 mg/L during pre-monsoon 2017 in groundwater of Sareni block and 

the concentration observed in post-monsoon 2017, it was found 202, 13, 42 and 68  

mg/L respectively.  The data of cations (Na2+, Ca2+ and Mg2+) showing increasing 

trends in pre-monsoon to post-monsoon season. The concentration of all cations was 

found in following decreasing order (Na2+> Mg2+ >Ca2+ >K+) in Lalganj, Sareni and 

Khiron block while the order change in control area (Na2+ >Ca2+ > Mg2+ >K+) due to 

elevated concentration of fluoride form insoluble CaF2 and decease the concentration 

of Calcium.  

4.2.3 Spatial and temporal variation in anions of groundwater 

The anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F- ) in groundwater 

during  pre-monsoon 2016, it was ranged from 299 to 524, 11 to 243,  1 to 82, 1 to 

362 and 0.86 to 4.54 mg/L for Lalganj block, 254 to 725, 12 to 584, 1 to 26, 1 to 302 

and 0.64 to 2.21 mg/L for Sareni block and 156 to 692, 7 to 288, BDL to 10, BDL to 

211 and 0.60 to 16.20 mg/L for Khiron block, while the concentration was increased 
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in post-monsoon season were ranged from 242 to 628, 13 to 375, 4 to 84, 11 to 451, 

and 0.61 to 4.63 mg/L for Lalganj block, 242 to 756, 30 to 658, 2 to 52 and 0.85 to 

2.99 mg/L for Sareni block and 231 to 1146, 12 to 184, 4 to 84, 11 to 451, and 0.44 

to 17.20 mg/L for Khiron block.  

The mean anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F-) in 

groundwater during pre-monsoon 2016 were 401±17.5, 59±12.1, 15±4.2, 97±24.0, 

2.09±0.2 mg/L for Lalganj block, 385±25.22, 135±36.05, 9±1.49, 85±20.18 and 

1.30±0.12 mg/L for Sareni block and 385±25.22, 135±36.05, 9±1.49, 85±20.18 and 

1.30±0.12 mg/L for Khiron block. While during post-monsoon 2016, the mean 

anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F-) in groundwater were437 

±21.45, 91±20.08, 27±5.45, 144±28.31, 2.24±0.23 mg/L for Lalganj block, 

416±27.35, 198±39.75, 17±2.44, 124±21.57 and 1.60±0.10 mg/L for Sareni block 

and 459±55.02, 81±11.61, 11±1.74, 100±16.03 and 3.03±0.95 mg/L for Khiron 

block.  

In pre-monsoon 2017, The anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F- ) in 

groundwater  were ranged from 252 to 641, 10 to 317,  2 to 69, 12 to 420 and 0.59 to 

4.52 mg/L for Lalganj block, 246 to 761, 25 to 594, 2 to 41, 13 to 362 and 0.89 to 

2.10 mg/L for Sareni block and 241 to 1153, 9 to 294, 5 to 26, 10 to 241 and 0.52 to 

15.26 mg/L for Khiron block, while the concentration was increased in post-

monsoon season were ranged from 263 to 672, 25 to 380, 5 to 82, 13 to 421, and 0.65 

to 4.72 mg/L for Lalganj block, 265 to 756, 36 to 624, 6 to 50, 19 to 395, and 0.192 

to 3.10 mg/L for Sareni block and 249 to 1234, 16 to 186, 2 to 30, 20 to 266, and 

0.46 to 16.20 mg/L for Khiron block.   
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The mean anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F-) in 

groundwater during pre-monsoon 2017 were 460±22.38, 66±17.82, 21±4.45, 

133±26.71, 2.15±0.23 mg/L for Lalganj block, 425±27.21, 175±37.57, 13±1.86, 

105±19.44 and 1.53±0.07 mg/L for Sareni block and 475±55.68, 74±15.69, 10±1.32, 

81±14.06 and 2.82±0.82 mg/L for Khiron block. While in post-monsoon 2017, the 

mean anionic concentration (HCO3
-, Cl-, NO3

- SO4
2-and F-) in groundwater were 488 

±22.16, 97±20.34, 28±5.23, 146±27.59, 2.35±0.23 mg/L for Lalganj block, 

467±27.32, 210±38.39, 17±2.19, 127±21.26 and 1.66±0.11 mg/L for Sareni block 

and 504±56.55, 86±11.72, 11±1.52, 105±15.99 and 3.07±0.93 mg/L for Khiron 

block. 
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 Table 4.20: Descriptive statistics for season-wise chemical composition of groundwater of Lalganj tehsil for 2016 (n=20)  
   pH EC TDS        Turbidity BiC TH Cl- NO3

- SO4
2- F- Ca2+ Mg2+ Na+ K+ 

Lalganj block Mean 7.58 1256 914  1 401 273 59 15 97 2.09 43 66 184 21 
Pre-monsoon Min 7.02 816 617  BDL 299 28 11 1 1 0.86 7 5 120 9 
  Max 8.23 2292 1580  4 524 490 243 82 362 4.54 97 179 344 46 
  SEM 0.1 94.2 64.0  0.2 17.5 28.0 12.1 4.2 24.0 0.2 4.8 9.5 13.5 2.4 
Post- monsoon Mean 8.04 1445 1041  3 437 292 91 27 144 2.24 49 68 194 16 
  Min 7.68 908 675  1 242 26 13 4 11 0.61 16 34 131 5 
  Max 8.61 2657 1848  6 628 497 375 84 451 4.63 115 147 316 43 
  SEM 0.04 108.65 74.76  0.36 21.45 27.62 20.08 5.45 28.31 0.23 4.95 6.67 11.60 2.47 
 Sareni block Mean 7.43 1323 964  3 385 316 135 9 85 1.30 46 78 173 26 
Pre-monsoon Min 7.00 742 547  BDL 254 196 12 1 1 0.64 13 24 111 13 
  Max 8.21 2864 2053  7 725 688 584 26 302 2.21 133 200 321 56 
  SEM 0.07 126.47 88.39  0.36 25.22 32.14 36.05 1.49 20.18 0.12 5.36 9.14 11.92 2.55 
Post- monsoon Mean 7.92 1533 1107  5 416 331 198 17 124 1.60 51 83 186 19 
  Min 7.59 835 618  2 242 214 30 2 16 0.85 28 43 128 8 
  Max 8.23 4025 2254  8 756 736 658 52 400 2.99 96 221 342 5 
  SEM 0.04 163.15 95.52  0.33 27.35 31.60 39.75 2.44 21.57 0.10 3.33 10.17 11.65 2.80 
Khiron block Mean 7.52 1052 784  2 354 197 65 4 62 2.65 32 47 179 13 
Pre-monsoon Min 7.26 601 459  BDL 156 42 7 BDL BDL 0.60 5 12 121 6 
  Max 8.24 1949 1484  6 692 368 288 10 211 16.20 53 108 396 22 
  SEM 0.053 89.96 68.51  0.33 35.78 17.05 16.51 0.75 15.46 0.88 3.70 5.39 15.67 1.05 
Post- monsoon Mean 8.09 1356 959  3 459 220 81 11 100 3.03 37 60 186 11 
  Min 7.78 831 535  BDL 231 60 12 1 13 0.44 11 16 120 4 
  Max 8.34 2829 1927  5 1146 436 184 32 266 17.20 66 109 366 20 
  SEM 0.03 136.25 89.39  0.29 55.02 18.84 11.61 1.74 16.03 0.95 3.31 5.08 13.96 1.03 
 SEM Standard Error Mean,  Data in mg/L except for EC (µS/cm), Turbidity (NTU) and pH. 
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Table 4.21: Descriptive statistics season-wise (2017) chemical composition of groundwater of Lalganj tehsil (n=20)  
 pH EC TDS        Turbidity BiC TH Cl- NO3

- SO4
2- F- Ca2+ Mg2+ Na+ K+ 

Lalganj block Mean 7.99 1477 1024  3 460 297 66 21 133 2.15 48 65 201 15 
Pre-monsoon Min 7.66 912 657  1 252 39 10 2 12 0.59 14 36 136 6 
  Max 8.21 2681 1748  5 641 498 317 69 420 4.52 101 132 316 45 
  SEM 0.03 113.37 69.73  0.30 22.38 27.26 17.82 4.45 26.71 0.23 4.28 5.63 11.81 2.52 
Post- monsoon Mean 7.80 1568 1127  3 488 323 97 28 146 2.35 54 74 210 16 
  Min 7.55 960 744  2 263 36 25 5 13 0.65 23 42 142 7 
  Max 8.16 2767 1939  5 672 516 380 82 421 4.72 120 142 336 44 
  SEM 0.04 113.24 73.48  0.27 22.16 26.90 20.34 5.23 27.59 0.23 4.81 5.91 12.46 2.42  
Sareni block  Mean 7.84 1574 1077  4 425 337 175 13 105 1.53 50 81 195 19 
Pre-monsoon Min 7.55 872 611  2 246 219 25 2 13 0.89 30 45 136 9 
  Max 8.15 4083 2201  7 761 742 594 41 362 2.10 82 214 356 46 
  SEM 0.03 165.28 91.99  0.27 27.21 31.60 37.57 1.86 19.44 0.07 2.74 9.96 11.87 2.36 
Post- monsoon Mean 7.99 1676 1204  5 467 367 210 17 127 1.66 54 89 205 20 
  Min 7.66 938 750  2 265 236 36 6 19 0.92 33 52 142 10 
  Max 8.21 4275 2309  6 756 782 624 50 395 3.10 92 235 362 46 
  SEM 0.03 168.12 85.91  0.29 27.32 32.27 38.39 2.19 21.26 0.11 2.84 10.72 12.23 2.27 
Khiron block Mean 7.99 1392 948  3 475 227 74 10 81 2.82 37 58 192 12 
Pre-monsoon Min 7.64 871 548  1 241 64 9 5 10 0.52 16 20 129 5 
  Max 8.21 2847 1898  5 1153 442 294 26 241 15.26 62 100 374 22 
  SEM 0.04 133.86 87.66  0.22 55.68 18.73 15.69 1.32 14.06 0.82 2.60 4.48 13.87 0.98  
Post- monsoon Mean 7.84 1505 1040  4 504 243 86 11 105 3.07 42 68 202 13 
  Min 7.55 876 608  2 249 68 16 2 20 0.46 26 33 136 6 
  Max 8.15 3275 2075  6 1234 456 186 30 266 16.20 63 121 386 23 
  SEM 0.03 148.63 88.69  0.25 56.55 18.91 11.72 1.52 15.99 0.93 2.30 4.86 14.24 0.99  

SEM Standard Error Mean,  Data in mg/L except for EC (µS/cm), Turbidity (NTU) and pH. 
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Table 4.22: Descriptive statistics of metallic composition of groundwater of Lalganj 
tehsil for 2016 (n=20) 
  
   Zn Fe Ni Mn Pb Cu Co Cr Cd 
Lalganj block Mean 62.02 255.91 5.35 13.06 2.91 4.57 4.65 0.47 0.41 
Pre-monsoon Min 3.94 1.11 1.08 BDL BDL BDL BDL BDL BDL 
  Max 158.94 946.34 24.93 55.36 15.86 22.15 18.30 2.54 2.41 
  SEM 10.5 51.1 1.2 2.8 0.9 1.4 1.0 0.2 0.1 
Post- monsoon Mean  58.41 249.38 6.17 15.17 2.60 4.02 3.84 0.39 0.36 
  Min  3.20 2.12 1.52 2.10 BDL BDL BDL BDL BDL 
  Max  156.30 936.50 25.60 60.21 14.80 18.36 12.30 2.21 2.31 
  SEM  10.36 50.27 1.26 2.93 0.83 1.21 0.76 0.13 0.14 
Sareni block Mean  142.82 399.92 6.74 20.14 3.94 3.15 3.14 0.66 0.51 
Pre-monsoon Min  24.78 52.97 1.30 1.10 BDL BDL BDL BDL BDL 
  Max  288.43 892.76 29.76 62.38 12.77 15.03 9.10 4.00 3.80 
  SEM  13.40 50.12 1.57 3.93 1.06 0.87 0.66 0.23 0.21 
Post- monsoon Mean  139.07 394.11 7.93 22.60 3.39 2.95 2.71 0.58 0.44 
  Min  20.60 50.27 1.90 1.60 BDL BDL BDL BDL BDL 
  Max  280.50 882.60 35.60 66.20 10.70 14.23 7.69 3.21 3.21 
  SEM  13.20 50.02 1.76 4.14 0.91 0.81 0.53 0.19 0.18 
Khiron block Mean  78.39 189.98 5.40 33.40 5.69 4.08 6.42 0.54 0.46 
Pre-monsoon Min  12.59 26.98 1.16 1.20 BDL BDL BDL BDL BDL 
  Max  193.54 695.94 15.34 92.54 23.15 23.15 75.84 4.21 3.15 
  SEM  12.792 38.437 1.057 6.503 1.253 1.481 3.69 0.232 0.181 
Post- monsoon Mean 75.13 183.46 6.51 37.94 5.29 3.51 4.68 0.50 0.46 
  Min 10.62 22.62 1.80 2.36 BDL BDL BDL BDL BDL 
  Max 188.60 682.96 16.20 104.60 20.10 18.60 50.20 4.01 3.15 
  SEM 12.433 38.029 1.032 7.404 1.128 1.225 2.435 0.225 0.181 
Control area Mean 83.81 365.18 3.42 40.27 2.66 3.83 5.06 0.15 0.09 
Pre-monsoon Min 3.21 52.97 BDL 5.50 BDL BDL 1.16 BDL BDL 
  Max 423.81 863.74 10.20 99.86 9.52 9.80 18.60 1.64 0.87 
  SEM 23.26 42.23 0.79 6.80 0.67 0.63 0.86 0.09 0.06 
Post- monsoon Mean 81.58 337.56 4.37 43.19 2.49 3.77 4.03 0.23 0.13 
  Min 2.91 34.60 0.00 8.23 BDL BDL  1.02 BDL BDL
  Max 419.60 852.42 12.10 102.60 8.62 7.65 12.30 2.31 0.87 
  SEM 22.47 45.08 0.85 6.94 0.61 0.57 0.59 0.13 0.07 
Data in ppb except SEM (Standard Error Mean) 
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Table 4.23: Descriptive statistics of metallic composition of groundwater of Lalganj 
tehsil for 2017 (n=20) 
  
   Zn Fe Ni Mn Pb Cu Co Cr Cd 
Lalganj block Mean 61.16 243.75 7.38 14.80 2.67 4.32 4.03 0.45 0.37 
Pre-monsoon Min 5.60 3.50 1.56 2.34 BDL BDL BDL BDL BDL
    Max 155.60 825.00 26.30 60.24 13.20 19.50 12.64
 2.31 2.23 
  SEM 10.35 46.13 1.48 2.78 0.76 1.26 0.77 0.15 0.14 
Post- monsoon Mean  52.43 194.06 8.54 16.07 2.39 3.81 3.45 0.39 0.34 
  Min 3.20 2.60 2.20 3.26 BDL BDL BDL BDL BDL
  Max 188.60 512.30 28.30 62.30 10.60 16.20 10.20 2.00 2.10 
  SEM 10.82 32.89 1.54 2.82 0.65 1.11 0.62 0.13 0.13 
Sareni block Mean  140.19 397.68 8.52 22.61 3.46 4.36 2.85 0.61 0.45 
Pre-monsoon Min 26.40 56.80 2.90 2.60 BDL BDL BDL BDL BDL 
  Max 282.30 862.10 36.50 67.10 10.95 26.26 7.88 3.22 3.12 
  SEM 13.18 49.29 1.70 4.18 0.92 1.43 0.54 0.20 0.18  
Post- monsoon Mean  110.69 350.55 9.81 24.12 2.78 3.85 2.34 0.54 0.40 
  Min 19.50 29.60 3.60 4.50 BDL BDL BDL BDL BDL
  Max 213.00 756.60 37.26 69.20 9.20 24.20 6.89 2.90 2.90 
  SEM 10.711 43.109 1.703 4.156 0.725 1.279 0.462 0.175 0.159 
Khiron block Mean  75.73 181.66 7.50 37.87 5.63 3.64 4.80 0.53 0.45 
Pre-monsoon Min 12.60 32.10 2.30 2.61 BDL BDL BDL BDL BDL 
  Max 182.60 623.40 17.80 111.30 21.60 17.20 50.20 3.60 3.02 
  SEM 11.22 35.33 1.02 7.16 1.18 1.16 2.43 0.23 0.18  
Post- monsoon Mean 59.92 153.29 8.88 38.98 4.87 3.01 4.02 0.49 0.40 
  Min 8.90 26.90 3.60 3.30 BDL BDL BDL BDL BDL 
  Max 162.30 523.60 19.20 110.20 20.10 13.60 41.60 3.30 2.80 
  SEM 9.23 31.92 1.04 7.08 1.06 0.93 2.01 0.21 0.16 
 Control area Mean 80.99 338.68 5.28 44.44 2.69 4.01 4.21 0.25 0.14 
Pre-monsoon Min 3.61 36.40 1.20 9.21 BDL BDL 1.20 BDL BDL 
  Max 412.50 735.60 14.20 111.20 8.90 7.85 12.40 2.12 0.99 
  SEM 21.70 41.38 0.86 7.17 0.64 0.59 0.57 0.12 0.08 
Post- monsoon Mean 64.01 298.05 6.64 45.94 2.19 3.43 222.84 0.23 0.11 
  Min 1.56 30.10 3.10 10.20 BDL BDL 0.90 BDL BDL 
  Max  354.60 654.20 16.20 113.60 7.20 6.50 4392.002.10 0.84 
  SEM  18.24 38.45 0.90 7.21 0.51 0.47 219.43 0.12 0.06 
Data in ppb except SEM (Standard Error Mean) 
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Figure 4.1: Seasonal variation of pH in different block of Lalganj tehsil for the 
year of 2016-17 

 

Figure 4.2: seasonal variation of EC in different block of Lalganj tehsil for the 
year of 2016-17 
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Figure 4.3: Seasonal variation of TDS in different block of Lalganj tehsil for the 
year of 2016-17 

 

Figure 4.4: Seasonal variation of turbidity in different block of Lalganj tehsil 
for the year of 2016-17 
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Figure 4.5: Seasonal variation of total alkalinity in different block of Lalganj 
tehsil for the year of 2016-17 

 

Figure 4.6: Seasonal variation of total hardness in different block of Lalganj 
tehsil for the year of 2016-17 
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Figure 4.7: Seasonal variation of chloride in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.8: Seasonal variation of nitrate in different block of Lalganj tehsil for 
the year of 2016-17 
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Figure 4.9: Seasonal variation of sulphate in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.10: Seasonal variation of fluoride in different block of Lalganj tehsil 
for the year of 2016-17 
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Figure 4.11: Seasonal variation of calcium in different block of Lalganj tehsil 
for the year of 2016-17 

 

Figure 4.12: Seasonal variation of sodium in different block of Lalganj tehsil for 
the year of 2016-17 
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Figure 4.13: Seasonal variation of magnesium in different block of Lalganj 
tehsil for the year of 2016-17 

 

Figure 4.14: Seasonal variation of potassium in different block of Lalganj tehsil 
for the year of 2016-17 
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Figure 4.15: Seasonal variation of zinc in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.16: Seasonal variation of iron in different block of Lalganj tehsil for 
the year of 2016-17 
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Figure 4.17: Seasonal variation of nickel in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.18: Seasonal variation of manganese in different block of Lalganj tehsil 
for the year of 2016-17 
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Figure 4.19: Seasonal variation of lead in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.20: Seasonal variation of cobalt in different block of Lalganj tehsil for 
the year of 2016-17 
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Figure 4.21: Seasonal variation of copper in different block of Lalganj tehsil for 
the year of 2016-17 

 

Figure 4.22: Seasonal variation of chromium in different block of Lalganj tehsil 
for the year of 2016-17 
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Figure 4.23: Seasonal variation of cadmium in different block of Lalganj tehsil 
for the year of 2016-17 

 

Figure 4.24: Spatio-temporal variation of F- in Lalganj block for the years of 
2016-17 
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Figure 4.25: Spatio-temporal variation of F- in Sareni block for the years of 
2016-17 

 

Figure 4.26: Spatio-temporal variation of F- in Khiron block for the years of 
2016-17 
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Figure 4.27 Spatial distribution of F- in groundwater of Lalganj tehsil during 
pre-monsoon 2016 
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Figure 4.28: Spatial distribution of F- in groundwater of Lalganj tehsil during 
post-monsoon 2016 
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Figure 4.29:Spatial distribution of F-in groundwater of Lalganj tehsil during 
pre-monsoon 2017 
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Figure 4.30: Spatial distribution of F-in groundwater of Lalganj tehsil during 
post-monsoon 2017 
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Cations      Anions 

A.  Magnesium type C. Sodium type          E. Sulphate type G. Chloride type 

B. Calcium type D. No dominant type F. Bicarbonate type H. No dominant type 

 

Figure 4.31: Piper trilinear diagram showing in for major ions in 
groundwater of the Lalganj block 
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Cations      Anions 

A.  Magnesium type C. Sodium type         E. Sulphate type    G. Chloride type 

B. Calcium type       D. No dominant type F. Bicarbonate type H. No dominant type 

Figure 4.32: Piper trilinear diagram showing in for major ions in groundwater 

of the Khrion block 
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Cations      Anions 

A.  Magnesium type  C. Sodium type           E. Sulphate type      G. Chloride type 

B. Calcium type       D. No dominant type   F. Bicarbonate type H. No dominant type 

Figure 4.33: Types of groundwater in the Sareni block showing in Piper 

diagram 
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Cations      Anions 

A.  Magnesium type C. Sodium type      E. Sulphate type    G. Chloride type 

B. Calcium type   D. No dominant type    F. Bicarbonate type H. No dominant type                 

Figure 4.34: Types of groundwater in the Bachhrawan block showing in Piper 

diagram 
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4.3 Identification of groundwater type  

Piper diagram performed for identification of groundwater type in the study 

area (Piper, 1944) and applied in analyzed cations and anions of 80 groundwater 

samples (20 samples X 2 seasons X 2 years) of Lalganj, Sareni Khiron and Control 

area during pre-monsoon and post-monsoon for 2016 and 2017. Ionic balance was 

computed according to (Huh et al., 1998) for precision ±5% in cation and anion 

analysis as 100*(cations-anions)/( cations+anions). 

4.4 Statistical analysis 

4.4.1 Water quality index (WQI) 

WQI value of groundwater for Lalganj tehsil during pre-monsoon and post-

monsoon 2016 was given in Table 4.25 and during pre-monsoon and post-monsoon 

2017 in Table 4.26. Acoording to Sahu and Shekher, 2008. WQI was classified into 

five class were presented in Table 4.27. Lower rates of WQI conform that the water 

is free from pollutant or impurities and suitable for drinking purpose. The mean 

values of WQI calculated for Lalganj, Sareni and Khiron block were 64.45, 66.35 

and 58.71 respectively. It was ranged from 44.37 to 111.76, 40.19 to 119.62, and 

28.75 to 155.24 for Lalganj block, Sareni block and Khiron block during 2016. In 

2017, the mean WQI values calculated for Lalganj, Sareni and Khiron block were 

68.90, 71.23 and 65.62 respectively with ranged from 47.67 to 114.80 for Lalganj 

block, 46.58 to 124.66 for Sareni block and 35.71 to 157.44 for Khiron block.  The 

average value was observed below 100 for all block, which shows that the status of 

water quality of the study area is good. 
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Spatio-temporal variation in WQI during pre-monsoon and post-monsoon are 

calculated during both years and presented in Table 4.25  and able 4.26 It is 

observed from the results that WQI mean value in pre-monsoon and post-monsoon 

was found  61.21 and 67.70 for Lalganj block, 62.92 and 69.77 for Sareni block, 

53.68 and 63.73 in Khiron block during 2016. The maximum temporal variation 

found in Khiron block and minimum in Lalganj block.   
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Table 4.24 WQI value of  groundwater  for Lalganj tehsil during pre-monsoon and post-monsoon 2016. 

Premonsoon 2016 Postmonsoon 2016 
Sample 

ID 
Lalganj 
WQI 

Sample 
ID 

Sareni 
WQI 

Sample 
ID 

Khiron 
WQI 

Sample 
ID 

Lalganj 
WQI 

Sample 
ID 

Sareni 
WQI 

Sample 
ID 

Khiron 
WQI 

L1 48.77 L 21 55.15 L 41 44.34 L1 55.49 L 21 62.17 L 41 50.63 
L2 59.78 L 22 61.96 L 42 39.42 L2 69.54 L 22 72.20 L 22 48.85 
L3 49.12 L 23 50.13 L 43 56.28 L3 53.93 L 23 53.63 L 43 67.05 
L 4 56.87 L 24 47.56 L 44 46.42 L 4 56.76 L 24 63.48 L 44 61.54 
L 5 107.33 L 25 68.83 L 45 44.72 L 5 111.76 L 25 65.64 L 45 58.73 
L 6 46.69 L 26 43.63 L 46 34.49 L 6 49.55 L 26 46.21 L 46 41.41 
L 7 53.54 L 27 106.63 L 47 41.58 L 7 58.35 L 27 119.53 L 47 47.21 
L 8 53.66 L 28 85.00 L 48 37.42 L 8 52.35 L 28 76.76 L 48 46.34 
L 9 45.49 L 29 52.30 L 49 28.75 L 9 46.48 L 29 54.52 L 49 31.38 
L 10 48.89 L 30 61.65 L 50 37.14 L 10 59.38 L 30 64.23 L 50 40.57 
L 11 66.01 L 31 59.00 L 51 36.05 L 11 74.07 L 31 64.77 L 51 45.16 
L 12 53.93 L 32 44.51 L 52 45.77 L 12 55.00 L 32 60.44 L 52 48.48 
L 13 64.13 L 33 78.93 L 53 41.00 L 13 71.35 L 33 95.58 L 53 49.24 
L 14 44.37 L 34 104.67 L 54 45.94 L 14 50.18 L 34 119.62 L 54 64.41 
L 15 73.22 L 35 68.19 L 55 48.95 L 15 78.44 L 35 76.74 L 55 60.93 
L 16 45.80 L 36 78.72 L 56 40.79 L 16 67.93 L 36 92.83 L 56 61.85 
L 17 55.44 L 37 43.99 L 57 58.70 L 17 64.11 L 37 51.02 L 57 69.46 
L 18 86.13 L 38 40.19 L 58 89.93 L 18 86.18 L 38 48.32 L 58 99.83 
L 19 90.59 L 39 50.05 L 59 136.08 L 19 108.64 L 39 55.23 L 59 155.24 
L 20 74.34 L 40 57.68 L 60 119.90 L 20 84.54 L 40 52.44 L 60 126.22 
Mean 61.21 Mean 62.94 Mean 53.68 Mean 67.70 Mean 69.77 Mean 63.73 
Min 44.37 Min 40.19 Min 28.75 Min 46.48 Min 46.21 Min 31.38 
Max 107.33 Max 106.63 Max 136.08 Max 111.76 Max 119.62 Max 155.24 
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Table 4.25: WQI value of groundwater for Lalganj tehsil during pre-monsoon and post-monsoon 2017.  

