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ABSTRACT 

 
Present study involves determination of arsenic in drinking water samples from 

different tehsils of district Sheikhupura along with the analysis of hair and blood 

samples of females of 15-25 years of age. Biological samples of males of same age 

group were also analyzed as control. Blood hormonal level of LH and FSH was 

measured in both groups whereas estradiol and testosterone was detected in females 

and males respectively using ELISA technique. AAS method was employed to 

measure arsenic in water, hair and blood. Questionnaire was designed for assessment 

of socioeconomic and general health status of the study group. The data was 

statistically analyzed for comparison and correlation. Majority of respondents 

belonged to lower socioeconomic group and had different health problems. Among 

500 drinking water samples only 8.6% were within the WHO limit and only 50.6 % of 

the total samples were within NDWQS limit. The drinking water of tehsils 

Sheikhupura and Sharaqpur had higher arsenic as compared to other tehsils 

(64.25±2.55 µg/L and 61.63 ± 2.73µg/L) respectively and was highest in all hand 

pump water (71.14± 2.6µg/L). Arsenic concentration in hair was highest in 23-25 

years females (1.62±0.10µg/g) and among the residents of tehsil Sheikhupura 

(1.40±0.12 µg/g) and those using hand pump water (1.31±0.14 µg/g). Similarly the 

highest mean value of blood arsenic was observed in the age group of 23-25 years 

(3.2 ±0.23 µg/L) and being highest among respondents of tehsil Sheikhupura. The 

same trend was noted in male group. Positive correlation (r=1.0) was found between 

arsenic in drinking water and biological samples with respect to area, age and water 

sources. In general FSH level in females was within reference range whereas LH was 

found in lower concentration in some areas. Estradiol was lower in follicular and 

luteal phase of the respondents from Sharaqpur and Sheikhupura suggesting possible 

exposure of arsenic. LH and FSH in males were in normal range and testosterone 

showed variability with reference to age. The results of this study evidently suggest 

that the presence of arsenic in drinking water is likely to affect general metabolism 

and its accumulation in biological tissues. This appears to be linked with the exposure 

of variable magnitude and duration. The results of this study provide enough data for 

future studies regarding water contamination and health effects also warrant urgency 

for preventive measures to reduce possible effects.   
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CHAPTER 1 

INTRODUCTION 

Arsenic is a major worldwide health concern due to its wide distribution and adverse 

health effects. It is a naturally occurring element present in the environment as 

organic and inorganic forms. Based on its solubility in water, arsenic exists in two 

primary forms: arsenite (As
+3

) and arsenate (As
+5

). Including humans these two 

forms are known to cause acute and chronic toxicity to a wide variety of organisms 

(Kitchin, 2001). The most common form arsenate is quickly taken up by the human 

body having lethal effects at high doses. Essential organs like skin, liver, kidney and 

intestine are mostly targeted by arsenic as they are involved in assimilation, 

breakdown, buildup and excretion (Otles and Cagindi, 2010). According to WHO 

(2008) inorganic arsenic is considered to be the chief form of arsenic in underground 

water, surface water, soil and other foods. 

Inorganic arsenic in most mammals, including humans is broken down by 

methylation into methylarsonic acid (MMA) and dimethylarsinic acid (DMA). The 

methylation take place by alternating reduction of pentavalent arsenic to trivalent 

and accumulation of a methyl group (Vahter, 2002). Immobilization of an enzyme 

structure by attachment through various organic ligands is the most familiar mode of 

arsenic toxicity in humans and as a consequence it distresses the enzyme movement 

in the cell and finally the affected cells die out slowly (Nagvi, Vaishnavi and Singh, 

1994). The total exposure in human beings is considered to be  the sum of exposures 

from diet, drinking water, direct absorption of soil and dust, breathing of arsenic 

particles and percutaneous absorption (Roychowdhury, Tokunaga and Ando, 2003). 

Exposure to arsenic is one of the major health issue affecting more than 300 million 

people worldwide. Cancers like bladder, kidney, liver, lung, skin and prostate have 

been known to be caused by elevated levels of arsenic in drinking water (Quansah, 

Essumang, Luginaah, Clarke, Marfoh, Cobbina, Nketiah-Amponsah, Namujju, Obiri 

and Dzodzomenyo, 2015). For the general population, arsenic in drinking water is the 

main exposure source and more harmful than arsenic in food because the 

bioavailability (actual amount absorbed into the bloodstream) of arsenic from water is 

greater than that from grains or vegetables (Akter, Owens, Davey and Naidu, 2005). 
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The arsenic contaminations in water resources can be due to the multiple factors. 

Rapid urbanization, increased industrial activity and dependence of the agricultural 

sector on chemicals and fertilizers have led to water pollution. Another major source 

of arsenic is the industrial discharge without treatment contaminates to penetrate the 

underground water reservoirs and render them unable to be consumed. The quality of 

drinking water is a major concern with human health (Ahmad, Gulzar, Rehman, 

Soomro, Hussain, Rehman and Qadir, 2013).  

 

Arsenicosis is the effect of arsenic poisoning due to drinking water with high levels of 

arsenic over a long period of time which is also known as arsenic poisoning 

(Mazumder, 2008). Symptoms due to acute arsenic exposure can include nausea and 

vomiting, decreased production of red and white blood cells, abnormal heart rhythm, 

damage to blood vessels, high blood pressure, a sensation of pins and needles in hands 

and feet and reproductive disorders  (Kate, Campbell and Janet,  2008). However, 

exposure to high levels over a long time may result in adverse health effects such as 

thickening and discoloration of the skin that causes a characteristic pattern of dermal 

effects that might start with melanosis (pigmentation) to keratosis and hyperkeratosis. 

Melanosis is considered as early-stage skin lesions and usually is noticed within two 

months of poisoning. Keratosis is the most frequent manifestation preceding the 

appearance of arsenic-related skin cancer (Ravenscroft, McArthur and Hoque, 2001). 

In addition to skin lesions and skin cancer neurological, respiratory, cardiovascular, 

nephrological, diabetes and developmental effects etc. have also been reported to be 

linked with chronic arsenic exposure (Argos, Kunito, Tue, Lan, Fujihara, Takeshita, 

Minh, Trang, Takahashi, Viet, Tanabe and Iwata, 2012). The lifetime mortality from 

arsenic-related internal cancers has been estimated to be doubled due to arsenic in 

drinking water in human, compared with historical estimates in the absence of arsenic 

exposure in drinking water (Chen and Ahsan, 2004). 

The amount of arsenic or its metabolites in biological materials such as blood, hair, 

nails and urine are used as indicators/biomarkers of arsenic exposure. Recently hair 

and nail are being used as most acceptable biological biomarker. Absorbed arsenic 

accumulates in hair and nails, and it is thought be involved in the binding of arsenic to 

the sulhydryl groups in keratin. It persists longer in hair and nails, which can 

therefore, is used as an indicators of past exposure. Hair is the most suitable arsenic 

http://www.lenntech.com/Periodic-chart-elements/As-en.htm
http://ehp.niehs.nih.gov/1205875/#r13
http://ehp.niehs.nih.gov/1205875/#r13
http://www.ncbi.nlm.nih.gov/pubmed?term=Trang%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=22028001
http://www.ncbi.nlm.nih.gov/pubmed?term=Trang%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=22028001
http://www.ncbi.nlm.nih.gov/pubmed?term=Viet%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=22028001
http://www.ncbi.nlm.nih.gov/pubmed?term=Viet%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=22028001
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwata%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22028001
http://www.greenfacts.org/glossary/mno/metabolite.htm
http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
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indicator compared with other tissues because it exhibits a high accumulation level as 

arsenic concentration in hair remains slightly invariant because hair is not a dynamic 

tissue (Gebel, 2000). Blood contamination of arsenic results in transfer of this 

hazardous substance in to the food chain hence causing adverse impacts on various 

trophic levels and ultimately to consumers (Morton and Dunnette, 1994). Blood 

arsenic level is useful for indicating either acute poisoning or repeated high-level 

exposures occurring over a long period (Hall, Chen, Ahsan, Slavkovich, Geen, Parvez 

and Graziano, 2006). 

 Arsenic enters the human body through ingestion, inhalation, or skin absorption. 

Most ingested and inhalated arsenic is well absorbed through the gastrointestinal tract 

and lung into the blood stream. It is absorbed into the blood stream at the cellular 

level and is taken up by red blood cells, white blood cells and other cells that reduce 

arsenate to arsenite. Almost 95 percent of the ingested trivalent arsenic is absorbed 

from the gastrointestinal tract. It is distributed in a large number of organs including 

the lungs, liver, kidney, and skin. After absorption through lungs and the gastro-

intestinal tract, 95 to 99 % of the arsenic is located in erythrocytes, bound to the 

globin of hemoglobin and is then transported to the other parts of the body. Most 

arsenic absorbed into the body is converted by the liver to less toxic methylated form 

that is efficiently excreted in the urine. Anaemia and leukopenia are almost universal 

with chronic arsenic exposure and thrombocytopenia also frequently occurs. The 

anaemia is usually normochromic and normocytic and caused at least partially by 

haemolysis. “High concentration of arsine (10 ppm) causes death within hours due to 

red blood cell haemolysis”(Lerman, Ali and Green, 1980). Whereas low levels of 

arsenic (0.5-5.0 ppm) have been considered to bring about these effects in a few 

weeks.  

There is a significant positive correlation between arsenic concentration in drinking 

water and biological samples (hair, nail and blood etc.).  A group of researchers; 

Vega, Styblo, Patterson, Cullen, Wang and Germolec (2001) found correlation 

between chronic exposure to inorganic arsenic through drinking water and 

hyperpigmentation, hyperkeratosis and neoplasia as well as other diseases. According 

to Tsai, Chou, The, Chen and Chen (2003), long-term accumulated arsenic in 

adolescence may cause neurobehavioral effects and exposure to high amount of 

arsenic may affect behavior later in life. A study conducted by Rahman, Sengupta, 

http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
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Ahamed, Chowdhury, Lodh, Hossain, Das, Chakraborti, Saha, Kaies, Barua (2005) on  

biological samples (blood, nails and urine) from the areas with arsenic contaminated 

drinking water, revealed a significant correlation between arsenic in drinking water 

and in the biological samples for cases where biological samples were available along 

with the drinking water samples.  

Literature shows that arsenic is also known as endocrine disruptor. At low level; even 

less than 10 ppb, steroid signaling have been reported to be altered as the activated 

receptors are unable to stimulate the correct cascade of signals that usually results 

from hormone binding, particularly the ability to turn on certain hormone-responsive 

genes (Davey, Bodwell, Gosse and Hamilton, 2007). Arsenic is a recognized 

reproductive toxicant in humans that is likely to cause damage to the reproductive 

system (Wang, Holladay, Wolf, Ahmed and Robertson 2006). In female, arsenic can 

induce ovarian and uterine toxicity and influence neuroendocrine regulation of female 

sex hormones (Chattopadhyay, Ghosh, Debnath and Ghosh, 2001). Moreover, levels 

of LH, FSH and estradiol in the plasma were also found to be decreased due to 

increased arsenic exposure which ultimately leads to reproductive disorders. 

Pregnancy complications have also been reported due to the chronic exposure from 

groundwater arsenic. The effects of arsenic exposure among women with increased 

arsenic exposure was found to be linked with leading to increased fetal loss and 

premature delivery, spontaneous abortion and stillbirths (Wang et al., 2006). 

Experiments on animals i.e. rats have also shown that arsenic causes necrosis (death 

of living tissue), apoptosis, loss of conception in the uterus and even the death of the 

newborn in certain cases (Chattopadhyay,  Bhaumik,  Purkayastha,  Basu, Chaudhuri 

and Gupta, 2002).  

Among pregnant women; exposed to arsenic contaminated water arsenic is transferred 

to the developing embryo through the abundant placental vasculature. Inorganic 

arsenic can easily cross the placenta as a low weight molecule and accumulate in the 

placenta. After accumulation of arsenic in the placenta it leads to speculation that 

arsenic might have deleterious vascular effects, causing placental abnormalities or 

decreased blood flow which ultimatly retard fetal growth (Hopenhayn, Ferreccio, 

Browning, Huang, Peralta, Gibb and Hertz-Picciotto, 2003) 
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Arsenite exposure also causes male reproductive toxicity and infertility when given 

through drinking water. It interferes with spermatogenesis and alters activities of 

spermatogenetic enzymes (Pant, Kumar, Murthy and Srivastava, 2001; Chinoy, 

Tewari and Jhala, 2004). Furthermore, arsenite lowers the levels of testosterone, 

gonadotrophin and sperm count and motility along with an increase in abnormal 

sperm by acting on the brain or pituitary as well as directly on the germ cells (Sarkar, 

Chaudhuri, Chattopadhyay and Biswas, 2003). Studies have shown that arsenic also 

imbalance in the level of hormone in the body. Even at low level exposure result in 

reduction the concentrations of luteinizing hormone (LH), follicle stimulating 

hormone (FSH) and testosterone (Jana, Jana and samanta, 2006). Because late stages 

of spermatogenesis are especially sensitive to testosterone, it is suggested the 

observed arsenic-induced low levels of LH and FSH might be the trigger of 

suppressed testosterone synthesis. Low testosterone consequently is linked with the 

increased spermatid degeneration. 

 

It is revealed from the review of the available literature that there are very few reports 

available with reference to the arsenic accumulation in biological materials i.e hair, 

blood and urine etc. of young female and male population particularly in Pakistan as 

well as globally. In Punjab (Pakistan), arsenic contamination of water and general 

environmental degradation are the growing concern. Naturally occurring arsenic and 

various anthropogenic activities are adding up to the problem, hence pose serious 

threat to ecological and human health. Present research work deals with the 

determination of arsenic in drinking water from five tehsils of district Sheikhupura 

and biological samples i.e hair and blood of young females of these areas. Study also 

involves assay of reproductive hormones and asses the health risks related to water 

contamination with arsenic. Present study also conducted a questionnaire survey for 

assessment of general health status of female and male population and prevalence of 

arsenic related disease among respondents. The results of this study were also 

considered to find out correlation between the arsenic level in drinking water and 

biological samples (hair and blood) of young female and male population of District 

Sheikhupura. 
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AIMS AND OBJECTIVES 

 

The aims and objectives of the study were to: 

1. Carry out health assessment of female and male population of specific age 

group (15-25 year) from different tehsils of district Sheikhupura and their 

socioeconomic status through specifically designed questionnaire. 

2. Find out the level of arsenic in drinking water of the study area and 

identification of point sources with high risk level with respect to arsenic 

concentration. 

3. Assess the level of arsenic concentration in hair samples of female and 

male population of similar age group (15-25year) by using AAS system.  

4. Determine the level of arsenic in blood samples of male and female 

population of the same age group (15-25 year) by using AAS system.  

5. Exploring the significant correlation between arsenic contamination level 

in drinking water and in the biological samples among females and males 

for health risk assessment. 

6. Elucidate the role of arsenic as an endocrine disruptor by analyzing 

hormonal profile (LH, FSH and estradiol) in female and (LH, FSH and 

testosterone) in male population by using ELISA technique. 
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CHAPTER 2 

REVIEW OF LITERATURE  

 

Groundwater contamination with heavy metals has become a challenge in many 

countries of the world and Pakistan is among such countries of Asia where 

groundwater contamination has badly affected the quality of life. Among other heavy 

metals, arsenic is a serious threat to human life. Arsenic contamination into biosphere 

by human activity, industrial activities, energy production, construction, urban waste 

treatment and vehicle exhausts are some sources causing large quantities of 

contamination in atmosphere, water and soil (Naeem, Yawar, Akhter and Rehana, 

2012). Water is the key component in determining the quality of our lives. Today, 

people are concerned about the quality of the water they drink. Deterioration in water 

quality and contamination of lakes, rivers and groundwater aquifers has therefore, 

resulted in increased water borne diseases and negative impacts on human health. 

