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Abstract: Water born diseases are becoming a global issue now days and especially becoming more severe for the low 
income countries. Children, old aged persons and with weak immune system are more susceptible to these diseases. 
Diarrhea is the first and rapidly appearing disease in water born diseases and became 6th burden disease on a global scale 
which is principally escapable. Same like other contaminants in drinking water as arsenic, lead, cadmium, silica etc also 
causing different water born diseases. We studied different contaminants in drinking water and their potential role in water 
born diseases besides its probabilistic health impacts in different countries. We tried to collect water born diseases which 
can be caused by contaminants in drinking water and observed that arsenic, nitrogen and other metals playing their 
dominant role in water born diseases. Chronic Health Quotient detected an insignificant range in different countries along 
with carcinogenic health quotient as well. There is no any reported insignificant dermal health quotient figure observed in 
any part of the world. 
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——————————      —————————— 
Introduction 

Water is considered as critical and the basic unit of nutrient to human life and vital for human’s 

survival and livestock, animals and crops of the world. The main role of water in the body is 

digestion, transportation, adsorption of food, nutrients use, as well as waste and toxin elimination 

from body. It also plays an essential role in preparation of foodstuffs. Therefore availability, 

resources, management and distribution to realize the fresh water is of fundamental. An entire 

resource of fresh water on earth is only 3% which are non saline. 75% of it found in ice caps and 

glaciers which cannot be utilized easily or inaccessible. So only 0.08% of the world’s freshwater is 

easily accessible and exploitable by humans [1]. As a result, rivers of developing countries in the 

urban areas are on the end point of discharges effluents from industries [2]. Pollution of water and 

environmental deterioration due to increased stress on river caused by urbanization with quick 

growth of population and land development besides river basin [3]. On the other hand, lakes 

considered as one of the most versatile ecosystem of the world are more sensitive to anthropogenic 

impacts and environment pollution [4], due to indiscriminate discharge of unprocessed municipal 
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and waste water of industries. So discharge of lakes into rivers also makes it more pollutant 

especially during the time of low flow. The basic three sources which pollute rivers are (1) municipal 

waste water (2) Industrial waste water (3) agricultural runoff. In river Indus mostly discharge of 

untreated municipal waste water of cities and towns of Sindh [5]. In the soil zone level of 

contamination ground water determined by processes of adsorption/desorption, evaporation/recharge 

degrees and lateral intermixing [6].Global estimated for disaster of flood affected in last ten years 

(2001-2011) estimated nearly half of total victims of natural disasters and economic loss of almost 

US $185 billion [7]. 

 
Fig 1. Different sources of drinking water contamination (a) sewerage discharge (b) industrial waste 

water(c) animals involvements as a vector of contamination (d) agriculture runoff water  

It is thought that global load of disease morbidity, mortality, socio-economic disruptions will be 

increased in floods and especially in low-resource countries has vulnerability to control major flood 

at highest level [8],[9],[10],[11], geographic and socio-economic factors as well as the baseline 

vulnerability of the populations affected due to Health consequences of floods [9],[12]. Disasters 

occurred in the countries and communities where resources are poor mainly due to disaster’s greater 

vulnerability and meager management systems [9]. In the year 2002–2011 developing countries 

versus high resource regions worldwide the ratio of deaths linked to floods to be approximately 23 to 

1 counted by the Centre for Research on Epidemiology of Disasters [7]. There are four principal 

categories of water related diseases. 
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1) Water-born – By the contaminated water consumption (occurrence diseases: diarrheal, hepatitis 

infectious, guinea worm typhoid) 

2) Water-wash –For personal hygiene use of scarce volumes (occurrence diseases: hepatitis 

infectious, typhoid, diarrheal, trachoma, Infections of skin and eye) 

3) Water-base – For the transitional aquatic host (occurrence diseases: schistosomiasis, guinea 

worm) 

 4) Water linked vector – By the water associated with insect vectors (occurrence diseases: dengue 

fever and Malaria [13] 

More chronic health risk by heavy metals, arsenic and the chemical parameters nitrate/nitrite can 

cause immediate impact. Human sewage is also typical contamination of water resources specifically 

introduces human fecal pathogen and parasites. Chemicals releasing as trigger from the flood water 

which are already stored in environment. Population which is living near to industrial or agricultural 

areas of flood-impacted having toxic exposure-related health impacts [14],[15], related outcomes of 

health and contaminations in overstated population is scientifically verified as casual pathway 

between floods. Diseases which caused by such kind of contamination exposures are gastrointestinal, 

neurological, liver, kidney, cancer and cardiovascular [14],[15]. Flood stress consequently of direct 

or longer term losses deteriorates physical and social functioning [16],[17],[18]. In flood 

contemptible hygiene and poor condition of clean drinking water due to risk of elevated 

gastrointestinal (GI) disease. The risk is greatest in low incoming countries like Bangladesh, all 

through the floods of 1998 and 2010 lead diseases of diarrhea and fever in more half of the affected 

population, suffered overflow of two thirds of drinking water sources and 97% of latrines in badly 

affected villages [19]. Hepatitis E attributed primarily to the contamination of water resources and 

outbreaks are endemic in flood areas (person-to-person transmission accounts only for up to 2.2% of 

new cases by [20], in low source countries most of the population are immune that’s why Hepatitis A 

is infrequent [21]. United States Reports [22] and South Asia [23] exacerbation of ARIs exposed, 

rashes of skin and earache are widespread complaints of post-flood and mainly common type of 

infectious disease happening after floods [24]. Increase in low-income countries diarrheal deaths 

may cause Long-term mortality due to floods directly [25], indirect impacts of disasters are health 

impacting, economic systems, food, exacerbating poverty, non-transmissible diseases and 

malnutrition. Mortality rate in affected population may be continuously increased through the first 

year following a flood by up to 50% [11]. Outcomes of flood increasing vulnerability to adverse 

health outcomes by disasters (CDRCs) Chronic disease and correlated conditions can be worst [26] 

and non fatal injuries has been found to outgrow burden in the immediate post-flood period 
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[22],[26]. The 1.1 billion of one sixth of humanity haven’t access to fresh water within one kilometer 

from their home indicated in the reports of WHO and UNICEF 2000. In each year approximately 2 

billion deaths occurred by water born diseases. Worldwide around 1 billion people lack proper 

drinking water, thus a paramount importance of matter that purity and cleanliness of the water be 

ensured [1]. Due to poor water and sanitation, the greatest health burden faced by children in each 

year the deaths caused 1.73 million and disability over 54 million, diarrheal global burden of disease 

caused a total equivalent to 3.7% of the disease because of deprived water supply, sanitation and 

hygiene relation, now diarrheal disease becomes a disease on global scale 6th highest burden which is 

principally escapable [27]. Due to unreachable safe and limited water supplies that increases poverty, 

poor health and enhancing need for water purchasing and economic loss [28]. If action will not be 

taken for the essential needs of human for the safe water in 2020, estimated 135 million people may 

die by preventable water-related diseases, 76 million people will die from water related diseases, 34-

76 million people will depart the life from these diseases [29].  

1. Physical Characteristics 

1.1 Odour and Taste 

The human smell of rotten egg appeals as pungent odour. The high content of salts causes saltiness 

of the water. Humid compounds, algae, dead fishes, dissolved gases in water and wastewater and 

other sources probably show odor and taste [30]. 

1.2 Electrical conductance 

It is used as a measurement of total dissolved solids in water. Status of inorganic or organic pollution 

qualitatively reflects by electrical conductance [31]. 

1.3 Total Dissolved Solids 

In health risk, the total dissolved solids (TDS) did not play a direct role but high salt contained 

water’s extended consumption of TDS can cause kidney stone when TDS is above 500 ppm. The 

occurrence of TDS widely reported from various parts of the country, and may also have a laxative 

effect mainly upon transits because of elevated concentration of TDS which increases unwanted taste 

and causes gastrointestinal irritations in humans [32].  

1.4 Salinity 
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The dissolved salt contents in water represent salinity. Frequent renal stones and asthmatic problems 

have been found in the population using water with high salinity [33]. 

1.5 Turbidity 

Turbidity is due to suspended solids and gauges the vagueness of the drinking water, it is commonly 

used as a proxy compute as hazards of microbial contamination and the efficiency of the treatment of 

public drinking water [34]. Planktons, industrial wastes, iron, decay organism and manganese oxides 

may be reasons causes color measured as NTU Nuphelometric turbidity unit [30]. Sometimes 

turbidity gauge microbial contamination of unprocessed and treated water in several studies had 

shown a correlation [35],[36]. In the aged population in Philadelphia over the phase (1992–1993) 

create an involvement stuck between turbidity levels and hospital burden for GI illness [37]. 

1.6  pH 

pH is a –ve log of Hydrogen ion concentration. It has effects on metal ion solubility and existence of 

some pathogens endurance water quality pH changes, bitter taste of drinking water attributes a high 

range of pH and sour taste results low pH [38]. 

2  Chemical characteristics 

2.1  Alkalinity 

Total alkalinity in natural water comprises the CO3
2-and HCO3 with hydroxyl [39],[40]. 

Environmental carbon dioxide (CO2) solution of carbonate mineral along with rocks similar toward 

calcite as well as dolomite, weathering as silicate minerals similar to feldspar via carbonic acid,a 

decrease of nitrate and sulfate via organic stuff, and oxidation of organic material source to originate 

from carbonates and bicarbonates. During low-flow period is a raise in CO3
2- and HCO3

-
, atmospheric 

CO2 forming a weak acid of HCO3
-
,, supply to dissolving the enclose rocks; this may be allowed in 

the direction of the rain water and the overspill water which dissolved generally, CO3
2-

,and HCO3
-

among anions lower concentration recorded [41]. 