Premonsoon 2017 Postmonsoon 2017 
Sample 

ID 
Lalganj 
WQI 

Sample 
ID 

Sareni 
WQI 

Sample 
ID 

Khiron 
WQI 

Sample 
ID 

Lalganj 
WQI 

Sample 
ID 

Sareni 
WQI 

Sample 
ID 

Khiron 
WQI 

L1 56.53 L 21 60.87 L 41 52.03 L1 62.10 L 21 65.43 L 41 56.19 
L2 67.35 L 22 70.24 L 42 49.05 L2 72.94 L 22 74.94 L 42 55.92 
L3 52.04 L 23 53.23 L 43 65.62 L3 58.32 L 23 56.69 L 43 70.59 
L 4 52.37 L 24 62.23 L 44 58.20 L 4 59.95 L 24 67.80 L 44 67.86 
L 5 106.75 L 25 63.04 L 45 56.69 L 5 114.80 L 25 70.89 L 45 65.50 
L 6 47.67 L 26 46.58 L 46 42.33 L 6 52.69 L 26 50.87 L 46 50.86 
L 7 55.92 L 27 112.58 L 47 47.74 L 7 61.43 L 27 124.66 L 47 54.63 
L 8 49.92 L 28 76.09 L 48 44.31 L 8 56.14 L 28 77.03 L 48 51.24 
L 9 48.34 L 29 53.19 L 49 35.71 L 9 53.25 L 29 59.84 L 49 40.18 
L 10 59.61 L 30 62.45 L 50 42.29 L 10 63.44 L 30 69.58 L 50 46.97 
L 11 71.96 L 31 63.36 L 51 42.78 L 11 77.02 L 31 70.11 L 51 47.42 
L 12 57.54 L 32 59.04 L 52 48.84 L 12 63.20 L 32 62.08 L 52 52.46 
L 13 70.34 L 33 90.28 L 53 47.33 L 13 74.57 L 33 97.18 L 53 49.46 
L 14 49.82 L 34 114.92 L 54 69.34 L 14 56.23 L 34 122.35 L 54 71.99 
L 15 71.20 L 35 75.89 L 55 59.79 L 15 83.55 L 35 84.29 L 55 64.77 
L 16 63.65 L 36 90.10 L 56 60.87 L 16 72.15 L 36 96.72 L 56 67.48 
L 17 61.51 L 37 50.52 L 57 66.41 L 17 68.27 L 37 63.44 L 57 73.61 
L 18 84.97 L 38 47.54 L 58 95.93 L 18 91.90 L 38 55.91 L 58 102.53 
L 19 102.86 L 39 52.31 L 59 146.11 L 19 113.01 L 39 56.47 L 59 157.44 
L 20 81.98 L 40 51.68 L 60 115.10 L 20 88.56 L 40 66.93 L 60 131.44 
Mean 65.62 Mean 67.81 Mean 62.32 Mean 72.18 Mean 74.66 Mean 68.93 
Min 47.67 Min 46.58 Min 35.71 Min 52.69 Min 50.87 Min 40.18 
Max 106.75 Max 114.92 Max 146.11 Max 114.80 Max 124.66 Max 157.44 
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Table 4.26: Classification of groundwater quality of the Lalganj tehsil based on WQI (Sahu and Sikdar 2008).  

Rating of WQI Water Quality Status 

Number of Sampling Location 

2016 2017 

Lalganj   Sareni   Khiron  Lalganj   Sareni   Khiron  

≤50  Excellent  9 7 24 4 2 13 

50–100  Good  28 30 12 32 34 22 

100–200  Poor  3 3 4 4 4 5 

200–300  Very poor  - - - - - - 

>300  Unsuitable for drinking - - - - - - 
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(I) 

 

 

(II) 

Figure 4.35: Temporal variation in WQI value in groundwater of Lalganj block 
(I and II) 
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(I) 

 

 

(II) 

 

Figure 4.36: Temporal variation in WQI value in groundwater of Sareni block 
(I and II) 
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(I) 

 

 

(II) 

Figure 4.37: Temporal variation in WQI value in groundwater of Khiron block 
(I and II) 
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Figure 4.38: Spatial variation in WQI value in Lalganj tehsil during pre-
monsoon 2016  
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Figure 4.39: Spatial variation in WQI value in Lalganj tehsil during post-
monsoon 2016  
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Figure 4.40: spatial variation in WQI value in Lalganj tehsil during pre-
monsoon 2016  
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Figure 4.41: Spatial variation in WQI value in Lalganj tehsil during post-
monsoon 2017 
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4.4.2 Heavy metal pollution assessment index  

The mean concentration of metals (Zn, Fe, Ni, Mn, Pb, Cu, Cr, and Cd,) has 

been taken for HPI calculation and description of HPI are shown in Table 6 and 

Figure 4.4.1. The mean values of HPI for the groundwater samples during pre-

monsoon 2016 for Lalganj, Sareni and Khiron block range from 0.24 to 16. 66, 0.24 

to 25.22 and 0.10 to 21.66 respectively and during post-monsoon 2016, it ranged 

from 0.42 to 16. 37, 0.43 to 23.31 and 0.49 to 22.20 respectively. HPI value ranged 

from 0.76 to 18.33 with mean value 6.56, 0.45 to 23.79 with mean value 7.90 and 

1.10 to 22.14 with mean value 8.02 during pre-monsoon 2017 and in post-monsoon 

2017, value ranged from 1.09 to 18.89 with mean value 6.97, 0.56 to 23.83 with 

mean value 8.10, and 1.59 to 21.02 with mean value 8.34 for Lalganj, Sareni and 

Khiron block respectively.  
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Table 4.27:  HPI calculation for groundwater of Lalganj, pre and post monsoon 
2016. 
 

Metals Si Ii Wi 
Pre-monsoon 2016 Post-monsoon 2016 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 62.02 -49.38 -0.003 58.41 -49.42 -0.003 
Fe 1000 300 0.001 255.91 -6.30 -0.006 249.38 -7.23 -0.007 
Ni 20 0 0.02 5.35 26.74 0.535 6.17 30.87 0.617 
Mn 300 100 0.0033 13.06 -43.47 -0.143 15.17 -42.42 -0.140 
Pb 50 0 0.02 2.91 5.82 0.116 2.60 5.19 0.104 
Cu 1500 50 0.0006 4.57 -3.13 -0.002 4.02 -3.17 -0.002 
Cr 50 0 0.02 0.47 0.94 0.019 0.39 0.79 0.016 
Cd 10 0 0.1 0.41 4.10 0.410 0.36 3.58 0.358 
 

Table 4.28:  HPI calculation for groundwater of Sareni block during pre and 
post monsoon 2016.  

Metals Si Ii Wi 
Pre-monsoon 2016 Post-monsoon 2016 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 142.82 -48.57 -0.003 139.07 -48.61 -0.003 

Fe 1000 300 0.001 399.92 14.27 0.014 394.11 13.44 0.013 

Ni 20 0 0.02 6.74 33.69 0.674 7.93 39.67 0.793 

Mn 300 100 0.0033 20.14 -39.93 -0.132 22.60 -38.70 -0.128 

Pb 50 0 0.02 3.94 7.88 0.158 3.39 6.77 0.135 

Cu 1500 50 0.0006 3.15 -3.23 -0.002 2.95 -3.24 -0.002 

Cr 50 0 0.02 0.66 1.32 0.026 0.58 1.15 0.023 

Cd 10 0 0.1 0.51 5.09 0.509 0.44 4.45 0.445 
 

Table 4.29:  HPI calculation for groundwater of Khiron block during pre and 
post monsoon 2016.  

Metals Si Ii Wi 
Pre-monsoon 2016 Post-monsoon 2016 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 78.39 -49.22 -0.003 75.13 -49.25 -0.003 

Fe 1000 300 0.001 189.98 -15.72 -0.016 183.46 -16.65 -0.017 

Ni 20 0 0.02 5.40 26.98 0.540 6.51 32.55 0.651 

Mn 300 100 0.0033 33.40 -33.30 -0.110 37.94 -31.03 -0.102 

Pb 50 0 0.02 5.69 11.38 0.228 5.29 10.59 0.212 

Cu 1500 50 0.0006 4.08 -3.17 -0.002 3.51 -3.21 -0.002 

Cr 50 0 0.02 0.54 1.07 0.021 0.50 1.00 0.020 

Cd 10 0 0.1 0.46 4.61 0.461 0.46 4.61 0.461 
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Table 4.30:  HPI calculation for groundwater of Lalganj, pre and post monsoon 
2017. 
 

Metals Si Ii Wi 
Pre-monsoon 2017 Post-monsoon 2017 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 61.162 -49.39 -0.003 52.425 -49.48 -0.003 

Fe 1000 300 0.001 243.75 -8.04 -0.008 194.06 -15.13 -0.015 

Ni 20 0 0.02 7.3817 36.91 0.738 8.536 42.68 0.854 

Mn 300 100 0.0033 14.8 -42.60 -0.141 16.068 -41.97 -0.138 

Pb 50 0 0.02 2.672 5.34 0.107 2.385 4.77 0.095 

Cu 1500 50 0.0006 4.315 -3.15 -0.002 3.81 -3.19 -0.002 

Cr 50 0 0.02 0.445 0.89 0.018 0.389 0.78 0.016 

Cd 10 0 0.1 0.3735 3.74 0.374 52.425 -49.48 -0.003 
 

Table 4.31:  HPI calculation for groundwater of Sareni block during pre and 
post monsoon 2017.  

Metals Si Ii Wi 
Pre-monsoon 2016 Post-monsoon 2016 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 140.185 -48.60 -0.003 110.685 -48.89 -0.003 

Fe 1000 300 0.001 397.675 13.95 0.014 350.545 7.22 0.007 

Ni 20 0 0.02 8.5205 42.60 0.852 9.812 49.06 0.981 

Mn 300 100 0.0033 22.6065 -38.70 -0.128 24.115 -37.94 -0.125 

Pb 50 0 0.02 3.4645 6.93 0.139 2.7755 5.55 0.111 

Cu 1500 50 0.0006 4.3565 -3.15 -0.002 3.8485 -3.18 -0.002 

Cr 50 0 0.02 0.6065 1.21 0.024 0.536 1.07 0.021 

Cd 10 0 0.1 0.452 4.52 0.452 110.685 -48.89 -0.003 
 

Table 4.32:  HPI calculation for groundwater of Khiron block during pre and 
post monsoon 2017.  

Metals Si Ii Wi 
Pre-monsoon 2016 Post-monsoon 2016 

Mi Qi Wi*Qi Mi Qi Wi*Qi 
Zn 15000 5000 0.00006 75.73 -49.24 -0.003 59.915 -49.40 -0.003 

Fe 1000 300 0.001 181.66 -16.91 -0.017 153.285 -20.96 -0.021 

Ni 20 0 0.02 7.495 37.48 0.750 8.875 44.38 0.888 

Mn 300 100 0.0033 37.872 -31.06 -0.103 38.975 -30.51 -0.101 

Pb 50 0 0.02 5.626 11.25 0.225 4.8665 9.73 0.195 

Cu 1500 50 0.0006 3.64 -3.20 -0.002 3.0115 -3.24 -0.002 

Cr 50 0 0.02 0.53 1.06 0.021 0.4855 0.97 0.019 

Cd 10 0 0.1 0.451 4.51 0.451 59.915 -49.40 -0.003 
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Table 4.33:  HPI Value for groundwater of Lalganj, block during pre and post 
monsoon 2016 and 2017. 
 
Sample 

ID Village 
2016 2017 

Pre-
monsoon 

Post-
monsoon 

Pre-
monsoon 

Post-
monsoon 

L1 Alampur 7.63 7.16 8.99 8.56 

L2 Suddan khera 0.61 0.79 0.85 1.09 

L3 
Police station 

Lalganj 
5.51 5.73 6.48 7.15 

L 4 Datuli Lalganj 4.00 4.45 5.28 6.20 

L 5 Lalganj tehsil 7.35 6.25 6.72 6.99 

L 6 Banna mau 2.51 2.97 3.57 3.97 

L 7 Huseni 1.23 1.58 2.48 2.75 

L 8 Ekauni 9.56 9.18 10.27 9.98 

L 9 Bahai 1.39 1.72 2.46 2.65 

L 10 Semher paha 0.24 0.42 0.76 1.18 

L 11 Lalamau 3.14 2.99 3.56 4.07 

L 12 Chilaula 16.66 16.17 16.38 16.17 

L 13 Aihar 8.17 7.99 8.88 9.09 

L 14 Baras 1.14 1.87 3.71 4.69 

L 15 Bhawani pur 1.75 2.31 2.76 3.38 

L 16 
Lodipur 

utrauwa 
3.33 4.15 3.60 4.15 

L 17 Dhannipur 9.21 9.26 9.44 9.42 

L 18 Pure bhawani 16.03 16.37 15.42 16.31 

L 19 Bahara 10.22 11.65 18.33 18.89 

L 20 Udwa mau 5.72 4.73 6.31 7.48 

Mean  5.61 5.72 6.56 6.97 

Min  0.24 0.42 0.76 1.09 

Max  16.66 16.37 18.33 18.89 
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Table 4.34:  HPI Value for groundwater of Sareni block during pre and post 
monsoon 2016 and 2017. 
 

Sample 
ID 

Village 
2016 2017 
Pre-
monsoon 

Post-
monsoon 

Pre-
monsoon 

Post-
monsoon 

L 21 
Sareni police 

station 
5.11 5.86 6.47 6.43 

L 22 Lakhanapur 0.41 0.43 0.45 0.56 

L 23 Sareni ganw 4.29 4.71 5.35 5.60 

L 24 Ghure mau 4.10 4.07 4.59 5.34 

L 25 Ram khera 8.68 8.27 9.25 9.56 

L 26 Madai khera 1.68 2.47 3.03 4.12 

L 27 Sabji barua 20.05 23.31 23.79 23.83 

L 28 Jalalpur 25.22 21.85 21.80 20.28 

L 29 Jhampur 7.38 7.01 7.43 6.41 

L 30 Madan ganw 3.97 4.80 5.15 5.69 

L 31 Poore chheetu 0.24 0.94 1.55 2.75 

L 32 Bhupganj 1.95 2.15 2.83 3.25 

L 33 Dhagaicha 6.81 6.54 6.89 6.97 

L 34 Hasanapur 14.48 13.13 14.15 13.00 

L 35 Sareni khurmi 2.33 2.49 3.09 2.80 

L 36 
Champtpur 

manakhera 
12.39 11.74 10.40 11.41 

L 37 Rampur khurd 11.40 14.45 13.81 14.69 

L 38 Rasoolpur 1.25 1.80 2.36 3.26 

L 39 Bhojpur 4.55 4.97 5.06 6.20 

L 40 Samodha 7.35 7.38 7.93 7.64 

Mean  7.31 7.48 7.90 8.10 

Min  0.24 0.43 0.45 0.56 

Max  25.22 23.31 23.79 23.83 
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Table 4.35:  HPI Value for groundwater of Khiron block during pre and post 
monsoon 2016 and 2017. 

 
 

Sample 

ID 
Village 

2016 2017 

Pre-
monsoon 

Post-
monsoon 

Pre-
monsoon 

Post-
monsoon 

L 41 Hariram khera 3.71 4.00 3.70 6.43 

L 22 Husenabad 2.64 3.33 3.83 4.79 

L 43 
Khiron (Health 

centre) 
16.04 16.35 17.09 16.76 

L 44 Sarai mahmood 7.51 8.24 8.75 8.64 

L 45 Haripur mirdaha 0.10 0.49 1.24 2.05 

L 46 Paho 1.29 1.78 2.98 3.42 

L 47 Atarhar 0.45 1.04 1.10 1.59 

L 48 Jeti 7.66 7.96 9.44 10.02 

L 49 Dokanha 0.57 1.74 2.57 3.05 

L 50 Banai mau 3.00 3.73 4.42 4.92 

L 51 Mishra khera 3.56 4.34 5.53 6.50 

L 52 Haripur nihasta 16.80 17.39 17.77 17.79 

L 53 Rampur majra 3.58 4.36 5.49 5.97 

L 54 
Jamidar ka 

purwa 
5.94 6.82 7.24 7.74 

L 55 Gurbux ganj 1.41 2.28 3.30 3.76 

L 56 Chande mau 14.75 15.61 16.61 15.80 

L 57 Akampur 7.45 7.99 7.42 7.97 

L 58 Sidhaur 7.27 7.21 7.10 7.87 

L 59 Khapura 8.83 9.11 9.85 10.62 

L 60 Kanha mau 21.66 22.20 22.14 21.02 

Mean Hariram khera 6.78 7.39 8.02 8.34 

Min Husenabad 0.10 0.49 1.10 1.59 

Max 
Khiron  

(Health centre) 
21.66 22.20 22.14 21.02 
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Figure 4.42: HPI value in groundwater sample of Lalganj block.

 

Figure 4.43: HPI value in groundwater sample of Sareni block.
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Figure 4.44: HPI value in groundwater sample of 

 

Table 4.36: Classification of groundwater based on HPI value.
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fication of groundwater based on HPI value. 
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4.4.3 Factor analysis/Principal components analysis 

4.4.3.1 Lalganj block 

Table 4.37: Total Variance Explained for physic-chemical parameter during pre and post-monsoon 2016-17. 

Total Variance Explained 

Pre-monsoon  

FA/ 
PCA 

Initial Eigen values Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance Cumulative % Total 
% of 

Variance Cumulative % Total 
% of 

Variance Cumulative % 
1 6.215 44.396 44.396 6.215 44.396 44.396 5.708 40.775 40.775 

2 1.923 13.735 58.131 1.923 13.735 58.131 1.893 13.525 54.300 

3 1.467 10.479 68.611 1.467 10.479 68.611 1.832 13.082 67.382 

4 1.379 9.849 78.460 1.379 9.849 78.460 1.551 11.078 78.460 

Post-monsoon  

1 6.396 45.689 45.689 6.396 45.689 45.689 5.728 40.916 40.916 

2 1.945 13.890 59.579 1.945 13.890 59.579 2.096 14.975 55.891 

3 1.736 12.400 71.979 1.736 12.400 71.979 1.777 12.692 68.584 

4 1.183 8.451 80.430 1.183 8.451 80.430 1.659 11.846 80.430 

Extraction Method: Principal Component Analysis. 
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(I) Pre-monsoon 

 

(II) Post-monsoon 

Figure 4.45:  Eigen value for physico-chemical variable during pre (I) and post-
monsoon (II) 2016-17  



Chapter- 4                                                                                                        Results                                                                                                                      

183 

 
Table 4.38: Rotated Component loading for physic-chemical data during pre 
and post-monsoon 2016-17 

 
 Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 7 iterations. 

 

 

 

 

 

Rotated Component Matrixa 

Component 

Parameter 
Pre-monsoon Post-monsoon 

FA 1 FA 2 FA 3 FA 4 FA 1 FA 2 FA 3 FA 4 

pH -0.181 0.556 -0.314 -0.165 -0.202 -0.001 0.685 -0.011 

EC 0.916 0.352 0.029 0.115 0.918 0.328 0.055 0.133 

TDS 0.915 0.334 0.018 0.175 0.897 0.394 0.021 0.161 

Turbidity 0.212 0.790 0.329 0.060 0.098 0.912 -0.119 -0.027 

TA 0.547 0.555 -0.066 0.047 0.473 0.572 -0.049 0.122 

TH 0.762 -0.051 0.561 0.067 0.754 0.051 -0.548 0.146 

Cl- 0.843 0.115 -0.133 -0.272 0.909 0.002 0.222 -0.263 

NO3
- 0.825 -0.026 -0.052 -0.059 0.791 0.112 -0.026 -0.201 

SO4
2- 0.899 0.183 0.072 0.182 0.879 0.229 -0.058 0.253 

F- 0.325 0.110 -0.862 -0.089 0.392 0.033 0.785 -0.031 

Ca2+ 0.333 0.155 0.686 -0.318 0.570 0.215 -0.381 -0.391 

Mg2+ 0.752 -0.236 0.206 0.287 0.710 -0.114 -0.286 0.578 

Na+ 0.305 0.520 -0.152 0.562 0.171 0.694 0.301 0.379 

K+ 0.026 -0.059 -0.008 0.923 -0.031 0.252 -0.029 0.878 
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(I) Pre-monsoon 

 

(II) Post-monsoon 

Figure 4.46: Component plot in rotate space for physico-chemical variable 

during pre (I) and post-monsoon (II) 2016-17 
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4.4.3.2 Sareni block  

Table 4.39: Total Variance Explained for hydrochemical facies during pre and post-monsoon 2016-17. 

Total Variance Explained 

Pre-monsoon  

FA/ 
PCA 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings Rotation Sums of Squared Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance Cumulative % Total % of Variance 
Cumulative 

% 
1 6.909 49.353 49.353 6.909 49.353 49.353 4.456 31.828 31.828 

2 1.738 12.415 61.768 1.738 12.415 61.768 3.613 25.808 57.636 

3 1.247 8.906 70.674 1.247 8.906 70.674 1.636 11.684 69.320 

4 1.066 7.616 78.290 1.066 7.616 78.290 1.256 8.970 78.290 

Post-monsoon  

1 6.887 49.192 49.192 6.887 49.192 49.192 5.534 39.526 39.526 

2 1.739 12.419 61.610 1.739 12.419 61.610 2.925 20.890 60.416 

3 1.311 9.368 70.978 1.311 9.368 70.978 1.332 9.513 69.929 

4 1.055 7.534 78.512 1.055 7.534 78.512 1.202 8.583 78.512 

Extraction Method: Principal Component Analysis.
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(I) Pre-monsoon 

 

(II)Post-monsoon 

Figure 4.47:  Eigen value for physico-chemical variable during pre (I) and 

post-monsoon (II) 2016-17  
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Table 4.40: Rotated Component loading for hydrochemical facies during pre 
and post-monsoon 2016-17 

 

Rotated Component Matrixa 

Component 

Parameter 
Pre-monsoon Post-monsoon 

F 1 F 2 F 3 F 4 F 1 F 2 F 3 F 4 

pH 0.028 -0.131 -0.757 0.299 -0.031 0.022 -0.001 0.876 

EC 0.645 0.704 0.114 -0.107 0.717 0.649 -0.019 -0.112 

TDS 0.677 0.705 0.148 -0.092 0.787 0.596 0.063 -0.073 

Turbidity -0.046 0.091 -0.035 0.876 -0.017 -0.006 0.691 0.201 

TA 0.315 0.789 0.044 -0.107 0.431 0.576 -0.214 -0.112 

TH 0.921 0.308 0.168 -0.038 0.951 0.173 0.130 -0.059 

Cl- 0.695 0.532 0.209 -0.236 0.829 0.343 0.183 -0.079 

NO3
- 0.730 0.215 -0.306 0.009 0.812 -0.019 -0.127 0.297 

SO4
2- 0.668 0.651 0.017 0.006 0.703 0.613 -0.038 0.003 

F- -0.050 0.759 -0.125 0.216 0.281 0.750 -0.157 0.030 

Ca2+ 0.766 -0.100 -0.034 0.205 0.704 -0.143 -0.083 -0.349 

Mg2+ 0.727 0.488 0.257 -0.231 0.915 0.263 0.132 -0.069 

Na+ 0.208 0.536 -0.042 0.364 -0.148 0.802 0.210 0.134 

K+ 0.089 -0.123 0.879 0.186 0.185 -0.045 0.802 -0.348 

Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
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(I) Pre-monsoon 

 

(II) Post-monsoon 

Figure 4. 48: Component plot in rotate space for physico-chemical variable 

during pre (a) and post-monsoon (b) 2016-17 
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4.4.3.3 Khiron block  

Table 4.41: Total Variance Explained for hydrochemical data during pre and 

post-monsoon 2016-17. 