Pollution of water is a major hazard to the general health of the people of Pakistan. 

The major pollutants of the water resources; surface and ground water are heavy 

metals, pesticides and coliforms. It is estimated that “around 40% of all reported 

diseases in Pakistan are attributed to poor water quality” (Haydar, Arshad and Aziz, 

2009).  

Rapid population growth, urbanization and continued industrial development have 

placed immense stress on water resources of the country both in terms of quality and 

quantity. The standards set by World Health Organization (WHO), other 

organizations and at national level are openly violated. Out of the issue thing is the 

exposure to chemicals, fertilizers and microbial contaminants that cause serious 

hazards for public to suffer from most of the health issues (Azizullah, Khattak, 

Richter and Hader, 2011). Groundwater, with high arsenic levels, is a global problem 

and considered as one of the main pathways of arsenic exposure to humans. Exposure 

to arsenic can induce various types of cancers; in addition it may also cause 

cardiovascular diseases, diabetes, developmental as well as reproductive defects 

(Benbrahim-Tallaa and Waalkes, 2008). In general, inorganic arsenic is the more 

noxious form than organic forms and is readily absorbed in the animals and humans 

body. This element is accumulated in the organism mainly in liver, kidneys and skin 

(Żmudzki, Niewiadowska, Szkoda and Semeniuk, 2001).  The metalloid arsenic is a 
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natural environmental toxin to which humans are regularly exposed through food, 

water, soil and air.  Arsenic is a potent killing agent not only through incidences of 

homicide but also through its invasion into human system either by drinking water or 

through the food chain (Gebel, 2000). Arsenic has a history of using it as a homicidal 

agent, but since long it has been used as a pesticide, a chemotherapeutic agent and a 

constituent of consumer products (Hughes, Beck, Chen, Lewis and Thomas, 2011). 

 

Review of the literature shows that in some areas of the world, elevated levels of 

arsenic are naturally present in drinking water and have an adverse effects.  The major 

source of  human exposure is arsenic contaminated drinking water from natural 

sources, such as leaching and erosion from geological formations. In some regions, 

arsenic is likely to be present in layers of soil. It is released through some chemical 

process and become dissolved in water. When the tube wells pump out water from the 

layer where arsenic may be present, arsenic is added in and cause increase in levels 

above the WHO permissible limit (i.e. 10ppb). High arsenic concentration in ground 

water is mainly linked with the geochemical environments of volcanic deposits, 

geothermal system and deposits in the form of lakes (Hoque, 2013). Anthropogenic 

sources of arsenic are the emissions from mining activities, metal processing and its 

various other uses for industrial purposes. In industry, arsenic is a byproduct of the 

smelting process for many metal ores such as , gold, cobalt, lead, nickel, and zinc. 

Arsenic is also used in paints and dyes for clothes, paper, and wallpaper (Meharg, 

2003). Other industrial processes that use arsenic include hardening metal alloys, 

coal-fired power plants and purifying industrial gases for removal of sulfur. 

 

 It is evident from the review of literature that agricultural sources such as pesticides 

or fertilizers containing arsenic are contributory to the local exposures (Matschullat, 

2000). Arsenite may be found in defoliants and pesticides. The other ingestion sources 

of arsenic include drugs used for treatment of leukemia, psoriasis and also through 

arsenic contaminated wine (WHO, 2000). The maximum concentrations of arsenic 

have been found in seafood followed by meats, cereals, vegetables, fruits and in dairy 

products. Inorganic arsenic is the predominant form found in different meats, poultry, 

dairy products and cereal and organic arsenic e.g. arsenobetaine predominates in 

seafood, fruit and vegetables (WHO, 2001). Many outdoor wood structures such as 
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playgrounds and decks have been treated with copper-chromate-arsenate wood 

preservative. Presently, arsenic is commonly used in the electronics industry in the 

form of gallium arsenide and arsine gas as components in semiconductor devices 

(EPA, 2007). 

There are enough reports available regarding acute arsenic poisoning but it is also 

evident from reports that arsenic poisoning may take between 8 to 14 years to show 

its impact on people‟s health as it remains undetectable in its early stages, that is why 

it is also called as silent killer (Wajrak, 2011) . “The lethal dose of arsenic in acute 

poisoning ranges from 1 to 3 mg/kg” (ATSDR, 2007). Its effect is dependent on the 

amount of arsenic ingested, total length of time of exposure, the nutritional status of 

the person and the immune response (Jack, Wang and Shraim, 2003). Acute oral 

exposure to arsenic is also associated with gastrointestinal symptoms such as nausea, 

vomiting, abdominal pain and severe diarrhea. Diarrhea attributed to increased 

permeability of the blood vessels is a dominant feature of acute arsenic toxicity. In 

cholera the stool is described as rice water, but in acute arsenic poisoning, because of 

blood in the gastrointestinal tract, the term bloody rice water diarrhea is used. This 

leads to death due to massive fluid loss due to secretion from the gastrointestinal tract 

eventuating in severe dehydration, reduced circulating blood volume and consequent 

circulatory collapse (Ghariani, Adrien, Raucoules, Bayle, Jacomet and Grimaud, 

1991). Cardiovascular and respiratory symptoms have also been reported due to 

arsenic poisoing these include hypotension, shock, pulmonary edema and heart 

failure. Acute poisoning with arsenic is also combined with neurological symptoms of 

variable nature like light-headedness, weakness, delirium, encephalopathy and 

peripheral neuropathy (Greenberg, 1996). 

It is an established fact that long-term ingestion of inorganic arsenic can cause 

respiratory effects. A study carried out by Mazumdera, Haque,  Ghosha,  Dea,  Satraa,  

Chakraborti and Smith (2000) in West Bengal, India provides evidence that ingestion 

of inorganic arsenic in drinking water is likely to result in pulmonary effects showed 

by chest sounds in the lungs, cough  and shortness of breath. It was found that the 

prevalence of these outcome rose with increasing concentrations of arsenic in the 

primary drinking water sources.  Arsenic can gather in human lung tissue thus 

enhancing the credibility that the metal can produce respiratory effects. Among both 

females and males, the prevalence rate of shortness of breath, cough and chest sounds 

http://ije.oxfordjournals.org/search?author1=Debendra+N+Guha+Mazumder&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Debendra+N+Guha+Mazumder&sortspec=date&submit=Submit
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in the lungs have been found to be more with increasing arsenic concentrations in 

drinking water. According to the study pulmonary symptoms were observed to be 

more common among women as compared to men because of more utilization of 

ground water for household activities.  

The World Health Organization estimated “that > 200 million persons worldwide 

might be constantly exposed to arsenic in drinking water at concentrations above the 

WHO safety standard of 10 µg/L” (WHO, 2008). Arsenic related health effects are 

dependent on the duration and dose of exposure. Arsenic is a known carcinogen in 

lung, bladder, liver, skin and kidney (IARC, 2012). Skin cancer has long been 

associated with its chronic exposure (Yu, Liao and Chai, 2006).The most common 

types of skin cancer i.e. basal cell carcinoma and squamous cell carcinomas are 

associated with chronic arsenic exposure. Studies from arsenic-endemic regions of 

Taiwan revealed “that the overall prevalence of skin cancer was 10.6 per 1,000 

persons” and was associated with increased arsenic drinking water concentrations and 

increased urinary concentrations of definite arsenic metabolites (Tseng, 2007). It has 

been reported that “arsenic-related Bowen‟s disease can appear 10 years after arsenic 

exposure, whereas other types of skin cancer can have a latency period of 20 or 30 

years” (Martinez, 2011).  

 

There are reports available that evidently show that hyperkeratosis can appear with 

shorter periods of arsenic exposure and it has also been described that these lesions 

give rise to the majority of arsenic-induced skin cancers. It has also been 

demonstrated that a significant proportion of fatal cases of skin cancers occurred in 

patients with prior signs of arsenicosis, such as keratosis and hyperpigmentation 

(Wong and Wang, 2010). Various studies support the hypothesis that arsenic exposure 

can increase cancer risks in other organs of the body.  Arsenic from drinking water is 

a renowned risk factor for bladder cancer. Increased risk of bladder cancer is reported 

to be associated with increasing arsenic exposure, “particularly with longer exposure 

periods (> 40 years) and higher drinking-water concentrations > 600 µg/L” (Gibb, 

Haver, Gaylor, Ramasamy, Lee and Lobdell, 2011). Steinmaus, Yuan, Michael, Bates 

and Allan, (2003) designed  a case-control study to investigate the bladder cancer risk 

in a population exposed to low to moderate arsenic levels in drinking water. They 

http://ehp.niehs.nih.gov/1205875/#r132
http://ehp.niehs.nih.gov/1205875/#r63
http://ehp.niehs.nih.gov/1205875/#r138
http://ehp.niehs.nih.gov/1205875/#r121
http://ehp.niehs.nih.gov/1205875/#r53
http://ehp.niehs.nih.gov/1205875/#r53
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found a long latency between arsenic exposure and bladder cancer diagnosis. An 

assembly of other health effects is associated to chronic arsenic exposure. All the 

associated health problems effects nearest all major organ of the body (Liu and 

Wakes, 2008). 

Long-term arsenic exposure has also been considered to be linked with increased 

incidence of liver cancer in a dose-responsive manner, particularly liver angiosarcoma 

(Liaw, Marshall, Yuan, Ferreccio, Steinmaus and Smith, 2008). A study from the 

Taiwan cohor demonstrated increase in liver cancer deaths with increasing 

concentrations of arsenic in drinking water. Significant dose-dependent linear trend  

for liver cancer was reported with increasing arsenic concentrations in drinking water 

ranging from “170 to 800 µg/L” (Wu, Kuo, Hwang and Chen, 1989). 

Chronic arsenic exposure also associated with kidney failure and it is the most 

common cause of arsenic related death (IARC, 2012). It is evident from the available 

literature that high concentration of arsenic in groundwater has been recognized as 

worldwide concern. Asia is considered as the most badly affected area for arsenic 

contamination around the globe. “In Asia around 100 million people have been 

reported to be at risk of arsenic contaminated water sources and more than seven lac, 

cases have been reported for arsenic related diseases and another 12.5 million cases of 

predicted arsenicosis in the region” (McCarty, Hanh  and  Kim, 2011). Many 

countries in the world especially in Bangladesh, India, Nepal, Vietnam, China and 

Myanmar are facing arsenic problem and it has been recognized as an immense threat 

and challenge to public health. Pakistan, after the arsenic crisis in Bangladesh and 

other neighboring countries, has accepted the need of assessing the quality of drinking 

water for arsenic contamination (Uqailia, Mughalb and Maheshwar, 2012). 

Groundwater arsenic contamination has exponentially threatened the human life and 

convoluted the efforts for sustaining and maintaining drinking water quality standards 

in Pakistan, mainly in the central and southern parts of the country. In the province of 

Sindh, “groundwater arsenic concentration has reached up to 1100 μg/L against WHO 

limits of 10 μg/L. In the province of Punjab, over 20% and in the province of Sindh, 

around 36% of the population is exposed to arsenic contamination above WHO limit” 

(Haq, Baig, Nabi and Hayat, 2007).  

 

http://ehp.niehs.nih.gov/1205875/#r72
http://ehp.niehs.nih.gov/1205875/#r134
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCarty%20KM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hanh%20HT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KW%5Bauth%5D
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 It is evident from various studies that inorganic arsenic ingested through drinking 

water is readily absorbed into the blood and is metabolized in liver through 

methylation processes to generate methylarsonic acid (MMA) and dimethylarsinic 

acid (DMA) metabolites. (Chen, Guo, Su, Hsuch, Smith and Ryan, 2003). The liver is 

the most vital spot of arsenic methylation, but most organs also show arsenic 

methylating activity. The maximum activity was found in the testes, followed by 

kidney, liver and lungs (Vahter, 2002). 

Studies have shown that most of the arsenic metabolites are excreted in the urine. 

However, a little is deposited in tissues of the lung, kidney, liver, hair and nails. 

Arsenic was conventionally considered to be a promoter and not an initiator of 

carcinogenesis, as no mutagenic mode of action was shown in experimental models. 

However, there is an increasing evidence that MMA and DMA are cytotoxic and 

genotoxic in cell lines. Arsenic-induced carcinogenesis may arise through numerous 

biological processes, particularly via the highly biologically active MMA and DMA 

metabolites (Kitchin, 2001).  Arsenic inhibits the functions of enzyme activity. Most 

of the bad health effects of arsenic are caused by inactivated enzymes in the cellular 

energy pathway and DNA synthesis and repair, whereby arsenic reacts with the thiol 

groups of proteins and enzymes and inhibits their catalytic activity (Vahidnia, 2007). 

These exchanges also take place with certain enzymes essential for cellular 

metabolism.  

In a recent study Shahid, Rizwan,  Khan,  Khan, Naqshbandi, and Yusufi (2014) 

demonstrated the effect of sodium arsenate on the enzymes activity. It was concluded 

that sodium arsenate induces oxidative stress and alters the metabolic functions as 

well as structure of the kidney. Male Wistar rats were administered sodium arsenate, 

daily for ten days. Sodium arsenate administration increased blood urea nitrogen, 

serum creatinine, cholesterol, glucose, and phospholipids but decreased inorganic 

phosphate; are indicating kidney toxicity. It was also found that the activity of brush 

border membrane enzymes significantly reduced in both medulla and cortex. Sodium 

arsenate caused severe renal damage that resulted in altered levels of carbohydrate 

metabolism and brush border membrane enzymes. Effects of arsenic exposure on the 

immune system have been reported in several studies. These include altered immune-

related gene expression and cytokine production in lymphocytes and macrophages 

(Morzadec, Bouezzedine, Macoch, Fardel and Vernhet, 2012).  

http://www.sciencedirect.com/science/article/pii/S0013935108000868#ref_bib28#ref_bib28
http://www.ncbi.nlm.nih.gov/pubmed?term=Rizwan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24562057
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=24562057
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=24562057
http://www.ncbi.nlm.nih.gov/pubmed?term=Naqshbandi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24562057
http://www.ncbi.nlm.nih.gov/pubmed?term=Yusufi%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=24562057
http://ehp.niehs.nih.gov/1205875/#r81
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Review of the literature showed that arsenic is significantly associated with increased 

infant morbidity from infectious diseases (Rahman, Vahter, Ekstrom and Persson, 

2010). Moreover,  increase in maternal urinary arsenic during pregnancy have been 

found to be significantly associated with increased inflammation and reduced 

numbers of T lymphocytes in addition to changed cytokine profiles in cord blood and 

reduced thymic function in infants (Khoda, Rekha, Gardner, Ameer and Moore, 

2011). Experiment on animals has shown that chronic low-doses i.e 10 and 100 ppb of 

arsenic in drinking water can profoundly alter the response to influenza infection. 

Altered components of the innate immune response have also been reported in mouse 

lungs, which is an important contributor to the increased risk of lung disease in 

exposed human populations (Kozul,
 
 Ely, Enelow and  Hamilton,

 
2009). Review of 

literature revealed that arsenic at low level but chronic doses is a major endocrine 

disruptor and thus, may be responsible for the different reproductive failures in 

women exposed to such levels of arsenic (Myers , Lobdell , Liu , Xia , Ren , Li , 

Kwok , Mumford , Mendola, 2009). It is, however, known that women who are 

exposed to arsenic often suffer from spontaneous abortion and stillbirth and maternal 

exposure to arsenic also upsets the health of newborn and stimulates carcinoma 

occurrences in them (Chatterjee and Chatterji, 2010).  