CaCO3 + CO2 + H2O –> Ca2+ + 2HCO3
- 

Inverse relationship have been found in between temperature and dissolved CO2, HCO3
-and Ca2+ in 

the river water discharged by the reaction of HCO3
-minerals with dissolved carbon dioxide (carbonic 

acid) releases [42], preventing from acidosis and alkalosis, HCO3
- is a vital buffer used for the 

acid/base balance. In severe cases, may cause coma when acidosis unconstructively impacts 
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cardiovascular and nervous systems. Kidneys, muscle cramps and lungs, are significant regulators of 

the acid/base, arrangement my cause due to alkalosis flanked by the intra-cellular and the extra-

cellular liquid equilibrium among cations and anions as essential for regulating osmotic pressure 

[43]. Seems importance of HCO3
- in drinking water, calcium and phosphorus control and reduce the 

bone resorption pace by neutralization of diet net acid load [44]. 

2.2  Total Hardness 

Mixed Calcium along with magnesium salt as of the adjacent ores are sources of the total hardness in 

water. Based on the total hardness, water was classified as soft (< 75 mg/L), fairly hard (75–150 

mg/L), hard (150–300 mg/L) and very hard (300 mg/L) [45]. Increased boiling point of water and 

resisted creation of soap lather and precipitation of calcium carbonate may cause scaling on water 

supply systems, elevated hardness cause disease of kidney, bladder, stomach disorder, calcification 

of arteries, urinary concretions may cause due to High TH in drinking [33]. Atopic eczema in school 

children also reported to cause increase risk due to hard water [46]. Occurrence of cardio-vascular 

disorders, anencephaly, urolithiasis, parental death shows a few indicative confirmations that due to 

continuing utilization of enormously hard water (300 mg L-1) might escort to an amplified [47],[48]. 

Against cardiovascular diseases stiff water with elevated concentrations particularly Ca and Mg was 

originate to be defensive [49],[50],[51]. In diverse malignancies [52],[53],[54],[55] and diabetic 

mellitus reported as hard water has a caring significance conflicting to death caused [56],[57]. 

2.3  Calcium and Magnesium 

Indispensable nutrients used for plants and animals are calcium and magnesium and nutritional 

benefits for people provided by presence of Ca2+and Mg2+in drinking water used for cell 

development of bones and for nervous system also considered as essential element and basic 

constituent of soft tissues, bones, teeth and is indispensable in numerous metabolic phenomenon of 

the body, Calcium is  also involved in bones that’s why it is a significant ingredient for the human 

body [58]. The Mg is central metal of the chlorophyll and play role in photosynthesis for food 

production for plants. Chief partners in the direction of the water hardness are Ca2+and Mg2+, may be 

a bigger hazard of kidney stones is one probable unfavorable outcome from intake of elevated 

concentration of Ca2+for extended times [59], gastrointestinal zone usually confines the quantity of 

calcium captivated that’s why short period ingestion of bulky concentration of Ca2+ did not normally 

have some unfavorable consequence except important blood calcium limits (hypercalcemia) may 

cause urinary tract calculi, hyper calciuria, soft tissues, calcification similar to kidneys and in arterial 
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walls and self-control of bone remodeling may cause due to intake of surplus calcium for a extended 

instant [60]. 

2.4  Chloride 

Chloride Cl- acting a significant role as in harmonizing blood plasma electrolytes other than 

physiological disorders can create due to its high concentration. Potable water acceptable level of 

chloride limit within water is 250 mg L-1., drinking water shows a salty taste and laxative upshot due 

to surplus concentration of Cl- in drinking water for those who are not familiar to it [61], from health 

point of view about 2,095 mg L-1 it could be dangerous as may cause hypertension, osteoporosis, 

renal stones and asthma, hazard of stroke and left ventricular hypertrophy may be crucial due to high 

consumption of chloride [33]. 

2.5  Sodium  

If high sodium amount present with chlorides or sulphates create the water saline and becomes unfit 

for human consumption and irrigation purposes, also may exert osmotic stress on the biota in the 

water [62] and reasoning of hypertension and elevated blood pressure in humans [63]. Adolescents 

living in a community with high sodium content in drinking water reported elevated blood pressure 

[64], osteoporosis, renal stones, asthma, hypertension and enhanced risk for stroke, left ventricular 

hypertrophy may be reasoned due to high utilization of salts mainly NaCl [33]. 

2.6  Potassium 

Water intake is usually < 0.1 % of Potassium (K) through the adult’s average daily intakes [65]. 

Adequate quantity of K is also incredibly important intended for usual body functions like other light 

elements. Heart troubles, hypertension, muscle flaw, bladder flaw, kidney evils and asthma can cause 

due to low concentration of K while ovarian cysts, quick heart beat, cystitis, condensed renal task 

and irregular protein metabolism can cause due to its high concentration [66]. 

2.7  Silica 

Silica amount around 7-10 g/mL constitutes a good source of silicon in drinking water [67]. Silicon 

found second most prevalent element after oxygen, there are various kinds of silica which subsist in 

environment, silicon considered as silica oxide viz silicon dioxide which is water insoluble and 

monochrome to white colour. Family of silicates formed when associated with metals or minerals 

as silicicacid (ortho, meta, di, and tri-silicates), these are present in surface and well water in series 

IJSER

http://www.ijser.org/
http://europepmc.org/abstract/MED/17435951/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A26675
http://europepmc.org/abstract/MED/17435951/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A29241


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    351 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

of 1-100 mg/L referred as water soluble forms of silica. Humans predominantly absorbed orthosilicic 

acid  in kidney, liver, aorta, bone, tendons and shortage induces deformity in cranium and peripheral 

bones, weakly bent joints, condensed stuffing of  collagen, cartilage,  and commotion of mineral 

equilibrium in the femur and vertebrae [68]. 

2.8  Sulphate 

Gastrointestinal problems, dehydration, diarrhea, catharsis, and annoyances may be linked by the 

intake of water contain SO4
2- [33]. People who are consuming water containing sulphate in 

concentrations exceeding 600 mg/L cathartic effects are commonly reported [69], sulfate with a 

median concentration of 264 mg/Land a range of up to 2787 mg/L are in the risks for diarrhea in 

infants exposed to tap water [70]. High exposure of sulfate concentration sub-population may be 

more sensitive to cathartic effects due to potentially elevated hazard of dehydration from diarrhea 

that may be reason by elevated limit of sulfate in drinking-water; children transients and elderly are 

such populations [70],[71]. 

2.9  Nitrate 

Involvement of nitrogen in fertilizers as in agricultural usage and as of waste of human and animal 

by sewage discarding way and livestock services cause nitrate as a widespread environmental 

contaminant. When levels of nitrogen in water is more than 10mg/L, above the nitrate 50% ingestion 

obtained from drinking water. A strong correlation was found between colorectal cancer and 

drinking water nitrate found in Slovakia. Elevated drinking water nitrogen originates to some extent 

important digestive organ and peritoneum cancer incidence found in ecological studies. High rates of 

nitrosation among certain expected subgroups associated with drinking water nitrate experimental an 

amplified hazard of colon cancer and decreased colon cancer mortality [72]. Due to excessive NO3
-in 

drinking water, methaemoglobinaemia caused in birth malformations infants goiter, gastric cancer 

and hypertension [61].Blue baby syndrome commonly known as methemoglobinemia is a most 

common health impact of blood disorder due to nitrate. Enhanced hazard for respiratory region 

infections and goiter expansion in children can also be the cause of high levels of nitrates [73],[74], 

elevated possibility for cancer of ovary and bladder, diabetes mellitus of insulin reliant and effects of 

genotoxic at chromosomal rank are also linked with nitrates in water [75], an eminent hazard for 

anencephaly was set up in California and connection among motherly peri conceptional disclosure of 

nitrate from drinking water and diet relationship among neural tube defects and nitrate also indicated  
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an earlier Australian study, risk of bladder and ovarian cancers positive trends found  among 

municipal water nitrate limit [76]. 

2.10  Arsenic 

In various countries Arsenic (As) is documented as a big hazard to public health like India, China, 

Nepal, Bangladesh, Vietnam, and Myanmar [77]. In Sindh province the arsenic found in water with 

over 10-50 ppb and has been exposed of about 16–36% of population [78]. Manchar Lake is a largest 

Asian lake and chief source of water for irrigation, household, and fishing purposes, main source of 

Manchar Lake (Sindh) contamination is Main Nara Valley Drain (MNVD) because of that As 

contamination has been found in the lake [79], emissions and processing industry, dissipate water of 

the ore mining, dye make up services, thermal power plants, tanneries and purpose of firm pesticides 

insecticides, herbicides are the  most serious sources of As pollution [80], some type of cancers have 

been found exposed by Arsenic contamination in which cancer of  skin, lung, liver and bladder have 

been found and known as a carcinogen in humans [81] due to Arsenic exposure Lung cancer is well 

known to result [82]. As contamination have been found above 50μg/L and even found in exceed 

200μg/L in Sindh [83]  96μg/L in underground water and 157μg/L in water on surface has been 

acknowledged [84]. As exposure to the elements children of 13–14 years old age identified skin 

lesions at 65.5% and 78.3% rate in males and females after 6 years had limits that Increased 0.10 mg 

As/100 g hair and for nail as well [85], abnormal pigmentation found 0.32 mg As/100 g and 0.61 mg 

As/100 g of As in hair with prevalence presence (100%) and 0% respectively in Chile [85]. 