Total Variance Explained 

Pre-monsoon  

FA/ 
PC
A 

Initial Eigenvalues 
Extraction Sums of 
Squared Loadings 

Rotation Sums of 
Squared Loadings 

Tot
al 

% of 
Varian

ce 
Cumulati

ve % 
Tot
al 

% of 
Varian

ce 
Cumulati

ve % 
Tot
al 

% of 
Varian

ce 
Cumulati

ve % 
1 5.78

3 
41.308 41.308 5.78

3 
41.308 41.308 5.36

9 
38.347 38.347 

2 3.00
3 

21.447 62.755 3.00
3 

21.447 62.755 3.15
4 

22.526 60.873 

3 1.44
9 

10.350 73.105 1.44
9 

10.350 73.105 1.60
7 

11.476 72.349 

4 1.11
1 

7.939 81.044 1.11
1 

7.939 81.044 1.21
7 

8.695 81.044 

Post-monsoon  

1 6.15
2 

43.945 43.945 6.15
2 

43.945 43.945 5.99
8 

42.846 42.846 

2 3.26
6 

23.326 67.271 3.26
6 

23.326 67.271 2.78
2 

19.871 62.717 

3 1.42
1 

10.152 77.423 1.42
1 

10.152 77.423 2.05
9 

14.706 77.423 

Extraction Method: Principal Component Analysis. 
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(I) Pre-monsoom 

 

(II) Post-monsoon 

Figure 4.49:  Eigen value for physico-chemical variable during pre (I) and post-
monsoon (II) 2016-17  
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Table 4.42: Rotated Component loading for hydrochemical data during pre and 
post-monsoon 2016-17 

 

Rotated Component Matrix 

Component 

Parameter 
Pre-monsoon Post-monsoon 

F 1 F 2 F 3 F 4 F 1 F 2 F 3 

pH 0.214 0.012 0.714 -0.506 -0.168 -0.407 -0.338 

EC 0.915 0.278 0.158 0.092 0.971 0.063 0.085 

TDS 0.919 0.322 0.097 0.113 0.973 0.121 0.128 

Turbidity 0.267 0.731 0.176 -0.129 0.246 0.249 0.651 

TA 0.868 0.217 0.182 0.150 0.942 0.100 0.024 

TH -0.109 0.899 0.183 0.223 -0.034 0.944 0.181 

Cl- 0.531 0.671 -0.219 -0.113 0.770 0.142 0.298 

NO3
- 0.027 0.169 0.875 0.167 -0.189 0.118 0.728 

SO4
2- 0.794 0.120 0.000 0.054 0.851 0.038 0.237 

F- 0.844 0.022 -0.095 -0.102 0.850 -0.302 -0.127 

Ca2+ -0.549 0.529 0.373 0.185 -0.391 0.750 0.333 

Mg2+ 0.147 0.869 0.008 0.056 0.106 0.927 -0.095 

Na+ 0.909 -0.224 0.045 0.000 0.886 -0.297 0.038 

K+ 0.178 0.061 0.032 0.872 0.333 -0.046 0.807 

Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization. 
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(I) Pre-monsoon 

 

(II) Post-monsoon 
Figure 4.50: Component plot in rotate space for physico-chemical variable 

during pre (a) and post-monsoon (b) 2016-17 
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4.4.4 Spearman correlation analysis  

4.4.4.1 Correlation within physico-chemical variable 

Table 4.43; Spearman correlation Coefficient within physic-chemical parameter of Lalganj tehsil during pre monsoon 2016-17 (n = 120) 

 
 pH EC TDS Turbidity TA TH Cl- NO3

- SO4
2- F- Ca2+ Mg2+ Na+ K+ 

pH 1.000              

EC 0.070 1.000             

TDS 0.027 0.974** 1.000            

Turbidity 0.135 0.421** 0.375** 1.000           

TA 0.107 0.819** 0.851** 0.212* 1.000          

TH -0.160 0.556** 0.556** 0.338** 0.338** 1.000         

Cl- -0.071 0.641** 0.659** 0.409** 0.365** 0.452** 1.000        

NO3
- 0.097 0.485** 0.444** 0.338** 0.322** 0.450** 0.248** 1.000       

SO4
2+ 0.045 0.821** 0.815** 0.303** 0.587** 0.532** 0.495** 0.399** 1.000      

F- 0.231* 0.424** 0.427** -0.026 0.477** -0.070 0.220* 0.089 0.276** 1.000     

Ca2+ -0.116 0.210* 0.200* 0.188* 0.139 0.671** 0.198* 0.314** 0.168 -0.202* 1.000    

Mg2+ -0.123 0.595** 0.595** 0.369** 0.334** 0.845** 0.491** 0.374** 0.564** -0.038 0.336** 1.000   

Na+ 0.111 0.628** 0.640** 0.215* 0.502** 0.043 0.264** 0.277** 0.544** 0.449** -0.182* 0.183* 1.000  

K+ -0.331** 0.223* 0.264** 0.142 0.127 0.213* 0.154 0.097 0.083 -0.077 0.085 0.251** 0.148 1.000 

(*) Correlation is significant at the 0.05 level and (**) at the 0.01 level,  
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Table 4.44: Spearman correlation Coefficient within physic-chemical parameter of Lalganj tehsil during post -monsoon 2016-17 (n = 120) 
 

 pH EC TDS Turbidity TA TH Cl- NO3
- SO4

2- F- Ca2+ Mg2+ Na+ K+ 

pH 1.000              

EC -0.130 1.000             

TDS -0.139 0.962** 1.000            

Turbidity -0.100 0.324** 0.350** 1.000           

TA -0.151 0.812** 0.831** 0.211* 1.000          

TH -0.258** 0.481** 0.511** 0.226* 0.293** 1.000         

Cl- -0.066 0.594** 0.650** 0.350** 0.308** 0.453** 1.000        

NO3
- -0.163 0.330** 0.332** 0.220* 0.189* 0.479** 0.281** 1.000       

SO4
2+ -0.038 0.838** 0.853** 0.262** 0.623** 0.511** 0.499** 0.321** 1.000      

F- 0.068 0.406** 0.402** -0.085 0.378** -0.061 0.257** -0.014 0.323** 1.000     

Ca2+ -0.232* 0.248** 0.252** 0.159 0.203* 0.724** 0.265** 0.379** 0.187* -0.179 1.000    

Mg2+ -0.213* 0.510** 0.521** 0.160 0.294** 0.760** 0.392** 0.309** 0.508** -0.017 0.410** 1.000   

Na+ -0.049 0.587** 0.613** 0.233* 0.452** -0.014 0.284** 0.117 0.534** 0.467** 
-

0.238** 
0.118 1.000  

K+ -0.215* 0.369** 0.402** 0.364** 0.230* 0.218* 0.271** 0.159 0.247** 0.010 0.106 0.243** 0.323** 1.000 

(*)Correlation is significant at the 0.05 level and (**) at the 0.01 level,  
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4.4.4.2 Correlation within metallic variable 

Table 4.45: Spearman correlation Coefficient within metallic contents of Lalganj tehsil 

during pre-monsoon 2016-17 (n = 120) 

 Zn Fe Ni Mn Pb Cu Co Cr Cd 

Zn 1.000         

Fe 0.378** 1.000        

Ni 0.077 0.108 1.000       

Mn 0.113 0.106 0.401** 1.000      

Pb 0.075 -0.101 0.136 0.194* 1.000     

Cu 0.155 0.331** 0.225* 0.100 0.082 1.000    

Co 0.203* 0.064 0.393** 0.020 0.325** 0.271** 1.000   

Cr -0.055 -0.055 
-

0.239** 
0.020 -0.067 -0.137 

-
0.065 

1.000  

Cd 0.331** 0.183* -0.138 
-

0.184* 
-0.097 0.158 0.087 

-
0.080 

1.000 

(*) Correlation is significant at the 0.05 level and (**) at the 0.01 level,  

 
 
Table 4.46: Spearman correlation Coefficient within metallic contents of Lalganj tehsil 
during post -monsoon 2016-17 (n = 120) 
 

 Zn Fe Ni Mn Pb Cu Co Cr Cd 

Zn 1.000         

Fe 0.378** 1.000        

Ni 0.077 0.108 1.000       

Mn 0.113 0.106 0.401** 1.000      

Pb 0.075 -0.101 0.136 0.194* 1.000     

Cu 0.155 0.331** 0.225* 0.100 0.082 1.000    

Co 0.203* 0.064 0.393** 0.020 0.325** 0.271** 1.000   

Cr -0.055 -0.055 
-

0.239** 
0.020 -0.067 -0.137 

-
0.065 

1.000  

Cd 0.331** 0.183* -0.138 
-

0.184* 
-0.097 0.158 0.087 

-
0.080 

1.000 

(*)Correlation is significant at the 0.05 level and (**) at the 0.01 level,  
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4.4.5 Hierarchical cluster analysis   

4.4.5.1 Clustering of sampling location through physico-chemical variable 

 

 

Figure 4.51:  Dendrograms grouped samples through physico-chemical variable 

during pre-monsoon 2016-17 
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Figure 4.52:  Dendrograms grouped samples through physico-chemical variable 

during post-monsoon 2016-17 
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4.4.5.2 Clustering of sampling location through metallic variable 

 

 
 

Figure 4.53:  Dendrograms grouped samples through metallic variables during 

pre-monsoon 2016-17 
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Figure 4.54:  Dendrograms grouped samples through metallic variables during 

post-monsoon 2016-17 
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4.4.6 T-test  

Table 4.47:T-test applied in physicochemical data in groundwater of Lalganj tehsil during pre and post monsoon (2016 and 

2017) (n=120) 

Physico- 

chemical  

parameter 

Premonsoon 2016-17 Post monsoon 2016-17 

Remark 
Unit Mean SEM C.I. Max Min Mean SEM C.I. Max Min 

pH - 7.73 0.03 0.06 8.24 7.00 7.95 0.02 0.03 8.61 7.55 Significant 

EC µS/cm 1345.58 51.54 102.05 4083.00 601.46 1513.85 57.28 113.41 4275.18 831.00 Significant 

TDS mg/L 951.90 32.74 64.83 2201.48 459.02 1079.99 34.70 68.71 2309.10 534.53 Significant 

Turbidity NTU 2.65 0.14 0.28 7.00 0.00 3.66 0.14 0.27 8.00 0.00 Significant 

Alkalinity mg/L 416.68 13.77 27.26 1153.00 156.00 461.82 15.43 30.55 1234.00 231.00 Significant 

Hardness mg/L 274.46 11.48 22.73 742.00 28.00 295.80 11.60 22.97 782.00 26.00 Not Significant 

Cl mg/L 95.90 10.70 21.18 594.00 7.00 127.22 11.64 23.04 658.00 12.01 Significant 

NO3 mg/L 11.98 1.20 2.38 81.52 0.22 18.42 1.52 3.01 84.32 0.52 Significant 

SO4 mg/L 93.86 8.42 16.67 420.00 0.36 124.36 9.07 17.95 451.17 10.54 Significant 

F mg/L 2.09 0.21 0.41 16.20 0.52 2.32 0.23 0.46 17.20 0.44 Not Significant 

Ca mg/L 42.82 1.71 3.39 133.37 4.53 47.91 1.60 3.16 120.00 11.02 Significant 

Mg mg/L 65.66 3.24 6.42 214.00 4.53 73.49 3.17 6.27 235.00 15.62 Not Significant 

Na mg/L 187.30 5.34 10.57 396.41 111.00 196.97 5.16 10.21 386.00 119.65 Not Significant 

K mg/L 17.63 0.96 1.89 56.00 5.00 15.81 0.90 1.78 52.42 3.71 Not Significant 

Critical value p =1.98 at 5% or 0.05 level for 238 degree of freedom   
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4.5 Health Risk Assessment due to possible intake of fluoride via dietary 

4.5.1 Accumulation of Fluoride in plants and rhizospheric soil. 

The concentration of fluoride in Rice (Oryza Sativa L) were ranged from 0.50 

to 0.62 mg/kg  (0.54 ±0.03) for Lalganj block, 0.42 to 0.54 mg/kg  (2.43±0.13) for 

Sareni block and 0.51 to 0.71 mg/kg  (0.59±0.05) for Khiron block while 0.02 to 0.05 

mg/kg  (0.04 ±0.01) found in Control block (Bachharawan). The mean moisture 

contents of rice was found 15 % and fluoride in rhizospheric soil were found 32, 38, 

66 and 2.07 mg/kg in Lalganj, Sareni,  Khiron, and  Control block respectively. The 

fluoride contents in Wheat (Triticum vulgaris) were ranged from 0.28 to 3.31 mg/kg 

with mean value 2.66 ±0.24 for Lalganj block, 2.10 to 2.71 mg/kg with mean value 

2.43±0.13 for Sareni block and 2.20 to 3.49 mg/kg with mean value 2.82±0.36 for 

Khiron block while BDL in Control block (Bachharawan). The mean moisture 

contents of Wheat was found 22 % and the mean fluoride in rhizospheric soil were 

found 52, 51, 72 and 0.23 mg/kg in Lalganj, Sareni,  Khiron, and  Control block 

respectively. The average concentration of fluoride in Pigeon pea (Cajanus cajan) 

was reported 9.22±0.41, 8.58±0.55, 8.72±0.88 and 0.11±0.01 mg/L in Lalganj, 

Sareni and Khiron block and control block with ranged from 8.18 to 10.11 mg/kg, 

7.10 to 9.51 mg/kg, 7.20 to 10.29 mg/kg and 0.098 to 0.128 mg/kg, respectively. The 

mean moisture contents of Pigeon pea was found 15 % and the mean fluoride in 

rhizospheric soil were found 141, 80, 93 and 9.40 mg/kg in Lalganj, Sareni,  Khiron, 

and  Control block respectively. 

The concentration of fluoride in Urad (Vigna mungo) were ranged from 5.53 

to 6.41 mg/kg  (5.98 ±0.20) for Lalganj block, 5.00 to 6.21 mg/kg  (5.71±0.27) for 
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Sareni block and 5.10 to 6.59 mg/kg  (5.82±0.42) for Khiron block while 0.062 to 

0.112 mg/kg  (0.08 ±0.01) found in Control block (Bachharawan). The mean 

moisture contents of Urad was found 12 % and fluoride in rhizospheric soil were 

found 112, 71, 69 and 0.60 mg/kg in Lalganj, Sareni,  Khiron, and  Control block 

respectively.The average concentration of fluoride in Tomato (Lycopersicon 

esculentum) was reported 7.96±0.16, 7.91±0.27, 7.57±0.16 and 0.06±0.01 mg/L in 

Lalganj, Sareni and Khiron block and control block with ranged from 7.71 to 8.41 

mg/kg, 7.20 to 8.41 mg/kg, 7.30 to 7.89 mg/kg and 0.042 to 0.072 mg/kg, 

respectively. The mean moisture contents of Tomato was found 93 % and the mean 

fluoride in rhizospheric soil were found 199, 80, 94 and 0.81 mg/kg in Lalganj, 

Sareni,  Khiron, and  Control block respectively.The fluoride contents in Chilli 

(Capsicum annuam) were ranged from 6.90 to 7.91 mg/kg with mean value 7.40 

±0.21 for Lalganj block, 6.10 to 7.91 mg/kg with mean value 7.20±0.41 for Sareni 

block and 6.20  to 7.49 mg/kg with mean value 6.82±0.36 for Khiron block while 

0.034  to 0.094 mg/kg with mean value 0.06±0.01 in Control block (Bachharawan). 

The mean moisture contents of Chilli was found 62 % and the mean fluoride in 

rhizospheric soil were found 115, 90, 69 and 0.90 mg/kg in Lalganj, Sareni,  Khiron, 

and  Control block respectively. 

The concentration of fluoride in Potato (Solanum tuberosum) were ranged 

from 8.18 to 8.61 mg/kg  (8.36 ±0.09) for Lalganj block, 8.20 to 8.61 mg/kg  

(8.40±0.08) for Sareni block and 8.30 to 8.49 mg/kg  (8.37±0.05) for Khiron block 

while 0.046 to 0.076 mg/kg  (0.06 ±0.01) found in Control block (Bachharawan). 

The mean moisture contents of Potato was found 80 % and fluoride in rhizospheric 

soil were found 130, 101, 87 and 5.57 mg/kg in Lalganj, Sareni,  Khiron, and  
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Control block respectively. The average concentration of fluoride in Okra 

(Abelmoschus esculentus) was reported 14.11±0.54, 13.40±0.41, 14.00±0.92 and 

0.14±0.03 mg/L in Lalganj, Sareni and Khiron block and control block with ranged 

from 13.07 to 15.60 mg/kg, 12.30 to 14.11 mg/kg, 12.40 to 15.69 mg/kg and 0.084 to 

0.22 mg/kg, respectively. The mean moisture contents of Okra was found 42 % and 

the mean fluoride in rhizospheric soil were found 175, 120, 89 and 0.76 mg/kg in 

Lalganj, Sareni,  Khiron, and  Control block respectively. The fluoride contents in 

Cauliflower (Brassica oleracea botrytis) were ranged from 7.80 to 9.91 mg/kg with 

mean value 8.36 ±0.23 for Lalganj block, 7.80 to 9.91 mg/kg with mean value 

8.45±0.24 for Sareni block and 7.71  to 7. 9 mg/kg with mean value 7.80±0.05 for 

Khiron block while 0.051  to 0.081 mg/kg with mean value 0.07±0.01 in Control 

block (Bachharawan). The mean moisture contents of Cauliflower was found 86% 

and the mean fluoride in rhizospheric soil were found 143, 92, 86 and 4.17 mg/kg in 

Lalganj, Sareni,  Khiron, and  Control block respectively. 

The concentration of fluoride in Sponge gourd (Luffa aegyptiaca) were 

ranged from 1.31 to 2.91 mg/kg  (2.06 ±0.38) for Lalganj block, 0.50 to 2.91 mg/kg  

(1.98±0.55) for Sareni block and 0.60 to 1.49 mg/kg  (1.02±0.25) for Khiron block 

while BDL in Control block (Bachharawan). The mean moisture contents of Sponge 

gourd was found 76 % and fluoride in rhizospheric soil were found 76, 48, 46 and 

0.41 mg/kg in Lalganj, Sareni, Khiron, and Control block respectively. The average 

concentration of fluoride in Coriander (Coriandrum sativum) was reported 

2.78±0.15, 2.65±0.15, 2.80±0.26 and BDL in Lalganj, Sareni Khiron block and 

control block with ranged from 2.52 to 3.11 mg/kg, 2.26 to 2.96 mg/kg, 2.36 to 3.29 

mg/kg and BDL, respectively. The mean moisture contents of Coriander was found 



Chapter- 4                                                                                                        Results                                                                                                                      

204 

80 % and the mean fluoride in rhizospheric soil were found 72±1.45, 51±2.91, 

68±1.86 and 0.11±0.10 mg/kg in Lalganj, Sareni,  Khiron, and  Control block 

respectively. The fluoride contents in Pointed gourd (Trichosanthes dioica) were 

ranged from 5.51 to 7.81 mg/kg with mean value 6.77 ±0.52 for Lalganj block, 5.20 

to 7.81 mg/kg with mean value 6.81±0.60 for Sareni block and 5.30 to 5.69 mg/kg 

with mean value 5.47±0.1 for Khiron block while 0.074 to 0.114 mg/kg with mean 

value 0.09±0.01 in Control block (Bachharawan). The mean moisture contents of 

Pointed gourd was found 90 % and the mean fluoride in rhizospheric soil were found 

137±2.96, 94±3.22, 94±2.91 and 2.07± 0.23 mg/kg in Lalganj, Sareni,  Khiron, and  

Control block respectively. 

The concentration of fluoride in Onion (Allium cepa) were ranged from 

17.51 to 19.11 mg/kg  (18.60 ±0.38) for Lalganj block, 16.20 to 19.11 mg/kg  

(18.0±0.67) for Sareni block and 16.30 to 19.29 mg/kg  (17.77±0.85) for Khiron 

block while 0.056 to 0.116 mg/kg  (0.08 ±0.01) found in Control block 

(Bachharawan). The mean moisture contents of Onion was found 90 % and fluoride 

in rhizospheric soil were found 193±4.18, 202±7.81, 222±5.13 and 1.53±0.35 mg/kg 

in Lalganj, Sareni,  Khiron, and  Control block respectively. The average 

concentration of fluoride in Pigweed (Chenopodium album) was reported 

12.91±1.10, 11.52±0.52, 13.22±1.75 and 0.08±0.01 in Lalganj, Sareni Khiron block 

and control block with ranged from 11.13 to 16.11 mg/kg, 10.10 to 12.41 mg/kg, 

10.20 to 16.29 mg/kg and 0.066 to 0.086 mg/kg, respectively. The mean moisture 

contents of Pigweed was found 89 % and the mean fluoride in rhizospheric soil were 

found 87±5.93, 119±3.22, 255±4.93 and 0.86±0.06 mg/kg in Lalganj, Sareni,  

Khiron, and  Control block respectively. The fluoride contents in Cabbage (Brassica 
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oleracea capitata) were ranged from 7.51 to 15.60 mg/kg with mean value 10.22 

±1.82 for Lalganj block, 6.20 to 9.11 mg/kg with mean value 8.00±0.67 for Sareni 

block and 6.30  to 15.69 mg/kg with mean value 10.95±2.69 for Khiron block while 

0.068  to 0.108 mg/kg with mean value 0.09±0.01 in Control block (Bachharawan). 

The mean moisture contents of Cabbage was found 88 % and the mean fluoride in 

rhizospheric soil were found 81±1.86, 102±2.31, 254±5.20 and 0.53±0.05 mg/kg in 

Lalganj, Sareni,  Khiron, and  Control block respectively. 

The concentration of fluoride in Bitter melon (Momordica Charntia) were 

ranged from 15.85 to 23.40 mg/kg  (19.81 ±1.55) for Lalganj block, 12.20 to 20.21 

mg/kg  (17.26±1.88) for Sareni block and 12.30 to 23.49 mg/kg  (17.85±3.21) for 

Khiron block while 0.12 to 0.14 mg/kg  (0.13 ±0.01) found in Control block 

(Bachharawan). The mean moisture contents of Bitter melon was found 72 % and 

fluoride in rhizospheric soil were found 172±8.76, 222±4.49, 245±520 and 0.22±0.10 

mg/kg in Lalganj, Sareni,  Khiron, and  Control block respectively. The average 

concentration of fluoride in Spinach (Spinacea oleracea) was reported 25.24±0.76, 

24.47±0.64, 26.02±0.35 and 0.07±0.01 in Lalganj, Sareni Khiron block and control 

block with ranged from 23.18 to 26.40 mg/kg, 23.40 to 26.20 mg/kg, 24.96 to 26.49 

mg/kg and 0.05 to 0.08 mg/kg, respectively. The mean moisture contents of Spinach 

was found 80 % and the mean fluoride in rhizospheric soil were found 226±5.0, 

243±10.48, 277±4.67 and 0.51±0.06 mg/kg in Lalganj, Sareni,  Khiron, and  Control 

block respectively. The fluoride contents in Radish (Raphanus sativus) were ranged 

from 42.55 to 51.20 mg/kg with mean value 46.09 ±1.83 for Lalganj block, 40.20 to 

51.29 mg/kg with mean value 43.50±1.26 for Sareni block and 40.20 to 51.29 mg/kg 

with mean value 45.70±3.18 for Khiron block while 0.32 to 0.35 mg/kg with mean 
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value 0.34±0.01 in Control block (Bachharawan). The mean moisture contents of 

Radish was found 93 % and the mean fluoride in rhizospheric soil were found 

352±5.77, 306±4.93, 318±3.18 and 3.03±0.78 mg/kg in Lalganj, Sareni,  Khiron, and  

Control block respectively. 

The concentration of fluoride in Fenugreek (Trigonella foenum-graecum) 

were ranged from 2.37 to 3.50 mg/kg  (3.06 ±0.26) for Lalganj block, 1.60 to 3.41 

mg/kg  (2.70±0.41) for Sareni block and 1.70 to 3.59 mg/kg  (2.60±0.52) for Khiron 

block while Control block (Bachharawan) was BDL. The mean moisture contents of 

Fenugreek was found 90 % and fluoride in rhizospheric soil were found 45±4.37, 

322±6.12, 74±5.04 and 0.08±0.08 mg/kg in Lalganj, Sareni,  Khiron, and  Control 

block respectively. The average concentration of fluoride in Bottle gourd (Lagenaria 

siceraria) was reported 7.57±0.51, 7.10±0.93, 5.97±0.74 and BDL in Lalganj, Sareni 

Khiron block and control block with ranged from 6.38 to 8.61 mg/kg, 4.60 to 8.61 

mg/kg, 4.70 to 7.29 mg/kg and BDL, respectively. The mean moisture contents of 

Bottle gourd was found 93 % and the mean fluoride in rhizospheric soil were found 

72±2.19, 103±2.40, 50±2.96 and 0.11±0.11 mg/kg in Lalganj, Sareni,  Khiron, and  

Control block respectively. The fluoride contents in Brinjal (Solanum melongena) 

were ranged from 17.85 to 19.11 mg/kg with mean value 18.34±0.28 for Lalganj 

block, 17.50 to 18.41 mg/kg with mean value 18.02±0.20 for Sareni block and 17.60 

to 19.29 mg/kg with mean value 18.42±0.48 for Khiron block while 0.62 to 0.68 

mg/kg with mean value 0.65±0.01 in Control block (Bachharawan). The mean 

moisture contents of Brinjal was found 93 % and the mean fluoride in rhizospheric 

soil were found 160±4.67, 209±5.93, 316±6.98 and 5.00±0.42 mg/kg in Lalganj, 

Sareni,  Khiron, and  Control block respectively. 
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The concentration of fluoride in Broad bean (Vicia faba) were ranged from 

1.08 to 2.41 mg/kg  (1.53 ±0.31) for Lalganj block, 0.90 to 1.51 mg/kg  (1.23±0.13) 

for Sareni block and 1.0 to 2.59 mg/kg  (1.77±0.45) for Khiron block while BDL in 

Control block (Bachharawan). The mean moisture contents of Sem was found 90% 

and fluoride in rhizospheric soil were found 26±2.08, 49±4.06, 59±1.73 and 

0.19±0.10 mg/kg in Lalganj, Sareni,  Khiron, and  Control block respectively. The 

average concentration of fluoride in Wild carrot (Daucus carota) was reported 

27.09±1.02, 25.78±0.55, 27.27±1.66 and 0.56±0.01 in Lalganj, Sareni Khiron block 

and control block with ranged from 25.34 to 30.01 mg/kg, 24.30 to 26.71 mg/kg, 

24.40 to 30.19 mg/kg and 0.53 to 0.01 mg/kg, respectively. The mean moisture 

contents of Wild carrot was found 86 % and the mean fluoride in rhizospheric soil 

were found 228±3.33, 205±8.29, 355±17.95and 4.57±0.32 mg/kg in Lalganj, Sareni,  

Khiron, and  Control block respectively. The fluoride contents in Chaulai 

(Amaranthus spinosus) were ranged from 1.98 to 6.51 mg/kg with mean value 3.29 

±1.08 for Lalganj block, 2.20 to 2.41 mg/kg with mean value 2.30±0.04 for Sareni 

block and 2.28  to 6.69 mg/kg with mean value 4.49±1.24 for Khiron block while 

0.52 to 0.58 mg/kg with mean value 0.55±0.01 in Control block (Bachharawan). The 

mean moisture contents of Chaulai was found 87% and the mean fluoride in 

rhizospheric soil were found 38±1.15, 40±2.60, 251±9.07 and 1.40±0.31 mg/kg in 

Lalganj, Sareni,  Khiron, and  Control block respectively. 
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Table 4.48: Descriptive statistics of Total fluoride contents rhizoshpheric soil of 
Lalganj and Sareni block. 