Dietary exposure of arsenic has been found to be one of the major routes of entry for 

the general population. Bae, Ryu, Choi and Park (2013) conducted a study by using 

both quantitative and qualitative techniques to assess the body level of arsenic in urine 

and blood and their associated factors such as food sources in Korean adults. Urine 

and blood samples were collected from adults population, the result of the study 

showed positive correlation between urine and blood with arsenic in seaweeds, fishes 

and shellfishes and intake of grains. Similarly Mazumder, Deb, Biswas,  Saha,  

Nandy,  Ganguly, Ghose, Bhattachary and Majumdar (2013) also reported positive 

correlation between level of arsenic in biomarkers (urine and hair) and the daily 

arsenic exposure through water and diet among people living in groundwater-

contaminated regions having high concentration of arsenic  in West Bengal India. 

They also found a significant relationship between arsenic level in urine and hair with 

elevated arsenic intake through water and diet. 

Review of literature shows that arsenic exposure has been linked with various other 

health effects. A study of children in Mexico reported various effects including long-

http://ehp.niehs.nih.gov/1205875/#r6
http://ehp.niehs.nih.gov/1205875/#r6
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kozul%20CD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ely%20KH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Enelow%20RI%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hamilton%20JW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Ryu%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=24278640
http://www.ncbi.nlm.nih.gov/pubmed?term=Biswas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Saha%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Nandy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Ganguly%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghose%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhattacharya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
http://www.ncbi.nlm.nih.gov/pubmed?term=Majumdar%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=23485239
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term memory, the ability to understand speech and attention may be affected by 

exposure to arsenic in people with chronic malnutrition (Calderon, Navarro, Jimenez-

Capdeville, Santos-Diaz, Golden, Rodriguez-Leyva, Borja-Aburto and Diaz-Barriga, 

2001). Similarly another study reported that children‟s intellectual function can be 

decreased by increased arsenic exposure. “This correlation was related to the dose, 

which means children that had more than 50 µg/L arsenic exposure had lower 

performance scores than children with less than 5.5 µg/L exposure” (Wasserman, Liu, 

Parvez, Ahsan, Factor-Litvak, van Geen, Slavkovich, LoIacono, Cheng, Hussain, 

Momotaj and Graziano, 2004). 

There are reports available with reference to the co-exposure  of arsenic and fluoride 

in water  and reduced intelligence level. A group of researcher Amador, Navarro, 

Carrizales, Morales and Calderón (2007) suggested that high concentration of fluoride 

and arsenic in water may badly affect intelligence quotient scores. Co-exposure of 

arsenic and fluoride has been found also effect hematological and biochemical 

parameters such as aspartate aminotransferase and alanine aminotransferase. Megha 

and Flora (2007) investigated the effects of sodium meta arsenite and sodium fluoride 

in drinking water individually and in combination on Swiss albino male mice. Results 

of biochemical parameters were suggestive of alterations in heme synthesis pathway, 

oxidative stress in kidneys and liver and concentration of important metals in blood of 

animals given the chemicals for three weeks. On the basis of the results it was 

concluded that exposure to fluoride and arsenic caused a significant reduction in 

blood delta-aminolevulinic acid dehydratase activity, platelet counts and glutathione 

level. White blood cell counts were also found to be decreased. Arsenic and fluoride 

exposure led to a significant depletion of super oxide dismutase (SOD) activity. 

Literature review shows that several biomarkers can be used for the detection of 

exposure level of arsenic and other metals but these biomarkers are likely to have 

different limitations and benefits. The blood may not give information about the 

chronic intoxication. Biomarkers like hair and nails reflect the severity of long term 

exposure but it is difficult to narrate the level with the quantity intake (Feraly, 

Savanovitch and Rochat, 2012).  Human hairs have been extensively used for the 

determination of mercury and arsenic exposures of individuals in contrast to urine and 

blood. Because due to the slow growth of hair, arsenic accumulation is a sign of past 

arsenic exposure and thus can be used as bio indicator for long-term and 

https://www.google.com.pk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0CEsQFjAF&url=http%3A%2F%2Fwww.webmd.com%2Fdigestive-disorders%2Faspartate-aminotransferase-ast&ei=ATAlVL_3EoXQygP0tYKIBQ&usg=AFQjCNE5OgqJzfEVvOrkCupGTne1lNWpBQ&bvm=bv.76247554,d.bGQ
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countinousarsenic exposure. The collection of hair samples has various benefits as it 

is not threatening for the volunteers. At the same times it exhibits a high accumulation 

level of various elements  because hair is not a dynamic tissue (Gebel, 2000). Arsenic  

is transferred from blood to hair root and deposited by binding to sulfhydryl groups of 

keratin rich tissue and then transfer into hair shafts (Hindmarsh, 2002). The amount of 

arsenic in longitudinal segments of hair shafts reflects the past arsenic burden at the 

time when hair was formed. Furthermore, washing of hair in arsenic polluted water 

was found to produce significant hair contamination (Saad and Hassanien, 2001). 

Hinwood, Sim, Jolley, Klerk, Bastone, Gerostamoulos and Drumme (2003) 

investigated the risk factors for elevated toenail and hair arsenic concentrations in 

people exposed to a high arsenic concentrations in both drinking water and soil as 

well as in a control people with little arsenic concentrations in both sources. They 

found that children had higher arsenic concentrations in both hair and toenails than 

did the other age groups tested and females had significantly higher toenail arsenic 

concentrations as compared to men in the area where female were more exposed to 

arsenic through water and soil. It was concluded that factors such as age and sex are 

important for the potential exposure of human populations to environmental arsenic 

concentrations. A  study conducted by Munir (2006) on arsenic detection in hair 

samples of Chahklalanwala village near Lahore Pakistan, showed that arsenic 

concentration was significantly higher in hair samples of children of Chahklalanwala 

village that was attributed to arsenic contamination in drinking water and soil in that 

area.  

Another study in the village Chahkalalanwala and Lahore city  on the school children 

of 4-13 years of age revealed that significantly high concentration of arsenic in the 

hair of children of village (all age groups and in both sexes) as compared to the 

children from Lahore. There was an interesting observation that in female had high 

arsenic concentration in hair samples as compared to male in both communities.  

Another study by Murao, Daisa, Sera,Maglambayan and Futastsugaw (2002) in 

mining site of Philippines reported that women have high mercury level in their hair 

samples as compared to the men. This was suggested to be probably due to the fact 

that women have longer exposure to mercury vapors in their smelting place than men 

who do heavy work outside such as tunneling. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4V0539R-2&_user=3419791&_coverDate=01%2F15%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1208237846&_rerunOrigin=google&_acct=C000060526&_version=1&_urlVersion=0&_userid=3419791&md5=26b67a951eefa0fa8658fae71d32ecf7#bib15#bib15
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Review of the available literature shows that blood arsenic is a useful indicator for 

acute poisoning or repeated high-level exposures occurring over a long period. This is 

because arsenic rapidly disappears from blood into tissues because of its affinity for 

tissue proteins. The arsenic concentrations in blood have been considered to reflect 

only recent exposure. However, with continuing and long-term exposure blood 

arsenic which receives inputs not only from current exogenous exposure but also from 

tissue parts may better reflect an individual‟s total internal arsenic burden (Hall, Chen, 

Ahsan, Slavkovich, Geen, Parvez  and  Graziano, 2006). Arsenic is transported to the 

organs like lungs, liver, intestines, kidneys as well as skin via blood, if the arsenic 

intake source is water (Hughes et al., 2011). “Although about 80–88% of arsenic from 

blood is quickly removed”, the chronic and continuous exposures may cause increase 

in the level of arsenic in hair, blood and urine. Normally, it is excreted from human 

body within 24 hours. If ingestion is very high (long term exposure) then it can be 

accumulated in hair and fingernails (Hall et al., 2006; Ravenscroft et al., 2001).  

 

Arsenic is a significant environmental toxicant that elevated the risk of oxidative 

stress in exposed population. Oxidative stress, which results when oxygen free radical 

generation exceeds the body‟s antioxidant defense, has been conventionally 

considered to have relations  to the tumorigenesis in humans. It also involve in the 

pathogenesis of three common tumors, carcinoma of the liver, lung and prostate (Feig, 

Reid and Loeb, 1994). In north eastern Taiwan, Wu, Chiou, Wang, Hsueh, Wang, 

Chen and Lee  (2001) investigated the effect of arsenic exposure on oxidative stress in 

humans they also find out the relationships of blood arsenic to antioxidant capacity 

and reactive oxidants at the individual level. They concluded that ingestion of arsenic-

contaminated well water may cause negative effects by reducing the level of 

antioxidant capacity and increasing the level of reactive oxidants in plasma of 

individuals. In peripheral blood, persistent of oxidative stress may be a mechanism 

underlying the atherosclerosis and carcinogenesis induced by long-term arsenic 

exposure. 

 

There are studies pertaining to the continuous consumption of high arsenic 

contaminated water for a long period with the idea that this index of exposure may 

http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
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have some correlation with arsenic caused health effects such as skin disorders 

(Yoshida, Yamauchi and Sun, 2004). A survey was carried out by Kazi et al (2009) 

on surface and groundwater arsenic contamination and a relationship was found 

between arsenic concentration in biological samples (hair and blood) and drinking 

water. In this study it was noted that arsenic concentration in the scalp hair and blood 

samples were above the range of permissible limits. It is well established fact that 

high level of arsenic in biolological samples result in longer duration of exposure. 

Aizawa, Takata and Minoru (2004) carried out biological monitoring of arsenic in the 

urine, blood and hair of semiconductor workers in Kanawage, Japan. The mean 

arsenic concentration in hair samples of these semiconductor workers was 

significantly higher than those of controls. The mean concentration of arsenic in hair 

from workers with longer employment duration was higher than from those with 

shorter employment duration. It was also noted that concentrations of arsenic in hair 

from semiconductor workers strongly correlated with the duration of their 

employment.  

Speciation of arsenic in biological samples is an essential tool to increase knowledge 

into its circulation in tissues and its species specific toxicity to target cell and organs.  

Mandal, Ogra and  Anzai (2004) collected the biological samples  (urine, hair and 

finger nail) from  people of West Bengal, India, who were drinking arsenic 

contaminated water, whereas blood and urine samples were also collected from a 

population who stopped drinking arsenic contaminated water two years before the 

blood collection. Arsenic in urine, fingernails, and hair was positively correlated with 

water arsenic. A group of researchers (Vega, Styblo, Patterson, Cullen, Wang and 

Germolec, 2001) reported their findings of correlation between chronic exposure to 

inorganic arsenic through drinking water and hyperpigmentation, hyperkeratosis, and 

neoplasia as well as other diseases.  It has been also  reported that long-term 

accumulated arsenic in adolescence is likely to  cause neurobehavioral effects and 

also the exposure to high amount of arsenic may affect behavior later in life (Tsai, 

Chou, The, Chen and Chen, 2003). 

Studies have also suggested that fruit and vegetables that are grown in agricultural 

land irrigated with arsenic contaminated water after ingestion may also cause severe 

health effects. Arain, Kazi, Baig, Jamali, Afridi, Jalbani, Sarfraz, Shah and Kandhro 

http://www.sciencedirect.com/science/article/pii/S0041008X04000869
http://www.sciencedirect.com/science/article/pii/S0041008X04000869
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arain%20MB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arain%20MB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baig%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baig%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Afridi%20HI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Afridi%20HI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sarfraz%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sarfraz%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kandhro%20GA%22%5BAuthor%5D
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(2009)  conducted a study on surface and ground water arsenic contamination and its 

impact on the health of local population of a village in the some southern part of 

Sindh, Pakistan. They assessed the relationship between respiratory disorders in male 

with drinking water and smoking. Cigarettes were found to be prepared from tobacco 

grown in agricultural land irrigated with lake water that was detected high in arsenic. 

The biological samples (blood and scalp hair) were collected from arsenic exposed 

subjects (100% smokers). Arsenic exposed subjects (with and without respiratory 

disorders) had significantly elevated levels of arsenic in their biological samples as 

compared to the male subjects of unexposed area. These respiratory effects were more 

prominent in people who had also arsenic persuaded skin lesions.  

A study conducted by Vega et al., 2001, also provides evidence of correlation 

between chronic exposure to inorganic arsenic through drinking water and 

hyperpigmentation, hyperkeratosis, and neoplasia as well as other diseases. Recent 

studies in the North Mara area, Tanzania have indicated that mining activities release 

trace elements like arsenic, lead, zinc, molybdenum, antimony, cadmium, copper, 

manganese and thorium to the surrounding environment, potentially exposing the 

local population. Samples of hair, nail and blood were collected from the subjects 

from the villages exposed to elements as well as from a reference group from Dar es 

Salaam. Concentrations of As, Mn and Th in hair and nails were higher in villagers 

exposed to metals compared to the reference group and normal ranges. The 

concentration of arsenic in men was significantly influenced by age and smoking for 

hair and nails respectively (Evjen, 2011). But high concentration of arsenic leads to 

health impairments associated with arsenic toxicity. 

Review of the literature shows that some work regarding health effect of arsenic has 

been carried out in various age groups and also with relation to gender.  In year 2009, 

Afridi, Kazi, Kazi, Jamali, Arain, Sirajuddin., Kandhro, Shah and Baig, determined 

the concentration of toxic elements arsenic, cobalt, copper and Manganese   in urine, 

scalp hair samples and blood of male
 

production workers and quality control 

workersof
 

steel mill (25–55 years old) in to assess the
 

possible influence of 

environmental exposure. They concluded that concentrations of As, Cu, Co and Mn
 
in 

all three biological samples of the exposed male workers of higher age group were 

significantly higher than those of the controls group and lower age group which was 

because of the possible long term exposure.  
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A recent report elucidated the association between arsenic exposure and 

oxidative/methylated DNA damage in pregnant women and also determined the 

association with birth outcomes (Chou, Chung and Wang, 2014). Maternal urine 

samples during the third trimester for measuring arsenic and its metabolites were 

collected. The physical parameters of the infants, including sex, birth weight, 

gestational age and height, head and chest circumference were measured to assess the 

relations with maternal exposure to arsenic and the DNA damage biomarkers. The 

results showed that maternal urinary arsenic had positive associations with both 

adverse newborn health and maternal DNA damage. Various studies indicate that in 

utero exposure to arsenic is associated with congenital defects and long-term disease 

penalties including cancers. Recent studies suggest that arsenic related carcinogenesis 

results from epigenetic changes, particularly in DNA methylation (Intarasunanont, 

Navasumrit, Waraprasit,  Chaisatra, Suk,  Mahidol  and Ruchirawat,  2012 ). These 

mechanisms include altered DNA repair, chromosomal abnormalities, changed DNA 

methylation patterns, oxidative stress, altered growth factors, enhanced cell 

proliferation, gene amplification and conquest of p53 (Kitchin, 2001). 

Studies have shown that arsenic is also responsible to inhibit the function of enzymes 

that take part in transfer, regulation, and neurotransmission and energy production. 

Long-lasting arsenic exposure has been shown to cause liver damage. Though, serum 

hepatic enzyme activity as recognized on liver function tests (LFTs) has been 

suggested to have a dose-response relationship with arsenic exposure and main serum 

enzyme marker activity linked with LFTs in the individuals living in arsenic-endemic 

areas in Bangladesh (Islam, Haque, Karim, Fajol, Hossain, Salam, Ali, Saud,  

Rahman,  Rahman,  Karim, Sultana, Hossain,  Akhand,  Mandal, Miyataka,  Himeno 

and Hossain, 2011). The female patients of liver cirrhosis/cancer have two folds 

higher arsenic and cadmimum levels in biological samples (blood, serum and scalp 

hair) as compared to healthy females. It was concluded that the pathogenesis of liver 

cirrhosis/cancer is likely to be associated with changes in the balance of certain 

essential trace and toxic elements (Kolachi, Kazi, Afridi, Kazi and Khan, 2012). 

Intarasunanont, Navasumrit, Waraprasit, Chaisatra, Suk,  Mahidol  and Ruchirawat, 

(2012) found that maternal arsenic exposure in a human population living in arsenic 

contaminated regions resulted in alarming gene expression changes in the newborns. 