Darkening of skin found at 0.001 mg/L of As from water with 3.2% and 0.1–0.39 mg/L with 6.6% 

prevalence respectively and Unexplained skin rashes found at 0.001 mg/Land 0.1–0.39 mg/L As 

from water with 10.8% and 7.7% prevalence respectively in USA [86]. Skin signs found at < 0.05 

mg/Land 0.05– 0.99 mg/L of As from water with 10.0% and 10.8% prevalence rate respectively in 

Japan [87] Keratosis found at 0.05–0.8 mg/L As from water with 1.6% and 10.8% prevalence rate 

and hyper pigmentation found at 0.05 – >0.8 mg/L As from water with 11.0% and 22.7% prevalence 

rate in India [88]. Skin lesions found at <0.15 mg/L- >1.00 mg/LAs from water within 20.5% and 

37.90% prevalence ratio in Bangladesh [89], dose–reply association among As revelation and skin 

lesions in areas of Inner Mongolia. Charge of As-induced skin lesions were 44.8% or 37.1%, 

correspondingly in two As-tainted areas where in between 69.3% - 96.2% wells were found with As 

in over kill of 0.05 mg/L in water. The occurrence of skin lesions was elevated in older populace 

over 40 years old and reflected no sex differences [90]. Skin malignancy found at 0.59 mg/L- > 

0.60mg/L As in water with exposure rate more than 60 years prevalence rate (per 1000) for male 
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48.1% - 9.1% for female in Taiwan [91]. < 0.30 mg/Ll - > 0.60 mg/L exposure with Lowest years of 

20 and more death tempo (per 100000) in Taiwan 2.03 for male, for female 1.73 [92], interior 

malignancies age-attuned death ratios of numerous inner malignancies including liver, lung, kidney, 

bladder and prostate were much linked to enhancing As concentration of drinking well water 

between populace 20 years old or elder [92]. Well-known and note worthy sites of cancer were 

kidney, bladder, skin, and lung, In Lung 0.3 – >0.60mg/LAs in water mortality rate (per 100000) 

49.16 for male and 36.71 for female, In Bladder 0.3–> 0.60mg/L As in water mortality rate (per 

100000) 22.64 for male and 25.60 for female. In Kidney 0.3– >0.60mg/L As in water mortality rate 

(per 100000) 8.42 for male, 3.42 females in Taiwan [92]. Bladder whole collective As < 8 mg/L 

years- > 13 mg/L years (year dosage 30–39 year intermission among contact phase and surveillance) 

response found by for smoker odds ratio 1.00 /1.00 for non smokers in USA [93]. In drinking water 

Lung As concentrations <0.05 mg/L As - >1.00 mg/L As with standardized mortality rate below 

detection (BD) – 0.16. Of drinking water, Urinary expanse As conc<0.05 mg/L As - >1.00 mg/L As 

with standardized mortality rate BD 0.31. Drinking water Liver As conc<0.05 mg/L As - >1.00 mg/L 

As with standardized mortality rate 0.00–0.07. Drinking water Uterine As conc<0.05 mg/L As - 

>1.00 mg/L As with standardized mortality rate BD- 0.13 Japan [87]. Kidney <0.04 mg/L As, water 

central point 0.04– 0.178 mg/L As, elevated: >0.178 with standardized death rate SMR (standardize 

mortality rate) 0.87 for male and 1.00 for female. Lung low: <0.04 mg/l As, middle: 0.04– 0.178 

mg/l As, high: >0.178 mg/L As with (SMR) standardized mortality rate male 0.92 and 1.24 female 

[94]. Age-attuned death rates of diseases of peripheral vascular and disease of cardiovascular have 

been associated to utilization of well water in Taiwan by way of rising As concentration in populace 

of old 20 years or elder [92]. substantial dose–reply affiliation was pragmatic linking the As 

exposure, incidence of hypertension, via each As level in drinking water or collective As revelation 

in Bangladesh between the populace existing in As-polluted area [95],[96]. There are several reports 

on dose-dependent relationship between As exposure and respiratory disease mentioned that the 

prevalence of cough, shortness of breath, and chest sounds in the lungs rose with increasing As 

concentration in drinking water. Age and gender-adjusted prevalence rate of glucosuria was related 

to increasing As exposure, using either an average As concentration from well water ranging from 

non detectable to 2.04 mg/L, or a cumulative As exposure index among residents 30 years old or 

older in Bangladesh [95],[96]. 
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Fig.2. Diseases which can be caused due to presence of different contaminants in water. 

2.2.1  Aluminium 

A relationship among Alzheimer’s disease and aluminum in drinking water showed number of 

epidemiological studies [97],[98]. Patients through chronic renal malfunction are too in the very vital 

clinical troubles connecting trace metal toxicity by poisoning of Al [99]. 

2.2.2  Chromium 

Carbohydrate metabolism in the body plays vital role by Chromium which is not toxic itself [100] 

except a few of its compounds particularly in hexavalent position source [101, maximum allowable 

concentration is 0.05mg/L in drinking water described by WHO, for normal body functions exact 

amount of Cr is desirable, on human, animal, and in vitro evaluation data found that a well reputable 

Carcinogen is the hexavalent Cr [102],[103], Cancer caused of kidney problems, liver and genotoxic 

carcinogen due to toxicity caused by its high concentrations [104],[105]. 

 

 

2.2.3  Lead 

Lead (Pb) is a standard element of the earth's crust [106], as domestic paint, vehicle exhausts and a 

waste of industries causes lead contamination in drinking water. In trace amount it naturally occurs 

in soil and water, systems of the body, for example, immunological system, reproductive, nervous, 

cardiovascular, digestive, hematopoietic in addition to skeleton and kidneys affected adversely due to 

longer time overdoses of Pb [107],[108],[109]. The decline in the hemoglobin production, trouble in 
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the performance of kidney, joints, cardiovascular systems, reproductive, and central and peripheral 

nervous systems chronic damage caused by Pb toxicity it arises from both natural and anthropogenic 

sources[110]. During pregnancy nevertheless at short concentrations lead is an extraordinary threat, 

Developmental stoppage, stumpy birth weight and miscarriage of fetus may cause [111],[112]. 

2.2.4  Cadmium 

From toxicity point of view there is a great concern about element Cadmium (Cd), acute and chronic 

toxicity in humans may cause by Cadmium as a lethal metal, acute gastrointestinal harms, for 

example, vomiting and diarrhea may origin because of ingestion of cadmium [113], kidney damage 

may cause though chronic disclosure to cadmium for an extended time [114], troubles in 

reproduction [115],[116],[117] injure of bone [118],cancer [119]. Chronic and acute both health 

belongings problems in living organisms can cause due to Cd exposure [120], like diseases of itai-itai 

(ouch-ouch), skeletal damage, Kidney damage includes the chronic things [121],[122], blood 

damages, kidney, liver and nausea, vomiting, salivation and renal stoppage may cause by Cd, 

humans, and animals shows cancer by experimental data, mutation may cause due to elevated 

concentration of Cd [123]. 

2.2.5 Copper 

 Cancer can be induced by copper (Cu) has now been confirmed to be an aspect [124], acute copper 

hazards are unlikely to occur due to the odor of copper can simply be sensed by human beings [125]. 

Diarrhea and other gastrointestinal symptoms can be caused because of high concentrations of Cu in 

drinking water [126]. 

2.2.6 Iron 

Natural physiology of living organisms Iron (Fe) is one of the majority rich metals in soil and is an 

indispensable constituent for animals and plants mutually its shortage and excess can be injurious, It 

is a less common condition of prominent concentrations in normal water assets over exposure but 

like cancer quite a lot of serious health evils can be caused [127],[128],diabetic mellitus 

[127],[129],[130], diseases like liver ,heart [131],[132], in addition to disease of neurodegenerative 

[133],[134]. Diarrhea and lowered appetite in animals have been associated with High concentrations 

of Fe [135]. 

2.2.7  Cobalt 
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Co is one of the obligatory metals for usual body regulations as a metal constituent of vitamin B-12 

[104]. However, polycythemia, irregular thyroid, artery and right coronary artery problems, over-

production of red blood cells (RBCs) can cause by lofty Co intake via consumption of contaminated 

food [136]. 

2.2.8  Manganese 

Psychological diseases, for example, Alzheimer's and Manganism can be caused by elevated 

concentrations of Mn and Cu in drinking water [137]. Though, significantly lower to ingestion 

beginning food than a revelation to Mn from drinking water is usually [138]. By the Wasserman et al 

2006, 10 year-aged kids can also be affected by elevated Mn pollution in drinking water. Mn 

distributed in all tissues and organs of human body and has been recognized as an essential element, 

get accumulated in kidney elevated level of the mean concentration of Mn, Manganese Psychosis 

caused by liver and bones, which is an irreversible brain disease [139]. Harsh malfunctioning in the 

nervous structure with the brain as the chief target site caused by the contact to extreme doses of Mn 

[140], symptoms alike to persons of Parkinson's disease during its worst appearance may direct to an 

eternal neurological chaos [141],[142]. 

2.2.9  Nickel 

A broadly dispersed element in the atmosphere can originate in air, water, and earth as “Allergen of 

the Year 2008” [143]. Nickel catalyst used as hydrogenation of ghee manufacturing and causes 

severe health problems due to ingestion of Ni-sulfate and Ni-chloride cause fatal cardiac arrest [104], 

Nickel allergy get in touch with kidney problems, dermatitis, respiratory tract cancer, lung fibrosis, 

cardiovascular diseases, and variety of adverse effects can be caused by Nickel compounds 

[144],[145],[146]. 

2.2.10  Zinc 

Deficiency of Zn caused poor cut curing, compact work ability of respiratory muscles, immune 

malfunctioning, anorexia, diarrhea, hair failure, dermatitis (acrodermatitis, enteropathic) and 

depression, even as Zn hazard becomes a sideroblastic anemia, adequate quantity of Zn is as well 

incredibly important for usual body regulations [105]. 

3  Bacteriological contamination 
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To identify whole and/or Fecal Coliforms, microbial examination of water is regularly accepted, as a 

pointer for water infectivity with diseases causing germs and pathogens, normally not damaging to 

humans but their occurrence of Coliforms commonly occur in the environment. Fecal Coliforms and 

E. coli being there is used as a marker for water contagion with waste of human-animal [147], 

extremely contaminated with bacteriological pollution found water sources together with ground 

aquifers, rivers and lakes in nearly all of the regions in the country [148], bacterial contamination 

further vulnerable to similar open dug wells and short water table make it In rural areas [149],[150], 

microbial pollution in drinking water is a chief provider in water-born hazards alike to typhoid, 

dysentery, nausea, gastroenteritis, diarrhea, and additional health-linked problems like diseases, 

[151],[152], personnel with worn out immune system and children especially [151]. 