Sl. 
No. 

Rhizoshpheric soil of 
Plant 

Lalganj block Sareni block 
Avg Min Max SEM Avg Min Max SEM 

1 Oryza Sativa L 32 26 36 2.96 38 36 42 2.00 
2 Triticum vulgaris 52 42 62 5.77 51 45 54 2.85 
3 Cajanus cajan 141 136 145 2.65 80 76 86 2.96 
4 Vigna mungo 112 106 116 3.06 71 68 76 2.40 

5 
Lycopersicon 
esculentum 

119 115 121 1.86 80 76 88 3.84 

6 Capsicum annuam 115 106 123 4.91 90 89 92 0.88 
7 Solanum tuberosum 130 126 134 2.31 101 93 105 3.84 

8 
Abelmoschus 
esculentus 

175 165 182 5.13 120 116 123 2.03 

9 
Brassica oleracea 
botrytis 

143 134 152 5.21 92 88 98 3.18 

10 Luffa aegyptiaca 76 69 86 5.24 48 43 52 2.73 
11 Coriandrum sativum 72 70 75 1.45 51 46 56 2.91 
12 Trichosanthes dioica 137 133 143 2.96 94 88 99 3.22 
13 Allium cepa 193 188 201 4.18 202 189 216 7.81 
14 Chenopodium album 87 78 98 5.93 119 114 125 3.22 

15 
Brassica oleracea 
capitata 

81 79 85 1.86 102 98 106 2.31 

16 Momordica Charntia 172 156 186 8.76 222 216 231 4.49 
17 Spinacea oleracea 226 216 231 5.00 243 230 264 10.48 
18 Raphanus sativus 352 342 362 5.77 306 298 315 4.93 

19 
Trigonella foenum-
graecum 

45 40 54 4.37 322 312 333 6.12 

20 Lagenaria siceraria 72 68 75 2.19 103 98 106 2.40 
21 Solanum melongena 160 153 169 4.67 209 198 218 5.93 
22 Vicia faba 26 23 30 2.08 49 42 56 4.06 
23 Daucus carota 228 221 231 3.33 205 189 216 8.29 
24 Amaranthus spinosus 38 36 40 1.155 40 36 45 2.60 

Data in mg/kg except SEM(Standard Error Mean) 
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Table 4.49: Descriptive statistics of Total fluoride contents rhizoshpheric soil of 
Khiron and Control block. 

Sl.No. Scientific Name 
Khiron block 

Bachhrawan block 
(Control) 

Avg Min Max SEM Avg Min Max SEM 
1 Oryza Sativa L 66 56 76 5.77 2.07 1.50 2.60 0.32 
2 Triticum vulgaris 72 56 86 8.76 0.23 BDL 0.36 0.11 
3 Cajanus cajan 93 84 99 4.49 9.40 8.00 11.00 0.87 
4 Vigna mungo 69 56 82 7.51 0.60 0.52 0.67 0.04 

5 
Lycopersicon 
esculentum 

94 86 102 4.63 0.81 0.77 0.89 0.04 

6 Capsicum annuam 69 52 85 9.56 0.90 0.86 0.95 0.03 
7 Solanum tuberosum 87 77 99 6.49 5.57 4.90 6.20 0.38 

8 
Abelmoschus 
esculentus 

89 81 97 4.62 0.76 0.51 0.88 0.12 

9 
Brassica oleracea 
botrytis 

86 73 102 8.45 4.17 3.10 5.21 0.61 

10 Luffa aegyptiaca 46 36 56 5.77 0.41 0.00 0.69 0.21 
11 Coriandrum sativum 68 66 72 1.86 0.11 BDL 0.33 0.10 
12 Trichosanthes dioica 94 89 99 2.91 2.07 1.60 2.30 0.23 
13 Allium cepa 222 215 232 5.13 1.53 0.90 2.10 0.35 
14 Chenopodium album 255 246 263 4.93 0.86 0.76 0.98 0.06 

15 
Brassica oleracea 
capitata 

254 245 263 5.20 0.53 0.45 0.62 0.05 

16 Momordica Charntia 245 236 254 5.20 0.22 0.02 0.32 0.10 
17 Spinacea oleracea 277 268 284 4.67 0.51 0.41 0.62 0.06 
18 Raphanus sativus 318 314 324 3.18 3.03 1.60 4.30 0.78 

19 
Trigonella foenum-
graecum 

74 67 84 5.04 0.08 BDL 0.23 0.08 

20 Lagenaria siceraria 50 46 56 2.96 0.11 BDL 0.33 0.11 
21 Solanum melongena 316 302 325 6.98 5.00 4.20 5.60 0.42 
22 Vicia faba 59 56 62 1.73 0.19 BDL 0.32 0.10 
23 Daucus carota 355 321 382 17.95 4.57 4.20 5.20 0.32 
24 Amaranthus spinosus 251 234 265 9.07 1.40 0.80 1.80 0.31 

Data in mg/kg except SEM(Standard Error Mean) 
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Table 4.50: Descriptive statistics of Fluoride contents in different dietary 
sources  in Lalganj and Sareni block 

Sl. 
No. 

Scientific Name 
Lalganj block Sareni block 

Avg Min Max SEM Avg Min Max SEM 
1 Oryza Sativa L 0.54 0.50 0.62 0.03 0.49 0.42 0.54 0.03 
2 Triticum vulgaris 2.66 2.28 3.31 0.24 2.43 2.10 2.71 0.13 
3 Cajanus cajan 9.22 8.18 10.11 0.41 8.58 7.10 9.51 0.55 
4 Vigna mungo 5.98 5.53 6.41 0.20 5.71 5.00 6.21 0.27 

5 
Lycopersicon 
esculentum 

7.96 7.71 8.41 0.16 7.91 7.20 8.41 0.27 

6 Capsicum annuam 7.40 6.90 7.91 0.21 7.20 6.10 7.91 0.41 
7 Solanum tuberosum 8.36 8.18 8.61 0.09 8.40 8.20 8.61 0.08 
8 Abelmoschus esculentus 14.11 13.07 15.60 0.54 13.40 12.30 14.11 0.41 

9 
Brassica oleracea 
botrytis 

8.36 7.80 8.91 0.23 8.45 7.80 8.91 0.24 

10 Luffa aegyptiaca 2.06 1.31 2.91 0.38 1.98 0.50 2.91 0.55 
11 Coriandrum sativum 2.78 2.52 3.11 0.15 2.65 2.26 2.96 0.15 
12 Trichosanthes dioica 6.77 5.51 7.81 0.52 6.81 5.20 7.81 0.60 
13 Allium cepa 18.60 17.51 19.11 0.38 18.00 16.20 19.11 0.67 
14 Chenopodium album 12.91 11.13 16.11 1.10 11.52 10.10 12.41 0.52 

15 
Brassica oleracea 
capitata 

10.22 7.51 15.60 1.82 8.00 6.20 9.11 0.67 

16 Momordica Charntia 19.81 15.85 23.40 1.55 17.26 12.20 20.21 1.88 
17 Spinacea oleracea 25.24 23.18 26.40 0.76 24.47 23.40 26.20 0.64 
18 Raphanus sativus 46.09 42.55 51.20 1.83 43.50 40.10 45.51 1.26 

19 
Trigonella foenum-
graecum 

3.06 2.37 3.50 0.26 2.70 1.60 3.41 0.41 

20 Lagenaria siceraria 7.57 6.38 8.61 0.51 7.10 4.60 8.61 0.93 
21 Solanum melongena 18.34 17.85 19.11 0.28 18.02 17.50 18.41 0.20 
22 Vicia faba 1.53 1.08 2.41 0.31 1.23 0.90 1.51 0.13 
23 Daucus carota 27.09 25.34 30.01 1.02 25.78 24.30 26.71 0.55 
24 Amaranthus spinosus 3.29 1.98 6.51 1.08 2.30 2.20 2.41 0.04 

Data in mg/kg except SEM(Standard Error Mean) 
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Table 4.51: Descriptive statistics of Fluoride contents in different dietary 

sources in Khiron and Bachhrawan block 

Sl. 
No.. 

Scientific Name Khiron block  
Bachhrawan block 

(Control) 
Avg Min Max SEM Avg Min Max SEM 

1 Oryza Sativa L 0.59 0.51 0.71 0.05 0.04 0.02 0.05 0.01 
2 Triticum vulgaris 2.82 2.20 3.49 0.36 BDL BDL BDL - 
3 Cajanus cajan 8.72 7.20 10.29 0.88 0.11 0.098 0.128 0.01 
4 Vigna mungo 5.82 5.10 6.59 0.42 0.08 0.062 0.112 0.01 

5 
Lycopersicon 
esculentum 

7.57 7.30 7.89 0.16 0.06 0.042 0.072 0.01 

6 Capsicum annuam 6.82 6.20 7.49 0.36 0.06 0.034 0.094 0.01 
7 Solanum tuberosum 8.37 8.30 8.49 0.05 0.06 0.046 0.076 0.01 
8 Abelmoschus esculentus 14.00 12.40 15.69 0.92 0.14 0.084 0.22 0.03 

9 
Brassica oleracea 
botrytis 

7.80 7.71 7.9 0.05 0.07 0.051 0.081 0.01 

10 Luffa aegyptiaca 1.02 0.60 1.49 0.25 BDL BDL BDL - 
11 Coriandrum sativum 2.80 2.36 3.29 0.26 BDL BDL BDL - 
12 Trichosanthes dioica 5.47 5.30 5.69 0.10 0.09 0.074 0.114 0.01 
13 Allium cepa 17.77 16.30 19.29 0.85 0.08 0.056 0.116 0.01 
14 Chenopodium album 13.22 10.20 16.29 1.75 0.08 0.066 0.086 0.01 

15 
Brassica oleracea 
capitata 

10.95 6.30 15.69 2.69 0.09 0.068 0.108 0.01 

16 Momordica Charntia 17.85 12.30 23.49 3.21 0.13 0.12 0.14 0.01 
17 Spinacea oleracea 26.02 24.96 26.49 0.35 0.07 0.05 0.08 0.01 
18 Raphanus sativus 45.70 40.20 51.29 3.18 0.34 0.32 0.35 0.01 

19 
Trigonella foenum-
graecum 

2.60 1.70 3.59 0.52 BDL BDL BDL - 

20 Lagenaria siceraria 5.97 4.70 7.29 0.74 BDL BDL BDL - 
21 Solanum melongena 18.42 17.60 19.29 0.48 0.65 0.62 0.68 0.01 
22 Vicia faba 1.77 1.00 2.59 0.45 BDL BDL BDL - 
23 Daucus carota 27.27 24.40 30.19 1.66 0.56 0.53 0.58 0.01 
24 Amaranthus spinosus 4.49 2.28 6.69 1.24 0.55 0.52 0.58 0.01 

Data in mg/kg except SEM(Standard Error Mean) 
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4.4.2 Moisture contents in plant samples 

Table 4.52: Moisture contents and the Intake Frequency (IF) in dry weight of 

food and vegetables in classified age groups 

Sl.No. Scientific Name 

 
Moisture  
Contents 

(%) 

3 to 6 
years 

7 to 18 
years 

19 to 70 
years 

I F 
( gdwt/day) 

I F  
 (gdwt/day) 

I F 
 (gdwt/day) 

1 Oryza Sativa L 15 42 212.5 297.5 
2 Triticum vulgaris 22 39 117 156 
3 Cajanus cajan 15 21 42.5 64.75 
4 Vigna mungo 12 22 44 66 
5 Lycopersicon esculentum 93 1 1.05 1.4 
6 Capsicum annuam 62 0.6 0.76 1.14 
7 Solanum tuberosum 80 5 15 20 
8 Abelmoschus esculentus 42 58 85.5 114 
9 Brassica oleraceabotrytis 86 3.5 7 10.5 

10 Luffa aegyptiaca 76 6 18 24 
11 Coriandrum sativum 80 3 3 3 
12 Trichosanthes dioica 78 5.5 16.5 22 
13 Allium cepa 90 0.5 2 2.5 
14 Chenopodium album 89 2.8 5.5 8.25 
15 Brassica oleracea capitata 88 3.6 6 9 
16 Momordica Charntia 72 7 21 28 
17 Spinacea oleracea 88 3.6 9 12 
18 Raphanus sativus 93 6.8 3.5 5.25 

19 
Trigonella foenum-
graecum 

90 3 5 7.5 

20 Lagenaria siceraria 93 2.1 3.5 7 
21 Solanum melongena 93 1.75 3.5 5.25 
22 Vicia faba 90 2.5 5 7.5 
23 Daucus carota 86 4.2 7 14 
24 Amaranthus spinosus 87 3.25 6.5 9.75 
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4.5.3 EDI value of fluoride (CTE and RME scenario). 

Table 4.53: In EDI Calculation, Average and 90 % concentration of fluoride 

were used for CTE and RME scenario 

Sl.no. Scientific Name 
Lalganj Sareni  Khiron Control 

CTE RME CTE RME CTE RME CTE RME 
1 Oryza Sativa L 0.54 0.62 0.49 0.54 0.59 0.71 0.04 0.05 
2 Triticum vulgaris 2.66 3.31 2.43 2.71 2.82 3.49 BDL BDL 
3 Cajanus cajan 9.22 10.11 8.58 9.51 8.72 10.29 0.11 0.13 
4 Vigna mungo 5.98 6.41 5.71 6.21 5.82 6.59 0.08 0.11 

5 
Lycopersicon 
esculentum 7.96 8.41 7.91 8.41 

7.57 
7.89 0.06 0.07 

6 Capsicum annuam 7.40 7.91 7.20 7.91 6.82 7.49 0.06 0.09 
7 Solanum tuberosum 8.36 8.61 8.40 8.61 8.37 8.49 0.06 0.08 

8 
Abelmoschus 
esculentus 14.11 15.6 13.40 14.11 

14.00 
15.69 0.14 0.22 

9 
Brassica 
oleraceabotrytis 8.36 8.91 8.45 8.91 

7.80 
7.9 0.07 0.08 

10 Luffa aegyptiaca 2.06 2.91 1.98 2.91 1.02 1.49 BDL BDL 
11 Coriandrum sativum 2.78 3.11 2.65 2.96 2.80 3.29 BDL BDL 
12 Trichosanthes dioica 6.77 7.81 6.81 7.81 5.47 5.69 0.09 0.11 
13 Allium cepa 18.60 19.11 18.00 19.11 17.77 19.29 0.08 0.12 
14 Chenopodium album 12.91 16.11 11.52 12.41 13.22 16.29 0.08 0.09 

15 
Brassica oleracea 
capitata 10.22 15.6 8.00 9.11 

10.95 
15.69 0.09 0.11 

16 Momordica Charntia 19.81 23.4 17.26 20.21 17.85 23.49 0.13 0.14 
17 Spinacea oleracea 25.24 26.4 24.47 26.20 26.02 26.49 0.07 0.08 
18 Raphanus sativus 46.09 51.2 43.50 45.51 45.70 51.29 0.34 0.35 

19 
Trigonella foenum-
graecum 3.06 3.5 2.70 3.41 

2.60 
3.59 BDL BDL 

20 Lagenaria siceraria 7.57 8.61 7.10 8.61 5.97 7.29 BDL BDL 
21 Solanum melongena 18.34 19.11 18.02 18.41 18.42 19.29 0.65 0.68 
22 Vicia faba 1.53 2.41 1.23 1.51 1.77 2.59 BDL BDL 
23 Daucus carota 27.09 30.01 25.78 26.71 27.27 30.19 0.56 0.58 
24 Amaranthus spinosus 3.29 6.51 2.30 2.41 4.49 6.69 0.55 0.58 
25 Drinking water 2.20 4.12 1.52 2.10 2.89 9.82 0.65 0.70 

Data in mg/kg except SEM(Standard Error Mean) ,F in Drinking water (mg/L) 
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Table 4.54:  EDI value of fluoride in different dietary source for CTE scenario 

in Lalgaj and Sareni block. 

Scientific Name 

Lalganj block 
Age groups 

Sareni block 
Age groups 

3-6 y 7-18 y 
19-70 
y 3-6 y 7-18 y 

19-70 
y 

Oryza Sativa L 0.0022 0.0041 0.0037 0.0020 0.0037 0.0034 

Triticum vulgaris 0.0102 0.0112 0.0097 0.0093 0.0102 0.0089 

Cajanus cajan 0.0081 0.0060 0.0060 0.0076 0.0056 0.0055 

Vigna mungo 0.0018 0.0013 0.0013 0.0018 0.0013 0.0013 

Lycopersicon esculentum 0.0008 0.0003 0.0003 0.0008 0.0003 0.0003 

Capsicum annuam 0.0004 0.0002 0.0002 0.0004 0.0002 0.0002 

Solanum tuberosum 0.0041 0.0045 0.0039 0.0041 0.0045 0.0039 

Abelmoschus esculentus 0.0057 0.0031 0.0027 0.0054 0.0029 0.0025 

Brassica oleraceabotrytis 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Luffa aegyptiaca 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Coriandrum sativum 0.0008 0.0003 0.0002 0.0008 0.0003 0.0002 

Trichosanthes dioica 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 

Allium cepa 0.0009 0.0013 0.0011 0.0009 0.0013 0.0011 

Chenopodium album 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 

Brassica oleracea capitata 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 

Momordica Charntia 0.0004 0.0005 0.0004 0.0004 0.0004 0.0004 

Spinacea oleracea 0.0008 0.0008 0.0007 0.0008 0.0007 0.0006 

Raphanus sativus 0.0029 0.0005 0.0005 0.0027 0.0005 0.0005 

Trigonella foenum-
graecum 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Lagenaria siceraria 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Solanum melongena 0.0010 0.0008 0.0007 0.0010 0.0008 0.0007 

Vicia faba 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Daucus carota 0.0010 0.0006 0.0008 0.0010 0.0006 0.0008 

Amaranthus spinosus 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 
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Table 4.55:  EDI value of fluoride in different dietary source for CTE scenario 
in Khiron and control block. 

 Khiron block 

Age groups 

Bachhrawan (Control) 

Age groups 

Scientific Name 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 

Oryza Sativa L 0.0024 0.0045 0.0041 0.0002 0.0003 0.0003 

Triticum vulgaris 0.0108 0.0119 0.0103 BDL BDL BDL 

Cajanus cajan 0.0077 0.0057 0.0056 0.0001 0.0001 0.0001 

Vigna mungo 0.0018 0.0013 0.0013 BDL BDL BDL 

Lycopersicon esculentum 0.0007 0.0003 0.0002 BDL BDL BDL 

Capsicum annuam 0.0004 0.0002 0.0002 BDL BDL BDL 

Solanum tuberosum 0.0041 0.0045 0.0039 BDL BDL BDL 

Abelmoschus esculentus 0.0057 0.0031 0.0027 0.0001 BDL BDL 

Brassica oleraceabotrytis 0.0001 0.0001 0.0001 BDL BDL BDL 

Luffa aegyptiaca 0.0000 0.0000 0.0000 BDL BDL BDL 

Coriandrum sativum 0.0008 0.0003 0.0002 BDL BDL BDL 

Trichosanthes dioica 0.0001 0.0002 0.0001 BDL BDL BDL 

Allium cepa 0.0009 0.0013 0.0010 BDL BDL BDL 

Chenopodium album 0.0001 0.0001 0.0001 BDL BDL BDL 

Brassica oleracea capitata 0.0002 0.0001 0.0001 BDL BDL BDL 

Momordica Charntia 0.0004 0.0004 0.0004 BDL BDL BDL 

Spinacea oleracea 0.0009 0.0008 0.0007 BDL BDL BDL 

Raphanus sativus 0.0028 0.0005 0.0005 BDL BDL BDL 

Trigonella foenum-

graecum 
0.0000 0.0000 0.0000 

BDL BDL BDL 

Lagenaria siceraria 0.0001 0.0001 0.0001 BDL BDL BDL 

Solanum melongena 0.0011 0.0008 0.0007 BDL BDL BDL 

Vicia faba 0.0000 0.0000 0.0000 BDL BDL BDL 

Daucus carota 0.0010 0.0006 0.0008 BDL BDL BDL 

Amaranthus spinosus 0.0001 0.0001 0.0001 BDL BDL BDL 
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Table 4.56:  EDI value of fluoride in different dietary source for RME scenario 
in Lalgaj and Sareni block. 

Scientific Name 
Lalganj Sareni 

3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 

Oryza Sativa L 0.0034 0.0063 0.0057 0.0030 0.0055 0.0050 

Triticum vulgaris 0.0169 0.0185 0.0161 0.0138 0.0152 0.0132 

Cajanus cajan 0.0119 0.0088 0.0087 0.0112 0.0083 0.0082 

Vigna mungo 0.0026 0.0019 0.0019 0.0026 0.0019 0.0018 

Lycopersicon esculentum 0.0011 0.0004 0.0004 0.0011 0.0004 0.0004 

Capsicum annuam 0.0006 0.0003 0.0003 0.0006 0.0003 0.0003 

Solanum tuberosum 0.0056 0.0062 0.0054 0.0056 0.0062 0.0054 

Abelmoschus esculentus 0.0084 0.0045 0.0039 0.0076 0.0041 0.0036 

Brassica oleraceabotrytis 0.0002 0.0001 0.0001 0.0002 0.0001 0.0001 

Luffa aegyptiaca 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Coriandrum sativum 0.0012 0.0004 0.0003 0.0012 0.0004 0.0003 

Trichosanthes dioica 0.0003 0.0003 0.0002 0.0003 0.0003 0.0002 

Allium cepa 0.0013 0.0018 0.0015 0.0013 0.0018 0.0015 

Chenopodium album 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Brassica oleracea capitata 0.0003 0.0002 0.0002 0.0002 0.0001 0.0001 

Momordica Charntia 0.0007 0.0008 0.0007 0.0006 0.0007 0.0006 

Spinacea oleracea 0.0012 0.0011 0.0009 0.0012 0.0011 0.0009 

Raphanus sativus 0.0042 0.0008 0.0008 0.0038 0.0007 0.0007 

Trigonella foenum-graecum 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 

Lagenaria siceraria 0.0002 0.0001 0.0002 0.0002 0.0001 0.0002 

Solanum melongena 0.0015 0.0011 0.0010 0.0014 0.0010 0.0010 

Vicia faba 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Daucus carota 0.0015 0.0009 0.0012 0.0014 0.0008 0.0011 

Amaranthus spinosus 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 
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Table 4.57:  EDI value of fluoride in different dietary source for CTE scenario 
in Khiron and control block. 

Scientific Name Khiron Control 

 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 

Oryza Sativa L 0.0039 0.0072 0.0066 0.0003 0.0005 0.0005 

Triticum vulgaris 0.0178 0.0196 0.0169 BDL BDL BDL 

Cajanus cajan 0.0121 0.0089 0.0089 0.0002 0.0001 0.0001 

Vigna mungo 0.0027 0.0020 0.0019 BDL BDL BDL 

Lycopersicon esculentum 0.0010 0.0004 0.0003 BDL BDL BDL 

Capsicum annuam 0.0006 0.0003 0.0003 BDL BDL BDL 

Solanum tuberosum 0.0056 0.0061 0.0053 BDL 0.0001 BDL 

Abelmoschus esculentus 0.0085 0.0046 0.0040 0.0001 0.0001 0.0001 

Brassica oleraceabotrytis 0.0002 0.0001 0.0001 BDL BDL BDL 

Luffa aegyptiaca 0.0001 0.0001 0.0001 BDL BDL BDL 

Coriandrum sativum 0.0013 0.0005 0.0003 BDL BDL BDL 

Trichosanthes dioica 0.0002 0.0002 0.0002 BDL BDL BDL 

Allium cepa 0.0013 0.0018 0.0015 BDL BDL BDL 

Chenopodium album 0.0001 0.0001 0.0001 BDL BDL BDL 

Brassica oleracea capitata 0.0003 0.0002 0.0002 BDL BDL BDL 

Momordica Charntia 0.0007 0.0008 0.0007 BDL BDL BDL 

Spinacea oleracea 0.0012 0.0011 0.0009 BDL BDL BDL 

Raphanus sativus 0.0043 0.0008 0.0008 BDL BDL BDL 

Trigonella foenum-

graecum 
0.0001 0.0000 0.0000 

BDL BDL BDL 

Lagenaria siceraria 0.0002 0.0001 0.0001 BDL BDL BDL 

Solanum melongena 0.0015 0.0011 0.0010 BDL BDL BDL 

Vicia faba 0.0000 0.0000 0.0000 BDL BDL BDL 

Daucus carota 0.0015 0.0009 0.0012 BDL BDL BDL 

Amaranthus spinosus 0.0003 0.0002 0.0002 BDL BDL BDL 
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4.5.4 HI of fluoride (CTE and RME scenario) in classified age groups. 