Altered expression of these arsenic-associated genes showed a striking dose response 

http://www.sciencedirect.com/science/article/pii/S0013935108000868#ref_bib28#ref_bib28
http://www.ncbi.nlm.nih.gov/pubmed?term=Haque%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Karim%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Fajol%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Hossain%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Salam%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Salam%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Saud%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Karim%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Sultana%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Hossain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Hossain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyataka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Himeno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Himeno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
http://www.ncbi.nlm.nih.gov/pubmed?term=Hossain%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21740555
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association to prenatal arsenic exposure. A biological system analysis revealed that 

the arsenic linked transcripts could moderate various biological pathways, including 

cell signaling, apoptosis, stress response and inflammation and eventually affect 

health status. A large number of studies have recognized adverse immunological 

outcomes following early life arsenic exposure, including decreased infant thymic 

development, decreased immune factors in breast milk, increased acute respiratory 

infections in offspring and the activation of inflammation in the placenta and cord 

blood. During pregnancy exposure to high level of arsenic was observed to be 

associated with a number of adverse effects on the fetus, including low birth weight, 

survival, and spontaneous abortion (Rahman, Persson, Nermell, El Arifeen and 

Ekstrom, 2010). It has been reported that prenatal arsenic exposure was also found to 

be associated with increased risk of lower respiratory tract infection and diarrhea 

morbidity of the offspring during infancy (Rahman, Vahter, Ekström and  Persson, 

2011). 

Arsenic is a nonsteroidal environmental estrogen that is responsible for reducing the 

serum levels of gonadotropins LH, FSH and estradiol, which in turn leads to uterine 

tissue degeneration and disruption of the estrogen signaling pathway. The arsenic 

effects on the uterus may arise by decreasing the expression of estrogen receptors and 

estrogen responsive genes or by generating reactive oxygen species that lead to 

oxidative damage of the proteins involved in the estrogen signaling pathway,that 

regulates the uterine structure and function (Chatterjee and Chatterji, 2010). Arsenic 

is a major threat to female reproductive health as a reproductive toxicant and as an 

endocrine disruptor by restricting the function and structure of uterus and altering the 

gonadotrophins (FSH, LH) and steroid (estrogen and progesteron) levels, not only at 

high dose concentration but also at low arsenic (50 ppm) levels (Akram, Jalali, 

Aslam, Ahmad, Batool and Kalsoom, 2009). In addition to altering the uterine wet 

weight, arsenic also leads to tissue deterioration in the uterus. The degenerative 

alterations may be endorsed to adverse effects caused by lowering serum estradiol 

levels, meanwhile uterine growth is mainly dependant on estradiol. The inadequate 

concentration of estradiol failed to retain the normal uterine structure and led to 

degeneration of the luminal epithelial cells and endometrial glands (Kitchin, 2001; 

Akram et al., 2009). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vahter%20M%5Bauth%5D
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In another study by Ahmed, Jalali and Nasir (2014) in Islamabad Pakistan 

investigated the protective effects of an antioxidant vitamin C against sodium arsenite 

persuaded male reproductive toxicity as arsenic affects reproductive system by 

producing reactive oxygen species (ROS). They have given the sodium arsenite to 

mature guinea pigs for period of 28 days. They found reduced levels of testosterone 

concentration, testis, epididymes and vas deferens.  It was concluded that sodium 

arsenite alter the seminiferous tubule diameter, tunica albuginea thickness, epithelial 

height,  nuclear diameter of Leydig cells, sertoli cell, primary spermatocyte and 

secondary spermatocyte.  

Chatterjee and Chatterji (2010) evaluated the effect and mode of action of chronic 

arsenic exposure on the structure and function of uterine of mature female albino rats. 

They found sodium arsenite treatment decreased circulating levels of estradiol in a 

dose and time-dependent manner, beside with decrease in the levels of both follicle 

stimulating hormone and luteinizing hormone. Histological evaluation showed 

degeneration of endometrial glands and luminal epithelial cells in response to arsenic 

treatment, along with decline in thickness of the longitudinal muscle layer. It was 

concluded that low serum levels of FSH and LH in arsenic exposed rats lead to 

reduction in estradiol production and thus secretion into circulation. As estradiol 

regulates uterine weight thus, low levels of estradiol lead to specific reduction of 

uterine wet weight in the arsenic exposed animals.  

There have been studies that have demonstrated that arsenic is capable of endocrine 

disruption.  Arsenic at very low level -equivalent to about 10 parts per billion alters 

hormonal function in the glucocorticoid system of human being (Kaltreider,  Davis,  

Lariviere and  Hamilton, 2001).  This low level selectively inhibits the ability of 

glucocorticoid and its receptor to turn on genes normally under glucocorticoid control. 

Arsenic capable of endocrine disruption  It interferes with glucocortoid signaling 

necessary to turning on genes involved in tumor destruction and other activities. By 

preventing these genes from turning on, arsenic may raise the risks of cancer. 

There are also reports available that show that arsenic exposure longer period of time 

may cause serious effects in pregnant females. According to a study by Chakraborti, 

Mukherjee, Pati, Sengupta, Rahman, Chowdhury, Lodh, Chanda,  Chakraborti and  

Basu (2003)  in Middle Ganga Plain, Bihar, India  pregnancy complications were 
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found to be due to chronic exposure from groundwater arsenic. They found a positive 

trend in women, with increased arsenic exposure leading to increased fetal damage 

and premature birth. Research on the effects of arsenic exposure in rats has shown 

that arsenic causes necrosis i.e. death of living tissue, apoptosis, loss of conception in 

the uterus and even death of the newborn (Chattopadhyay,  Bhaumik,  Purkayastha,  

Basu, Chaudhuri, Gupta, 2002). It was concluded that rats exposed to arsenic showed 

increased generation of nitric oxide and reactive oxygen species, loss of glutathione 

content this increased nitric oxide and reactive oxygen species leads to destruction of 

living tissue and cell death. 

Toxic effects on the fetus were also suggested by Hopenhayn, Ferreccio, Browning, 

Huang, Peralta, Gibb and Hertz-Picciotto (2003), they reported that women with 

chronic exposure to “As less than 50 µg/L” in drinking water were inclined to 

decreased birth weight of infants, proposing that arsenic may reduce the development 

of the fetus in utero. This is because inorganic arsenic easily crosses the placenta in 

both animals and humans and thus effect the growth of the exposed fetuses. Another 

study by Hopenhayn, Huang, Christian, Peralta, Ferreccio, Atallah and Kalman 

(2003), reported that women exposed to arsenic in drinking water during pregnancy 

have changes in urinary excretion and metabolite delivery that can cause toxic effects 

on the developing fetus. As metabolism fluctuations during pregnancy, so the effect 

on the fetus may be different at different stages of pregnancy. Some studies have 

suggested a negative association between arsenic exposure and birth weight. In 

Taiwan, where the people used well water with arsenic concentrations varying 

between “undetectable levels and 3,590 μg/L an overall “29g reduction of birth 

weight of newborn” was observed (Yang, Chang and Tsai, 2003). 

Several studies have shown that arsenic exposure is linked to miscarriages and 

developmental defects. The placenta is well-known to use vasculogenesis to develop 

its circulation. Arsenic exposure causes defective placental vasculogenesis and 

placental dysmorphogenesis resulting in placental insufficiency and consequent 

spontaneous abortion. To test this hypothesis, Wenjie, Robert, Greenwell, Diane, 

Brooks, Lilian, Caldero, Howard, Beall and Douglas (2007) conducted experiments 

by administering sodium arsenite (AsIII) to pregnant mice through drinking water 

from conception through weanling stages. On the basis of the results it was suggested 
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that arsenic toxicity is pertinent for mammalian spontaneous abortion by asset of 

placental insufficiency and aberrant placental vasculogenesis. 

On the basis human epidemiological data it has been suggested that a strong link 

between arsenic exposure in drinking water and adverse reproductive outcomes is a 

metter of concern (Ahmad, Sayed, Barua, Khan, Faruquee, Jalil, Hadi and Talukder, 

2001). It is also a fact that arsenic contaminated water causes reproductive 

disturbances in women along with adverse pregnancy outcomes and spontaneous 

abortion. It has been reported that women who exposed to high level of arsenic 

concentration in drinking water and food items often suffer from spontaneous 

abortion, premature births and stillbirth  and maternal exposure to arsenic also  has 

also likely to affect the health of newborn and promotes carcinoma incidences in them 

(Yang, Chang, Tsai, Chuang, Ho and Wu,  2003; Wang, Hollada,Wolf, Ahmed and 

Robertson, 2006)).  

Review of available literature evidently shows that there are enough reports available 

that shown that arsenic causes hormonal disturbance, altering gene regulation by the 

closely related glucocorticoid, progesterone, 
 
mineralocorticoid and androgen steroid 

receptors
 
at concentrations as low as “0.01 µM ; 0 .07 ppb” (Davey et al., 2007). Very 

low
 
doses were found to increase hormone-mediated gene transcription whereas little 

higher but still non-cytotoxic doses were suppressive for estradiol mediated genes 

(Jennifer, 2009).  Zhang and Tang (2005) studied the effects of arsenic on the levels 

of follicle stimulating hormone, luteinizing hormone, estradiol and prolactin in serum 

of female rats, as well as histopathological changes of ovary and adrenal glands. The 

hormone levels of female rats were determined by Radioimmuneassay technique after 

exposing to arsenic for ten weeks and light microscope was used to examine the 

histopathological changes of ovary and adrenal glands. The different extents of 

histopathological changes in ovary and adrenal gland were found. They found in spite 

of LH, there were no difference in levels of three hormones estradiol, follicle 

stimulating and prolactin hormone. It was concluded that LH is a sensitive index on 

hormones of female rats, but it may straightly damage the reproductive system. 

In a recent study by Zubair, Ahmad, Ahmad, Naveed, Idrees, Abdus Sallam and 

Basher (2014) in Faisalabad, Pakistan, the toxic effects of sodium arsenite on body 

and plasma testosterone, testes weights, FSH and LH and semen quality parameters 



45 
 

were investigated which are considered as major potential of fertility among male 

rabbits. On the basis of observation It was suggested that arsenic is likely to cause the 

male infertility by decreasing the functions of reproductive system and also a 

significant depletion in weight of testes, plasma level of FSH ,LH, and testosterone, 

sperm motility, sperm count and sperm viability. These changes were concluded to be 

because of the toxic effects of sodium arsenite on reproductive system of male rabbit. 

 

It is evident from the available literature that arsenic exposure causes the male 

infertility by changing hormonal level. Ali, Khan, Dubey, Nath, Singh, Kumar and 

Kumar (2013) evaluated the possible toxicity on the male reproductive system during 

arsenic therapy where male mice were used for experiment. Different doses of arsenic 

trioxide were continuously administered to male mice for eight weeks. After treatment 

reduced level of sperm quality (sperm count and sperm motility) was found and 

imbalance hormonal level of LH and testosterone was also noted which signify the 

testicular dysfunctions and leading to inhibit testosterone synthesis pathway, which is 

likely to causes male infertility. 

Review of literature shows that arsenic trioxide (As2O3) causes damage to sperm 

mobility and viability. In a study on As2O3 treatment was resulted in disturbed 

spermatogenesis via reducing gene expression of the key enzymes in testosterone 

production. Tzeon-Jye, Sin, Woan, Yu-Chen and Chi (2008) found that As2O3 

treatment resulted in the inhibition of spermatogenesis and a significant decrease in 

levels of plasma luteinizing hormone  and plasma testosterone level at all dosages of 

arsenic trioxide. It was found that As2O3 treatment caused damage to sperm mobility 

and viability and also disturbed spermatogenesis via reducing gene expression of the 

key enzymes in testosterone synthesis. Mammalian sperms contain large amounts of 

thiol-rich proteins in the flagellum which maintains sperm stability and motility. 

Arsenic is recognized as thiol-inhibiting metalloid. The decrease in sperm motility 

may be due to the accumulation of arsenic in epididymis where the sperm matures and 

acquires motility. It might be possible that electrophilic nature of the arsenic binds to 

sulphydryl groups of proteins and thereby inhibits enzyme activity (Jana and Samanta, 

2006). 
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Arsenic is a toxicant which limits the development and changes the morphology of 

mammary glands by disturbing the estradiol and prolactin levels. There are reports 

available showing the effect of chronic arsenic exposure on mammary glands 

development. Jahan,  Ahmed, Razzaq and Ahmed (2012) designed a study to 

investigate the negative effect of arsenic exposure on mammary gland and hormonal 

profile of female adult rat. They observed a significant decrease in the mean weight of 

mammary glands in groups treated with arsenite as compared to control. It was 

observed that arsenite treatment altered the histomorphology of mammary glands by 

affecting estradiol and prolactin levels. Chattopadhyay (2003) studied the same type 

of parameters in the uterus of adult rats treated with sodium arsenite. It was found that 

in the high dose group of rats lactiferous ductular epithilial cells were not well defined 

as compared to cuboidal cells of control group. The possible reason of this may be 

low levels of estrogen because it plays an important role in the differentiation of 

mammary glands. It was observed that sodium arsenite treatment caused reduction in 

the levels of estradiol. 

Review of literature also revealed reports on arsenite toxicity in ovary and uterine 

tissue. Chattopadhyay, Ghosh, Debnath and Ghosh (2001) study the effect of Sodium 

arsenite-Persuaded ovarian toxicity by Coadministration of L-Ascorbate (Vitamin C) 

in Mature Wistar Strain Rat. They suggested that after sodium arsenite treatment, 

relative ovarian and uterine weights, the activities of peroxidase in ovary and uterus, 

ovarian Delta5-3beta-HSD and 17beta-HSD activities, plasma levels of 

gonadotrophins and norepinephrine levels in midbrain and diencephalon were 

decreased significantly.Sodium arsenite–induced suppression of ovarian and uterine 

peroxidase activity became normalized after L-ascorbate supplementation, and this 

may support the action of vit-C by switching on the enzymatic antioxidant system. As 

L-ascorbate coadministration resulted in a significant protection in ovarian activities 

by restoration of plasma levels of gonadotrophins in sodium arsenite-treated rats, it 

may therefore be concluded that sodium arsenite-induced ovarian toxicity is mainly 

due to inhibition in pituitary gonadotrophin secretion.  

It is a well-documented fact that groundwater arsenic contamination has exponentially 

threatened the human life and convoluted the efforts for obtaining and maintaining 

drinking water quality standards in various countries. The situation is not different in 

many parts of the Pakistan, particularly in the southern and central parts of the 

http://www.cabdirect.org/search.html?q=au%3A%22Sarwat+Jahan%22
http://www.cabdirect.org/search.html?q=au%3A%22Shakeel+Ahmed%22
http://www.cabdirect.org/search.html?q=au%3A%22Samina+Razzaq%22
http://www.cabdirect.org/search.html?q=au%3A%22Hussain+Ahmed%22
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country. The report of Pakistan Council of Research in Water Resources (PCRWR, 

2003) “after India and Bangladesh, now Pakistan is also facing the growing threat of 

arsenic contamination in drinking water.” During surveys and studies conducted by 

PCRWR on sub-soil water examination in collaboration with UNICEF, ground water 

was declared „dangerous‟ having Arsenic contamination above the permissible level 

of WHO guide line (10ppb) in the Punjab districts and predominantly in Dadu and 

Khairpur district in Sindh. In Sindh province, groundwater arsenic concentration has 

reached up to “1100 μg/L‟‟ against WHO limits of 10μg/L. In the province of Punjab, 

over 20% and in the province of Sindh, around 36% of the population is exposed to 

arsenic contamination above WHO limit ( Haq,  Baig, Nabi and Hayat, 2007). 