4  Health Quotient 

Although some heavy metals (e.g., Cu, Mn and Cr) are essential for humans, their presence in excess 

amount may be toxic [153],[154]. On the contrary, some metals (e.g., As, Hg, Cd and Pb) are highly 

toxic at a very low concentration with no known benefit for human health [155],[156]. When 

entering into the environment, these metals can disrupt not only the aquatic ecosystem but also the 

human health [157],[158]. Human health risk assessment is an effective approach to determine health 

risk levels posed by various contaminants of metals [159]. This method has been applied to assess 

the potential adverse health effects exposing to contaminated water 

[159],[160],[161],[162],[163],[164],[165],[166],[167],[168],[169],[170],[171],[172].,There are many 

reported methods which are being practiced to determine health quotient of dissolved metals like 

CDI(oral) [173],[174],[175],[176],[177].,CDI(dermal) 

[178],[179],[180],[181],[182],[183],[184],[185],[186],[187],[188],[189] and ADD (average daily 

dose) [190],[191].ADD values of current As study [192] were lower than those in Bangladesh 

drinking water (5.00E_02 – 5.00E_01 mg kg_1 day_1) reported by [193] Karim and in Vietnam 

drinking water (5.00E_03 – 4.39E_01 mg kg_1 day_1) by [190]Nguyen et al. 2009 but more than 

kohistan region north pakistan drinking water surface water contaminated with As had ADD values 

ranged from 0.00mg/kg-d to 5.61E_05 mg kg_1 day_1 and while the people who consumed 

groundwater, had ADD values ranged from (5.50E_07 - 4.64E_04 mg kg_1 day_1) by [176] .Which 

reflects area wise variations in average daily dose of Arsenic with respect to impact on local water 

drinking communities and involvement of contamination sources. Carcinogenic risk is defined as the 

incremental probability that an individual will develop cancer during one’s lifetime due to chemical 

exposure under specific scenarios [194],[195]. Carcinogenic Risk Assessment of Arsenic HQ found 
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more than the normal range in many samples of different sources of district jamshoro that is also an 

alarming and threaten indication for the consumers of that drinking water which is contaminated by 

arsenic in the both wet and dry seasons [196]. Arsenic non carcinogenic risks were higher than the 

level of concern for 19% of the population, where as carcinogenic risks were 10_4 for 46%, and 10_6 

for 90% of the population in Turkey [197] but in our study findings it were 10_6 for 100% in both 

phases and were 10_4 45% in phase I and II. Health Impacts have been found more concerns in Phase 

II than Phase I as HQ (0ral) that reflects the concentration of contaminated source. Dermal Health 

Quotient of all the type of sources with respect to different metal found less than <1 HQ for Adult 

but in closer one with unity identified HQ of Child that indicate future alarm for HQ dermal for 

Child if same contamination flow will remain to continue in the drinking sources, with the previous 

studies. Wu et al. (2009) Nanjing, China and Zahida Karim (2011) Karachi [198],[184] reported that 

HQs dermal suggesting that these pollutants could pose a minimum hazard to local residents that 

statement resembles with our study findings and HQ dermal was also found lower than the HQ oral. 

 

 

Conclusion 

In this review, we tried to cover up all water born diseases burden which may be caused by the 

different contaminant presence in drinking water and sources of contamination and reasons with their 

health quotient. It observed that water born diseases like itai itai, methemoglobinemia, black foot, 

silicosis and etc have been reported by world’s different authors as a serious concern. Arsenicosis 

has been reported as an alarming concern in water born diseases and showed that different diseases 

may cause with varying its concentration. Chronic Health Quotient also observed in different parts of 

worlds with variations in results. Carcinogenic health quotient has also been detected with the 

calculation that focused us on the seriousness of diseases which are being created by different 

contaminants. There is no any reported dermal health quotient figure in any part of the world 

observed in our study. 

 
 
 
 
 
 
References: 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    359 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

1. Milan International Model United nations (Milmun) 2013. http://www.milmun.org/wp-

content/uploads/2013/09/MILMUN-2013-Conference-Report-EN.pdf 

2. Phiri, O., Mumba, P., Moyo, B.H.Z., Kadewa, W., 2005. Assessment of the impact of 

industrial effluents on water quality of receiving rivers in urban areas of Malawi, Int. J. 

Environ. Sci. Technol. 2, 237–244. 

3. Sumok, P., 2001, River water quality monitoring: sharing Sarawak experience, in: Proc. 6th 

Sabah Inter-Agency Tropical Ecosystem (SITE) Research Seminar, Kota Kinabalu, Malaysia, 

13–14 September, 2001, p. 4. 

4. Forghani, G., Moore, F., Lee, S., Qishlaqi, A., 2009. Geochemistry and speciation of metals 

in sediments of the Maharlu Saline Lake, Shiraz, SW Iran. Environ Earth Sci. 59(1), 173–

184. 

5. Mughal, F.H., Indus river pollution a risk to livelihoods, 

http://www.pakissan.com/english/news/newsDetail.php?newsid=16704 

6. Appelo, C.A.J., Postma, D., 1993. Geochemistry, ground water and pollution AA 

BalkemaPubl, USA, p 536. 

7. EM-DAT. Disaster Profiles, 2011. The OFDA/CRED International Disaster Database. 

accessed September 20, 2011. Available at http://www.emdat.be/database 

8. Assanangkornchai, S., Tangboonngam., Edwards, JG., 2004. The flooding of Hat Yai: 

predictors of adverse emotional responses to a natural disaster. Stress Health. 20, 81–9. 

9. Ahern, M., Kovats, R., Wilkinson, P., Few, R., Matthies, F., 2005. Global health impacts of 

floods: epidemiologic evidence. Epidemiol Rev. 27, 36–46. 

10. Abaya, SW., Mandere, N., Ewald, G., 2009. Floods and health in Gambella region, Ethiopia: 

a qualitative assessment of the strengths and weaknesses of coping mechanisms Glob Health 

Action. 

11. Fundter, D., Jonkman, B., Beerman, S., Goemans, C., Briggs, R., Coumans., 2008. Health 

impacts of large-scale floods: governmental decision-making and resilience of the citizens. 

Prehosp Disaster Med. 23, 70–3. 

12. Du, W., FitzGerald, G., Clark, M., Hou, X., 2010. Health impacts of floods. Prehosp Disaster 

Med. 25, 265–72. 

13. Bradley, D., 1977. Health aspects of water supplies in tropical countries. 

14. Euripidou, E., Murray, V., 2004. Public health impacts of floods and chemical contamination. 

J Public Health. 26, 376–83 

IJSER

http://www.ijser.org/
http://www.emdat.be/database


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    360 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

15. Fox, M., Chari, R., Resnick, B., Burke, T., 2009. Potential for chemical mixture exposures 

and health risks in New Orleans post-Hurricane Katrina. Human and Ecol Risk Assess. 15, 

831–45. 

16. Desalvo, K., Hyre, A., Ompad, D., Menke, A., Tynes, L., Muntner, P., 2007. Symptoms of 

post-traumatic stress disorder in a New Orleans workforce following Hurricane Katrina. J 

Urban Health. 84, 142–52. 

17. Heo, J., Kim, M., Koh, S., Noh, S., Park, J., Ahn, J., 2008. A prospective study on changes in 

health status following flood disaster. Psychiatry Investig. 5, 186–92. 

18. Norris, F., Baker, C., Murphy, A., Perilla, J., 2004. Post disaster PTSD over four waves of a 

panel study of Mexico's 1999 flood. J Trauma Stress. 17, 283–92. 

19. Shimi, A., Parvin, G., Biswas, C., Shaw, R., 2010. Impact and adaptation to flood. A focus on 

water supply, sanitation and health problems of rural community in Bangladesh. Disaster 

Prev Manage. 19, 298–313. 

20. Aggarwal, R., Krawczynski, K., 2000. Hepatitis E: an overview and recent advances in 

clinical and laboratory research. J Gastroenterol Hepatol. 15, 9-20. 

21. Watson, J., Gayer, M., Connolly, M., 2007. Epidemics after natural disasters. Emerg Infect 

Dis. 13,1–5. 

22. Diaz, J., 2004. The public health impact of hurricanes and major flooding. J La State Med 

Soc. 156, 145–50. 

23. Ligon, B., 2006. Infectious diseases that pose specific challenges after natural disasters: a 

review. J Urban Health. 17, 36–45. 

24. Reacher, M., McKenzie, K., Lane, C., Nichols, T., Kedge, I., Iversen, A., 2004. Health 

impacts of flooding in Lewes: a comparison of reported gastrointestinal and other illness and 

mental health in flooded and non-flooded households. Commun Dis Public Health. 7,39–46. 

25. Schwartz, B., Harris, J., Khan, A., Larocque, R., Sack, D., Malek, M., 2006. Diarrheal 

epidemics in Dhaka, Bangladesh, during three consecutive floods: 1988, 1998, and 2004. Am 

J Trop Med Hyg. 74, 1067–73. 

26. Sharma, A., Young, S., Stephens, K., Ratard, R., Straif-Bourgeois, S., 2008. Chronic disease 

and related conditions at emergency treatment facilities in the New Orleans area after 

Hurricane Katrina. Disaster Med Public Health Prep. 2, 27–32. 

27. WHO and UNICEF, 2002. Global Water Supply and Sanitation Assessment 2002 Report, 

WHO/UNICEF, Geneva/New York 

28. UNDP, 1999. Human Development Report, Oxford University Press, New York, USA. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    361 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

29. Gleick,  PH., Dirty Water Estimated Deaths from Water-Related Diseases 2000-2020 Pacific 

Institute Research Report 2002, August 15. 

30. Pierce, J.J., Weiner, R.F., Vesilind, P.A., 1998. Environmental pollution and control, 4th edn. 

Butterworth-Heinemann, USA, p 392. 

31. McCutcheon, S.C., Martin, J., Barnwel, T.O., 1993. Water Quality. Maidment, D. R. (Eds.), 

Handbook of Hydrology. McGraw-Hill Inc., New York. 

32. Khaiwal, R., Garg, V.K., 2007. Hydro-chemical survey of groundwater of Hisar city and 

assessment of defluoridation methods used in India. Environ Monit Assess. 132(1–3), 33–43. 