Table 4.58: Hazard Indexing of fluoride with reference to CTE scenario in classified age groups of Lalganj tehsil. 

Dietary item 
Lalganj Sareni Khiron Control 

3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 

Rice 0.0022 0.0041 0.0037 0.0020 0.0037 0.0034 0.0024 0.0045 0.0041 0.0002 0.0003 0.0003 

Wheat 0.0102 0.0112 0.0097 0.0093 0.0102 0.0089 0.0108 0.0119 0.0103 0.0000 0.0000 0.0000 

Pulses 0.0100 0.0074 0.0073 0.0093 0.0069 0.0068 0.0095 0.0070 0.0069 0.0001 0.0001 0.0001 

Vegitables 0.0199 0.0136 0.0122 0.0192 0.0132 0.0118 0.0197 0.0134 0.0120 0.0002 0.0001 0.0001 

Drinking water 0.1157 0.1269 0.1650 0.0800 0.0877 0.1140 0.1521 0.1667 0.2168 0.0342 0.0375 0.0488 

EDIcumulative 0.1580 0.1632 0.1979 0.1199 0.1217 0.1449 0.1945 0.2035 0.2501 0.0347 0.0380 0.0492 

HI 2.6342 2.7201 3.2983 1.9977 2.0292 2.4144 3.2425 3.3920 4.1675 0.5783 0.6339 0.8208 

HIcumulative 3-70 y 8.6525 6.4412 10.8020 2.0330 
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Table 4.59:  Hazard Indexing of fluoride with reference to RME scenario in classified age groups of Lalganj tehsil. 

Dietary item 
Lalganj Sareni Khiron Control 

3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 3-6 y 7-18 y 19-70 y 

Rice 0.0034 0.0063 0.0057 0.0030 0.0055 0.0050 0.0039 0.0072 0.0066 0.0003 0.0005 0.0005 

Wheat 0.0169 0.0185 0.0161 0.0138 0.0152 0.0132 0.0178 0.0196 0.0169 0.0000 0.0000 0.0000 

Pulses 0.0145 0.0107 0.0106 0.0137 0.0101 0.0100 0.0148 0.0109 0.0108 0.0002 0.0001 0.0001 

Vegitables 0.0290 0.0196 0.0176 0.0270 0.0185 0.0166 0.0288 0.0194 0.0174 0.0003 0.0002 0.0002 

Drinking water 0.2168 0.2377 0.3090 0.1105 0.1211 0.1575 0.5168 0.5665 0.7365 0.0368 0.0404 0.0525 

EDIcumulative 0.2807 0.2929 0.3589 0.1680 0.1705 0.2022 0.5822 0.6236 0.7882 0.0376 0.0413 0.0533 

HI 4.6777 4.8810 5.9825 2.8008 2.8410 3.3706 9.7031 10.3933 13.1363 0.63 0.69 0.89 

HIcumulative 3-70 y 15.54 9.01 33.23 2.20 
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     Table 4.60:  Total fluoride contents in fodder part of crops in  Lalganj tehsil. 

  

 

 

 

 

 

 

 

 

 

 

Data in mg/kg except SEM(Standard Error Mean)  

 

Scientific Name 
Fodder 

part 

Lalganj block Sareni  block Khiron block  

Mean Min Max Mean Min Max Mean Min Max 

Oryza Sativa L Stem+Leaf 1.9 1.6 2.3 1.2 0.9 1.5 5.7 1.8 4.2 

Vigna mungo Stem+Leaf 27.4 24.8 30.6 17.1 15.7 18.0 37.3 32.0 41.6 

Triticum vulgaris Stem+Leaf 12.6 9.3 15.9 15.2 11.7 20.8 17.6 15.0 20.3 

Sorghum bicolor Stem+Leaf 12.3 8.0 17.0 13.3 12.0 15.0 18.0 15.0 21.0 

Zea mays Stem+Leaf 4.1 3.2 5.0 5.6 4.5 7.2 4.2 4.5 10.8 
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CHAPTER 5 

DISCUSSION 

5.1 Drinking water suitability  

5.1.1 Physicochemical perspective 

The groundwater quality of Lalganj tehsil was diverse among all block with 

reference hydrochemical data. In this research, groundwater hydrochemical data 

(Physicochemical and metallic constituent) were compared with IS (10500) and 

WHO (2011) for suitability of groundwater to drinking purpose. The groundwater 

samples of Lalganj were free form order and turbid in few locations. Groundwater of 

Lalganj tehsil was alkaline in nature. The average pH in pre-monsoon and post-

monsoon 2016-17 was observed 7.33 and 7.95, respectively (Table 4.47), both are 

within the safe limit (6.5-8.5), prescribed for drinking water by IS (2012) and WHO 

(2011). Most of the parameter affected by pH but it has not undeviating effect on 

human health. Murkiness of water because of dissolving of various suspended 

partials makes turbid to water and decrease the quality of water. The groundwater 

was found to be more turbid at groundwater sample of Bahara village in Lalganj 

block, Ram khera, Dhagaicha, Champtpur manakhera, Rampur khurd, Rasoolpur and 

Samodha villages in Sareni block and Kanha mau in Khiron block during 2016. In 

2017, turbidity of groundwater sample had found more turbid in Dhagaicha, Sareni 

khurmi, Champtpur manakhera, Rampur khurd, and Samodha villages of Sareni 

block.  

Total dissolve solid indicates total load of inorganic matter. The average TDS 

in groundwater samples of Lalganj, Sareni and Khiron block were found within the 
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permissible limit (2000) of Indian standard and WHO but TDS value higher than 

acceptable limits (500). In the year of 2016 and 2017, the maximum value was 

observed in groundwater sample of Bahara village of Lalganj block, Sabji barua 

village of Sareni block and Khapura village of Khiron block. High concentration of 

TDS may be causing a gastrointestinal irritation in the consumers. Electrical 

conductivity in groundwater sample defer in location vice and EC of water totally 

depends TDS. 

The daily consumption of drinking water have more than 45mg/L nitrate  can 

causes to a number of health disorders, such as Blue baby syndrome or 

Methaemoglobinaemia in infants, gastric cancer, goitre, birth malformations and 

hypertension (Majumdar and Gupta, 2000; Murali et al., 2011). The 

concentration of NO3 in the groundwater samples were 99% and 96% in pre-

monsoon and post-monsoon season respectively which was within the limit for 

drinking water standard (Table 1). 10% of samples of Lalganj block, and 2.5% 

samples of Sareni block and 15% of samples of Lalganj block, and 2.5% samples of 

Sareni block were found beyond the given acceptable limit for nitrate in drinking 

water during 2016 and 2017. Average concentration of sulphate ions were found 

93.86 and 124.36 mg/L in pre-monsoon and post-monsoon 2016-17. Sulphate 

concentration in 27.5, 15 and 15 % sample of Lalganj, Sareni and Khiron block 

during 2016 and 27.5, 10 and 10 % sample of Lalganj, Sareni and Khiron block 

during 2017, which was higher than highest desirable level (200 mg/L) stipulated by 

IS and WHO.  In combination with Na+ and Mg 2+, SO4
2- also exerts a cathartic 

effect on digestive tracts (Subba Rao, 2006).  
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Total Alkalinity represents the combination of bicarbonate and carbonate in water. 

Carbonate was absent in groundwater of the study area. Indian standard suggested 

that an acceptable limit of total alkalinity in drinking water is 200 mg/L (Table 5.1). 

The Alkalinity in the groundwater samples of Lalganj tehsil ranged from 156 to 1234 

mg/L (Table 4.47). 2.5% of samples of Lalganj block, 5% samples of Sareni block 

and 17.5% of samples of Khiron block was found beyond the given desirable limit 

(200 mg/L) for alkalinity in drinking water. However, in large quantities, it imparts a 

bitter taste to the water. Chloride in the groundwater samples of the study area varied 

from 7 to 658 mg/L. Chloride concentration in 5, 25 and 2.5 % sample of Lalganj, 

Sareni and Khiron block during 2016 and 10, 35 and 2.5 % sample of Lalganj, Sareni 

and Khiron block during 2017 were found higher than highest desirable level (250 

mg/L) stipulated by IS, yet these values are well within the permissible limit (1000 

mg/L). The surplus concentration of Cl- in drinking water gives a salty taste and had 

a laxative effect on people not accustomed to it (Subba Rao, 2006).  

Total hardness is usually expressed as the total concentration of Ca2+ and 

Mg2+ in mg/L equivalent CaCO3. The hardness is most important parameter for 

domestic and industrial purpose. Sulphates and chlorides of these cations caused 

permanent hardness which is not removed simply by the boiling. Permanent hardness 

is also called Total hardness which is generally caused by the presence of chloride 

and sulphate of calcium and magnesium. In general, surface water is softer than 

ground water. TH in pre-monsoon and post-monsoon (2016-17) were ranged from 28 

to 742 and 26 to 782 mg/L, respectively.  WHO and Indian standard suggested that 

total hardness in drinking water not more than permissible value (600 mg/L) and the 

desirable value 200 mg/L. The mean value exceeded drinking water standard during 

both season shown in Table 4.47. the groundwater samples of Lalganj, Sareni and  
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Khiron block classified according to different category was given in Table 4.1.  

More than 90% of the water sample belong to hard (150-300 mg/L) and very hard 

(>300 mg/L) category in Lalganj and Khiron block but 100% sample in Sareni block. 

The principal natural sources of hardness in groundwater are sedimentary rocks. In 

general, hard waters originate in areas with thick topsoil and limestone formations. 

Calcium (Ca2+) and magnesium (Mg 2+), the important parameters for total hardness, 

Calcium in pre-monsoon and post-monsoon (2016-17) were 42.82 and 47.91 mg/L, 

while magnesium were 65.66 and 73.49 mg/L, respectively. IS and WHO's suggested 

the desire level 75 mg/L of calcium in drinking water. Four groundwater samples in 

Lalganj tehsil in 2016 exceeded the IS and WHO's acceptable limits for calcium in 

drinking water, while this number was five in  Lalganj tehsil for the year of  2017. 

Magnesium plays important role to activation of enzyme in certain concentration but 

excessive can consider as laxative agents. The mean value of magnesium was 

recorded 65.66 and 73.49 mg/L in pre-monsoon and post-monsoon 2016-17, which 

was higher than the desirable limits of IS and WHO and well within permissible 

level given in Table 5.1. 

Na+ and K+ are naturally occurring in groundwater, it play important role in 

cation anion balance in cell membrane of animals. In the study area, the 

concentration of sodium in the groundwater samples were 187.30 and 196.97 in pre-

monsoon and post-monsoon 2016-17, which is well within the WHO guideline. And 

about 67.5% of samples of Lalganj block, 85% samples of Sareni block and Khiron 

block was found under the given limit of WHO. The mean concentrations of 

potassium in groundwater were found 17.63 and 15.81 for pre-monsoon and post-

monsoon 2016-17 given in Table 5.1. 
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Deficiency of Fluoride in drinking water below 0.6 mg/L contributes to tooth caries 

while an excess of over 1.5 mg/L causes fluorosis (WHO 2011 and IS 2012) but 

within the limit, it becomes an important element for protective healthy teeth and 

bones. F- Concentration was varied from 0.41 to 17.2 mg/L in the groundwater 

samples of the study area given in Table 4.47 (Lalganj tehsil). The concentration of 

Fluoride in study area were observed more than the permissible limit of IS and WHO 

standard (Table 5.1).  The mean value of fluoride in water samples of Lalganj, 

Sareni and Khiron block were 2.16, 1.45 and 2.84 mg/L during 2016 and 2.25, 1.60 

and 2.94 mg/L which exceeded maximum limit of drinking water of Indian Standard 

and WHO. 75, 42.5 and 45 % groundwater samples of Lalganj, Sareni and Khiron 

block exposed the concentration is above the guideline limit (1.50 mg/L) of WHO 

during 2016 while 80, 57.5 and 57.5 % groundwater sample in 2017.  

5.1.2 Metallic perspective 

The metals present in the water in colloidal and dissolved phases (Adepoju-

Bello, A. et. al., 2009). The individual ingestion of heavy metals via drinking water 

has been extensively reported (Muchuveti et al. 2006). The concentration of heavy 

metals is above the acceptable limits that impart pessimistic consequences which 

decrease the quality of human life, injured the environment and may even be fatal 

(Nagajyoti et al., 2010; Arkoch, 2014). Zinc is an important element and natural 

appearance in groundwater in the colloidal form of organic complexes or salts 

(WHO, 2006). EPA(2013), IS (2012) and WHO (2011) suggested 5 mg/L or 5000 

ppb is the desirable limit of zinc in groundwater. The concentration of Zn in 

groundwater of Lalganj, Sareni and Khiron were given in Table 4.19. The 

concentration of Zn in the groundwater sample of study area was well within 
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prescribed limits of IS 10500: 2012 and EPA 2013. Iron plays an important function 

in the formation of the protein haemoglobin, for transporting of oxygen to all cells of 

the body. EPA (2013), IS (2012) and WHO (2011) suggested 0.3 mg/L or 300 ppb 

of Fe is desirable in drinking water. Deficiency of iron can caused anaemia, fatigue 

and also influence the immune system. The value of Fe in the groundwater were 

252.64, 397and 186 μg/L in 2016 and 218.91, 374 and 167.47 in 2017 given in 

Table 4.19 for the groundwater samples of Lalganj, Sareni and Khiron block. The 

concentration of Fe in groundwater of Sareni block has above the acceptable limit of 

drinking water. Long term intake of surplus concentration of iron containing 

drinking water may cause to liver diseases. 

Nickel naturally presents in soil and widely distributed with depending on 

past geology. It is essential to human beings and plants but significant amount such 

as  more than 30 mg may cause changes in muscle, brain, lungs, liver, kidney and 

can also cause cancer, tremor, paralysis and even death (WHO, 1973). The mean 

concentrations of nickel was found 5.76±0.87, 7.34±1.17, 5.95±0.73 µg/L in 

groundwater samples for Lalganj, Sareni and Khiron block in 2016 and 7.96±1.06, 

9.17±1.19, 8.19±0.73 µg/L in 2017. The mean concentrations of nickel in all block 

within the guideline value of Indian Standard (IS 2012).  

Deficiency of Manganese can cause fatness, glucose intolerance while excess 

amount can cause respiratory tract and in the brains, it also cause Parkinson and lung 

embolism (Barik et al., 2005 and WHO, 2011). Manganese is most important 

required elements for proper functioning of many cellular enzymes in human and 

animals such as carboxylases, pyruvate and  manganese superoxide dismutase.  It can 

also activate many enzymes like hydrolases, decarboxylase, kinases and 
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transfererases etc (IPCS, 2002). WHO and IS suggested the desirable concentration 

of Mn in drinking water is 0.1 mg/L or 100 µg/L. In this investigation, the average 

value of Manganese found 14.11±2.01, 21.37±2.82 and 35.67±4.88 µg/L during year 

of 2016 for Lalganj, Sareni, Khiron and 15.43±1.96, 23.36±2.91, 38.42±4.97 in 

2017. The concentration of manganese in groundwater was found under the limits.  

The surplus concentration of lead produce harmful effects on human i.e. 

central nervous system, urinary genital system, peripheral nervous system (EPA 

2013), kidney tissue gets damaged due to decrease in blood haemoglobin (Niazi, et. 

al., 2009). The average concentrations of lead in groundwater samples of study area 

found well within prescribed limit of WHO, IS and EPA during both year. 6%, 15% 

and 15% of the groundwater samples of the Lalganj, Sareni and Khiron block 

exceeded the acceptable limit of WHO and IS during 2016 while 6%, 7.5% and 

12.5% groundwater samples in 2017. The effects of lead are shown primarily in 

nervous haemopoietic, urinary and genital systems. Kidney tissue gets damage due 

to decrease in blood haemoglobin (Niazi, et al. 2009). Copper is an essential element 

and good for health in very small quantities however excessive dose is potentially 

toxic risks to living being if there is too little or too much of copper in the 

environment. Large doses of copper irritate stomach (Bruins et. al., 2000). The 

average concentrations of Copper in the groundwater samples of Lalganj, Sareni, 

Khiron during both year (Table 4.19) under the acceptable limit 50 ppb (IS 10500 : 

2012). 100% groundwater samples of all block found under the acceptable limit of 

IS, WHO and EPA standard during both year. 

Cd, Cr, and Pb are the mostly significant of every metal as they are toxic and 

Kidneys are the main target organs. Intake of higher concentration of cadmium 

containing drinking water may affect to blood, lungs, bones and teeth (Subba Rao, 



Chapter-5                  Discussion 

 

228 
 

2011). The average concentrations of cadmium in groundwater samples of study area 

found well within prescribed limit of WHO, IS and EPA during both year. The 

concentration of cadmium in 5% and 2.5% of the groundwater samples of the Sareni 

and Khiron block exceeded the acceptable limit of WHO and IS during 2016 while 

2.5% groundwater samples of both block in 2017.  Chromium responsible for ulcer, 

kidney damage, Allergic dermatitis, classified as a human carcinogen, comes from 

release by steel and pulp industries and weathering of deposited mineral (WHO 

2006; EPA 2013). Chromium is generally dispersed in the outer layer earth’s. The 

average value of Chromium found 0.43±0.10, 0.62±0.15, and 0.52±0.16 µg/L for 

Lalganj, Sareni, and Khiron during year of 2016. In 2017, the mean concentration of 

Chromium in groundwater observed 0.42±0.10, 0.57±0.13, and 0.51±0.15 ppb for 

Lalganj, Sareni, and Khiron The concentration of Chromium in the groundwater 

sample of study area was well within prescribed acceptable limits of IS 10500: 2012, 

EPA 2013 and WHO, 2011 given in Table 4.19. 100 % groundwater samples of all 

block were found under the acceptable limits of Cr in drinking water. 
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Table 5.1: Drinking water specification of Indian standard and WHO standard 

Parameter Units 

(IS;10500) 2012 (WHO, 2011) 

Desirable 

limits 

 

Maximum 

permissible 

limits 

Desirable 

limits 

Maximum 

permissible 

limits 

pH - 6.5 8.5 6.5 8.5 

EC µS/cm - - - 1500 

TDS mg/L 500 2000 500 1500 

Turbidity NTU 5 15 - - 

Total 

Alkalinity 
mg/L 200 600 - - 

Total 

Hardness 
mg/L 200 600 200 600 

Cl mg/L 250 1000 250 600 

NO3 mg/L - 45 - 45 

SO4 mg/L 200 400 200 400 

F mg/L 1 1.5 0.60 1.5 

Ca mg/L 75 250 75 200 

Mg mg/L 30 100 50 150 

Na mg/L - - - 200 

K mg/L - - - 10 
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5.2 Fluoride in groundwater  

5.2.1 Source of fluoride in groundwater of study area 

Lalganj tehsil is part of Indo-Gangetic region. Pandey (2001) and CGWB, 

1999 also reported, the highest contents of fluoride in groundwater of Indo- Gangetic 

alluvium region because geology of the area is devoid  of any hard rocks, alluvium is 

quaternary and recent deposits of mud, sand, and clays with fluoride bearing 

minerals i.e. muscovite and  biotite. Pandey (2001) and CGWB, 1999 also reported, 

the highest contents of fluoride in groundwater of Indo- Gangetic alluvium region 

because of the alluvium devoid  of any hard rocks, quaternary and recent deposits of 

mud, sand, and clays. Kumar, and Saxena, 2011 and Kanaujia, S. et al., 2013 

found that groundwater of Upstream (Unnao) and downstream (Dalmau block) also 

contaminated with fluoride. Kumar, S. and  Saxena A., 2011, studied the quality 

and type of sediment deposits in study area and the fundamental mineralogy of the 

sand fraction confirmed the dominant presence of fluoride containing minerals i.e. 

muscovite, feldspar and biotite as major minerals.  

Geology of the region is dominantly consisted of mud with pockets of sand. 

Sand fraction made up fluoride containing minerals like muscovite or mica [(KF)2 

(Al2O3)3 (SiO2)6 (H2O)], biotite [K(Mg,Fe)3 (AlSi3O10) (F,OH)2] and tourmaline 

[(Mg,Li,Al,Fe2+
,Fe3+)3 (Al, Mg)6 (BO3)3 Si6O18 (OH,O,F)4]. Along with several 

accessory minerals like and garnet, quartz, epidote, microcline, chlorite, plagioclase, 

hornblende, kyanight and a few opaque minerals are also present in pockets of sand 

(Kumar and Saxena, 2011). 
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5.2.2 Temporal variation of fluoride in groundwater 

Temporal variation of fluoride in groundwater in Lalganj, Sareni and Khiron 

block were given in Figure 4.24 to Figure 4.36. The concentration of fluoride in 

groundwater was observed increasing trends pre to post monsoon. This trends is due 

dissolution of fluoride from fluoride bearing minerals. Subba Rao 2003 also found 

increasing trends of fluoride during pre to post-monsoon. Elevated concentration of 

bicarbonate and sodium in groundwater can causes to high fluoride level because 

significant positive correlation of F- with bicarbonate and sodium. Dissolution 

capacity of fluoride increase with increase the concentration of sodium due to ions 

exchange between calcium and sodium (Gao et al., 2007, 2013; Singraja et al., 

2013; Rao et al., 2015).Maximum variation noted in Alampur, Bhavanipur, Chilaula 

and Bahara village of Lalganj block, Sabji barua, Poore chheetu and Ghure mau 

village of Sareni block, Hariram Khera , Kanha mau and Khapura village of Khiron 

block.  

5.2.3 Spatial variation of fluoride in groundwater 

Spatial variation of fluoride in groundwater in Lalganj, Sareni and Khiron 

block were given in Figure 4.27 to Figure 4.30. The concentrations of fluoride in 

different villages of all block were given in Figure 4.24 to Figure 4.36.  The higher 

Fluoride concentration found in Aihar and Lalganj tehsil area of Lalganj block have 

more than 4 mg/L, Lakhanapur, Jhampur  and Sabji baruwa in Sareni block have 

more than 2 mg/L, more than 15 mg/L found in Sindhaure and Khapura village of 

Khiro block. The North part of Khiron block have beneficial category of fluoride 

level while south west part elevated level of fluoride in groundwater. The south east 

part of Khiron block have high concentration of fluoride may cause dental and 
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skeletal effect on inhabitants. East part of Lalganj block has more than 4mg/L 

fluoride and another part have more than the drinking water standard. Samples 

collected from hand pumps (up to 150 feet) were found high fluoride as compare to 

bore well (more than 250 feet) proposed to distribution of fluoride bearing minerals 

found in high up to 250 feet depth.  

Table 5.2: Level of Fluoride in drinking water and health outcome on human  

  

F- mg/L 

 

Health Outcome References 

<0.5 Dental Caries WHO 2011 

0.6-1.0 Safe limit IS 2012 

1.1-3.0 
Dental fluorosis (discoloration, mottling 

and pitting of teeth) 
USPHS 1987 

3.1-6.0 
Skeletal fluorosis (stiffened and brittle 

bones and joints) 

Meenakshi and 

Maheshwari 2006 

Above 6.1 

Crippling fluorosis (adverse changes in 

bone Structure). 

Deformities in knee and hip bones unable to 

walk or stand in straight 

 

IPCS, 1984 

5.2.4 Generate thematic map of fluoride content in groundwater 

Both, excess and less amount of fluoride causes to negative health effect on humans 

given in Table 5.2. Based on Table 5.2, thematic maps were generated for 

groundwater sampling locations in study area were given in Figure 4.27 to Figure 

4.30 during pre and post-monsoon 2016-17. Figure 5.1 demonstrate fluorosis effect 

of excessive fluoride on Inhabitant of Lalganj tehsil 
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Figure 5.1: Fluorosis effect of excessive fluoride on Inhabitant of Lalganj tehsil 
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5.2.5 Correlation of fluoride with hydrochemical facies  

Spearman correlation analysis were applied for determination of correlation 

between fluoride and other variable given in Table 4.43 and Table 4.44 for pre-

monsoon and post-monsoon data of Lalganj tehsil. In pre-monsoon season, 

correlation significant at 0.01 levels with EC, TDS, total alkalinity, sulphate and 

sodium while in post-monsoon, significant with EC, TDS, TA, Cl-, sulphate and 

sodium. Positive correlation significant at 0.05 level with pH, chloride but negative 

correlation with calcium in pre-monsoon season. Fluoride shows significant positive 

correlation with pH and bicarbonate and similar correlation found pH and 

bicarbonate infiltration of rain water react with soil CO2, and form HCO3
- and rises 

the pH of water (Berner and Berner 1987;Subba Rao et al., 2017). 

Higher value of total alkalinity and pH in groundwater during post-monsoon 

season as compare to pre-monsoon clearly signify a greater affinity of fluoride with 

pH and TA, due to activeness of the operation mechanism more during post-

monsoon (Subba Rao 2011). Similar study also carried by several researchers and 

proposed to ion exchange, dissolution and evaporation as the major factors to 

increase the concentration of fluoride in groundwater (Handa 1975; Gupta et 

al.,1986; Apambire et al., Saxena and Ahmad 2001; Subba Rao 2003, 2009; 

Subba and John Devadas 2003; Chae et al., 2007; Jain 2005, Amini et. al., 2008) 

Therefore, negative correlation founds with TH, Calcium and magnesium 

because of high concentration of bicarbonate reacts with calcium, then form calcium 

carbonate and precipitates with decreasing the TH level. Similar results also found by 

Subba Rao et al., (2011) 
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5.3 Spatial and temporal variation in groundwater quality 

For the assessment of groundwater quality based on hydrochemical data and 

it seasonal and spatial variability is one of the specific objectives of the present 

research. The groundwater samples collected during pre and post-monsoon of years 

2016 and 2017 have been estimated for physicochemical and metallic content and 

result reported in Table 4.20 to Table 4.23. Seasonal variation in the concentration 

of physic-chemical fancies in groundwater is mainly due to dissolution of ions from 

soil or minerals during monsoon (Subba rao, 2006). 