A study of arsenic concentration in ground water from drinking water supply wells in 

Pakistan conducted by Nickson, McArthur, Shrestha, Kyaw-Myint and Lowry, (2005) 

found that hot spots of Arsenic enrichment occur in parts of the Indus alluvial basin 

depicts that the highest Arsenic concentration 906 ppb was found  in the 

Muzaffargarh district (southwest Punjab) Pakistan. Kahlown, Majeed and  Tahir, 

(2002) carried out a study in Punjab which showed that 20% of the population is 

exposed to Arsenic contamination of 10 ppb in drinking water while nearly 3% of the 

population is exposed to contaminated drinking water having arsenic concentration of 

50 μg/L.  Arsenic contamination of drinking water and general environmental 

degradation in Province Punjab Pakistan as a result of natural and anthropogenic 

activities is a growing concern, hence poses serious threat to ecological and human 

health (Hyder et al., 2009).  Women are more exposed than male population since 

they spend more time in contaminated areas of their residence. This probably was due 

to the fact that female have longer exposure to arsenic due to their social and cultural 

setup they are involved in house hold activities to help their mothers at home. 

Revealing the fact that they are more exposed to arsenic contaminated water while 

using it in cooking, washing, drinking and other domestic purposes.  

The current research was therefore initiated to explore the relationship of arsenic 

exposure and its effects on hormonal profile of human population using biological 

materials i.e hair and blood . Not only in term of water quality assessment but also in 

context of relationship with various parameters. The present study was designed to 

determine the correlation between level of arsenic contamination in drinking water 

and biological samples such as hair and blood.  The samples of drinking water, blood 
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and hair  of young female and male (15-25 year of age) population of the study area 

were analyzed to determine arsenic concentration by using atomic absorption 

spectrophotometer, whereas, the hormonal level was determined by using ELISA 

technique.  In addition to this, data was also collected through questionnaire for the 

assessment of general health status of the respondent population.  

The purpose of this survey was to identify various sources of intake of arsenic that 

accumulates in the blood and hair of the target female and male residents of the study 

area. In this study the focus was to observe the effects of arsenic on female hormonal 

profile (LH, FSH and estradiol) and its comparison with male hormonal profile (LH, 

FSH and testosterone).  Present study included a questionnaire survey for assessment 

of general health status of female and male population and prevalence of arsenic 

related disease among young females and male population. We also aimed to identify 

the sources of exposure that make important contributions to hair and blood arsenic 

concentrations of residents in areas with elevated arsenic concentrations. Previously 

no work has been done in Pakistan with reference to arsenic exposure and its effect on 

hormonal profile of human population.  
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CHAPTER 3 

MATERIALS AND METHODS 

 

Present study was conducted to find out correlation of arsenic level in drinking water 

and in biological samples i.e hair and blood of young females (15-25 years) of the 

District Sheikhupura, Punjab, Pakistan.  Hair and blood samples were analyzed to 

assess arsenic exposure among the study population. Luteinizing hormone (LH), 

follicle stimulating hormone (FSH) and estradiol were also assayed in blood. The 

study was carried out over the period of about three years (March 2011 to February 

2014). The study was conducted in three phases including: questionnaire survey, 

collection of drinking water and biological samples (hair and blood), analysis of 

samples and data analysis.  

 

STUDY AREA 

The study area for the present work was District Sheikhupura, Punjab that is situated 

near Lahore. It is bounded by six other districts of Punjab; Lahore, Nankana Sahib, 

Narowal, Faisalabad, Hafizabad and Gujranwala.  Sheikhupura District is the 

agricultural as well as one of the major industrially developed districts of the 

province. District Sheikhupura is spread over an area of 3,280 square Km comprising 

of five tehsils including Ferozwala, Muridke, Sheikhupura, Sharaqpur and Safdrabad 

(Annex-i).  About 64% of its population lives in rural and 36% live in urban areas 

(GoP, 2013). The overall literacy rate of district Sheikhupura is 43%. Peepal (Ficus 

religiosa), Banyn, Eucalyptus, Poplar and Sharin (Albizia lebeck) are the common 

trees whereas rice, wheat, sugar cane, potato and guava are widely grown crops in this 

area. A wide range of  industries including chemicals, fertilizers, leather, ceramics, 

cotton, textile, shellers and motorcycle assembly units, gee mills, tyre and tube 

factories and electrical goods etc. are established here  (PICCP, 2012).   

1. QUESTIONNARE SURVEY 

For the assessment of general health status of the study population and water sources 

in different tehsils of district Sheikhupura, a questionnaire based survey was 
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conducted. Two hundred females 15-25 years of age were randomly selected for the 

study. For the purpose of comparison, 100 males of the same age group were also 

randomly selected. The respondents were the permanent residents of five tehsils of the 

district Sheikhupura and mostly were the students of different institutions. A 

questionnaire was specifically design to conduct survey for the assessment of various 

factors including health and socio- economic status, diseases and water sources etc. 

Various visits were made to different colleges and institutions and meetings were held 

to explain the purpose of the study. Written permission was sought from institutions 

heads prior to conducting interviews and administering the questionnaire to the 

volunteers. All sections of the questionnaire and purpose of the study were explained 

in details with reference to the causes of water contamination, issue of arsenic 

contamination and various health effects. The questionnaire was given only to those 

who volunteered and gave consent on prescribed form (Annex-ii) for the study and 

agreed to bring water samples from their homes and give their blood and hair samples 

for the study. During the sessions, one-to-one interviews were held and most of the 

respondents filled their questionnaires themselves. 

 

Although the questionnaire was in English but every section and question was also 

explained in Urdu. Questionnaire was designed after making preliminary visits to 

schools and colleges as well as surrounding agricultural and industrial areas of 

different tehsils of Sheikhupura district. The questions were mostly closed ended with 

fixed responses and some open ended to assess health and socio economic status, 

water sources and quality and various risk factors associated with arsenic 

contamination of water and other sources (Questionnaire attached). The questionnaire 

comprised of 6 sections. (A) Personal Profile (B) Socioeconomic Status (C) Health 

Status (D) Source of Drinking Water and Risk Factors (E) Dietary and Drinking 

Water Habits and (F) Remarks / Any other Information (Questionnare attach). 

Personal profile included questions like; name, address, tehsil, living since, age and 

gender. Whereas socioeconomic status was assessed by asking questions about 

marital status, caste, education, occupation, family type, number of earning members 

in house and average monthly income of the family. These questions were asked to 

collect information regarding their personal identity, residential status in the district 

and for the assessment of their socioeconomic status.  
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QUESTIONNAIRE 

(Health Assessment of Female and Male Population in District Sheikhupura) 

 

Identity No                                                   Date_____________ 

 

A: PERSONAL PROFILE 

1. Name of Respondent:     

2.Address:____________________________________________________________

______________________________________________________________ 

Tehsil ___________________ 

Living Since_______________ 

3. Age____________________(Years) 

4. Gender 

 Male  Female 

 

B: SOCIOECONOMIC STATUS 

 

5. Marital Status  

 Married  Unmarried 

6. Caste 

 

 Jutt  Arain   Sheikh  Rajput  Other 

 

7. Education:      ________ 

8. Occupation_________________________________________ 
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9. Family Type:           • Single             • Joint 

10. Number of earning members in the house:  _____________________ 

11. Average family monthly income: ____________________________ 

12. Number of sibling:_______________________________________ 

13. Type of houses you live in?  

 

 Concrete/Cement     Clay   Brick 

   

C: HEALTH STATUS  

14. Body Weight:________________________(Kg) 

15. Height: _____________________________(feet and inches) 

16. BMI (Kg/m
2
):__________________________ 

17. Do you have any of the following problems/disease? 

   

 Chronic cough Yes No 

 Respiratory distress Yes No 

 Liver disorder Yes No 

 Reduced weight Yes No 

 Bone deformity Yes No 

 Skin infection Yes No 

 Blood Pressure Yes No 
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FOR FEMALES ONLY 

18. Are you having Menses at present?   

 

 Yes  No  No Answer  

If No, today is how many days from last periods?  ______________Days 

 

19. Is there any miscarriage, abortion or still birth of baby in your family?   

 Yes  No  No Answer 

 

 

If yes which kind of disease_________________________________ 

 

D: SOURCES OF DRINKING WATER AND RISK FACTORS 

20. Source of Drinking Water at Home:  

  • WASA/Town Committee                • Motor Pump                  • Hand Pump 

  • Tube well                                          • Any other 

 Diabetes Yes No 

 Abnormal Heart Rhythm Yes No 

 Diabetes Yes No 

 Muscular pain Yes No 

 Abdominal Pain   Yes No 

 Skin Lesion Yes No 

 Anyother:_________________   
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21. Do you treat water before drinking?                    

          • Yes                  • No 

If Yes, what kind of treatment: 

 Water Filter at 

home 

    Boiling   Sand Filtration   Any other 

 

22. How many glasses of water you drink each day?  

 Soon after wake 

up 

 Breakfast   Lunc

h  

  Dinner  

 

 Before Sleeping  Occasionally  Total: _________________ 

 

23. Is any industrial agricultural area present in nearby area? 

 Yes  No   

24.  Which industry is present? ___________________________ 

25. What is the distance of nearest agriculture land from your home? 

 Less than ½ Km  0.5 – 1.0Km   More than 1.0 Km  

 

26. What kind of fertilizers is being used?  

 

 Animal Dung   Chemical Fertilizers   Other 

 

 

E: DIETARY AND WATER DRINKING HABITS 
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27. How many glasses of milk do you drink daily? _____________________ 

 

28. Do you dye / color your hair?                         

                 • Yes                        • No 

29. What kind of dye?  

 Mehndi  Kala Cola   Other 

 

 

30. How do you clean your teeth?  

 Miswak  Toothpaste   Datan  Manjan 

 

31. What do you use to wash hair?  

 Shampoo      Soap   Lasi/ Dahi 

 

 

32. Do you smoke?                                                  

    • Yes                           • No 

33. Any Other Addiction: ________________________________________ 

 

34. Items commonly taken in food: 

• Mutton                     • Beef                                • Vegetable 

• Chicken                    • Fish                                 • Pulses 

• Rice                          • Chapatti                           • Any other 

 

F: REMARKS/ ANY OTHER INFORMATION_____________________ 
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For the assessment of health status; Body mass index (BMI) was calculated by 

measuring height and weight of every respondent. The hight and weight of the 

respondents were measured by using measuring tap (Great Eagle, China) and 

weighing machine (MS01/Germany) respectively. WHO (2004) has recommended the 

classification of body weight that includes degree of underweight to gradation of 

overweight that are associated with increases risk of some non-communicable 

diseases (Annex-iii)  

BMI of the female and male respondents was calculated according to the following 

formula; 

BMI= weight in kilograms/hight in meter
2
  

- Hight in meter = hight in inches/39.37=_________________________meters 

- (Hight in meter)
2
 = m

2
 

- BMI=   Kg/m
2
 

Respondents were also asked questions about various diseases particularly that are 

considered to be possibly related to arsenic exposure. In case of females questions 

related to menstrual cycle were also included to find out its relationship with 

hormonal profile i.e LH, FSH and estradiol. 

 

Questionnaire included section related to the sources of water, quality of drinking 

water, probable causes and risks including types of agriculture and industries in the 

vicinities of their place of living and other details were also asked to assess various 

risk factors contributing to arsenic contamination. For the assessment of dietary and 

drinking water habits question pertaining to types of food and daily intake of water 

etc. were included. In any other information questions regarding smoking, daily teeth 

brushing, use of shampoo etc. were asked. To assess various other risk factors such as 

use of dyes etc. was also found out because hair were collected for analysis of arsenic 

determination. All the respondents both (females and males) were asked to give their 

general opinion and comments about various problems, causes and their effects of 

contaminated water. 
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2. COLLECTION OF DRINKING WATER AND BIOLOGICAL SAMPLES   

 

a. Water Samples 

A total 500 drinking water samples were collected from five different tehsils of 

district Sheikhupura (Table-1). Out of these 500 drinking water samples 200 were 

brought by those females and 100 by male respondents who volunteered to fill up the 

questionnaire, gave hair and blood samples for the study. Samples were taken in 100 

ml polythene plastic bottles. The samples were properly labeled with area, identity 

number and date etc. The water samples were stored at 4°C (Neha, Pandey and 

Devendra, 2013). The holding time for water samples is 28 days (Csuros, 1997). All 

the samples were transported to the laboratory for further analysis. 

 

Table.1. Number of drinking water samples collected from different tehsils of district 

Sheikhupura. 

S.no Area No. of drinking water 

samples 

1 Ferozwala  127 

2 Muridke 158 

3 Sheikhupura  84 

4 Sharaqpur 75 

5 Safdarabad 56 

 Total 500 

 

b. Hair Samples 

Hair arsenic concentration provides useful information in chronic arsenic poisoning. 

Two hundred hair samples were collected from female of 15-25 years of age living in 
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different tehsils of District Sheikhupura and one hundred hair samples were collected 

from male respondents of the same age group belonging to these areas. The samples 

were collected only for those volunteers who filled up the consent form. Hair of about 

0.5 - 1.5 cm length were cut from near the occipital, lower back part of scalp with the 

help of sterilized scissor as per method desribed by Afridi et al., 2008.  Where hairs 

were short, several haircuts were joint to form one sample. Gloves were used during 

cutting and scissors was cleaned with cotton wet in ethanol every time when used for 

the next respondents. Plastic zipper bags (1.5x3 inches) were used to store the hair 

samples and these were labeled with ID number, area and date etc. All the samples 

were transported to the laboratory for storage and further analysis. 

c. Blood Samples 

Blood samples were collected from those female and male respondents who 

volunteered to fill up the questionnaire and gave water and hair samples. Total 300 

blood samples i.e. female (n=200) and male (n=100) respondents of specific age 

group (15-25) were collected.  5 ml of venous blood was drawn from median cubital 

vein i.e. from inside of elbow (Saladin, 2008) by using  disposable sterilized 5ml BD 

syringe. Personnel written consent of the respondents taken prior to the drawl of blood 

(Annex-ii). Blood samples were collected with the help of a trained technician 

working in tehsil head quarter (THQ) hospital Muridke. Isopropanol swab was used in 

order to clean punctured place. A tourniquet was positioned on the upper arm. Blood 

was obtained after insertion of needle inside the vein. After blood collection, the 

tourniquet was detached for the restoration of the normal blood circulation. After 

removal of needle the punctured place was covered with swab and then saniplast was 

also applied so as to avoid any bleeding.  Blood was drawn with adequate safety 

precautions as outlined in the declaration of Helsinki, 2002 (WMA, 2002) for the 

research to be carried out using human samples. Respondents were also given juices 

after drawing blood samples. Syringes and swabs used during the procedure were 

placed carefully into the plastic bags for proper disposal according to prescribed 

procedure of disposal of such substances (UNEP/ILO/WHO, 1993). 

Collected blood was divided into two tubes.  One ml blood was put in to ethylene 

diaminetetraacetic acid (EDTA) added screw capped sterilized blood tubes for arsenic 

detection and 4 ml blood was put into to screw capped sterilized centrifuge tubes to 
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avoid hemolysis for serum separation for hormonal analysis. Both the tubes were 

marked with the same identity number allocated to the respondents with permanent 

marker.  Then these tubes were placed in air tight ice cooler for the transfer of the 

blood samples safely to Research Laboratory of the Zoology Department, LCWU, 

Lahore. Whole blood is the best specimen for detecting exposure to toxic elements 

such as arsenic and lead (Keil, Ritchie and McMillin, 2011). Whereas, serum is used 

for the assay of various hormones. 1 ml blood sample was stored at –20°C for use to 

detect arsenic content in whole blood. The analysis was generally performed within 2 

weeks (Wu, Chiou, Wang, Hsueh, Wang, Chen and T-Chang, 2001).  Before serum 

separation blood samples were equilibrated to room temperature. Tubes were 

centrifuged at 3000-3500 rpm for 10-15 minutes on centrifuge machine (Hettich, 

Germany). The supernatant light straw coloured serum was separated with the help of 

sterilized Pasteur pipette and then transferred into eppendorfs. The eppendorfs were 

marked with identity number using a permanent marker. Serum specimens were 

stored at -20°C till analyzed (Tatsumi and Miwa, 2002). 