33. McCarthy, M.F., 2004. Should we restrict chloride rather than sodium. Med Hypothesis. 

63,138–148. 

34. USEPA, 1984. Toxicology of Metals, Vol. II, Environmental Health Effects Research Series, 

Washington, DC. 

35. LeChevallier, M.W., Norton, W.D., 1993. Treatments to address source water concerns: 

Protozoa. In: Craun G, ed. Safety of water disinfection: balancing chemical and microbial 

risks. Washington, DC: ILSI Press,:145–64. 

36. LeChevallier, M.W., Norton, W.D., Lee, R.D., 1991. Occurrence of Giardia and 

Cryptosporidium in surface water supplies.Appl Environ Microbiol. 57, 2610–16. 

37. Schwartz, Ronnie Levin, Knashawn Hodge Source., 1997. Drinking Water Turbidity and 

Pediatric Hospital Use for Gastrointestinal Illness in Philadelphia, Epidemiology. 8,615-620 

38. USEPA, 1977. Toxicology of Metals, Vol. II, Environmental Health Effects Research Series, 

Washington, DC. 

39. Gill, R., 1997. Modern analytical geochemistry, an introduction to quantitative chemical 

analysis for earth. Environmental and Materials Scientists, Longman, p 329. 

40. Hassan, A.M., 2007. Hydrogeochemical of ground water for Mandli fan aquifers and 

hydrochemical model. Ph.D. Thesis (unpublished), College of Science, University of 

Baghdad, (in Arabic), p150. 

41. Salih, M.A., Rasol, M.A., 2012. Hydrochemistry and pollution probability of selected sites 

along the Euphrates River, Western Iraq. 

42. Langmuir,  D., 1997. Aqueous environmental geochemistry, Prentice-Hall Inc. 

43. Sonesson, B., Sonesson, G., 2001. Anatomy and Physiology (in Swedish). Sweden: Liber, 

Stockholm, 494. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    362 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

44. Frassetto, L., Morris, R.C Jr., Sellmeyer, D.E., Todd, K., Sebastian, A., 2001. Diet, evolution 

and aging – the pathophysiologic effects of the post-agricultural inversion of the potassium 

to- sodium and base-to-chloride ratios in the human diet. Eur J Nutr. 40, 200–213. 

45. Sawyer, C.N., McCarty, P.L., 1967. Chemistry of sanitary engineers, 2ndedn. McGraw Hill, 

New York, p 518. 

46. McNally, N.J., Williams, H.C., Phillips, D.R., Smallman-Raynor, M., Lewis, S., Venn, A., 

1998. Atopic eczema and domestic water hardness. Britton J Lancet. 352, 527-531. 

47. Agrawal, V., Jagetia, M., 1997. Hydrogeochemical assessment of groundwater quality in 

Udaipur city, Rajasthan, India. In: Proceedings of National Conference on Dimension of 

Environmental Stress in India, Department of Geology, MS University, Baroda, India, pp 

151–154. 

48. Durvey, V.S., Sharma, L.L., Saini, V.P., Sharma, B.K., 1991. Handbook on the methodology 

of water quality assessment. Rajasthan AgricUniv, India. 

49. Rylander, R., Bonevik, H., Rubenowitz, E., 1991. Magnesium and calcium in drinking water 

and cardiovascular mortality. J Work Environ Health. 17, 91–94. 

50. Rubenowitz, E., Axelsson, G., Rylander, R., 1999a. Magnesium in drinking water in relation 

to morbidity and mortality from acute myocardial infarction. Epidemiology. 11(4), 416–421. 

51. Rubenowitz, E., Axelsson, G., Rylander, R., 1999b. Magnesium and calcium in drinking 

water and death from acute myocardial infarction in women. Epidemiology 10(1), 31–36. 

52. Sakamoto, N., Shimizu, M., Wakabayashi, I., Sakomoto, K., 1997. Relationship between 

mortality rate of stomach cancer and cerebrovascular disease and concentrations of 

magnesium and calcium in well water in Hyogo prefecture. Magnesium Res. 10, 215–223. 

53. Yang, C.Y., 1998. Calcium and magnesium in drinking water and risk of death from 

cerebrovascular disease. Stroke 29, 411–414 

54. Yang, C.H., Chiu, H.F., Cheng, M.F., Tsai, S.S., Hung, C.F., Tseng, Y.T., 1999a. Magnesium 

in drinking water and the risk of death from diabetes mellitus. Magnesium Res 122, 131–137. 

55. Yang, C.Y., Chiu, H.F., Cheng, B.H., Hsu, T.Y., Cheng, M.F., Wu, T.N., 2000. Calcium and 

magnesium in drinking water and the risk of death from breast cancer. J Toxicol Environ 

Health. 60, 231–241. 

56. Yang, C.Y., Tsai, S.S., Lai, T.C., Hung, C.F., Chiu, H.F., 1999b. Rectal cancer mortality and 

total hardness levels in Taiwan’s drinking water. Env Res Sect. 80, 311–316. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    363 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

57. Zhao, H.X., Mold, M.D., Stenhouse, E.A., Bird, S.C., Wright, D.E., Demaine, A.G., 

Millward, B.A., 2001. Drinking water composition and childhood-onset type 1 diabetes 

mellitus in Devon and Cornwall, England. Diabetic Med. 18, 709–717. 

58. Bacher, M., Sztanke, M., Sztanke, K., Pasternak, K., 2010. Plasma calcium and magnesium 

concentrations in patients with fractures of long bones treated surgically. Journal of 

Elementology. 15, 5-17. 

59. Maragella, M., Vitale, C., Petrarulo, M., Rovera, L., Dutto, F., 1996. Effects of mineral 

composition of drinking water on risk for stone formation and bone metabolism in idiopathic 

calcium nephro lithiasis. ClinSci. 91, 313–318. 

60. Heaney, R.P., Gallagher, J.C., Johnston, C.C., Neer, R., Parfitt, A.M., Whedon, G.D., 1982. 

Calcium nutrition and bone health in the elderly. Am J Clin Nutr. 36, 986. 

61. Majumdar, D., Gupta, N., 2000. Nitrate pollution of groundwater and associated human 

health disorders. Indian J Environ Health. 2, 28–39. 

62. Raza, N., Niazi, S.B., Sajid, M., Iqbal, F., Ali, M., 2007. Studies on relationship between 

season and inorganic elements of Kallar Kahar Lake (Chakwal), Pakistan. Journal of 

Research (Science). 18, 61–8. 

63. Kawasaki, T., Delea, C.S., Bartter, F.C., Smith, H., 1978. The effect of high-sodium and low-

sodium intakes on blood pressure and other related variables in human subjects with 

idiopathic hypertension. Am J Med. 64, 193–8. 

64. Calabrese, E.J., Tuthill, R.W., 1977. Elevated blood pressure and high sodium levels in the 

public drinking water. Arch Environ Health. 35, 200-2. 

65. Latorre, R.E., Toro, L., 1997. Ball chains and potassium channels. In: Sotelo, J.R., Benech, 

J.C. (Eds.), Calcium and Cellular Metabolism: Transport and Regulation. Plenum Press, New 

York, pp. 59–71. 

66. Marijic, J., Toro, L., 2000. Voltage and calcium-activated K channels of coronary smooth 

muscle. In: Sperelakis, N., Kurachi, Y., Terzic, A., Cohen, M. (Eds.), Heart Physiology and 

Pathophysiology. Academic Press, pp. 309–325. 

67. Linder, M.C., Nutrition and metabolism of trace elements In: M.C.Linder ed, 1988. 

Biochemical Nutrition, Metabolism and Clinical Aspects, Pamplona, Spain :Eunsa , 

Ediciones Universidad de Navarra, SA , p . 189-239. 

68. Kmartin., 2007. The chemistry of silica and its potential health benefits.(PMID:17435951) 

The Journal of Nutrition, Health & Aging. 11(2), 94–97 Journal Article, Review 

kmartin@pomwonderful.com 

IJSER

http://www.ijser.org/
mailto:kmartin@pomwonderful.com


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    364 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

69. US DHEW, 1962 Drinking water standards Washington, DC, US Department of Health 

Education and Welfare, Public Health Service; US Government Printing Office (Publication 

No. 956). 

70. USEPA, 1999a. Health effects from exposure to high levels of sulfate in drinking water study 

Washington, DC, US Environmental Protection Agency, Office of Water (EPA 815-R-99-

001). 

71. USEPA, 1999b. Health effects from exposure to high levels of sulfate in drinking water 

workshop. Washington, DC, US Environmental Protection Agency, Office of Water (EPA 

815-R-99-002). 

72. Anneclaire, J., De, Roos., Ward, M.H., Charles, F.L., Kenneth, P.C., 2003. Nitrate in Public 

Water Supplies and the Risk of Colon and Rectum Cancers, Epidemiology. 14, 640–649. 

73. Gupta, S.K., Gupta, R.C., Gupta, A.B., Seth, A.K., Bassin, J.K., Alka, G., 2000. Recurrent 

acute respiratory tract infections in areas with high nitrate concentrations in drinking water. 

Environ Health Perspect. 108, 363–6. 

74. Weyer, P.J., Cerhan, J.R., Kross, B.C., Hallberg, G.R., Kantamneni, J., Breuer, G., 2001. 

Municipal drinking water nitrate level and cancer risk in older women: the Iowa Women's 

Health Study. Epidemiology. 11, 327–38. 

75. Ward, M.H., Mark, S.D., Cantor, K.P., Weisenburger, D.D., Zahm, S.H., 1996. Drinking 

water nitrate and the risk of non-Hodgkin's lymphoma. Epidemiology. 7, 465–71. 

76. Peter, JW., James, R.C., Burton, C.K.,George, R.H., Kantamneni, Jiji.,George, B., Michael, 

P.J.,Wei, Zheng., Charles, F.L., 1999. Municipal Drinking Water Nitrate Level and Cancer 

Risk in Older Women: The Iowa Women’s Health Submitted December 29,; final version 

accepted October 9, 2000. 