5.3.1 Spatial and temporal variation physicochemical variable 

The pH stands for “potential of hydrogen”. The pH value is expressed as the 

negative logarithm of the hydrogen ion concentration. The concentration of hydrogen 

in a solution is important factor in maintaining the carbonate and bicarbonate levels 

in water. The value of pH stoops on various geochemical reactions because mostly 

chemical reactions are dependent on pH of the solution (Drever, 1997). It also 

controls the reaction involving trace metals and other organic compounds. It is 

known that pH of water have below 5.0 give sore tastes and above 8.5 produce 

alkaline taste. In the study area, pH was found alkaline in nature. 

 The mean pH values were 7.58, 7.43 and 7.52 recorded in pre-monsoon and 

8.04, 7.92 and 7.52 in Lalganj Sareni and Khiron block during post-monsoon 2016. 

The pH of groundwater was 7.99, 7.84 and 7.99 in pre-monsoon and 7.80, 7.99 and 

7.84 in   post-monsoon 2017 for Lalganj, Sareni, and Khiron. pH of groundwater 

during post-monsoon was higher as compare to pre-monsoon during both year, 

because of dissolution of ion increase the pH of water. Temporal variations of pH in 



Chapter-5                  Discussion 

 

236 
 

groundwater sample with sampling location are given in Figure 4.1. The mean value 

of pH in pre-monsoon and post-monsoon during both years given in Table 4.47 

shows that pH from pre to post monsoon was significant changes. Similar variation 

also studied in pH of groundwater by Jayalakshmi et al., (2014) and Subba Rao 

2011. The pH of groundwater gives an important fragment of information in many 

types of geochemical balance or minerals solubility (Hem 1985).  

High values of Total Dissolve Solid in drinking water are not harmful for 

normal human beings but it may affect kidney and heart patient (Gupta et. al, 2004). 

High solids containing water may cause laxative or constipation effects 

(Kumaraswamy, 1999).  WHO and IS suggested that acceptable limits of TDS for 

drinking water is 500 mg/L and maximum permitted limit is extended up to 2000 

mg/L. The mean concentration of TDS (914, 964 and 784 mg/L in Lalganj, Sareni 

and Khiron block) and EC (1256, 1323 and 1052 µS/cm in Lalganj, Sareni and 

Khiron block) during pre-monsoon 2016 and both are increase in post-monsoon, 

TDS (1041, 1107 and 959 mg/L in Lalganj, Sareni and Khiron block) and EC (1445, 

1533 and 1356 µS/cm in Lalganj, Sareni and Khiron block).  

EC totally depends on TDS and TDS depend on all dissolved ions. EC in 

groundwater due to saline bed on salt containing minerals found in geology of area 

(Yadana 2012). Concentration of TDS in post-monsoon was found higher than pre-

monsoon due to minerals dissolve during monsoon and affect the water quality. 

Temporal variations of EC and TDS in groundwater sample with sampling location 

are given in Figure 4.2 and Figure 4.3. The TDS in groundwater during post-

monsoon significant loaded as compares to pre-monsoon because of leaching of 

minerals by recharging of water (Subba Rao 2006). Long turn consumption of 

elevated concentration of TDS containing water may cause to chronic, acute and 
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carcinogenic effects in humans and corrosive effects in metallic surface (Sajil 

Kumar et al., 2013).  

Turbidity is a measure of the cloudiness of water due to suspended particles 

dissolution from inorganic particles (silt, clay and natural chemical compounds like 

calcium carbonate and micro-organism). Water becomes poor quality, smell or taste 

due to Organic and inorganic particles in ground water. The mean value of turbidity 

in groundwater samples during pre-monsoon season (2016 and 2017), was observed 

in Lalganj block (1 and 3 NTU), Sareni block (3 and 4 NTU) and Khiron block (2 

and 3 NTU) and post-monsoon season it was observed in Lalganj block (3 and 3 

NTU), Sareni block (5 and 5 NTU) and Khiron block (3 and 4NTU). Temporal 

variations of turbidity in groundwater sample with sampling location are given in 

Figure 4.4. The turbidity in groundwater samples during post-monsoon found more 

than pre-monsoon due to dissolution of clay particles from soil during percolation of 

rain water via soil.  Hardness is defined as the concentration of multivalent metallic 

cations in solutions. 

 The principle hardness causing cations are divalent calcium, magnesium, strontium, 

iron, manganese and anions are bicarbonate, sulphate, chloride, nitrate and silicate. 

Hardness when caused because of bicarbonates and carbonates of these cations is 

called temporary hardness which can be removed by boiling. Total Hardness in pre-

monsoon 2016 ranged from 28 to 490  mg/L with mean value 273±28.0 mg/L for 

Lalganj block, 196 to 688  mg/L with mean value 316±32.14 mg/L for Sareni block 

and 42 to 368  mg/L with mean value 197±17.5 mg/L for Khiron block, while the 

concentration was increased in post-monsoon season were ranged from 26 to 497 

mg/L with mean value 292±27.62 mg/L for Lalganj block, 214 to 736  mg/L with 

mean value 331±31.60 mg/L for Sareni block and 60 to 436 mg/L with mean value 
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220±18.84 mg/L for Khiron block. The mean value of TH during pre-monsoon 2017, 

it was observed  297±27.26 mg/L with ranged from 39 to 489 mg/L for Lalganj 

block, 337±31.60 mg/L with ranged from 219 to 742  mg/L for Sareni block and 

227±18.73 mg/L with ranged from 64 to 442  mg/L for Khiron block, while the 

concentration was increased in post-monsoon season were ranged from 36 to 516  

mg/L with mean value 323±26.90 mg/L for Lalganj block, 236 to 782  mg/L with 

mean value 367±32.27 mg/L for Sareni block and 68 to 456  mg/L with mean value 

243±18.91 mg/L for Khiron block. In terms of the degree of hardness, groundwater 

of Lalganj tehsil was commonly classified in to four categories are given in Table 

4.12. Temporal variations of total hardness in groundwater sample with sampling 

location are given in Figure 4.6 The concentration of TH in postmonsoon > pre-

monsoon such variation of TH suggests differential dissolution of calcium and 

magnesium in the groundwater samples during monsoon (Jayalakshmi et al., 2014). 

The hardness of water reflects the nature of geological formation with which it has 

been in contact. Determination of hardness serves as a basis for routine control of 

softening process. 

5.3.2 Spatial and temporal variation in cations of groundwater 

Among the cations (Na+, K+, Ca2+ and Mg2+) ions ranged from 120 to 344, 9 to 46, 7 

to 97 and 5 to 179 mg/L with mean value  1 84, 21, 43 and 66 mg/L during pre-

monsoon 2016 for Lalganj block and the concentration observed in post-monsoon 

ranged from 131 to 316, 5 to 43, 16 to 105, and 34 to 147 mg/L with mean value 194, 

16, 49 and 68 mg/L respectively. The mean concentration of Na+, K+, Ca2+ and Mg2+ 

in pre-monsoon 2017 was 201, 15, 48, and 65 while in post-monsoon, it was 210, 16, 

54 and 74 mg/L in Lalganj block. The mean value of Na+, K+, Ca2+ and Mg2+ ions in 

Sareni block was observed 173, 26, 46 and 78 mg/L during pre-monsoon 2016 and in 
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post-monsoon 2016, it was 186, 19, 51 and 83, mg/L respectively. The mean value 

195, 19, 50 and 81 mg/L during pre-monsoon 2017 in groundwater of Sareni block 

and the concentration observed in post-monsoon 2017, it was found 205, 20, 54 and 

89 mg/L. Temporal variations of Ca2+,  Na+, Mg2+ and K+ in groundwater sample 

with sampling location are given in Figure 4.11 to Figure 4.14.    

The average concentration of Na+, K+, Ca2+ and Mg2+ ions in Khiron block 

was analyzed 179, 13, 32 and 47 mg/L during pre-monsoon 2016 and in post-

monsoon 2016, it was 186, 11, 37 and 60 mg/L respectively. The mean value 192, 

12, 37 and 58 mg/L during pre-monsoon 2017 in groundwater of Sareni block and 

the concentration observed in post-monsoon 2017, it was found 202, 13, 42 and 68 

mg/L respectively.  The data of cations (Na+, Ca2+ and Mg2+) showing increasing 

trends in pre-monsoon to post-monsoon season. The concentration of all cations was 

found in following decreasing order (Na+> Mg2+ >Ca2+ >K+) in Lalganj, Sareni and 

Khiron block while the order change in control area (Na+ >Ca2+ > Mg2+ >K+) due to 

elevated concentration of fluoride form insoluble CaF2 and decease the concentration 

of Calcium.  

Ca2+ and Mg2+ both are the important parameters for total hardness. Calcium 

ion play important role for development of teeth and bones. The effect of high 

calcium in water is development of scales in the water supply pipes which checks the 

water conducting volume of the same. The sources of calcium in the groundwater of 

the area are the disintegration of minerals like epidote, hornblende, fluorapatite, 

calcite, fluorite and feldspars. Calcium ion is directly influenced by fluoride because 

of its strong reactivity. Magnesium ion is important for bone density. High value of 

magnesium ions is responsible for scaling of water in pipes. Magnesium bearing 
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minerals in the geology of the study region, they contribute magnesium to the 

groundwater. It is the vital constituent of chlorophyll and dominant cations in 

groundwater. The magnesium concentration increases in post-monsoon due to 

weathering process of minerals (Srinivasamoorthy et al., 2008). Ferromagnesian 

minerals are responcible for elebveted concentration of calcium and magnesium in 

groundwater (Hem 1991; Drever1997; Subba Rao 2014a; Subba Rao 2014b and 

2014c). Calcium in groundwater was not found significant variation because of 

fluoride rich minerals in geology, calcium ions precipitated as a CaCO3 (Subba Rao 

2017). 

Sodium contents present in water combined with chloride and sulphate that 

make the water salty in taste and unfit for human consumption. Sodium naturally 

occurs in water up to 200 mg/L (Todd 1980) and WHO (2008) has also 

recommended this as tolerable limits of sodium present in water for drinking 

purposes. The concentration of sodium significantly change from pre to post-

monsoon (Table 4.47). Dissolution of mineral with rain water can causes to 

excessive load of sodium in post-monsoon season (Edmond 1983; Subba Rao 

2014). Potassium plays significant role in various metabolic and physiological 

activities in flora and fauna (Lewis, 1997) its intoxication is rare as it is quickly 

excreted in nonappearance of pre existing kidney damage (Gosselin et al., 1984 and 

Gennari, 2002). Subba Rao 2006 also found variation of Na+ in groundwater pre to 

post monsoon is more prominent due to their higher solubility (Hem 1991; Subba 

Rao et al., 2017; Drever 1997). 
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5.3.3 Spatial and temporal variation in anions of groundwater 

Total Alkalinity is the sum of bicarbonate and carbonate, carbonate is absent 

in groundwater of study area. Carbonates, bicarbonates, thus formed are dissolved to 

yield hydroxyl ions. Bicarbonates and carbonates attribute the alkalinity of the water 

(Jain et al. 2010) and Indian standard suggested that an acceptable limit of 

Alkalinity for the drinking water is 200 mg/L. However, high concentration gives 

bitter taste to water. Jayalakshmi et al., 2014 found in carbonate base material in the 

geology that can cause higher alkalinity in groundwater. Temporal variations of 

HCO3 in groundwater sample with sampling location are given in Figure 4.5 In this 

study, alkalinity significant change in post-monsoon as compare to pre monsoon 

shown in Figure 4.55 and Table 4.21 to Table 4.21. Carbon dioxide, it’s also called 

“neutralizing capacity of water” dissolve in rain water that percolate during monsoon 

and increase the alkalinity of groundwater during post-monsoon (Laluraj and 

Gopinath 2006). Natural weathering or dissolution of mineral during rainy season   

increase the concentration of bicarbonate (Drever, 1988; Stumm and Morgan 

1996). 

Chloride is a widely distributed element in rocks and its shows high affinity 

with sodium; as a result, its concentration is high in ground waters. Chloride is 

considered to be pollution indicating parameter beyond which it imparts a salty taste 

to the water. Seasonal variations of Cl- in groundwater sample with sampling 

location are given in Figure 4.7. Surplus concentration of chloride appears from 

man-made source such as addition of bleaching agents, septic tank nearby sapling 

location and could be associated with chloride rich minerals (Karthikeyan et al., 

2010). Chloride is the leading ion in all anions due to leaching from soil and 
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domestic sewage and septic tanks (subba rao, 2014). Ranjana and Naverathna, 2011 

have found elevated concentration of chloride in course of the river as a result of 

infiltration discharge of domestic effluents and sewage. The variation of Cl- in 

groundwater pre to post monsoon is more prominent due to their higher solubility 

(Todd 1980; Subba Rao 2006 Subba Rao 2014). 

The sulphate concentration > 250 mg/L can cause gastrointestinal irritation 

mainly present of Mg2+ and Na+ in groundwater. The water containing sulphate ions 

beyond 1000 mg/L have purgative effects (Singh and Garg, 2012). Seasonal 

variations of SO4
2- in groundwater sample with sampling location are given in 

Figure 4.9. Sulphate occurs naturally in water as result of leaching from gypsum and 

other common minerals. plains. Excessive application of fertilizers, dissolution of 

gypsum and oxidation of sulphides plays significance roles to enrichments of 

sulphate in groundwater. Nitrate is the highest oxidisable form of nitrogen and 

occurs in trace quantity in surface water but may attain high levels in some ground 

water. In ground water, nitrates may find through leaching from soil and at times by 

contamination. The main contributor for nitrate in ground water is the nitrogenous 

fertilizers of both animal and chemical origin and also sewage and industrial waste.  

This study found significant variation in concentration of sulphate and 

Nitrate in groundwater from pre to post-monsoon due to natural leaching process and 

excessive application of fertilizers also increase the level. During monsoon season 

NO3
- and SO4

2- dissolve in surface water which is easily go down or percolated and 

elevated the concentration of both ions.  Seasonal variations of NO3 in groundwater 

sample with sampling location are given in Figure 4.8.   Similery also found surplus 

concentration of sulphate and nitrate in groundwater near the Indo-Gangetic by 

Chakrapani, 2005 and Valdiya, 1980. There is a significant variation of NO3
- and 
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SO4
2-, reflecting the involvement of anthropogenic sources like excessive use of 

fertilizers in agricultural activities, leakage of septic tank, and domestic wastes 

(Subba Rao, 2014; Todd, 1980; Subba Rao, 2006).  

5.3.3 Spatial and temporal in metallic ingredient  

Metals comes in to groundwater by naturals process like oxidation reduction 

reaction, ion-exchange process and weathering of minerals etc. it depends on various 

hydrological, topographical factors that control the process (Roger, 1996; 

Magdalena 2005, and Drever, 1997).  Metals have density ≥ 5 g cm-3 are called 

heavy metals (Lee, 2000 and Christensen et al., 2001). Deficiency and excess of 

heavy metals can cause health related issue in human being (CPCB, 2001)  

A probable explanation is that the metal constituents in groundwater samples 

controlled by the geology or aquifer itself, as metal constituents in the aquifer usually 

will be diluted in the rainy season as compared with summer season because of the 

maximum groundwater recharge in the rainy season (Huang et al., 2008; Mehrabi et 

al., 2015). 

Zinc is an important element for humans, animal and plants and natural 

appearance in groundwater in the colloidal form of organic complexes or salts 

(WHO, 2006).  It is also microelement and an important cell component in several 

enzymes (Day 2000). Infants need 3–5 mg/day, adult males 15 mg/day, pregnant and 

lactating females 20– 25 mg Zn/day. However, heavy doses of Zn salt (165 mg) for 

26 days causes vomiting, renal damage, cramps (Krishnaan et al., 1988). The chief 

sources of Zn in groundwater govern by ions exchanges and oxidation- reduction 

reaction from smithsonte (ZnCO3), Zinc oxide (ZnO2), and sphalerite (Z Fe)S 
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minerals present in the geology. Seasonal variations of Zn in groundwater sample 

with sampling location are given in Figure 4.15 special distribution given in Table 

4.10 to Table 4.18.. The mean concentration of Zn in pre-monsoon 62.02, 142.82 

and 78.39 µg/L in Lalganj, Sareni and Khiron block while the concentration were 

decrease in post-monsoon season were  58.41, 139.07 and 75.13 µg/L. Decreasing 

trends of Zn in pre to post-monsoon suggested that dilution of Zn after rain fall.   

Iron is an important component and also essential element for human body. It 

mostly exists in nature in the form of oxides. Iron is the second most abundant 

metallic element in the Earth’s crust; it is an essential element in the metabolism of 

animals and plants. Standard of iron in drinking water is 0.3 mg/l. Long term 

consumption of drinking water with high concentration of iron may cause to liver 

diseases. Iron is widely dispersed, naturally occurring metals in the upper layer of the 

earth. Weathering processes along with corrosion products release iron in water 

(Smith, 1981). Natural process such as oxidation-reduction reaction and ion 

exchange process release the Fe2+ level into groundwater (Roger, 1996 and Drever 

1997).  

Seasonal variation of iron in groundwater was given in fiure 4.16 special 

distribution given in Table 4.10 to Table 4.18.. The average concentrations of iron 

in groundwater samples of Lalganj block, Sareni block, and Khiron block, decrease 

order. Results suggested that the dilution factors can causes decreasing of iron. 

Abdul Jamil et al., (2012) higher concentration of iron found in clay soil and 

present of iron-reducing bacteria (Tyrell and Housewam, 1997). Long term intake 

of surplus concentration of iron containing drinking water may cause to liver 
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diseases. Iron plays an important function in the formation of the protein 

haemoglobin, for transporting of oxygen to all cells of the body.  

Nickel naturally presents in soil and widely distributed with depending on 

past geology and manmade activities like industrialization, dumping of sewage, use 

of pesticides and fertilizers etc. distributes in the environment. Ni releases in 

groundwater from naturally weathering of soil and predominantly present in 

groundwater an the ion Ni(H2O)6
2+ at pH ranged from 5 to 9 ( IPCS, 1991) . Nickel is 

present in very small concentrations in surface and groundwater in the form of 

soluble salts. Nickel found in various mineral such as annaberegite, millerite, 

pentalandite, ullamanite, nikline, gersdorffite (Wadia 1978) 

Seasonal variation of iron in groundwater was given in Figure 4.17 special 

distributions given in Table 4.10 to Table 4.18. The average concentrations of nickel 

in groundwater samples of Lalganj block, Sareni block, and Khiron block were 

increase order in pre to post-monsoon. Results suggested that the dissolution of 

nickel with rain water because it is naturally-occurring elements can be found 

universally in the soil. Rain water acidic in nature and disoolve it when contact with 

nickel containing clay particle or minerals. 

Manganese is one of the most important trace elements; naturally-occurring 

elements can be found universally in the soil, air and water but abundant in the 

earth’s crust. It is an essential for human and mammals and component of over 100 

minerals but does not found in elemental form (ATSDR, 2000 and WHO, 1974).  

The deficiency of  Mn is rare because it is presents in many common foodstuff. Mn 

can be present in eleven oxidative state but most important Mn compounds are those 

that contain Mn2+, Mn4+ or Mn7+(USEPA, 1994).  



Chapter-5                  Discussion 

 

246 
 

Seasonal variation of Manganese in groundwater was given in Table 4.18 and 

special distribution given in Table 4.10 to Table 4.18. The average concentrations of 

Manganese in groundwater samples of Lalganj block, Sareni block, and Khiron 

block, increase order in pre to post-monsoon. Results suggested that the dissolution 

of Manganese with rain water because it is naturally-occurring elements can be 

found universally in the soil. Rain water acidic in nature and disoolve it when contact 

with Manganese containing clay particle or minerals. 

The sources of lead introduce into the segments of environment from 

anthropogenic sources i.e. electrodes, batteries, newsprint and pigments in paints and 

natural dissolution of minerals. The sources of lead introduce into the segments of 

environment from anthropogenic sources i.e. electrodes, batteries, newsprint and 

pigments in paints and natural dissolution of minerals. The surplus concentration of 

lead produce harmful effects on human i.e. central nervous system, brain, urinary 

genital system, peripheral nervous system (EPA 2013), kidney tissue gets damaged 

due to decrease in blood haemoglobin (Niazi, et. al., 2009 and Subba Rao, 2011). 

Seasonal variation of lead in groundwater was given in Figure 4.18 and 

special distribution given in Table 4.10 to Table 4.18. The average concentrations of 

Manganese in groundwater samples of Lalganj block, Sareni block, and Khiron block 

were 2.91, 3.94 and 5.69 for pre-monsoon 2016 while 2.60, 3.39 ad 5.29 in post-

monsoon 2016. Similar decreasing trends also found in pre-to post-monsoon 2017. 

The main reason is that recharge of groundwater during the rainy season (Huang et 

al., 2008; Mehrabi et al., 2015). 

It is one of the most micronutrients for living being but elevated amount can 

causes several diseases in living being at alkaline pH (Day 2000; European 
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commission report 2002). Cuprites, malachite, chalcopyrite caledorites and 

chalcophyllite minerals are the chief sources of dissolution of copper in groundwater 

(Day 2000). The source of copper is the industrial and domestic wastes or addition of 

salts during water treatment for algal control also contributes to copper level in water 

(Sharma et al., 2007). Temporal variation of lead in groundwater was given in 

Figure 4.21 and special distribution given in Table 4.10 to Table 4.18.  

In the present study, the average copper content of the water sample found 

4.57, 3.15, and 4.08 during pre-monsoon, while 4.02, 2.95, 3.51 in post-monsoon for 

2016 Lalganj, Sareni, Khiron block. The concentration of Cu was decrease in post-

monsoon of both years due to dilution with rain water.  

Cobalt is a heard, silver-gray metal naturally found in earth’s crust. It is 

released in the environment by extraction of ore and natural weathering of rocks. 

Several researchers found cobalt in groundwater ranged between BDL to 80.1 ppb. 

Inorganic form of cobalt is a micronutrient for algae, funji and bacteria. Cobalts 

largely used in manufacturing industries such as manufacture of high-strength alloys, 

magnetic, ceramic and paints. Cobalt compound such as cobalt (II) aluminates and 

cobalt silicate are uses for appears in deep blue color in inks, varnishes, glasses, 

paints and ceremics. WHO and Indian standards are not given specification for 

limitation of Cobalt in drinking water. 

Chromium is widely distributed in the outer layer of the earth’s crust and 

exits in Cr2+ and Cr6+ valence. Cr(VI) ismore toxic as compare to Cr(III). The 

maximum concentration of Cr(VI) permitted in domestic water supplies is 0.05 ppm. 

Food is major sources for intake of Chromium. Chronic exposures to high levels of 

Cd in food cause bone disorders, including bone fractures and osteoporosis. Intake of 
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higher concentration of chromium in drinking water can causes ulcer, kidney 

damage, (Lars Jarup, 2003) classified as a human carcinogen, allergic dermatitis. 

Chromium mainly comes from release by steel and pulp industries and natural 

weathering of deposited mineral (WHO 2006; EPA 2013).   

The concentration of Chromium in the groundwater sample of study area was 

well within prescribed acceptable limits (50 ppb) of IS 10500: 2012 and WHO, 2011 

given in Table 4.23. 100 % groundwater samples of all block were found under the 

acceptable limits of Cr in drinking water. 

Cadmium is naturally distributed in the earth’s crust combination with zinc, 

minor amount also found in coal and petroleum. Cadmium is released in the river and 

groundwater water through weathering of rocks, in the air by volcanoes and forest 

fire and rest of the Cd released in environment by manmade activities such as 

byproduct of mining, extraction of zinc, lead and copper ore, manufacturing f 

phosphate fertilizer, batteries etc. geologic deposits of cadmium give out their 

appearance in groundwater and surface water when contact with soft or acid water 

like rain water.  

5.4 Identification of groundwater type and hydrochemistry chemistry 

5.4.1 Identification of groundwater type  

Major cation and anion compositions plotted on a piper trilinear diagram 

(Figure 4.31 to Figure 4.34) point out that bicarbonate and chloride were the 

dominant anions, and sodium was the predominant cation in groundwater of Lalganj 

tehsil. In the piper diagram no difference observed between Lalganj and Sareni 

block, while minor difference found in Khiron block as compare to Lalganj and 
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Sareni block. Piper diagram presenting cation the groundwater of the Lalganj, Sareni 

and Khiron block was sodium type water indicating the cation exchange of Ca2+ with 

Na+ while calcium type in control area. More than 75 % sampling locations of 

Lalganj and Sareni block have observed Na-Mg-HCO3
- type of groundwater while 

sampling locations exceeded from 90% in Khiron block. The groundwater type of 

control area was found Ca-Mg-HCO3
- type water in more than 80 % sampling 

locations. This is because of the dissolution of limestone in the sampling location.  

5.4.2 Groundwater geochemistry  

Carbonate reaction, oxidation reduction reaction and ion-exchanges processes are 

major geochemical process that may be possible between interaction of water and 

minerals during and after percolation or recharging of aquifer. The geochemical 

process depend on depth and types of soil, past geological formation, surface water 

bodies, organic matter present in soil and distribution of pollutants in atmosphere. 

Three processes (Carbonate reaction, oxidation reduction reaction and ion-exchanges 

processes) that control the quality of groundwater. 