3. ANALYSIS OF DRINKING WATER AND BIOLOGICAL SAMPLES  

Analysis of drinking water and biological samples were done in the laboratory in 

Zoology department of LCWU. All the required chemicals, apparatus and equipment 

regarding analysis were available in the laboratory. Atomic absorption 

spectrophotometer was used to determine the arsenic concentration in drinking water, 

hair and blood samples (Annex-iv). Atomic absorption spectroscopy (AAS) is a very 

common and effective technique for detecting metals and metalloid based on the fact 

that ground state metals absorb light at specific wavelengths in solid and aqueous 

samples (Lvov, 2000).  

Preparation of Samples 

a. Preparation of Water Samples 

Water samples were pretreated for arsenic detection by adding 2 mL of 30% H2 O2 

into 100 ml of taken sample then few drops of concentrated HNO3 were added. 

Solution was heated at 95ºC, until digestion was completed or until the volume is 

slightly less than 50 mL. After Cooling transfer to a volumetric flask, and make up 

total volume 50mL with reagent water. Pipeted 5 mL of this digested solution into a 
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10-mL volumetric flask, added 1 mL of the 1% nickel nitrate solution and diluted to 

10 mL with reagent water (EPA7060-A, 1994). 

 

b. Preparation of Hair Samples 

Arsenic is normally found in higher concentrations in human hair than in other parts 

of the body. Hair is a good biomarker for chronic arsenic exposure.  Hair samples 

were weighed (0.1 g) with the help of analytical balance (Sartorious TE31-DS, 

Germany). Each sample was washed with deionized water and then with methanol to 

reduce any external material without leaching arsenic out of hair.  For decomposition 

of hair samples 8 ml conc. HNO3 added in each sample after which the crucible was 

covered with the crucible lid and placed on a hot plate. Hair was digested at 70°C to 

85°C for about 25 minutes or until the hair was completely digested and the solution 

becomes clear. The crucible was not remained to go dry until the digestion was 

complete. After cooling to room temperature inside the fume hood, 1 ml of 30% 

hydrogen peroxide (H2O2) was added to each sample, and heated again on hot plate at 

the lowest setting (first setting i.e. 42°C) just until bubbling ends. After this, heat was 

increased to about 80°C or as needed until the volume was reduced to about 2.5 ml. 

The contents of each crucible were quantitatively transferred to a dried and cleaned 

volumetric flask. The digestion vessel was rinsed three times with 1.5 ml each with 

deionised water and added to the volumetric flask and made up to volume with 

deionised water. The remaining solution was filtered using Whatman filter paper of 

size 47mm (2 micron). It was then transferred to a cleaned sample bottle, labeled well 

and stored in the refrigerator until analyzed (Peter, Eneji and Ato, 2012). 

 

c. Preparation of Blood Samples 

Acid digestion of the blood samples was done by adding 1ml of concentrated HNO3 in 

to 0.5 ml of blood in a digestion flask. The digestion was maintained at 100
o
C for 40 

minutes. After addition of 0.35 ml of each concentrated H2SO4 and HClO4, digestion 

was continued for another 60 minutes (Wang, Huang, Chou, Lin, Liau and Wang. 

1993). For dilution of the samples 0.5 ml of deionize water was added to the digestion 
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flask and heated until a colorless solution was obtained. The solution was then diluted 

to 6ml and measured for arsenic using an atomic absorption spectrophotometer. 

Analysis of Samples for Detection of Arsenic 

Analysis of samples for detection of arsenic was carried out on AAS. Total 500 

samples of water and 300 samples of hair and 300 samples of blood were analyzed. 

All types of samples were assayed by AAS on Graphite furnace (Solar MKII-VI 

Thermo electron corporation UK). Experimental conditions for the system were set as 

follows; 

 

 Atomizing 

temperature          

 2500 ºC                                  Slit 1.1 nm 

 

 Light source                            Deuterium        

Lamp 

 Lamp 

current        

12 mA 

 Sample volume 10.0 µL  Cuvette A-type (pyrolytic tube 

cuvette) 

 Wavelength 193.7 nm  Carrier gas             Argon 

Before sample analysis using atomic absorption spectroscopy (AAS), the 

conventional four point calibration was done separately for water, hair and blood 

samples. For detection of arsenic in drinking water samples 4 standard solutions of 

5µg/L, 10µg/L, 15µg/L and 20µg/L were prepared for calibration curve. When the 

linear curve was constructed blank sample was run thereafter water samples were put 

in to covet and placed into AAS system one after other. The reading were noted in  

µg/L. Prior to the analysis of hair samples four different standard solution of 0.06 

µg/L,0.16 µg/L 0.26 µg/L and 0.36 µg/L were prepared and calibration curve was 

drawn. The samples along with blank were put into covets and analyze for arsenic. 

The readings were noted in µg/L and then results were converted into µg/g. For the 

detection of arsenic in blood samples another standard curve was prepared. For 

standard curve i.e 4 dilutions 0.5 µg/L 1 µg/L, 1.5µg/L and 2 µg/L of standard 

solution were prepared and calibration curve was drawn. Blood samples were loaded 

in cuvets and placed in AAS system after runing the blank. The values were noted in 

µg/L and compared with standards. 
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Hormonal Analysis in Serum Samples 

Hormonal analysis in serum samples was done by using ELISA technique. ELISA 

uses the basic immunology concept of an antigen binding to its specific antibody (Gan 

and Patel, 2013). This allows detection of very small quantities of antigens such as 

hormones, proteins or antibody in a fluid sample (Annex-v). For the analysis of 

various hormones i.e. FSH, LH, estradiol and testosterone an automated ELISA 

(CODA EIA analyzer, Bio-Rad, USA) was used.  

 

a. Luteinizing Hormone  

The quantitative determination of luteinizing hormone (LH) level in human serum by 

a microplate immunoenzymometric assay was done by using Enzyme-linked 

immunosorbent assay (ELISA) technique. LH was estimated by using monobind, LH 

enzyme immunoassay test kit (catalogue NO. CA 625-300) as per described 

procedure. The calibration curve was prepared with the help of 6 standard solution of 

variable concentration i.e 0 mlU/ml, 5 mlU/ml, 25 mlU/ml, 50 mlU/ml, 100 mlU/ml 

and 200 mlU/ml to obtain the concentration of LH in tested serum samples. Before 

starting the analysis all regeants, serum samples and controls were brought to room 

temperature. The microplate wells were formatted for each serum reference, control 

or specimen to be assayed in duplicate. 0.050 ml (50µl) of the appropriate serum 

reference, control or specimen was pipetted into the assigned wells and the microplate 

was swirled gently for 20-30 seconds to mix and cover. It was allowed to incubate for 

60 minutes at room temperature. The contents after (decantation or aspiration) were 

discarded and 350 µl of wash buffer was added. It was followed by adding of 0.10ml 

(100 µl) of working substrate solutions to all wells and then was allowed for incubate 

at room temperature for 15 minutes. After incubation 0.050ml (50 µl) of stop solution 

was added to each well and gently mixed for 15-20 seconds and the absorbance was 

read and noted in each well at 450nm in a micro plate reader. The obtained values 

were compared with reference value.  
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b. Follicle Stimulating Hormone (FSH)  

FSH was estimated by using “Monobind, FSH enzyme immunoassay test kit 

catalogue NO. CA 425-300” as per recommended method. A calibration curve was 

prepared with the help of 6 standard solution of variable concentration i.e 0 mlU/ml, 5 

mlU/ml, 10 mlU/ml, 25 mlU/ml, 50 mlU/ml and 100 mlU/ml to obtain the 

concentration of FSH in tested serum samples. The analysis was carried out on 

automated analyzer with the method described earlier for LH. 

c. Estradiol (E2)  

 Estradiol Hormone was estimated by using biocheck, test kit, catalogue NO. CA 

94404. A calibration curve was prepared with the help of 6 standard solution of 

variable concentration i.e 0pg/ml, 10 pg/ml, 30 pg/ml, 100 pg/ml, 300 pg/ml and 1000 

pg/ml to measure the concentration of estradiol in tested serum samples. All the 

reagents, serum samples and controls were brought to room temperature. 25 µl of 

each sample, standards and controls were dispensed into designated wells.100 µl of 

Estradiol – HRP conjugate reagent was added into each well. Then 50 µl of rabbit 

anti-Estradiol (E2) reagent was carefully mixed to each well for 30 seconds and then 

was allowed to incubate at room temperature (18-25 
o
C) for 90 minutes. After 

incubation microwells was rinsed and flicked 5 times with distilled water. It was 

followed by addition of 100 µl of TMB reagent into each well and were gently mixed 

for 10 seconds. Again it was allowed to incubate at room temperature (18-25
o
C) for 

20 minutes. After that the reaction was stopped by adding 100 µl of Stop Solution to 

each well and gradually mixed for 30 seconds till all the blue color changed to yellow 

color completely. Reading was noted at 450 nm absorbance with a microtiter well 

reader within 15 minutes after adding stop solution. The values were compared with 

reference values.   

d. Testosterone analysis  

Enzyme immunoassay for the quantitative determination of testosterone level in 

human serum was done by using ELISA. The concentration of testosterone in serum 

samples was assessed by using monobind, test kit, catalogue NO. CA 92630. A 

calibration curve was obtained by plotting the concentration of the standard versus 

absorbance. For this purpose 6 standard solutions of variable concentration i.e 0 
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ng/ml, 0.1 ng/ml, 0.5ng/ml, 1.0 ng/ml, 2.5 ng/ml and 5.0 ng/ml and 12.0 ng/ml were 

prepared to find out testosterone concentration in serum samples. When serum 

samples, reagents and controls were acclimatized to room temperature, 0.010ml 

(10µl) of the appropriate serum reference and control specimen was pipetted in to 

assigned wells. Then 0.050 ml (50µl) of the working testosterone enzyme reagent was 

added to all the wells. Microplate was swirled  gently for 20-30 second to mix. Then 

0.050ml (50µl) of testosteron Biotin reagent was added to all wells and again the 

microplate was swirled gently for 20-30 seconds to mix well.  Incubation was carried 

out for 60 minutes at room temperature. The contents of the microplate were 

discarded after decantation or aspiration. 350 µl of wash buffer was added and 

aspirated again. After that 100 µl of working substrate solution was added to all the 

wells. After incubation at room temperature for fifteen minutes, 0.050 ml (50µl) of 

stop solution was added to each well and gently mixed for 15-20 seconds. . Reading 

was noted after 30 minutes at 450 nm absorbance with a microtiter well reader and the 

measured value were compared with reference values.   

DATA ANALYSIS 

Qualitative data collected with the help of questionnaire was tabulated and 

transformed into quantitative data. Percentages were calculated by using Microsoft 

Excel 2007. Minitab V 13 software was used to calculate mean, standard error mean, 

standard deviation and correlation. SPSS 13 was used for comparison of the mean 

with in the same category is made by using one sample student‟s t-test and 

comparison of mean between different groups is done by using one way ANOVA. 

Post hoc test was applied to compare mean among different groups. The level of 

significance was taken at p = 0.05 (Wheater and Cook, 2000). Correlation is a 

measure of linear association between two variables (Ott and longeekker, 2010). 

Correlation was applied among the arsenic values in drinking water and biological 

samples (hair and blood) of different individuals living in different tehsil and between 

arsenic values in drinking and arsenic in hair and blood with reference to different age 

groups of respondents. Comparison between mean values of hormonal level with 

reference value was also done by using t-test and one way ANOVA. The results are 

presented in the form of graph and tables. 
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CHAPTER 4 

                                                  RESULTS 

The results of the present study on determination of arsenic in drinking water and 

biological samples i.e. hair and blood of young females (15-25 years) and male 

population of district Sheikhupura, Punjab are evidently reflective of the fact that the 

drinking water of this area has generally high level of arsenic. It also revealed the 

presence of various level of arsenic in hair and blood samples of the respondents from 

different tehsils of this district. The study involved the estimation of serum LH, FSH 

and estradiol of female and LH, FSH and testosterone hormone of male respondents.  

Although, the study was carried out on young female population of the area but male 

subjects were also considered for the purpose of comparison and establish correlation. 

The findings of this study are depictive of correlation between the concentration of 

arsenic in drinking water and the detected level of arsenic in biological samples of 

these respondents. 

 Many visit were made to five tehsils of the district Sheikhupura for general 

observations, carry out questionnaire survey and for the collection of hair and blood 

samples. As described earlier, district Sheikhupura is adjacent to Lahore and has 

industrial as well as agricultural settings and activities. Five tehsils of this district are; 

Ferozwala, Muridke, Sheikhupura, Sharaqpur and Safdarabad. Tehsil Sheikhupura is 

the biggest one and more developed as compared to other four tehsils of this district. 

In other four tehsils transport, roads and other infrastructure including sewage system 

and water supply etc. are deficient as per needs of the industrial activities and 

agricultural settings as well as to meet the basic needs and demands of the growing 

population of this area. 

1. DATA COLLECTED THROUGH QUESTIONNAIRE SURVEY 

The respondents were selected randomly and only those were given questionnaire 

who volunteered (n=300) for the study and give biological samples (hair and blood) 

and bring drinking water samples from their homes. Besides 300 samples that were 

brought by the volunteers, additional 200 drinking water samples were collected from 

homes of different tehsils. Out of 200 female respondents; 25% (n=50), 32% (n=64), 

16.5% (n=33), 15% (n=30) and 11.5% (n=23) were from Ferozwala, Muridke, 
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Sheikhupura, Sharaqpur and Safdarabad respectively. Out of 100 male respondents, 

27% were from Ferozwala, 30% were from Muridke, and 18% from Sheikhupura 

whereas, 15% and 10% of respondents were from Sharaqpur and Safdarabad. It was 

noteworthy that in general higher response (31.3%) was given by the respondents of 

Muridke whereas least response (10%) was from respondents from Safdarabad that 

comprises of rural as well as urban areas. All the respondents (females as well as 

males) that were considered for study were between 15-25 years of age and mostly 

were the students of colleges and studying at intermediate or degree levels. These 

were categorized in three age groups as; 15-18 years, 19-22 years and 23-25 years. 

Total 36.3% (n=109) of respondents were between 15-18 years of age with more or 

less same percentage among males and females. In case of 19-22 years of age, the 

number of total respondents was 138(46%) being 46.5% females and 45% of males. 

In the older age group i.e. 23-25 years; the response was given by 17.5% females and 

about 18% of the males. Besides, personal profile, information regarding socio-

economic status including education, income of the father and occupation, number of 

siblings and type of family livings etc. was also collected. It was found that all the 300 

respondents including females (n=200) and males (n=100) were unmarried and were 

dependent on their parents. The family size was generally large and they had variable 

number of siblings ranging from 1-11. Majority of them (50%) had 5-8 whereas; 

about 5% of them had even 9-12 siblings. 

It was gathered from the collected data that in general, only the fathers of these 

respondents were the earning member of the family and had various occupations. 

Mostly were the farmers or doing small private jobs (19 and 20% respectively). 