77. Haque, M.N., Morrison, G.M., Perrusquia, G., Gutierréz,M,Aguilera, A.F., Cano-Aguilera, I., 

Gardea-Torresdey, J.L., 2007. Characteristics of arsenic adsorption to sorghum biomass 

Journal of Hazardous Materials.  145(1–2), 30–35. 

78. Ahmad, T., Kahlown, M.A., Tahir, A., Rashid, H., 2004. Arsenic an emerging issue, 

experiences from Pakistan. In 30th WEDC international conference, Vientiane, Lao PDR. 

79. Arain, M.B., Kazi, T.G., Jamali, MK., Afridi, HI., Jalbani, N., Shah, A., 2008. Total 

dissolved and bioavailable metals in water and sediment samples and their accumulation in 

Oreochromismossambicus of polluted Manchur. Chemosphere. 70, 1845–1856. 

IJSER

http://www.ijser.org/
http://www.sciencedirect.com/science/article/pii/S0304389406013264
http://www.sciencedirect.com/science/journal/03043894
http://www.sciencedirect.com/science/journal/03043894/145/1


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    365 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

80. Sarkar, D., Datta, R., 2004. Arsenic fate and bioavailability in two soil contaminated with 

sodium arsenate pesticide: An incubation study. Bulletin Environmental Contamination and 

Toxicology. 72, 240–247. 

81. Kapaj, S., Peterson, H., Liber, K., Bhattacharya, P., 2006. Human health effects from chronic 

arsenic poisoning–A review. Journal of Environmental Science and Health Part A. 42, 2399–

2428. 

82. Peyster, A., Silvers, J., 1995. Arsenic levels in hair of workers in a semiconductor fabrication 

Facility. Am. Ind. Hyg. Assoc. J. 56, 377–383. 

83. PCRWR Annual Report 2007–2008, part 2. Islamabad, Pakistan: Pakistan Council for 

Research in Water Resources (PCRWR; 2008a. available at http://www.pcrwr.gov. 

84. Arain, M.B., Kazi, T.G., Baig, J.A., Jamali, M.K., Afridi, H.I., Shah, A.Q., 2009. 

Determination of arsenic levels in lake water, sediment, and foodstuff from selected area of  

Sindh, Pakistan: estimation of daily dietary intake. Food Chem Toxicol. 47, 242–8. 

85. Borgono, J.M., Vicent, P., Venturino, H., Infante, A., 1977. Arsenic in the drinking water of 

the city of Antofagasta: epidemiological and clinical study before and after the installation of 

a treatment plant. Environ. Health Perspect. 19, 103– 105. 

86. Valentine, J.L., He, S.Y., Reisboro, L.S., Lachenbruch, P.A., 1992. Health response by 

questionnaire in arsenic-exposed populations. J. Clin. Epidemiol. 45, 487–494. 

87. Tsuda, T., Babazono, A., Yamamoto, E., Kurumatani, N., Mino, Y., Ogawa, KishiY,Aoyama 

H, 1995. Ingested arsenic and internal cancer: a historical cohort study followed for 33 years. 

Am. J. Epidemiol. 141, 198– 209. 

88. Mazumder, D.N.G., Haque, R., Ghosh, N., De, BK., Santra, A., Chakaraborty, D., Smith, 

AH., 1998. Arsenic levels in drinking water and the prevalence of skin lesions in West 

Bengal, India. Int. Epidemiol. Assoc. 17, 871– 877. 

89. Tondel, M., Rahman, M., Magnuson, A., Chowdhury, L.A., Faruquee, M.H., Ahmad, S.A., 

1999. The relationship of arsenic levels in drinking water and the prevalence rate of skin 

lesions in Bangladesh. Environ. Health Perspect. 107, 727– 729. 

90. Guo, X., Fujino, Y., Kaneko, S., Wu K, Xia Y., Yoshimura, T., 2001. Arsenic contamination 

of groundwater and prevalence of arsenical dermatosis in the hetao plain area, inner 

Mongolia, China. Mol. Cell. Biochem. 222, 137– 140. 

91. Tseng, W.P., Che, H.M., How, S.W., Fong, J.M., Lin, C.S., Yeh, S.H.U., 1968. Prevalence of 

skin cancer in epidemic area of chronic arsenicism in Taiwan. J. Natl. Cancer Inst. 40, 453– 

463. 

IJSER

http://www.ijser.org/
http://www.pcrwr.gov/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    366 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

92. Wu, M.M., Kuo, T.L., Hwang, T.H., Chen, C.J., 1989. Dose– response relation between 

arsenic concentration in well water and mortality from cancer and vascular diseases. Am. J. 

Epidemiol. 130, 1123– 1132. 

93. Bates, M.N., Smith, A.H., Cantor, K.P., 1995. Case-control study of bladder cancer and 

arsenic in drinking water. Am. J. Epidemiol. 141, 523– 530. 

94. Hopenhayn-Rich, C., Biggs, M.L., Smith, A., 1998. Lung and kidney cancer mortality 

associated with arsenic in drinking water in Cordoba, Argentina. Int. J. Epidemiol. 27, 561–

569. 

95. Rahman, M., Tondel, M., Ahmad, S.A., Chowdhury, I.A., Faruquee, M.H., Axelson, O., 

1999a. Hypertension and arsenic exposure in Bangladesh.J Hypertension. 33,74–78. 

96. Rahman, M., Tondel, M., Chowdhury, I.A., Axelson, O., 1999b. Relations between exposure 

to arsenic, skin lesion, and glucosuria. Occup. Environ. Med. 56, 277–281. 

97. McLachlan, D.R., 1996. Neurology. 46, 401. 

98. Rondeau, V., Commenges, D., Jacqmin, H.G., Dartigues JF, 2000. Am. J. Epidemiol. 1521 -

59. 

99. Forbes ,W.F., Hill, G.B., 1998. Arch. Neurol. 55 -740. 

100. Cefalu, W.T., Hu, F.B., 2004. Role of chromium in human health and in diabetes. 

Diabetes Care. 27, 2741–2751. 

101. Anonymous. Assessment of surface water for drinking quality; 2008. Directorate of 

Land Reclamation Punjab, Irrigation and Power Department, Canal Bank. 

102.  Costa, M., 2008. Toxicity and Carcinogenicity of Cr(VI) in Animal Models and 

Humans Page 431-442 | Published online: 25 Sep. 

103. IARC, 1993. Cadmium and cadmium compounds, Beryllium, Cadmium, Mercury and 

Exposure in the Glass Manufacturing Industry, IARC Monographs on the Evaluation of 

Carcinogenic Risks-Humans, 58, , pp. 119–2378, Lyon. 

104. Knight. C., Kaiser, G.C., Robothum, L.H., Witter, J.V., 1997. Heavy metals in surface water 

and stream sediments in Jamaica, Environ. Geochem. Health. 19, 63–66. 

105. Strachan, S., 2010. Heavy metal, Curr. Anaesth. Crit. Care. 21, 44–48. 

106. Raviraja, A., Babu, G.N.V., Bijoor, A.R., Menezes, G., Venkatesh, T., 2008. Lead 

toxicity in a family as a result of occupational exposure. ArhHig Rada Toksikol. 59, 127–33. 

107. Gidlow, D.A., 2004. Lead toxicity. Occup Med. 54, 76–81. 

108. Riess, M.L., Halm, J.K., 2007. Lead poisoning in an adult: lead mobilization by 

pregnancy J Gen Intern Med. 22, 1212–5. 

IJSER

http://www.ijser.org/
http://www.tandfonline.com/author/Costa%2C+Max


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    367 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

109. Venkatesh, T., 2004. the effects of environmental lead on human health—a 

challenging scenario. Environmental Health Focus. 2, 8-16. 

110. Ogwuegbu, M.O.C., Muhanga, W., 2005. Investigation of lead concentration in the 

blood of people in the copper belt province of Zambia. Journal of Environment1. 66-75. 

111. Bellinger, D.C., 2005. Teratogen update: lead and pregnancy. Birth Defects Res A 

ClinMolTeratol. 73, 409–20. 

112. Michael, A.J., Vimpani, G.V., Robertson, E.F., Baghurst, P.A., Clark, P.D., 1986. The 

Port Pirie cohort study: maternal blood lead and pregnancy outcome. J Epidemiol 

Community Health. 40, 18–25. 

113. Nordberg, G.F., 2004. Cadmium and health in the 21st century- historical remarks and 

trends for the future. Biometals 17, 485–9. 

114. Barbier, O., Jacquillet, G., Tauc, M., Cougnon, M., Poujeol, P., 2005. Effect of heavy 

metals on, and handling by, the kidney. Nephron Physiol. 99, 105–10. 

115. Frery, N., Nessmann, C., Girard, F., Lafond, J., Moreau, T., Blot, P., 1993. 

Environmental exposure to cadmium and human birth weight. Toxicology. 79, 109–18. 

116. Johnson, M.D., Kenney, N., Stoica, A., Hilakivi-Clarke, L., Singh, B., Chepko, G., 

2003. Cadmium mimics the in vivo effects of estrogen in the uterus and mammary gland. Nat 

Med. 9, 1081–4. 

117. Piasek, M., Laskey, J.W., 1999. Effects of in vitro cadmium exposure on ovarian 

steroidogenesis in rats. J Appl Toxicol.19, 211–7. 

118. Kazantzis, G., 1979. Renal tubular dysfunction and abnormalities of calcium 

metabolism in cadmium workers. Environ Health Perspect. 28, 155–9. 

119. Waalkes, M.P., Rehm, S., Riggs, C.W., Bare, R.M., Devor, D.E., Poirier, L.A., 1988. 

Cadmium carcinogenesis in male Wistar (Crl:(WI) BR) rats: dose–response analysis of tumor 

induction in the prostate and testes and at the injection site. Cancer Res. 48, 4656–63. 

120. Barbee, J.Y.J., Prince, T.S., 1999. Acute respiratory distress syndrome in a welder 

exposed to metal fumes, south. Med. J. 92, 510–520. 