5.4.2.1 Carbonate reaction 

Carbonate minerals mostly present in sedimentary, igneous and metamorphic 

rocks and easily react with water and carbonate chemistry plays significant role to 

evaluation of most of the groundwater. Carbonate reaction increase the dissolution of 

Ca2+ and bicarbonate level in groundwater  

Carbon dioxide and water reacts and form bicarbonate with releasing Hydrogen ions 

that ion participate to dissolution of calcite minerals. Mechanisms are given in 

follows:  

COଶ(୥) + HଶO → Hା +  HCOଷ
ି…………………………………eq. I 
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𝐂𝐚𝐂𝐎𝟑 + 𝐇ା → 𝐂𝐚𝟐ା +  𝐇𝐂𝐎𝟑
ି…………………………………eq. II 

𝐂𝐚𝐂𝐎𝟑 + 𝑪𝑶𝟐(𝒈) + 𝐇𝟐𝐎 →  𝐂𝐚𝟐ା +  𝟐𝐇𝐂𝐎𝟑
ି……………..eq. III 

5.4.2.2 Oxidation-reduction reaction 

An oxidation-reduction is types of chemical reaction process involve a 

transfer of electron from one ion to another ions between and within to chemical 

species (set of atoms, ions and molecules) or any change in the oxidation number 

between participated reactants and the final product. 

         Reduction and oxidation half- reaction both are common types of redox 

reaction process. In oxidation half reaction process, reactants oxidised and release 

electrons (eq. IV), while in reduction half reaction process, reactants gains electrons 

and forms new product (eq. V and VI). Oxygen is the best example of oxidant and 

organic matter is reductant in the natural environments.    

 

𝐀𝐥(𝐒)−→  𝐀𝐥𝟑ା (𝐚𝐪) +  𝟑𝐞ି … … … … … … … 𝐞𝐪. 𝐈𝐕 

𝐂𝐮𝟐ା (𝐚𝐪) +  𝟐𝐞ି −→  𝐂𝐮 (𝐬)………………… eq. V 

𝐅𝐞𝟑ା (𝐚𝐪) +  𝐞ି −→  𝐅𝐞𝟐ା………………… eq. VI 

5.4.2.3 Ion-exchange process 

Dissolved ions have a tendency to adsorb on surface of sub surface of solid materials 

or minerals, due to their electrical charge. Iron oxide and clay minerals have more 

than ions-adsorption capacity as compare to feldspar. The decreasing adsorption 

capacity of chief cations in water is follows: 

𝐂𝐚𝟐ା > 𝐌𝐠𝟐ା > 𝐊ା > 𝐍𝐚ା 
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cations drives in groundwater mainly from interaction with soil, when it seep into 

surface of minerals, cations (calcium and magnesium ions) superior adsorbed or 

exchange by another anions. The potassium generally governs from silicate minerals 

such as nepheline, orthoclase, leucite, boitite and microcline. Sulphate dissolved in 

groundwater from oxidation of igneous rock and sedimentary rock by bacteria. 

Chloride is a major component in sea water and also groundwater, halite minerals 

and atmospheric moisture both are major sources of chloride in groundwater. The 

fluoride- bearing minerals is primary factor for fluoride contents in groundwater and 

other factor such as pH, bicarbonate ion, calcium and sodium contents, solubility of 

minerals are also control the dissolution process. Fluoride in groundwater mainly 

governs from mineral such as fluorapatite {Ca3 (PO)2 Ca (FCl)2}, muscovite or mica 

{(KF)2 (Al2O3)3 (SiO2)6 (H2O)}, fluorspar or fluorite {CaF2}, Cryolite {Na3 AlFPO6}, 

biotite {K (Mg,Fe)3 (AlSi3O10) (F,OH)2}, and tourmaline {(Mg,Li,Al,Fe2+
,Fe3+)3 

(Al,Mg)6 (BO3)3 Si6O18 (OH,O,F)4}. 

 

Termination of fluoride will be high in the alkaline water (eq.VII )and elevated 

concentration of sodium bicarbonate in the percolat ion water (eq.VIII). 

𝐂𝐚𝐅𝟐 + 𝟐𝐇𝐂𝐎𝟑
ି   →  𝐂𝐚𝐂𝐎𝟑 +   𝟐𝐅ି +  COଶ + HଶO … … … … … … … 𝐞𝐪. 𝐕𝐈𝐈 

 

𝐂𝐚𝐅𝟐 + 𝟐𝐍𝐚𝐇𝐂𝐎𝟑
ି    →  𝐂𝐚𝐂𝐎𝟑 +   𝟐𝐍𝐚ା +    𝟐𝐅ି + COଶ + HଶO … 𝐞𝐪. 𝐕𝐈𝐈𝐈 
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5.5 Statistical approach for water quality assessment 

5.5. 1 Water quality index (WQI):  

WQI is a extremely helpful technique for communicating positive or negative 

information about overall quality of water.  In this study water quality index has been 

calculated to assess the suitability or utilizing of groundwater for for drinking 

purpose. WQI value of groundwater for Lalganj tehsil during pre-monsoon and post-

monsoon 2016 was given in Table 4.24 and during pre-monsoon and post-monsoon 

2017 in Table 4.25. Acoording to Sahu and Shekher, (2008), WQI was classified 

into five class were presented in Table 4.26. Lower rates of WQI conform that the 

water is free from pollutant or impurities and suitable for drinking purpose. If WQI 

value higher than 100, it is established that water is contaminated and unsuitable for 

drinking purpose. The mean values of WQI calculated for Lalganj, Sareni and 

Khiron block were 64.45, 66.35 and 58.71 respectively. It was ranged from 44.37 to 

111.76, 40.19 to 119.62, and 28.75 to 155.24 for Lalganj block, Sareni block and 

Khiron block during 2016. In 2017, the mean WQI values calculated for Lalganj, 

Sareni and Khiron block were 68.90, 71.23  and 65.62 respectively with ranged 

from 47.67 to 114.80 for Lalganj block, 46.58 to 124.66 for Sareni block and 35.71 

to 157.44 for Khiron block.  The average value was observed below 100 for all 

block, which shows that the status of water quality of the study area is good. 

In the presents study, it is observed that the majority of the groundwater samples 

classified in “Good” category. The category of groundwater quality is excellent in 

22.5, 17.4 and 60 % samples, good in 70, 75 and 30 % and poor in 7.5, 7.5 and 10% 

samples of Lalganj, Sareni and Khiron block during 2016 while in 2017, the 

groundwater quality excellent in 10, 5 and 32.5 % samples, good in 80, 85 and 55 % 
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samples and poor in 10, 10 and 12.5 % samples.  In that location where found poor 

water quality contains higher than standard value, the reflected parameter are 

particularly TDS, sulphate, nitrate and bicarbonate and hardness. The poor water 

quality needs special treatment. Therefore, all the groundwater samples of Lalganj 

tehsil were consider suitable for human and animal consumption except presence of 

higher concentration of fluoride. 

5.5. 1.1 Spatial and temporal variation in WQI. 

Spatio-temporal variation in WQI during pre-monsoon and post-monsoon are 

calculated during both years and presented in Table 4.24 and Table 4.25 and Figure 

4.35 to Figure 4.41. WQI have been developed in the physic-chemical data of 

groundwater to indicate overall variation in the quality of groundwater in different 

season. It is observed from the results that WQI mean value in pre-monsoon and 

post-monsoon was found  61.21 and 67.70 for Lalganj block, 62.92 and 69.77 for 

Sareni block, 53.68 and 63.73 in Khiron block during 2016. The maximum temporal 

variation found in Khiron block and minimum in Lalganj block. The line graph had 

drawn using WQI values for any changes in all over water quality in groundwater 

samples of pre-monsoon and post-monsoon season. The graphs are presenting 

narrow change in groundwater samples of all blocks. The results revels that the 

majority of the groundwater sampling location classified in “Good” category. The 

category of groundwater quality is excellent in 9, 7 and 24 sampling location, good 

class in 28, 30 and 12 sampling location and poor class in 3, 3 and 4 sampling 

location of Lalganj, Sareni and Khiron block during 2016 while in 2017, the 

groundwater quality excellent in 4, 2 and 13 sampling location, good class in 32, 34 

and 22 sampling location and poor category in 4, 4 and 5 sampling location.  Figure 
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4.3.2 and Figure 4.3.3 showing the spatial variation of the WQI in the Lalganj tehsil 

for deferent season. 

5.5.2 Heavy metal Pollution Index (HPI)  

The mean concentration of metals (Zn, Fe, Ni, Mn, Pb, Cu, Cr, and Cd,) has 

been taken for HPI calculation and description are shown in Table 4.27 to Table 

4.32. HPI Value for groundwater of Lalganj, Sareni and Khiron block during pre and 

post monsoon 2016 and 2017 were given in Table 4.33 to Table 1.35 and Figure 

4.42 to Figure 4.45. According to Kumar et al 2012, HPI can be categorized in to 3 

class based on accounted numerical value are low (<19), medium (19–38) and high 

(>38) show in Table 4.36 and another fourth category is critical pollution index 

having score more than 100 (Mohan et al., 1996). 100, 90 and 95 percent of the 

groundwater samples found within the low category for Lalganj, Sareni and Khiron 

while the rest of the groundwater samples calculated under medium categories. Sabji 

barua and Jalalpur villages of Sareni block were found medium category in HPI 

classification, while Kanha mau village of Khiron block during all both year. The 

greatest score (25.22) was calculated for Kanha mau village of Sareni block during 

pre-monsoon 2016.  

5.5.3 Factor Analysis/Principal Component Analysis 

Factor Analysis is a multivariate statistical technique, which attempts to 

extract a lower dimensional linear structure from the data set. These factors can be 

interpreted in terms of new variables. Factor analysis is a technique that can be used 

to simplify a dataset (Cattel 1965). The 1st principal component is oriented so that 

it explains as 70% of the variance as possible in the data sets.  Then the 2nd 



Chapter-5                  Discussion 

 

255 
 

principal component is oriented to explain remaining 20% variance as possible.  

Then the 3rd principal component is oriented 10%, etc.  In factor analysis one 

chooses the number of components up front and then seeks to orient them together 

so that in sum they explain as much of the total variance as possible. 

The Principal component analysis or factor analysis is performed to extract the most 

important factors affecting the water quality which was described by 14 

physicochemical parameters from 20 locations during pre-monsoon and post-

monsoon season for two year. Due to the complex associations between 

physicochemical parameters, it was tough to draw clear conclusions but principal 

component analysis extracts the information and explains the variables. 

Physicochemical data was generally normalized to drop misclassification due to the 

diverse order of magnitude and range of variation of the analytical parameter. The 

rotation of the factors was executed by the Varimax with Kaiser Normalization. Any 

principal components or factors with an eigen value greater than 1 are considered 

significant (Liang, 2000). In this study remaining factors have eigen value of less 

than unity. The factor loading includes both positive and negatives loadings. 

Loadings between 0 to ± 0.49 indicate weak correlation, ± 0.5 to ± 0.74 indicate 

moderate correlation, if more than ± 0.75 are considered strong correlation and 

loadings more than ±0.90 indicate the significant or very strong correlation (Lui et 

al., 2003).  

5.5.3.1 Lalganj block 

All selected physicochemical parameters were pH, EC, TDS, Turbidity, 

BiC, TH, Cl-, NO3
-, SO4

2-, F-, Ca2+ Mg2+, Na+, K+ for FA during pre-monsoon and 

post-monsoon season. The physicochemical parameters were reduced to 4 PCs 
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having values greater than one and together they account for 78.46% and 80.43% 

total cumulative variance of the data set for pre and post-monsoon season. Rotation 

sums of squared loadings are measuring the degree of closeness between the 

variables and the factors are given in Table 4.38 and Figure 4.46.Eigen value for 

pre-monsoon and post-monsoon season given in Figure 4.45.  

 In pre-monsoon, FA 1 having 40.775% variance of the total cumulative 

variance; it has significant loaded with electrical conductivity and total dissolve 

solids, strong loaded with total hardness, Cl-, SO4
2-, and Mg2+, while having 

moderate loaded with total alkalinity. Two processes are proposed, anthropogenic 

activity like septic tank and excessive using of fertilizers increase the level of 

chloride and sulphate and second is weathering of dissolution of magnesium 

containing minerals increase the dissolve solids.  FA 2 holds 13.525% variance of the 

total cumulative variance, has strong loaded with turbidity while moderate loading 

on pH, total alkalinity and Na+.  FA 3 illustrates 13.082 % variance of the total 

cumulative variance and it has moderate loaded with total hardness and Ca+. FA 4 

explains 11.078% variance of the total cumulative variance; it has significantly 

loaded with K+ while having moderate loaded on Na+. 

During post-monsoon, F 1 is significantly loaded with electrical conductivity 

and  Cl-, strongly positively loaded with total dissolve solids, total hardness, SO4
2-, 

and NO3
- while moderately loaded with total alkalinity, Mg2+and Ca2+. These 

parameters strongly influence the quality of the groundwater with 40.916% variance. 

F2 contributes 14.975 % variance of the total cumulative variance in the data set and 

turbidity was significant loaded variables as compare to pre-monsoon while 

moderate loaded with total alkalinity and Na+. F 2 explain that dissolution of salt   

and clay particle can responsible to increase turbidity during after monsoon. F3 
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strong loaded with F- and moderate positive loaded with pH, while total hardness 

shown negative moderate correlation because of due to excessive fluoride in 

groundwater calcium precipitated as calcium carbonate then decrease the level of 

permanent hardness. this parameter illuminates 12.692 % variance of the total 

cumulative variance. F 4 was strong loaded with K+ and moderately loaded with 

Mg2+ both parameter are accounts 11.846 % variance of the total cumulative 

variance. 

5.5.3.2 Sareni block 

Factor analysis was conducted for the determination of major components 

that affect the quality of groundwater of Sareni block and identification of possible 

source. All selected physicochemical parameters were pH, EC, TDS, Turbidity, BiC, 

TH, Cl-, NO3
-, SO4

2-, F-, Ca2+ Mg2+, Na+, K+ for FA during pre-monsoon and post-

monsoon season. The physicochemical parameters were reduced to 4 PCs having 

values greater than one and together they account for 78.29% and 78.51% total 

cumulative variance of the data set for pre and post-monsoon season. Rotation sums 

of squared loadings are given in Table 4.40 and Figure 4.48. Eigenvalues are 

normally used to define the number of Factors or principal components that can be 

taken for further study. Eigenvalue for pre-monsoon and post-monsoon season given 

in Figure 4.47. 

In pre-monsoon season, first four factors or principal components have 

eigenvalues greater than or close to unity and explain 31.828%, 25.808%, 11.684% 

and 8.970% of the total variances of evidence contained in the original dataset for 

physico-chemical variables (Table 34.9). Factor 1 having Eigen value with 6.909 

and 31.828% of the variance, has very strong loadings on total hardness, strong 
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loadings with Ca2+ and moderate  loadings with electrical conductivity, total 

dissolve solids, chloride, nitrate, sulphate and magnesium. Factor 2 explains 

25.808% of the variance, eigenvalue with 1.738 and has strong loadings on total 

alkalinity and fluoride, while moderate loadings with electrical conductivity, total 

dissolved solid, chloride sulphate, and sodium.  Factor 3 illustrates 11.684% of the 

variance and strong positive loaded with potassium and strong negatively correlated 

with pH. Results suggested that negative correlation of pH increase the dissolution 

of fluoride from fluoride bearing minerals. Factor 4 shows 8.970% of the variance 

with strong loaded on turbidity. 

During post-monsoon season, first four factors or principal components 

have eigenvalues greater than or close to unity and explain 39.526%, 20.890%, 

9.513% and 8.583% of the total variances of evidence contained in the original 

dataset for physico-chemical variables (Table 34.9). Factor 1 having Eigen value 

with 6.887 and 39.525% of the variance, has very significant correlated on total 

hardness and magnesium, strong correlated with total dissolve solids, chloride and  

nitrate while moderate  loadings with electrical conductivity, sulphate and Ca2+. 

Results suggested that weathering of magnesium bearing minerals increase the total 

hardness.  Factor 2 explains 20.890% of the variance, eigenvalue with 1.739 and 

has strong loadings on sodium and fluoride, while moderate loadings with electrical 

conductivity, total dissolved solid, sulphate and total alkalinity. Results suggested 

that positive strong correlation of total alkalinity and sodium increase the 

dissolution probability of fluoride from fluoride bearing minerals and negative 

correlation with calcium explain that ions exchange with sodium. Similar relation 

also found by Subba Rao et al., (2017).  Factor 3 illustrates 9.513% of the variance 

and strong positive loaded with potassium and moderate correlated with turbidity. 



Chapter-5                  Discussion 

 

259 
 

Factor 4 shows 8.970% of the variance with strong loaded on pH and weak positive 

correlative with turbidity, nitrate sulphate, chloride. fluoride and sodium. 

5.5.3.3 Khiron block 

Three principal components of factors are obtained for physicochemical 

parameter of groundwater (pH, EC, TDS, Turbidity, BiC, TH, Cl-, NO3
-, SO4

2-, F-, 

Ca2+ Mg2+, Na+, K+) during pre-monsoon and post-monsoon season years of 2016-17. 

The physicochemical parameters were reduced to 4 and 3 factors or PCs having 

values greater than one and together they account for 81.0.44% and 77.706% total 

cumulative variance of the data set for pre and post-monsoon season. This indicates 

that and four three main controlling factors influenced the quality of groundwater in 

the study area. Rotation sums of squared loadings are measuring the degree of 

closeness between the variables and the factors are given in Table 4.42 and Figure 

4.50.Eigen value for pre-monsoon and post-monsoon season given in Figure 4.49.  

During pre-monsoon, F 1 is significantly loaded with electrical conductivity, 

total dissolve solid and Na+, strongly positively loaded with total alkalinity, SO4
2-, 

and F- while positive moderately loaded with Cl- and negative moderately loaded 

with Ca2+. These parameters strongly influence the quality of the groundwater with 

38.308% variance. Results suggested that strongly positive correlated with sodium 

and total alkalinity and negative correlation with calcium proposed cation exchange 

with sodium ions, precipitation of calcium ions can causes increase the level of 

fluoride in groundwater. F2 contributes 22.526 % variance in the data set; total 

hardness and magnesium was significant loaded variables, while moderate positive 

loaded with turbidity, chloride and calcium. F3 strong loaded with nitrate and 
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moderate positive loaded with pH. This parameter illuminates 11.476 % variance. F 

4 accounts 8.695 % variance and strong loaded with K+. 

In post-monsoon, FA 1 explains 42.846% variance in the data sets; it has 

significant loaded with electrical conductivity, total dissolve solids total alkailinity 

and sodium, strong loaded with Cl-, SO4
2-, and F-, while having moderate loaded with 

total alkalinity. Results explaining that elevated level of total alkalinity and sodium 

sulphate and second is weathering and dissolution minerals increase the dissolve 

solids as compare to pre-monsoon data.  FA 2 holds 19.871% variance in the data 

sets, has very strong loaded with total hardness and magnesium while strong 

correlated with calcium.  FA 3 illustrates 14.706 % variance of the total cumulative 

variance and it has strong correrated with K+ while moderate loaded with turbidity 

and NO3
-.  

5.5.4 Spearman Correlation Matrix 

Correlation analysis is stastical analysis which is a finding of association and 

interrelation between two variables (Nair et al., 2005). Spearman correlation matrix 

was applied for in SPSS software, to evaluate the relation within the physicochemical 

parameter during pre-monsoon and post-monsoon 2016-17 for Lalganj tehsil were 

given in Table 4.43 to Table 4.44 and within metallic contents were given in Table 

4.45 to Table 4.56. In the Table 4.43 to Table 4.46 significant correlated variable 

marks with single star (*) at 0.05 level and double star (**) at 0.01 level. Correlation 

matrix confirmed that after monsoon, minerals dissolved with water during 

percolation and increases the concentration of physic-chemical parameter. 
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5.5.4.1 Correlation within physico-chemical variable 

The two-tailed bivariate correlation was carried out to investigate the relationship 

within physicochemical parameters shown in Table 4.43 to Table 4.44. During pre-

monsoon and post-monsoon, EC significant positive correlated with  TDS, turbidity, 

TA, TH, Cl-, NO3
-, SO4

2+, F-, Mg2+, Ca2+ and Na+,  and potassium; TDS significant 

correlated with  t turbidity, TA, TH, Cl-, NO3
-, SO4

2+, F-, Mg2+, Ca2+ and Na+,  and 

potassium. This types of correlation suggested that presence of all variable in 

groundwater influence the total dissolve solid and electrical conductivity of water. 

Similar correlation also found by Kanmani and Gandhimathi (2013) in TDS and 

EC with all variables in groundwater.  Turbidity significant correlated with EC, TDS, 

TA, TH, NO3
-, Cl-, SO4

2+, Mg2+ , Ca2+  and Na+ during pre-monsoon while in post-

monsoon significant correlated with EC, TDS, TA, TH, NO3
-, Cl-, SO4

2+, Na+ and 

K+. Chief proposed process is all dissolve variable contribute to make turbid to 

water. Total alkalinity significant correlated with EC, TDS, turbidity, NO3
-, Cl-, 

SO4
2+, Mg2+,  and Na+ during pre-monsoon while post-monsoon significant 

correlated with EC, TDS, turbidity, TH, Cl-, NO3
-, SO4

2+, F-, Mg2+, Ca2+ and Na+, 

and K+  but negative correlated with pH. Total hardness significant correlated with 

EC, TDS, turbidity, TA, NO3
-, Cl-, SO4

2+, Ca2+,  Mg2+ and K+ during pre-monsoon 

while post-monsoon  significant correlated with EC, TDS, turbidity, TA, Cl-, NO3
-, 

SO4
2+,  Ca2+, Mg2+ and K+  but significant negative correlated with pH. Good 

correlation with Ca2+, Mg2+ , TA and Cl- is because of that variables are major 

component of total hardness (Marbooti et al., 2015). 

Chloride significant correlated with  TDS, turbidity, TA, TH, NO3
-, SO4

2+, F-, 

Mg2+, Ca2+ , Na+ and K+ in pre-monsoon, while similar significant positive correlated 

also found in post-monsoon total dissolve solid, turbidity, total alkalinity, total 
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hardness, NO3
-, SO4

2+, F-, Mg2+, Ca2+ , Na+ and and K+. pH significant positive 

correlated with fluoride and negative correlated with potassium at 0.05 level in pre-

monsoon while post-monsoon it shows negative significant correlation with TH, 

Mg2+ , Ca2+ and K+. Similar negative correlation also observed in groundwater 

sample by Kanmani and Gandhimathi (2013). Results suggested that positive 

correlated with fluoride because of dissolution of fluoride in groundwater increase 

the pH level. Nitrate significant positive correlated with all parameter except pH, F-, 

and K+ in pre-monsoon, while positive correlated found in post-monsoon with all 

parameter except  pH, F-, Na+ and K+. Sulphate significant positive correlated with  

EC, TDS, turbidity, TA, TH, Cl-, NO3
-, F-, Mg2+, and Na+ in pre-monsoon, while in 

post-monsoon significant positive correlated with EC, TDS, turbidity, TA, TH, Cl-, 

NO3
-, F-, Mg2+, Ca2+ , Na+ and and K+. Kapil et al., (2009) also found in his studied 

that chief linier or significant positive correlation between all parameter. 

.5.5.4.2 Correlation within metallic variable 

The one-tailed bivariate correlation was carried out to investigate the 

relationship within metallic constituents shown in Table 4.45 and Table 4.46 for pre 

and post-monsoon  for the years of 2016-17. The significance positive correlation 

found at 0.05 levels between Zn-Co, Fe-Cd, Ni-Cu, Mn-Pb, in pre-monsoon while 

significance positive correlation between Zn-Co, Fe-Cd, Ni-Cu, Mn-Pb, in post-

monsoon but negative corilation with Mn-Cd during both season. The significance 

positive correlation found at 0.01 levels between Zn-Fe, Zn-Cd, Fe-Cu, Ni-Mn, Ni-

Co, Ni-Cr, Pb-Co, and Cu-Co in pre-monsoon while Zn-Fe, Zn-Cd, Fe-Cu, Ni-Mn, 

Ni-Cu, Ni-Co, Ni-Cr, Pb-Co, Cu-Co in post-monsoon. Oxidation-reduction reaction 

and ion exchange process release the metals level into groundwater (Prasad et al., 

2014). 
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5.5.5 Hierarchical Cluster Analysis 

HCA is a powerful data mining technique, which classifies variables into 

clusters on the basis of similarities within a group and dissimilarities between 

different groups. Hierarchical Cluster Analysis was performed, after careful 

consideration of available combinations of similarity/dissimilarity measurements. 

HCA was run by Ward’s method for similarity measurement which provided visually 

meaningful dendrogram and distinct the groups. HCA was conducted bases on cases 

means clustering to samples not variable. Therefore, sixty groundwater sampling 

location of Lalganj tehsil were classified though cluster in mean value during pre-

monsoon and post-monsoon season for year of 2016 and 2017. In the dendrograms, 

sample ID were classified and location were given in Table 3.1 to Table 3.4.  

 

5.5.5.1 Clustering of sampling location through physico-chemical variable 

The sampling location was clustering based similarity found in 

physicochemical variables given in Figure 4.51 to Figure 4.52 for pre-monsoon and 

post-monsoon during both years.  