Beside this some had small shops (10%) and business (4%) only 6% of them were 

owner of the land to grow various crops being agriculturist. Some were doing 

teaching, newspaper distribution and driving. Some of them were mechanic (3%), 

laborers (7%) or go for work in nearly factories (10%). When the data was considered 

on gender basis the similar trend was found. Data regarding monthly income of the 

family revealed concerning facts. It was found that most of the respondents including 

females and males belonged to low income group with income range as Rs. 4000- 

Rs.14000/ month (36.3%), Rs 15000-25000 (26.6%), Rs 26000-Rs 36000 (21%) and 

only 4% had Rs. 37000- Rs 47000/month, 9% of the respondents father were earning 

Rs 48000- Rs 58000/ month whereas only father of total 2% respondents had Rs 
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59000-Rs 65000 earning per month. Same trend was evident when data was 

considered on the basis of male and female respondents. It was also found during 

questionnaire survey that most of these respondents (64%) i.e. females (68%) and 

males (57%) were living in joint family system with grandparents, uncles and cousins 

etc. These results evidently reflect the low socio-economic conditions of most of the 

respondents in these areas. It was concerning to note that income was low and family 

size was large hence pose general stress to health. Volunteers also described about 

their housing types and it was found that more than 95% of them live in concrete 

houses. Some were living in brick houses and only 1% of them live in houses of mud.    

To assess the health of female and male respondents of District Sheikhupura the body 

mass index (BMI) was calculated in kg/m
2
 by measuring weight and height of 

respondents. It was calculated from the data the average mean BMI ±SEM of two 

hundred female was 20.6±0.2 kg/m
2
 and it ranged between 13.7 kg/m

2
 to 33.7 kg/m

2
. 

The analysis of the data showed that the average value of 100 males was mean ±SEM 

21.3± 0.37 kg/m
2
 and it ranged between 13.9 kg/m

2
 to 33.8 kg/m

2
 (Annex-via). 

Although the mean BMI values of two hundred female and 100 male respondents 

belonging to different tehsils were found to be within the normal range of BMI 

(WHO, 2004). It was noted during this survey that among two hundred females 30% 

were under weight, 11.5% were overweight and 2% were obese. Whereas 56.5% of 

the total females were in normal range of BMI (Annex-vib). It was noted that among 

one hundred males 12 % were overweight, 23% were underweight, 3% were obese 

and 62% of the total male were in normal range of BMI (Fig.1.1). The data was 

arranged according to different BMI categories with reference to respondents living in 

different tehsils of district Sheikhupura. Interesting observation was noted that 

majority of female respondents were in normal BMI range belong to tehsil Ferozwala 

(n=30) and Muridke (n=36). Similar trend was found in male population (Fig.1.2 and 

1.3). This may be reflective of comparatively better health condition and facilities in 

tehsil Ferozwala and Muridke as compared to other tehsils of district. 
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Fig.1.1. Percentage comparison of female (n=200) and male (100) respondents  

falling in various categories with reference to BMI (kg/m
2
). 

 

 

Fig.1.2. Percentage comparison of female respondents (n=200) of different tehsils 

falling in various categories with reference to BMI (kg/m
2
). 
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Fig.1.3. Percentage comparison of male respondents (n=100) of different tehsils 

falling in various categories with reference to BMI (kg/m
2
). 
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The mean ± SEM value of BMI of each age group of female respondents were also 

calculated and was founds to be as 21.4± 1.1 kg/m
2
, 20.1±0.7 kg/m

2
, 21.3±0.7 kg/m

2
, 

19.7± 0.5 kg/m
2
, 21 ±0.5 kg/m

2
, 21± 0.6 kg/m

2
, 19.7±0.9 kg/m

2
, 20.4± 1.8 kg/m

2
, 20± 

0.7 kg/m
2
, 20.9±1.0 kg/m

2
 and 20.7±1.2 kg/m

2 
for group belonging to 15, 16, 17, 18, 

19, 20 21, 22, 23, 24 and 25 years of age respectively. The data was calculated 

according to different age groups of male respondents. It was noted that the mean 

±SEM value of each age group were as 22.7±2.45, 20.47±1.19 kg/m
2
, 20.0±0.8 kg/m

2
, 

21.1± 0.9 kg/m
2
, 22.86±1.0 kg/m

2
,19.34±0.7 kg/m

2
, 22.4±0.58 kg/m

2
, 21.59±0.9 

kg/m
2
, 22.6± 1.59 kg/m

2
, 21.02±3.5 kg/m

2
 and 21.1±1.3 kg/m

2
 for group belonging to 

15, 16, 17, 18, 19, 20, 21, 22, 23, 24 and 25 years of age respectively (Annex-vic).  

Although the mean value were found to be within the normal range of BMI (WHO, 

2004) but it is also reflected from the results that majority of older age groups (23-25 

years) of females had BMI towards lower range compared to those in younger age 

groups which may be related to the health condition and nutritional level of the 

respondents or any other factors that may be contributory (Fig.1.4). More detailed 

studies are suggested in this regard.  

Besides calculating BMI, questions regarding health related problems /diseases were 

also asked. It was noted that about 56% (n=167) of the total females and male 

respondents (n=300) complained about range of health problems. Among these 60.5% 

females and 46% of males volunteers complained about some health issues. Acne, 

skin lesions and allergies were the common complaints. Respiratory problems and 

chronic cough, liver disorder, bone deformity, blood pressure (low/high), abdominal 

pain, diabetes, muscular pain and pain in joints were also reported by female 

respondents (Annex-vid). Male respondents also narrated the similar problems except 

abdominal pain. But in general there was also complaints of fatigue, reduction in 

weight, headache and tiredness but it appeared to be more prevalent among females 

(Fig.1.5). The data was compared with reference to different tehsils of district 

Sheikhupura. It was peculiar to note that tehsil Sheikhupura had more prevalence of 

various diseases (26.9%) and lowest was among respondents of tehsil Safdarabad 

(11.3%).  
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Fig.1.4. Comparison of average BMI value of female (n=200) and male respondents 

(n=100) of different age groups with corresponding upper and lower reference limit. 

 

 

 

Fig.1.5. Percentage prevalence of diseases among respondents of the study area who 

complained (n=167) about different health problems/diseases. 
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When the data was arrange according to different age groups of female respondents 

with reference to having different diseases/health problems interesting observation 

was noted the respondents of age 19-21 years were having more diseases as compared 

to the respondents belonging to other age groups. 

Minimum number of diseases was reported by the respondents in age group between 

15-18 years (Fig.1.6). In male respondents similar trend of prevalence of diseases was 

found (Fig.1.7). The questionnaire included specific questions for female respondents 

regarding their menstrual cycle phases. During blood sampling tentative phases of 

female reproductive cycle such as follicular, mid and luteal phases were particularly 

noted for the comparison and correlations with various reproductive hormones (i.e. 

LH, FSH and estradiol) which were also assayed for this study. It was noted that only 

20 respondents were in menstrual phase whereas out of 200 females volunteers 180 

had no menses when blood was drawn. It was observed that out of 200 females; 43% 

of these females were in follicular phase, 17% in mid cycle, 30% in luteal phase and 

10% in menstrual phase. The data was also assessed for the reproductive disorders 

among respondents as well as in the mothers of these females. It was noteworthy that 

22% (n=44) of the respondents of various tehsils reported that their mother had 

reproductive problems. It was concerning to note that among these 44 respondents the 

common narrated problem was miscarriage (n=18), whereas still birth was reported by 

7 volunteers and also abortion (n=10) and premature birth history (n=9) was reported 

by the female respondents. 

Respondents were asked question about the availability of clean drinking water at 

house hold.  Majority of the female population (53%) use motor pumps as the main 

source of drinking water and 28.5% of them take drinking water from other sources 

like WASA/Town committee  and only 2.5% consume bottled water of different 

brands such as Gourmet and Nestle water bottles at home (Fig.1.8). Among male 

population 35% of them take drinking water from WASA/Town committee and 49% 

of the population use water from motor pumps and only 7% of them drink water from 

other brands Gourmet and Nestle (Annex-vie). Most of the respondents of study area 

narrated that the water they use for the drinking purpose does not appear to be clean 

as it contains pollutant like dirt, and usually not clear in appearance. 
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Fig.1.6. Percentage prevalence of diseases/health problems among female respondents of different age 

groups who complained (n=121) about different health problems/ diseases.  

 

Fig.1.7. Percentage prevalence of diseases/health problems among male respondents of 

different age groups who complained (n=46) about different health problems/ diseases. 

 

 

Fig.1.8. Percentage of female and male respondents using drinking water from different 

sources. 
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The data shows that generally these respondents use water drawn from ground water 

source using motor pump with depth about 150-250 feet, hand pump from maximum 

depth of 50-100 feet and from WASA/ Town committee with depth about 450-700 

feet. Some of them draw drinking water from tubewells with approximate depth of 

350-500 feet.  It was observed that motor pump was the common source of drinking 

water in all five tehsils of district Sheikhupura (Fig.1.9 a-b). 

It was peculiar to note that majority of the study population do not treat water at home 

(70%). Others who treat water; the treatment method most commonly used were 

found to be boiling and very few of them used sand filtration method at home. This 

shows majority respondents of district Sheikhupura may not be aware of the 

importance of clean drinking water. The similar trend was observed in all tehsils 

being comparative better level of awareness in Muridke. 

Water comparison plays crucial role in body metabolism. Water drinking habit was 

also assessed. Water drinking routine/habit of respondents was estimated by 

calculating intake of water per day (number of glasses). The glass of water per day 

consumption by the respondents ranged from 1 glass of water to 13 glasses in a day. 

Among female population (n=70) drink 3-4 glass of water per day and 84 female 

drink 7- 8 glass per day while only 46 of them said that they drink more than 8 glass 

of water in a day. Among male respondents 50 of them drink 5-6 glasses of water 

every day while 40 drink 3-4 glass of water in a day only 10 respondents drink 7-8 

glasses of water in a day.  

With reference to the food and dietary habits i.e. commonly taken foods on daily 

basis, the data was found to be peculiar. It was noted that majority of them take 

chapatti as main staple food on daily basis whereas 36% of the total (female and 

male) respondents take rice as a main source of daily diet (Annex-vif). Among young 

females use of vegetables (25%), chicken (9%), fish (2.5%), pulses (21%), beef (6%) 

was also part of their food. Very few of them could afford mutton (3.7%). It was also 

noted that very few young females (7%) take milk as their daily diet. In case of male 

respondents use of vegetables was comparatively higher. They also were found to 

have more habit of taking tea (30%) as compared to the females (10%) of their age. 

The daily food habit reflects the socio-economic status of these respondents.  
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The questionnaire survey included question about the area of their living with 

reference to the industrial settings. The respondents were living in rural as well as 

urban areas, and about 12% of them had residences near industries. These included 

chemical, fertilizer, food, domectic appliances, leather and textile industries etc. It 

was also interesting to note that in female respondents majority of the population 

(57.5%) lives 1 km away from the agricultural land and 32% have less than 0.5 km 

distance from the agricultural land where as rest were living in urban settings.  

Among males almost 15 % lives 1 km away from the agricultural land and 22 % have 

even less than 0.5 Km distance from the agricultural land (Annex-vig). The most 

commonly used fertilizers in the study area were DAP, urea, phosphorus, padan and 

animal dung. Questions regarding use of dye and other risk factors were also 

included.  

It was found that majority of the female and male respondents do not use any dye or 

chemical to colour their hair (n=275). It was noted that in 200 female only 19 female 

used different method to dye their hair such as hina etc. In male population only 6% 

male dye their hair using hina and other chemicals. In case of females, majority of 

them i.e. 82% brush their teeth with tooth paste 10% use miswak 6% use manjan and 

only 2% female use datan (local plant bark) for cleaning the teeth. In male population 

90% respondents use toothpaste for cleaning the teeth and 9% respondents use 

miswak and manjan (1%). The observations are interesting and reveal the lifestyle and 

risk factors that can be contributory to various health effects.   

 

2. ARSENIC CONCENTRATION IN DRINKING WATER SAMPLES  

During this study arsenic concentration in total 500 drinking water samples from 

District Sheikhupura were analyzed. The mean ±SEM arsenic concentration was 

found as 48.0 ±1.1 µg/L with range 2.60-111 µg/L. Among 500 drinking water 

samples only 8.6% (n=43) were found to be within the WHO standard limit that is 10 

µg/L. When the results were compared with national drinking water quality standards 

(NDWQS) of Pakistan it was noted that only about 50.6 % of the total (n=500) of the 

samples were within the NDWQS limit (50 µg/L) for arsenic (Annex-viia) whereas 

49.6% of the samples were above this limit. These results show that the drinking 

water quality of District Sheikhupura is not satisfactory.  
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Fig.1.9a. Percentage of female respondents belonging to different tehsils of District 

Sheikhupura with reference to the sources of drinking water. 

 

 

 

Fig.1.9b. Percentage of male respondents belonging to different tehsils of District 

Sheikhupura with reference to the sources of drinking water. 
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The mean ± SEM arsenic concentration in drinking water samples collected from 

different areas (tehsils) of District Sheikhupura were also compared. The maximum 

mean± SEM arsenic concentration was found in water samples collected from tehsils 

Sheikhupura (64.25±2.55 µg/L) and minimum mean ± SEM arsenic was detected in 

samples from Muridke (38.14±1.72 µg/L) with range 8.5-111.0 µg/L and 2.6-98.3 

µg/L respectively (Annex-viib).  In the samples from Sharaqpur, Ferozwala and 

Safdarabad the arsenic concentration was found to be mean ± SEM 61.63±2.73 µg/L, 

41.47±2.33µg/L and 48.0±3.51µg/L respectively with range 9.3-95.3 µg/L, 5.5-90.5 

µg/L and 5.1-90 µg/L respectively. It is noteworthy that the water samples collected 

from tehsil Sheikhupura and Sharaqpur had higher concentration of arsenic than the 

other tehsils of District Sheikhupura. The mean concentration of arsenic in all five 

tehsils of District Sheikhupura was significantly higher (p=0.05) than permissible 

limit of WHO. When the result was compared with NDWQS it was found that the 

mean value of arsenic in tehsils Sheikhupura and Sharaqpur was above the prescribed 

limit of NDWQS (Fig.2.1). 

Results of the present study were compared with reference to the sources of drinking 

water. There are five types of drinking water sources from where the residents of 

district Sheikhupura draw water for drinking purpose and samples were collected. Of 

all of the sources, the measured arsenic concentration was above the permissible 

limits of WHO except that was noted for the bottled water samples (Fig.2. 2). The 

maximum mean value ± SEM of arsenic was observed in the water samples collected 

from hand pump water 71.14± 2.6µg/L and minimum value observed was in bottled 

water i.e. (8.48 ± 0.6µg/L). The mean ± SEM arsenic concentration was found 35.47± 

1.69µg/L, 51.89± 1.54µg/L and 38.70 ± 4.2 µg/L for water samples collected from 

WASA/Town committee, motor pump and tubewells respectively (p=0.000).  The 

ranges of arsenic concentration in five different water types of  sources was found to 

be 13-102.1 µg/L , 2.6-89 µg/L , 5.1-111 µg/L , 25-54.0 µg/L and 5.1-14.3 µg/L in 

water samples from hand pump, WASA/Town committee, motor pump, tube well and 

bottles respectively (Annex-viic).  
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Fig.2.1. Comparison of mean arsenic concentration (µg/L) in drinking water samples 

from different tehsils of district Sheikhupura (n=500). 

 

 

Fig.2.2. Comparison of mean arsenic concentration (µg/L) in drinking water samples 

from various sources (n=500). 
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The data was also tabulated and analyzed separately with reference to those samples 

that were brought by 200 females and 100 males. These were also compared on the 

basis of area, gender and age to find out correlation with the arsenic concentration in 

biological samples. Results of 200 samples evidently showed that the concentration of 

detected arsenic was much higher in samples from tehsil Sheikhupura and Sharaqpur 

being mean± SEM 63.4 ± 3.8µg/L and 61.6± 4.3µg/L respectively (Fig.2.3). The 

same trend was evident in 100 samples that were provided by the male respondents 

(Fig.2.4) belonging to different tehsils of study area. It was also found that mean ± 

SEM arsenic concentration was detected to be highest in water samples brought by 

female respondents (n=200) from hand pump being 70.0 ± 4.1µg/L and males 

respondents (n=100) being 87.01± 4.7µg/L (Fig. 2.5, 2.6). These observations are 

reflection of the fact that drinking water quality of district Sheikhupura is 

compromised and draw attention of various authorities for remedial measures. 