121. Jarup, L., Hellstrom, L., Alfven, T., Carlsson, M.D., Grubb, A., Persson, B., 

Pettersson, C., Spang, G., Schutz, A., Elinder, C.G., 2000. Low level exposure-cadmium and 

early kidney damage: the OSCAR study, Occup. Environ. Med. 57, 668–672. 

122. Nordberg, G., Jin, T., Bernard, A., Fierens, S., Buchet, J.P., Ye, Q Kong T., Wang, 

H., 2002. Low bone density and renal dysfunction following environmental cadmium 

exposure in China.  Ambio. 31, 478–481. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    368 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

123. Siddiq, S., 2004. Annual Report 2003.04. Sustainable Development Policy 

Institute./www.sdpi.orgs. 

124. Kosaka, K., Asami, M., Matsuoka, Y., Kamoshita, M., Kunikane, S., 2007. 

Occurrence of perchlorate in drinking water sources of metropolitan area in Japan. Water 

Research. 41(15), 3474–3482.  

125. Karelekas, PC., Rya, C.R., 1983. Control of lead, copper, and iron pipe corrosion in 

Boston. Journal of the American Water Works Association. 71(5), 92–95. 

126. Knobeloch, L., Ziarnik, M., Howard, J., Theis, B., Farmer, D., Anderson, H., Procter, 

M., 1994. Gastrointestinal upsets associated with ingestion of copper contaminated water. 

Environ Health Perspect. 102(11), 958–961. 

127. Beckman, L.E., Van Landeghem, G.F., Sikstrom, C., Wahlin, A., Markevarn, B., 

Hallmans, G., 1999. Interaction between haemochromatosis and transferrin receptor genes in 

gifferent neoplastic disorders. Carcinogenesis.  20, 1231–3. 

128. Parkkila, S., Niemelä, O., Savolainen, E.R., Koistinen, P., 2001. HFE mutations do 

not account for transfusional iron overload in patients with acute myeloid leukemia. 

Transfusion. 41, 828–31. 

129. Ellervik, C., Mandrup-Poulsen, T., Nordestgaard, B.G., Larsen, L.E., Appleyard, M., 

Frandsen, M., 2001. Prevalence of hereditary haemochromatosis in late-onset type 1 diabetes 

mellitus: a retrospective study. Lancet. 358, 1409. 

130. Perez de, N.G., Castano, L., Gaztambide, S., Bilbao, J.R., Pi, J., Gonzalez, M.L., 

2000. Excess iron storage in patients with type 2 diabetes unrelated to primary 

hemochromatosis. N Engl J Med. 343, 890–1. 

131. Milman, N., Pedersen, P., Steig, T., Byg, K.E., Graudal, N., Fenger, K., 2001. 

clinically overt hereditary hemochromatosis in Denmark 1948–1985: epidemiology, factors 

of significance for long-term survival, and causes of death in 179 patients. Ann Hematol. 80, 

737–44. 

132. Rasmussen, M.L., Folsom, A.R., Catellier, D.J., Tsai, M.Y., Garg, U., Eckfeldt, 

J.H.A., 2001. prospective study of coronary heart disease and the hemochromatosis gene 

(HFE) C282Y mutation: the atherosclerosis risk in communities (ARIC) study. 

Atherosclerosis.154, 739–46. 

133. Berg, D., Gerlach, M., Youdim, M.B., Double, K.L., Zecca, L., Riederer, P., 2001. 

Brain iron pathways and their relevance to Parkinson's disease. J Neurochem. 79, 225–36. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    369 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

134. Sayre, L.M., Perry, G., Atwood, C.S., Smith, M.A., 2000. the role of metals in 

neurodegenerative diseases. Cell MolBiol (Noisy-le-grand). 46, 731–41. 

135. Puls, R., 1994. Mineral Levels in Animal Health 2nd Edition. Canada: Sherpa 

International, Clear brook. 

136. Robert, G., Mari, G., 2003. Human Health Effects of Metals, US Environmental 

Protection Agency Risk Assessment Forum, Washington, DC. 

137. Dieter, HH., Bayer, T.A., Multhaup, G., 2005. Environmental copper and manganese 

in the pathophysiology of neurologic diseases (Alzheimer's disease and Manganism), 

Actahydroch. hydrob. 3372–78. 

138. USEPA, 2004. Drinking water health advisory for manganese; United States 

Environmental Protection Agency, Health and Ecological Criteria Division,Washington, DC 

20460. 

139. Khurshid, J.S., Iqbal, H.Q., 1984. The role of inorganic elements in the human 

body.Nucleus. 21, 3-23. 

140. Crossgrove, J., Zheng, W., 2004. Manganese toxicity upon overexposure. NMR 

Biomed. 17, 544–53. 

141. Barbeau, A., 1984. Manganese and extra pyramidal disorders (a critical review and 

tribute to Dr. George C. Cotzias). NeuroToxicol. 5, 13–35. 

142. Inoue, N., Makita, Y., In: Chang LW, 1996. editor. Neurological aspects in human 

exposures to manganese Toxicology of metals Boca Raton, FL: CRC Press; p.415–21. 

143. Duda-Chodak, A., BIaszczyk, U., 2008. The impact of nickel on human health. 

Journal of Elementology. 13, 685–96. 

144. McGregor, D.B., Baan, R.A., Partensky, C., Rice, J.M., Wilbourn, J.D., 2000. 

Evaluation of the carcinogenic risks to humans associated with surgical implants and other 

foreign bodies—a report of an IARC Monographs Programme Meeting. Eur J Cancer. 36, 

307–13. 

145. Oller, A.R., Costa, M., Oberdörster, G., 1997. Carcinogenicity assessment of selected 

nickel compounds. Toxicol Appl Pharmacol. 143,152–66. 

146. Seilkop, S.K., Oller, A.R., 2003. Respiratory cancer risks associated with low-level 

nickel exposure: an integrated assessment based on animal, epidemiological and mechanistic 

data. Regul Toxicol Pharmacol. 37, 173–90. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    370 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

147. Farooq, S., Hashmi, I., Qazi, I.A., Qaiser, S., Rasheed, S., 2008. Monitoring of 

coliforms and chlorine residual in water distribution network of Rawalpindi, Pakistan 

Environ Monit Assess. 140, 339–47. 

148. Aziz, JA., 2005. Management of source and drinking-water quality in Pakistan. East 

Mediterr Health J. 11, 1087–98. 

149. Hashmi, I., Farooq, S., Qaiser, S., 2009. Chlorination and water quality monitoring 

within a public drinking water supply in Rawalpindi Cantt (Westridge and Tench) area, 

Pakistan. Environ Monit Assess. 158, 393–403. 

150. PEPA Pakistan Environmental Protection Agency August, 2005. Ministry of 

Environment, Govt. of Pakistan, Islamabad. 

151. PCRWR Annual Report 2005–2006, part 2. Islamabad, Pakistan: Pakistan Council for 

Research in Water Resources (PCRWR; 2008a. available at http://www.pcrwr.gov. 

152. Shar, A.H., Kazi, Y., Zardari, M., Soomro, I.H., 2008. Enumeration of total and fecal 

coliform bacteria in drinking water of Khairpur Sindh. Pak J Med Res. 47, 18–21. 

153. Armendariz, C.R., Garcia, T., Soler, A., Fern   andez, A.J.G., Glez-Weller, D.,  

Gonzalez, G.L., de la Torre, A.H., Giron  es, C.R., 2015. Heavy metals in cigarettes for sale 

in Spain. Environ. Res. 143, 162–169. 

154. Espín, S., Martínez-Lopez, E., Jim  enez, P., María-Mojica, P., García-Fern  andez, 

A.J.,  2014. Effects of heavy metals on biomarkers for oxidative stress in Griffon vulture 

(Gyps fulvus). Environ. Res. 129, 59–68. 

155. Kavcar, P., Sofuoglu, A., Sofuoglu, S.C., 2009. A health risk assessment for exposure 

to trace metals via drinking water ingestion pathway. Int. J. Hyg. Environ. Health. 212, 216–

227. 

156. Saha, N., Zaman, M., 2013. Evaluation of possible health risks of heavy metals by 

consumption of foodstuffs available in the central market of Rajshahi City, Bangladesh. 

Environ. Monit. Assess. 185, 3867-3878. 

157. Quandt, S.A., Jones, B.T., Talton, J.W., Whalley, L.E., Galvan, L., Vallejos, Q.M.,  

Grzywacz, J.G., Chen, H., Pharr, K.E., Isom, S., Arcury, T.A., 2010. Heavy metals exposures 

among Mexican farmworkers in eastern North Carolina. Environ. Res. 110 (1), 83–88. 

158. Saha, N., Rahman, M.S., Jolly, Y., Rahman, A., Sattar, M.A., Hai, M.A., 2016. 

Spatial distribution and contamination assessment of six heavy metals in soils and their 

transfer into mature tobacco plants in Kushtia District, Bangladesh. Environ. Sci. Pollut. Res. 

23, 3414-3426. 

IJSER

http://www.ijser.org/
http://www.pcrwr.gov/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    371 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

159. Wu, B., Zhang, Y., Zhang, X., Cheng, S., 2010. Health risk from exposure of organic 

pollutants through drinking water consumption in Nanjing, China. Bull Environ Contam 

Toxicol. 84, 46–50. 

160. Hartley, W.R., Englande, A.J., Harrington, D.J., 1999. Health risk assessment of 

groundwater contaminated with methyl tertiary butyl ether (MTBE). Water Sci Technol. 39, 

305–310. 

161. Kumar, M.,  Kumar, A., Singh, V.B., Kumar, S., Ramanathan, A.L., Bhattacharya, P., 

2015. Arsenic distribution and mobilization: a case study of three districts of Uttar Pradesh 

and Bihar (India). In: Safe and Sustainable Use of Arsenic-contaminated Aquifers in the 

Gangetic Plain. Springer International Publishing, pp. 111-123. 

162. Kumar, M., Ramanathan, A.L.,  Ritu, Tripathi., Sandhya, Farswan., Devendra, 

Kumar., Prosun, Bhattacharya., 2017. A study of trace element contamination using 

multivariate statistical techniques and health risk assessment in groundwater of Chhaprola 

Industrial Area, Gautam Buddha Nagar, Uttar Pradesh, India Chemosphere. 166. 135-145. 