In pre-monsoon and post-monsoon season, the dendrogram has classified the 

sixty locations into 9 groups given in Figure 4.51 and Figure 4.52. Cluster or 

groups one sample (L8, L32, L26, L37, L16, L42, L44, L53, L56, L48) represents 

maximum similarity based on physic-chemical variable, while in post-monsoon, 

were L26, L42, L8, L38, L47, L51, L46, L50, L49,L37,  L48, L53, L14, L9. Sapling 

locations or samples and sequence of similarity were differing from pre to post-

monsoon due to effect on monsoon. In pre-monsoon season, the samples L51, L38, 

L47, L46, L49, and L50 were grouped into Cluster 2, while during post-monsoon 

season, cluster 2 were grouped by L41,L31, L40, L52, L10, L39, L6, L7, L3, L23, 
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L29, L2, L4 and L13. Similarity measurements of sampling location during post-

monsoon season were more as compare to pre-monsoon season. Cluster 3 was 

grouped with samples L1, L13, L12, L39, L21, L4 in pre-monsoon, but sample L33 

was only one samples that grouped in cluster 3 during post-monsoon Cluster 4 

grouped with samples L23, L24, L31, L52, L10, L14, L41, L9, L45, L6, L7, L3 L2 

during pre-monsoon, while samples L36, L11, L57, L15, L28, L18, L20 in post-

monsoon. In pre-monsoon, cluster 5 was grouped with samples L2, L40, L54, L55, 

L30, L17, but L25, L35, L43, L22, L16 in post-monsoon. All samples were change 

during post-monsoon in cluster 5. Similarity observed in samples L33, L60, L36, 

L11, L57, L25 L35, L20, L22 and L43 with grouped the Cluster 6 in pre-monsoon, 

while similarity found in this samples (L44, L24, L12, L45, L56, L30 L2, L21, L17, 

L55 and L54 ) during post-monsoon. Similarity found in samples between L27 and 

L34 with formed cluster 7 in pre-monsoon season but in post-monsoon season only 

samples L5 and L19 grouped into cluster 7. Cluster 8 grouped with samples L15, 

L18 and L34, L58, L60 and L59 for pre and post-monsoon season. Cluster 9 grouped 

by samples L28, L58, L59, L5, in pre-monsoon season but only one sample (L27) 

contributes during post-monsoon.  

The results illustrate that cluster 1 to 9 divided on the basis of dissimilarity 

but the maximum similarity in samples found within cluster while if found 

dissimilarly it’s divided in to another cluster.  In the Figure 4.51 and Figure 4.52 

exposed to samples of cluster 8 and cluster 9 excessive loaded with TDS, sulphate, 

total alkalinity and fluoride. 

5.5.5.2 Clustering of sampling location through metallic variable  

In pre-monsoon and post-monsoon season, the dendrogram has classified the 

sixty locations into 8 cluster given in Figure 4.53 and Figure 4.54. Total sixty 
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samples divided in two broad groups based on metallic contents during both season. 

further broad group 1 divided into two sub-groups (sub-groups 1) and (sub-groups 2). 

Sub-group 1 further divided in to divided into two cluster, sample (L26, L32, L8, 

L23, L24, L33, L19, L21) contributed to cluster 1 and cluster 2 prepared with 

samples (L28, L29, L60, L3, L43, L11, L35, L27 ) in pre-monsoon, while cluster 1 

contributed sample (L42, L44, L48, L57, L04, L45, L2, L18, L31, L47, L1, L9, L59) 

and  cluster 2 (L39, L06, L54, L56, L5, L25, L34) in post-monsoon. Sub-group 2 

further divided in to divided into two cluster, sample (L13) contributed to cluster 3 

and cluster 4 prepared with samples (, L30, L14, L38, L36, L52, L40) in pre-

monsoon, while cluster 3 contributed sample (L55, L58, L51, L16, L22, L15, L41) 

and  cluster 4 (L37, L46, L10, L20, L49, L50, L17, L53, L7) in post-monsoon.  

Further broad group 2 divided into two sub-groups (sub-groups 3) and (sub-

groups 4). Sub-group 3 further divided in to divided into two cluster, sample (L16, 

L55, L22, L51, L58) contributed to cluster 5 and cluster 6 prepared with samples 

(L10, L20, L49, L50, L15, L41, L46, L37 L17, L53,  L7) in pre-monsoon, while 

cluster 5 contributed sample (L13) and  cluster 6 (L30, L36, L52, L38, L40, L14) in 

post-monsoon. Sub-group 4 further divided in to divided into two cluster, sample 

(L12, L39, L6, L4, L45, L2, L18, L42) contributed to cluster 7 and cluster 8 prepared 

with samples (L44, L48, L57, L34, L56, L5, L25, L31, L47, L1, L9, L54, L59) in 

pre-monsoon, while cluster 7 contributed sample (L29, L60, L3, L43, L11) and  

cluster 8 (L35, L27, L21, L28, L8, L32, L26, L23, L24, L33, L19) in post-monsoon. 

The results illustrate that cluster 1to 8 divided on the basis of dissimilarity but 

the maximum similarity in samples found within cluster while if found dissimilarly 

it’s divided in to another cluster. Maximum dissimilarity found in with cluster 7 and 
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cluster 8 because of greatest concentration of Zn and Fe found in samples of this 

cluster. 

5.6 Accumulation of of Fluoride in rhizopheric soil 

The fluoride concentration was analyzed in 24 rhizospheric soil from each 

block of Lalganj tehsil with control area. Descriptive statistics of total fluoride 

contents in rhizoshpheric soil of Lalganj and Sareni block were given in Table 4.48 

and Khiron and Control area were given in Table 4.49. The maximum concentration 

of fluoride found in 352 mg/kg in Lalganj block, 322 mg/kg in Sareni block, and 355 

mg/kg in Khiron block while 9.40 mg/kg in control area. Different anthropogenic 

activity such as fluoride containing fertilizers, agro-chemical, and irrigation of 

fluoride containing water can causes to high fluoride in soil (Brindadha et al. 2001). 

The observed concentration of fluoride was detected to be higher than the Hall and 

Cain (1972) and lower than the Bhattacharya et al. (2017). The fluoride 

concentration in all block found more than the control area. Accorging to Pickering 

(1985) the mobility of fluoride in the soil are totally depend on soil pH, rate of 

deposition, formation of sTable complex with calcium and aluminum, and climatic 

condition of the area. Barrow and Ellis (1986) found alkaline soil enhance the 

maximum fluoride in groundwater. 

5.7 Bioaccumulation of Fluoride in cultivated crops and fodder plants 

The fluoride concentration was analyzed in 24 rhizosphericr rice, wheat, and 

cultivated vegetables from each block of Lalganj tehsil with control area. Descriptive 

statistics of total fluoride contents in different dietary sources for  Lalganj and Sareni 

block were given in Table 4.50 and Khiron and Control area were given in Table 
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4.51. Results shows that maximum F- accumulate in   Raphanus sativus (Raddish) 

46.09,  43 and  45.70 mg/kg in Lalganj block, Sareni block and Khiron block while 

0.34 mg/kg found in control area. The observed concentration of fluoride was 

detected to be less than the Bhattacharya et al. (2017). The concentration of 

fluoride in rice (Oryza Sativa L) were 0.54 mg/kg for Lalganj block, 02.43 mg/kg for 

Sareni block and 0.59 mg/kg for Khiron block 0.04 found in Control block 

(Bachharawan). The concentration of fluoride in rice was accumulated greater than to 

control area. The average concentration of fluoride in spinach (Spinacea oleracea) 

was reported 25.24, 24.47, and 26.02 mg/kg in Lalganj, Sareni Khiron block but 

accumulation of fluoride in spinach grown in control block was observed 0.07 

mg/kg.  Spinach demonstrate a good accumulator of fluoride specially in fluoride 

contaminated area (Haidouti et al. 1993). The observed concentration of fluoride in 

spinach was detected to be less than the Saini et al. (2013) and Bhattacharya et al. 

(2017). Gautam et al. (2010) also found the fluoride accumulation in leafy vegetable 

like spinach, and methi. The fluoride mean contents in Brinjal (Solanum melongena) 

of Lalganj, Sareni and Khiron block found more than the control area. The mean 

value were analyzed 18.34, 17.50, 18.41 mg/kg for Lalganj block, Sareni block and 

Khiron block while 0.65 mg/kg in Control block. The concentration of fluoride in 

Onion (Allium cepa) was found in following decreasing order Lalganj block > Sareni 

block > Khiron block > Control block. Significantly amount of fluoride accumulated 

in agricultural crops, cultivated and pulses.  

Simultaneous level of fluoride also reported by Paul et al. (2011). The 

maximum fluoride contents in Cauliflower (Brassica oleracea botrytis) was found in 

Khiron block (8.45 mg/kg) and minimum accumulation in Sareni block (7.80 

mg/kg).  Susheela (1999) found the elevated concentration of fluoride in carrot, 
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potato, brinjal, tomato, cabbage, radish and cauliflower. This vegetable significant 

accumulates fluoride and became a chief source of dietary intake of fluoride up to 

56% (Gupta and banerjee 2011). The results reveals that the consumption of 

Abelmoschus esculentus (Okra),  Allium cepa (Onion), Chenopodium album 

(Pigweed), Brassica oleracea capitata (bgba), Momordica Charntia (Bitter melon), 

Spinacea oleracea (Spinach), Raphanus sativus (Radish), Solanum melongena 

(Brinjal), Daucus carota (Wild carrot),  Cajanus cajan (Pigeon pea) are indirectly 

contribute simultaneous amount of fluoride intake. 

Table 4.60 illustrated that the increasing order of fluoride in fodder part of  

plants in Lalganj block were Oryza Sativa L< Zea mays < Triticum vulgaris  < 

Sorghum bicolor < Vigna mungo, for Sareni block were Oryza Sativa L < Zea mays 

< Sorghum bicolor < Triticum vulgaris  < Vigna mungo, for Khiron block were 

Oryza Sativa L < Zea mays Sorghum bicolor < Vigna mungo. Cattle usually ingested 

few amount of fluoride through diet without any adverse effect but increased amount 

can causes to incurable bone problems like fluorosis. Leaf and stem part of the above 

plants were used as a livestock feed in study area, animals of the study may cause 

potential risk due to excess fluoride. 

5.8 Risk Assessment due to possible intake of fluoride via dietary 

Hazard Index (HI) represents total exposure pathway of intake of fluoride is 

used to human health risk assessment. According to Canada Health Act Annual 

Report (2004) no risk found if HI value < 1 but if found HI >1 than required to risk 

management and mitigative measures should be adapted in affected area. Hazard 

index was calculated for categorized three groups (3-6 years, 7 to 18 years and 19 to 

70 years) of Lalganj, Sareni and Khiron block with control area were given in Table 

4.58 for CTE scenario and Table 4.59 for RME scenario. 
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The RfD value (0.06 mg/kg) was taken from USEPA (1987) because absence 

of Indian guidline and RfD value sum of dietary intake of fluoride (0.01 mg/kg)  and 

drinking water(0.05 mg/kg). 

The HI value in CTE scenario for children (3-6 years), teenagers (7-8 years) 

and adults (19 to 70 years) were estimated 2.6342, 2.7201 and 3.2983 for Lalganj 

block, 1.9977, 2.0292 and 2.4144 for Sareni and 3.2425, 3.3920 and 4.1675 for 

Khiron block while 0.5783, 0.6339 and 0.8208 for control block. In  RME scenario,  

The HI value for children (3-6 years), teenagers (7-8 years) and adults (19 to 70 

years) were estimated 4.6777, 4.8810 and 5.9825 for Lalganj block, 2.8008, 2.8410 

and 3.3706 for Sareni and 9.7031, 10.3933 and 13.1363 for Khiron block while 

0.7882, 0.0376 and 0.0413 for control block.  

 The maximum HI value found for adults groups because of high fluoride in 

drinking water and the average daily consumption of drinking water is high for adult 

as compare to children and teenagers. But the absorption of fluoride in children and 

teenager have more than to adults. This is fearsome value of for toxic effects creating 

in inhabitant of children and teenagers. Inhabitants of the study area have to high 

potential for developing of incurable fluorosis. 

The noncancerous lifetime hazards (HIcumulative) also calculated in population for 3 to 

70 years. HIcumulative was found 8.6525, 6.4412 and 10.8020 for Lalganj, Sareni and 

Khiron block. The population of Lalganj, Sareni and Khiron block exposed to 

cumulative life time risk, which were 4.26, 3.17 and 5.31 times higher than to 

inhabitant of Control area in CTE scenario (Table 4.58). The population of Lalganj, 

Sareni and Khiron block exposed to cumulative life time risk, which were 7.06, 4.09 

and 15.10 times higher than to inhabitant of Control area in RME scenario (Table 

4.59).  
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CHAPTER 6 

SUMMARY AND CONCLUSION 

5.1 Summary 

Present work entitled “Study of Fluoride Contaminated Ground Water Quality and 

Health Risk Assessment Owing to Bioaccumulation of Fluoride in Cultivated Crops 

and Fodder plants” carried out under the supervision of Dr. Pramod Kumar Singh 

(Associate Professor) Babu Banarasi Das University, Lucknow, and Dr. Ganesh 

Chandra Kisku (Chief Scientist and AcSIR Professor)  CSIR-Indian Institute of 

Toxicology Research, Lucknow (CSIR-IITR). With concern to make available valuable 

in order to suitability of groundwater with special reference of fluoride and associated 

risk in Lalganj tehsil (Lalganj, Sareni and Khiron block), Raebareli district, Uttar 

Pradesh that have been chosen. The study was completed with identified specific 

objectives are, the causes of groundwater pollution and study of special and temporal 

variation in groundwater quality with an approach of water quality indexing, to 

scrutinize the extent of fluoride content in groundwater with generate thematic map and 

differentiate area for suitability of drinking purpose, to determination of 

bioaccumulation and biotransformation of fluoride in cultivated crops and fodder plants 

and to assess the potential health risk from additional exposure of fluoride through 

dietary source.   

 This thesis covers six chapters. Chapter 1 provides generals introduction about need 

and scientific importance groundwater, groundwater contamination and its 

geochemistry that influence groundwater quality with reference to fluoride, also 

discussed about global and Indian scenario of fluoride contamination, their sources and 
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distribution. This chapter also covered with health effect on human and plant owning to 

excessive fluoride in drinking water and aims and objective of present work.  

   Chapter 2 covered the details of review of the previously published research 

paper, and articles with reference to assessment of groundwater quality, groundwater 

quality defined via WQI as effective tools, review of fluoride containing groundwater 

quality and associated health risk conducted in the global, India and Uttar Pradesh, 

review on bioaccumulation of fluoride in fodder and cultivated crops, review done in 

the statistically studies on groundwater quality.  

   Chapter 3 provided information about study area and salient features of the 

study area, brief information about collection of groundwater and foodstuff samples 

from the study area, specific method adopted for analysis of different physico-chemical 

parameter and metals in this research work. Quality control and quality assurance, 

instrumental condition and for assessment of groundwater quality, statistical approach 

(Water quality index (WQI), Heavy metal Pollution Index (HPI), Factor 

Analysis/Principal Component Analysis (PCA/FA), Spearman Correlation Matrix, 

Hierarchical Cluster Analysis (HCA) also explained in this chapter. This chapter also 

content with human health Risk assessment from exposure of fluoride via dietary 

intake.  

   Chapter 4 deals with the outcome of present research work. This chapter 

contents with hydrochemical facies and trace constituents in groundwater, seasonal 

variance in ground water quality, statically approach such as WQI, HPI, CA/FA, 

correlation and HCA for assessment of groundwater quality bioaccumulation of 

Fluoride in cultivate crops and fodder plant also discussed in this chapter, Possible 

dietary intake of fluoride also calculated.  
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  Chapter 5 deals with discussion of result obtained from chapter 4. result 

comparison with previous study conduction in this field and standard guideline given 

by different government regulatory bodies. Discussed on Suitability of groundwater 

quality for drinking propose, seasonal variance in ground water quality, water quality 

indexing, statically approach (WQI, HPI, CA/FA, correlation and HCA)  for water 

quality assessment. This chapter also discussed on bioaccumulation of Fluoride in 

cultivate crops and fodder plants and health risk assessment owing total dietary intake 

of fluoride also calculated and characterized health risk may be impose to rural 

inhabitants. 

  Chapter 6 comprises summary and conclusion of the presents study with 

recommendation for removal strategies and preventive option should be taken in highly 

affected location of study area and future work. References of cited literatures in this 

thesis and in the last page list of publication were attached end of conclusion. 

5.2 Conclusion  

The finding as per follows: 

 The results of hydrochemical investigation are compared with (WHO 2011) and 

Indian Standard (2012) for the evolution of suitability of drinking water quality 

with respect to physic-chemical parameter following parameter pH, turbidity, 

chloride (Cl-), nitrate (NO3
-), sulphate (SO4

2-), calcium (Ca2+) magnesium 

(Mg2+), sodium (Na+) were found the well within the desirable limits of 

drinking water standard. But following parameter such as electrical conductivity 

(EC), total dissolved solids (TDS), total hardness (TH), total alkalinity (TA), 

fluoride (F-), potassium (K+)   were exceeded the desirable limits of drinking 

water standard, in this  parameter fluoride can causes significant effect on  

human health.  
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 For the evolution of drinking water quality with respect to trace metals such 

as zinc, nickel, manganese,  lead, copper, cobalt, chromium and cadmium, the 

groundwater of the study area (all block) were well within the prescribe 

standard of drinking water quality (WHO 2011; EPA 2013; IS 2012). But 

with respect to iron in the groundwater samples, of Sareni block were found 

more than the desirable limits of drinking water standard. Iron may causes to 

negative health effect on rural inhabitants. Long term consumption of 

drinking water with high concentration of iron may cause to liver diseases. 

 The elevated concentration of fluoride found in groundwater of Lalganj, 

Sareni and Khiron block due to occurrence of fluoride bearing minerals in 

geology of the study area. 75, 42.5 and 45 % groundwater samples of 

Lalganj, Sareni and Khiron block exposed the concentration is above the 

guideline limit (1.50 mg/L) of WHO during 2016 while 80, 57.5 and 57.5 % 

groundwater sample in 2017. 

 Investigation of temporal variation in groundwater quality was done with 

respect to physico-chemical parameter in groundwater of Lalganj tehsil. The 

results revels that the concentration observe increasing trends from pre to 

post-monsoon for pH, electrical conductivity (EC), , total dissolved solids 

(TDS), turbidity, total hardness (TH), total alkalinity (TA), nitrate (NO3
-), 

sulphate (SO4
2-), chloride (Cl-), fluoride (F-), calcium (Ca2+) magnesium 

(Mg2+), sodium (Na+), potassium (K+).  

 While the t-test was applied in this physicochemical parameter with respect to 

pre-monsoon and post-monsoon. Significant variation  were  found in pH, 

electrical conductivity (EC), , total dissolved solids (TDS), turbidity, total 

alkalinity (TA), nitrate (NO3
-), sulphate (SO4

2-), chloride (Cl-),  calcium 
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(Ca2+). Three proposed process (ion exchange, carbonate reaction and 

oxidation reduction reaction) are the dominant process that processed in 

aquifer of the study area and affect the quality of water. 

  Temporal variation of trace elements in groundwater quality was done with 

respect to physic-chemical parameter in groundwater of Lalganj tehsil. The 

results revel that the concentration observes decreasing trends from pre to 

post-monsoon. The results proposed to dilution of trace mental due to 

recharging of huge amount of rain water during rainy season.  

 Piper diagram presenting cation the groundwater of the Lalganj, Sareni and 

Khiron block was sodium type water indicating the cation exchange of Ca2+ 

with Na+ while calcium type in control area. More than 75 % sampling 

locations of Lalganj and Sareni block have observed Na-Mg-HCO3
- type of 

groundwater while sampling locations exceeded from 90% in Khiron block. 

The groundwater type of control area was found Ca-Mg-HCO3
- type water in 

more than 80 % sampling locations. This is because of the dissolution of 

limestone in the sampling location.   

 The result of WQI reveals that the majority of the groundwater samples 

classified in “Good” category. The category of groundwater quality is 

excellent in 22.5, 17.4 and 60 % samples, good in 70, 75 and 30 % and poor 

in 7.5, 7.5 and 10% samples of Lalganj, Sareni and Khiron block during 2016 

while in 2017, the groundwater quality excellent in 10, 5 and 32.5 % samples, 

good in 80, 85 and 55 % samples and poor in 10, 10 and 12.5 % samples.  In 

that location where found poor water quality contains higher than standard 

value, the reflected parameter are particularly TDS, sulphate, nitrate and 

bicarbonate and hardness. The poor water quality needs special treatment. 
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Therefore, all the groundwater samples of Lalganj tehsil were consider 

suitable for human and animal consumption except presence of higher 

concentration of fluoride. 

 The results of HPI classification illustrated that 100, 90 and 95 percent of the 

groundwater samples found within the low category (Good quality) for 

Lalganj, Sareni and Khiron while the rest of the groundwater samples 

calculated under medium categories. Sabji barua and Jalalpur villages of 

Sareni block were found medium category in HPI classification, while Kanha 

mau village of Khiron block during all both year. The greatest score (25.22) 

was calculated for Kanha mau village of Sareni block during pre-monsoon 

2016. 

 Principal component analyses (PCA) was conducted to expose the main variable 

or source identification of highly loaded variables in conducted parameter of 

groundwater. PCA find out four factors that affected the quality of groundwater 

during pre-monsoon in all block and in post-monsoon found four factors for 

groundwater of Lalganj and Sareni block and three factors in Khiron block with 

respect to physic-chemical variable. 

 Hierarchical cluster analysis illustrates major 9 clusters to 60 samples of Lalganj 

block based on similarity and dissimilarity for physic-chemical parameter and 8 

cluster for metallic ingredients. 

 Correlation metrics reveals that in pre-monsoon, correlation of fluoride 

significant at 0.01 levels with EC, TDS, total alkalinity, sulphate and sodium 

while in post-monsoon, significant with EC, TDS, TA, Cl-, sulphate and 

sodium. This parameter shows highly affinity with fluoride in the 

groundwater of Lalganj tehsil. 
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 The study also done to identify the bioaccumulation capacity of fluoride in 

fodder and cultivated crops. Results illustrated that maximum F- found 46.09, 

43 and 45.70 mg/kg in Raphanus sativus (Radish) in Lalganj block, Sareni 

block and Khiron block while 0.34 mg/kg found in control area. The results 

identified that the chief accumulation of fluoride in cultivable or vegetables 

plants species i.e. Abelmoschus esculentus (Okra),  Allium cepa (Onion), 

Chenopodium album (Pigweed), Brassica oleracea capitata (bgba), 

Momordica Charntia (Bitter melon), Spinacea oleracea (Spinach), Raphanus 

sativus (Radish), Solanum melongena (Brinjal), Daucus carota (Wild carrot),  

Cajanus cajan (Pigeon pea). This are indirectly contribute simultaneous 

amount of fluoride intake. 

 The HI value found more than guideline value for adults groups because of 

high fluoride in drinking water and the average daily consumption of drinking 

water is high for adult as compare to children and teenagers. But the 

absorption of fluoride in children and teenager have more than to adults. This 

is fearsome value of for toxic effects creating in inhabitant of children and 

teenagers. Inhabitants of the study area have to high potential for developing 

of incurable fluorosis. 

 The noncancerous lifetime hazards (HIcumulative) also calculated in population 

for 3 to 70 years. The population of Lalganj, Sareni and Khiron block 

exposed to cumulative life time risk, which were 4.26, 3.17 and 5.31 times 

higher than to inhabitant of Control area in CTE scenario. The population of 

Lalganj, Sareni and Khiron block exposed to cumulative life time risk, which 

were 7.06, 4.09 and 15.10 times higher than to inhabitant of Control area in 

RME scenario.  
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Multivariate Statistical interpretation also discloses that the geogenic factor is 

the chief factor controlling the hydro-geochemistry of the study area which is 

sometimes dictated by minerals weathering and anthropogenic input. This work has 

demonstrated that hydro-geochemical studies, the above results can be used for 

future sustainable development of the basin by government authorities and decision 

makers. 

5.3 Recommendation 

 Our investigation drastically assesses the effectiveness of the preventive 

strategies adopted by the central governments like Nation Program for 

preventive and control of fluorosis (NPPCF). 

 Water conservation structures and harvesting structures can be promoted 

especially for of the basin. Less water consuming crops can be irrigated in 

the summer period and in the low rainfall period. Judicious utilization of 

water resources is the prime need of the hour in the entire basin area. 

 By using fluoride amelioration technique: Majority of the groundwater 

samples need to be treated for fluoride, using modern technology like, 

ion-exchange, membrane filter, adsorption and coagulation–precipitation 

process. The Nalgonda technique has been design by CSIR-NEERI, 

Nagpur. The technology is based on coagulation–precipitation process, 

mutually using of lime and potash alum in a two-step process. This 

technique has installed in many village of India and it has been observed 

as the most cost-effective technique for removal of fluoride. The pH 

under 5.5 to 7.5 is the best condition for optimum removal of fluoride. 
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 Improving the recital of available irrigation system by appropriate 

structures measures like deep well, surface water and rain water 

harvesting. 

 Popularize the awareness programmes among the public, especially 

farmers at various levels, which should be made effective so as to attain 

self sufficiency in the sustainable water resources development. 

 Groundwater extraction can be restricted so as to fix the horse power of 

motor within a desired limit wherever the areas to be over-extraction 

areas. 

 Using alternate water sources: In the high fluoride zone, people should be 

used surface water after treatment because fluoride in surface water much 

lower than ground water. Other seasonal alternative sources like rainwater 

harvesting needed.  

 Prioritization should be given in the over-extracted areas in the basin so 

as to conserve the water and for planning appropriate harvesting 

structures to be put into action. 

 Improving Nutritional diet: Nutritional diet such as calcium, phosphorus-

rich food and vitamin C is advised to consume those people who lived at 

fluoride contaminated area, because its decreases fluoride retention 

capability of human body.  
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5.4 Limitation and Future Research 

 Bacteriology investigations can be also conducts in that area. 

 The prediction modeling can be applies for the better understanding to 

status of water quality in future. 

 An investigation can also be investigates for screening of fluorosis 

affected inhabitants and animals.   

 A study on groundwater quality movement can be carried out. 

 The investigation can also be accomplish for land use application through 

GIS software. 

 A study of groundwater movements can be also studies for better 

understanding to hydro-geochemical reaction. 

 For the better understanding of any changes in groundwater quality, 

continuous monitoring of groundwater quality can suggested for the 

district.  

 Some application can also be applies for water quality assessments for 

irrigation suitability, vulnerability index, and saturation index. 
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