163. Rahman, M.M., Dong, Z., Naidu, R., 2015. Concentrations of arsenic and other 

elements in groundwater of Bangladesh and West Bengal, India: potential cancer risk. 

Chemosphere. 139, 54-64. 

164. Jain, F.A., Ishaq, M., Ihsanullah, I., Asim, S.M., 2010. Multivariate statistical analysis 

of heavy metals pollution in industrial area and its comparison with relatively less polluted 

area: a case study from the City of Peshawar and district Dir Lower. J. Hazard Mater. 176, 

609–616.  

165. Krishna, A.K., Satyanarayanan, M., Govil, P.K., 2009. Assessment of heavy metal 

pollution in water using multivariate statistical techniques in an industrial area: a case study 

from Patancheru, Medak District, Andhra Pradesh, India. J. Hazard. Mater. 167, 366–373.  

166. Zhou, J., Ma, D., Pan, J., Nie, W., Wu, K., 2008. Application of multivariate 

statistical approach to identify heavy metal sources in sediment and waters: a case study in 

Yangzhong, China. Environ. Geol. 54, 373–380. http://dx.doi.org/10.1007/ s00254-007-0824-

5. 

167. Buschmann, J., Berg, M., Stengel, C., Sampson, M., 2007. Arsenic and manganese 

contamination of drinking water resources in Cambodia: coincidence of risk areas with low 

relief topography. Environ. Sci. Technol. 41, 2146–2152.  

168.  Buschmann, J., Berg, M., Stengel, C., Winkel, L., Sampson, M.L., Trang, P.T.K., 

Viet, P.H., 2008. Contamination of drinking water resources in the Mekong delta Flood 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    372 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

plains: arsenic and other trace metals pose serious health risks to population. Environ. Int. 34, 

756–764.  

169. Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Iwata, H., 

Subramanian, A., Viet, P.H., Tanabe, S., 2006. Contamination by arsenic and other trace 

elements in tube-well water and its risk assessment to humans in Hanoi, Vietnam. Environ. 

Pollut. 139, 95–106. 

170. Katsoyiannis, I.A., Katsoyiannis, A.A., 2006. Arsenic and other metal contamination 

of ground waters in the industrial area of Thessaloniki, northern Greece. Environ. Monit. 

Assess. 123, 393–406.             

171. Frisbie, S.H., Mitchell, E.J., Mastera, L.J., Maynard, D.M., Yusuf, A.Z., Siddiq, 

M.Y., Ortega, R., Dunn, R.K., Westerman, D.S., Bacquart, T., Sarkar, B., 2009. Public health 

strategies for western Bangladesh that address arsenic, manganese, uranium, and other toxic 

elements in drinking water. Environ. Health Persp. 117, 410–416. 

http://dx.doi.org/10.1289/ehp.11886. 

172. Sun, F., Chen, J., Tong, Q., Zeng, S., 2007. Integrated risk assessment and screening 

analysis of drinking water safety of a conventional water supply system. Water Sci Technol. 

56, 47–56.  

173. Kumar a., Ramanathan,a., Ritu Tripathi, a., Sandhya Farswan, a., Devendra 

Kumar, b., Prosun, Bhattacharya., 2017. A study of trace element contamination using 

multivariate statistical techniques and health risk assessment in groundwater of Chhaprola 

Industrial Area, Gautam Buddha Nagar, Uttar Pradesh, India. Chemosphere. 166, 135–

145 

174. Avingo, P., Capannesi, G., Rosada, A., 2011. Ultra-trace nutritional and toxicological 

elements in Rome and Florence drinking waters determined by Instrumental Neutron 

Activation Analysis, Microchem. J. 97, 144–153. 

175. Weng, X.Q., Yang, Z.Yan., Deng, Q., 2011. Determination of cadmium and copper in 

water and food samples by dispersive liquid–liquid micro extraction combined with UV–vis 

spectrophotometry.  Microchem. J.  97, 249–254. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    373 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

176. Muhammad, S., Tahir, S.M., Khan, S., 2010. water and source apportionment using 

multivariate statistical techniques in Kohistan region, northern Pakistan, Food Chem. 

Toxicol. 48, 2855–2864. 

177. Muhammad, S., Tahir, S.M., Khan, S., 2011. Health risk assessment of heavy metals 

and their source apportionment in drinking water of Kohistan region, northern Pakistan. 

Microchemical Journal. 98, 334–343. 

178. Narottam, Saha., Safiur Rahman, M.,  Ahmed, M.B., John, L., Zhou., Huu Hao, Ngo., 

Wenshan, Guo., 2017. Industrial metal pollution in water and probabilistic assessment of 

human health risk. Journal of Environmental Management. 185, 70-78. 

179. Jiang, Y., Zeng, X., Fan, X., Chao, S., Zhu, M., Cao, H., 2015. Levels of arsenic 

pollution in daily foodstuffs and soils and its associated human health risk in a town in 

Jiangsu Province, China. Ecotoxicol. Environ. Saf. 122, 198–204. 

180. Giri, S., Singh, A.K., 2015. Human health risk assessment via drinking water pathway 

due to metal contamination in the groundwater of Subarnarekha River Basin, India. Environ. 

Monit. Assess. 187, 1–14. 

181. Alves, R.I., Sampaio, C.F., Nadal, M., Schuhmacher, M., Domingo, J.L., 

SeguraMunoz, S.I., 2014. Metal concentrations in surface water and sediments from ~ Pardo 

River, Brazil: human health risks. Environ. Res. 133, 149–155. 

182. Amaya, E., Gil, F., Freire, C., Olmedo, P., Fernandez-Rodriguez, M., Fernandez, 

M.F., Olea, N., 2013. Placental concentrations of heavy metals in a mother child cohort. 

Environ. Res. 120, 63–70. 

183. Qu, C.S., Ma, Z.W., Yang, J., Liu, Y., Bi, J., Huang, L., 2012. Human exposure 

pathways of heavy metals in a lead-zinc mining area, Jiangsu Province, China. PloS One. 7 

(11), 467–93. 

184. Zahida, K., 2011. Risk Assessment of Dissolved Trace Metals in Drinking Water of 

Karachi, Pakistan Bull Environ Contam Toxicol. 86, 676–678 DOI 10.1007/s00128-011-

0261-8. 

185. Li, S., Zhang, Q., 2010. Risk assessment and seasonal variations of dissolved trace 

elements and heavy metals in the Upper Han River, China. J. Hazar Mater. 181, 1051-1058. 

186. Zeng, G., Liang, J., Guo, S., Shi, L., Xiang, L., Li, X., Du, C., 2009. Spatial analysis 

of human health risk associated with ingesting manganese in Huangxing Town, Middle 

China. Chemosphere. 77, 368–375. 

IJSER

http://www.ijser.org/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muhammad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20643180
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tahir%20Shah%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20643180
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20643180


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    374 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

187. Leung, A.O.W., Duzgoren-Aydin, N.S., Cheung, K.C., Wong, M.H., 2008. Heavy 

metals concentrations of surface dust from e-waste recycling and its human health 

implications in Southeast China. Environ Sci Technol. 42(7), 2674–2680. 

188. Kim, EY., Little, J.C., Chiu N, 2004. Estimating exposure to chemicalcontaminants in 

drinking water. Environ Sci Technol. 38, 1799–1806.  

189. Wyatt, C.J., Fimbres, C., Romo, L., Mendez, R.O., Grijalva, M., 1998. Incidence of 

heavy metal contamination in water supplies in Northern Mexico. Environ. Res. 76 (2), 114–

119. 

190. Nguyen, V.A., Bang, S., Viet, P.H., Kim, K.W., 2009. Contamination of groundwater 

and risk assessment for arsenic exposure in Ha Nam province, Vietnam. Environ. Int. 35, 

466–472. 

191. Chrostowski, PC., 1994. Exposure assessment principles. In: Patrick, D.R. (Ed.), 

Toxic Air Pollution Handbook. Van Nostrand Reinhold, New York, NY, p. 154. 

192. Memon, A.H., Ghanghro, A.B., Jahangir, T.M., Younis, M,. Lund, GM., 2016. 

During and Post Flood Health Impacts of Dissolved Metals on Adjacent Area of Manchur 

Lake, District Jamshoro, Sindh, Pakistan. Biomed Lett. 2(1), 38-45. 

193. Karim, M.M.D., 2000. Arsenic in groundwater and health problems in 

Bangladesh.Water Res. 34, 304–310. 

194. Chen, S.C., Liao, C.M., 2006. Health risk assessment on human exposed to 

environmental polycyclic aromatic hydrocarbons pollution sources. Sci Total Environ. 366, 

112–123.  

195. Obiri, S., Dodoo, D.K., Okai-Sam, F., Essumang, D.K., 2006. Cancer health risk 

assessment of exposure to arsenic by workers of AngloGold Ashanti–Obuasi Gold Mine. Bul 

Environ Contam Toxicol. 76, 195–201. 

196. Memon, A.H., Ghanghro, A.B., Jahangir, T.M., Lund, G.M., 2016. Arsenic 

contamination in drinking water of district Jamshoro, Sindh, Pakistan. Biomed Lett 2(1), 31-

37. 

197. Pınar, Kavcara., Aysun, Sofuoglub., Sait,C., Sofuoglub., 2009. A health risk 

assessment for exposure to trace metals via drinking water ingestion pathway. Int. J. Hyg. 

Environ. Health. 212, 216–227. 

198. Wu, B., Zhao, D.Y., Jia, H.Y., Zhang, Y., Zhang, X.X., Cheng, S.P., 2009. 

Preliminary risk assessment of trace metal pollution in surface water from Yangtze River in 

Nanjing Section, China. Bull Environ Contam Toxicol. 82, 405–409. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 3, March-2017                                                                    375 
ISSN 2229-5518 
 
 

IJSER © 2017 
http://www.ijser.org  

 

 

IJSER

http://www.ijser.org/