 

3. ARSENIC IN HAIR SAMPLES OF FEMALE AND MALE RESPONDENTS 

Arsenic concentration was determined in 200 hair samples of the young females from 

the district Sheikhupura. 100 hair samples of male respondents were also analyzed for 

comparison (Annex-viiia). In females hair, the mean ± SEM was measured as 

0.845±0.052 µg/g (Range: 0.0010 - 2.80 µg/g) where as in case of male mean ± SEM 

was 0.688±0.07 µg/g ranging from 0.0020- 2.70 µg/g (Fig.3.1). The comparison was 

made in measured concentration of arsenic in hair samples of respondents from five 

different tehsils. The highest arsenic concentration in hair samples of female 

respondents was found among those living in tehsil Sheikhupura (1.40±0.12 µg/g) and 

lowest was detected in  female respondents of tehsil Ferozwala (0.41 ± 0.07 µg/g)  as 

shown in Fig. 3.2  
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Fig.2.3. Comparison between mean arsenic concentration (µg/L) in drinking water 

samples from different tehsils brought by female respondents (n=200) with WHO and 

NDWQS values. 

 

 

Fig.2.4. Comparison between mean arsenic concentration (µg/L) in drinking water 

samples from different tehsils brought by male respondents (n=100) with WHO and 

NDWQS values 
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Fig.2.5. Comparison between mean arsenic concentration (µg/L) in different drinking 

water samples collected from different sources brought by female (n=200) 

respondents.  

 

 

Fig.2.6. Comparison between mean arsenic concentration (µg/L) in different drinking 

water samples collected from different sources brought by male (n=100) respondents.  
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Fig.3.1. Comparison between mean arsenic concentration (µg/g) in hair samples of 

female (n=200) and male (n=100) respondents of the study area. 

 

 

Fig.3.2. Comparison between mean arsenic concentration (µg/g) in hair samples of 

female and male respondents from different areas (tehsils) of district Sheikhupura. 
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with range 0.06-2.80 µg/g and 0.001-2.10 µg/g respectively. The mean ± SEM value 

of arsenic concentration in hair samples was found to be 0.66 ± 0.07 µg/g, 1.38± 

0.13µg/g and 0.76 ±0.13 µg/g for female respondents belonging to tehsil Muridke, 

Sharaqpur and Safdarabad respectively (Annex-viib). The arsenic concentration range 

was between 0.002-2.10 µg/g, 0.002-2.60 µg/g and 0.004-1.90 µg/g for Muridke, 

Sharaqpur and Safdarabad respectively (p=0.00). The mean value of arsenic in hair 

samples of female respondents of all tehsil was found to be above the range of 

reference value i.e. 0.08-0.2 µg/g (Arnold, 1990).  

Among male population similar results i.e. significantly higher mean arsenic 

concentration was measured in hair samples of the male respondents belonging to 

tehsil Sheikhupura (mean ± SEM 1.10 ±0.183 µg/g) and lowest was detected in those 

belong to tehsil Safdarabad as 0.28 ± 0.118 µg/g as shown in (Fig.3.2) with range 

0.004-2.5 µg/g and 0.02-1.1 µg/g respectively. The mean ± SEM arsenic 

concentration was detected as 0.50 ± 0.14 µg/g, 0.56±0.11 µg/g and 1.03±0.18 µg/g 

for tehsil Ferozwala, Muridke and Sharaqpur. The ranges were found to be as 0.002-

2.70µg/g, 0.002-2.10µg/g,0.004-2.5µg/g, 0.002-2.1µg/g and 0.02-1.1µg/g for tehsils 

Ferozwala, Muridke, Sheikhupura, Sharaqpur and Safdarabad respectively p< 0.05 

(Annex-viiic). These results complement the results of water samples analyzed from 

various tehsils. It is peculiar to note that concentration of arsenic in water samples 

from tehsil Sheikhupura and Sharaqpur was higher than that measured in other three 

tehsils.  

The data was also calculated from the volunteers of the study with respect to different 

drinking water sources. The arsenic concentration in hair samples of female and male 

in context to drinking water sources showed interesting results. As the mean 

concentration of arsenic ±SEM in hair samples of female was found to be 1.31±0.14 

µg/g (range: 0.005 -2.70 µg/g), 0.50±0.07 µg/g (range: 0.0020-1.90 µg/g), 0.94 ±0.07 

µg/g(range: 0.0010-2.80 µg/g), 0.39 ±0.30 µg/g (range: 0.003 -1.10µg/g) and 0.27 ± 

0.25µg/g (range: 0.002  - 1.30),  in hand pump, WASA, motor pump, tubewell  and in 

bottled water samples respectively (Fig.3.3). In male respondents mean concentration 

in hair samples was detected as 1.47±0.34 µg/g, 0.53±0.12 µg/g, 0.78± 0.09 µg/g, 

0.38± 0.31 µg/g and 0.064 ± 0.03 µg/g for hand pump (range: 0.200 - 2.70 µg/g), 

WASA/Town committee (range: 0.002- 2.60 µg/g), motor pump (range:  0.0040-
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2.20µg/g), tubewell (range: 0.070-0.70µg/g) and bottled water (range: 0.0020-0.300 

µg/g) respectively (Fig.3.3). 

It is evident from the result that highest mean concentration of arsenic was found in 

water samples collected from hand pump and lowest arsenic concentration in those 

from bottle water (Annex-viiid). During this study although exact measure of depth 

was not recorded but the information was collected from WASA, municipal 

authorities, local residence and business. It was gathered that hand pump was 

generally bored at the depth of 50-100 feet, motor pump (200-350 feet), tube wells 

between 250-400 feet and WASA water supply comes from about 450-700 feet. The 

results are reflective of the fact that hand pumps are generally bored at depth which 

may be responsible to draw such pollutants along with water hence pose exposure of 

variable duration and magnitude.  

 

The mean arsenic concentration in hair samples of female and male respondents with 

respect to age was also compared. It was noted that mean ± SEM arsenic 

concentration in hair samples of female and male respondents were of different 

ranges. Among female only the respondents of 17 years of age had less mean 

(0.27±0.1µg/g) arsenic concentration than other age groups. The mean ± SEM arsenic 

concentration was measured as 0.52 ±0.2 µg/g, 0.58 ±0.1 µg/g, 0.62 ± 0.13 µg/g, 0.6 

±0.8 µg/g, 1.01±0.1 µg/g, 1.03± 0.1 µg/g, 0.87± 0.1 µg/g, 1.18±0.2 µg/g, 1.98±0.4 

µg/g  and 1.8 ±0.2 µg/g  for female respondents of age 15,16,18,19, 20, 21, 22, 23, 24 

and 25 years respectively (Fig.3.4). The maximum mean arsenic concentration was 

found in the males of age twenty two with 1.24 ± 0.26µg/g ranging 0.002 - 2.800 

µg/g.  The results draw attention towards the exposure of such hazardous substances 

likely to be related to duration and/or magnitude. It may be possible that longer 

exposure time could cause more accumulation of such substances in biological tissues 

such as hair and nails. More work with reference to hair and nails is also suggested. 

The minimum value of mean arsenic concentration was found in hair sample of 

seventeen years of age (0.19 ±0.07) µg/g with range 0.0020-0.30 µg/g (Fig.3.4).  
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Fig.3.3. Comparison between mean arsenic concentrations (µg/g) in hair samples  

of female and male respondents with reference to different drinking water sources  

(p< 0.05). 

 

 

 

Fig.3.4. Age wise comparison of mean arsenic concentration (µg/g) in hair samples of 

female (n=200) and male (n=100) respondents (15-25 years of age) p< 0.05. 
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In case of 15, 16, 18, 19, 20, 21, 23, 24 and 25 years old male respondents the 

measured arsenic in hair samples was 0.31±0.2 µg/g, 0.77 ±0.24µg/g, 

0.667±0.21µg/g, 0.76 ±0.24µg/g, 0.4±0.24µg/g, 1.2 ±0.18µg/g, 0.75±0.3µg/g, 

0.74±0.42µg/g, 0.92±0.28 µg/g respectively. The results were also analyzed by 

categorizing the ages into three groups comprising of 15-18 years, 19-22 years and 

23-25 years of age (Annex-viiie). The higher concentration of arsenic was found 

among female respondents of age group 23-25 years (1.62±0.10) µg/g with range 

0.002-2.8 µg/g. The mean arsenic concentration was 0.49 ±0.07 µg/g (range: 0.002-

1.9 µg/g) for the group 15-18 year of age, 0.81 ±0.06 µg/g with range 0.001-2.2µg/g 

for 19-22 year of age. Similar trend showed the increasing value of arsenic level in the 

higher age group 23-25 years of age (mean ± SEM 1.16 ±0.15) and lower values in 

the lower age group (15-18 years) as 0.54 ± 0.1 µg/g was found among male 

respondents (Fig.3.5). In age group 19-22 years of age the mean arsenic concentration 

was noted as 1.0 ± 0.12µg/g.  The p value was < 0.05. Trend shows increasing value 

of arsenic level in the higher age group. The mean concentration of arsenic in 

different age groups was higher than the permissible limit i.e.0.008-0.25 µg/g 

(Fig.3.5).  

These findings reflect a peculiar trend of arsenic concentration in the hair of the both 

sexes of the respondents (male and females). It was reflected that that with the 

increase in age the concentration of arsenic was more in hairs. It might be related to 

the duration/length of exposure of such substances which ultimately accumulate in 

tissues like hair and nails.  

4. ARSENIC IN BLOOD SAMPLES OF FEMALE AND MALE RESPONDENTS  

 

The research work also involved the determination of arsenic in blood samples. The 

blood samples were collected from the two hundred female respondents and one 

hundred male respondents of the study area. The correlation between water and two 

biological samples (hair and blood) was also calculated. The mean± SEM of arsenic 

concentration in blood samples of female respondents was found to be as 

1.63±0.09µg/L (Fig.4.1) with range:0.030-5.500µg/L) while in male respondents it 

was detected as 1.55±0.13µg/L. It was peculiar to note that in certain cases the arsenic 

level in blood was measured as high as 5.5 µg/L (in females) and 5.3µg/L in male 

respondents (Annex-ixa). 
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Fig: 3.5. Age group wise comparison of mean arsenic concentration (µg/g) in  

hair samples of female and male respondents of various groups. 

 

 

 Fig.4.1. Comparison of mean arsenic concentration (µg/L) in blood samples 

 of female (n=200) and male (n=100) respondents of district Sheikhupura. 
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The results of blood arsenic of both female and male respondents were above the 

reference limits of arsenic in blood described by Agency of Toxic Substances and 

Disease Registry (ATSRD <1µg/L). It was peculiar to note that in certain cases the 

arsenic level in blood was measured as high as 5.5 µg/L (in females) and 5.3µg/L in 

male respondents (Annex-ixa).The results of blood arsenic of both female and male 

respondents were above the reference limits of arsenic in blood described by Agency 

of Toxic Substances and Disease Registry (ATSRD <1µg/L).  

 

The results were compared tehsils wise and it was revealed from the comparison that 

significantly higher mean±SEM value of arsenic in blood samples of female and male 

were found in respondents of tehsil Sheikhupura (p value was <0.05) 2.60±0.2 µg/L 

and 2.57± 0.41 µg/L respectively with range 0.5-5.5 µg/L and 0.400 -5.300 µg/L (Fig. 

4.2). It was found that the mean arsenic concentration in blood samples of female 

respondents living in tehsil Muridke, Ferozwala, Sharaqpur and Safdarabad was 

0.97±0.08 µg/L, 1.30±0.16µg/L, 2.36±0.24µg/L and1.80±0.33µg/L respectively. The 

blood arsenic concentration ranged between 0.03-2.9µg/L, 0.03-4.1µg/L, 0.2-4.9µg/L 

and 0.10-5.2 µg/L for tehsil Muridke, Ferozwala, Sharaqpur and Safdarabad 

respectively (Annex-ixb).  

 

Among male population, almost the same trend was observed in term of high 

concentration being in respondents of tehsil Sheikhupura and Sharaqpur. Whereas 

lower mean ± SEM blood arsenic concentration was found in blood samples of male 

respondents belonging to tehsil Safdarbad (0.81± 0.20µg/L) with range 0.200-1.90 

µg/L. In case of  male respondents living in tehsil Muridke, Ferozwala, Sharaqpur the 

blood arsenic concentration was found as 1.55 ± 0.20 µg/L (range: 0.100-5.10), 0.98± 

0.26 µg/L (range: 0.07-5.0 µg/L), 1.86 ± 0.36 µg/L ranging from 0.300- 5.10 µg/L 

(Fig 4.2). It was also noted by data analysis that in general the blood arsenic 

concentration was comparatively high in female respondents of all the tehsils except 

in case of tehsil Muridke where the mean arsenic concentrations in blood samples 

were found to be higher among males respondents as shown in Fig.4.2. The findings 

are interesting and demand for more detailed studies pertaining to the exposure of 

such substances and their effects with reference to gender.  
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The results of arsenic concentration in blood samples of the respondents were also 

compared with respect to the different drinking water sources. The mean arsenic ± 

SEM concentration in blood samples of female respondents consuming drinking water 

from hand pump, motor pump, WASA/Town committee, tube well and bottled water 

was 2.53± 0.27 µg/L, 1.81± 0.12 µg/L, 0.99 ± 0.13 µg/L, 0.63 ±0.1 µg/L and 0.44±0.1 

µg/L respectively (Fig.4.3). It is evident from the results that the highest concentration 

of arsenic was found in those respondents who use hand pump for drinking purpose 

whereas the lowest was measured in the blood samples of respondents using water 

from gourmet and nestle bottles and tubewells.  

 

The range of arsenic in blood samples of female respondents was 0.3-5.5 µg/L,0.1-4.9 

µg/L, 0.03-5.2 µg/L, 0.1-0.5 µg/L and 0.2-0.7 µg/L for hand pump, motor pump, 

WASA/Town committee, tubewell and bottle water (Annex-ixc). In case of male 

respondents, the blood value of arsenic was variable with reference to the sources i.e. 

hand pump water, motor pump and WASA as 3.79 ± 0.4 µg/L (range: 2.4-5.0 µg/L), 

1.70 ± 0.19 µg/L (range: 0.07-5.3 µg/L) and 1.16± 0.17 µg/L ( range: 0.1-4.5 µg/L) 

respectively. The lower mean arsenic concentration (0.5 ± 0.1µg/L) was found in 

respondents who used bottle water with range 0.10-0.90 µg/L (Fig.4.3). Tubewell 

water (0.75 ± 0.75µg/L) with range 0.4-1.1 µg/L.    

 

The data was further analyzed on the basis of age. In case of females (n=200) the 

higher arsenic concentration was in the females of age twenty five with 3.8 ± 0.4 µg/L 

ranging 0.8-5.2 µg/L.  The minimum value of mean arsenic concentration was found 

in blood samples of the respondents of sixteen years of age (0.79 ±0.1 µg/L) ranging 

from 0.1-3.0 µg/L. Whereas in case of age eighteen and nineteen years similar mean 

arsenic concentration was observed (1.1± 0.1 and 1.1±0.1 µg/L) with range of 0.1- 

30µg/L and 0.03-4.6 µg/L respectively. When data was analyzed according to age of 

male respondents it was observed that high mean  
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Fig.4.2. Comparison between mean As concentration ( µg/L) in blood samples 

 of female and male respondents belonging to different tehsils of district Sheikhupura. 

 

 

Fig.4.3. Comparison between mean arsenic conc. (µg/L) in blood samples of female 

and male respondents of the study area with reference to the different water sources. 
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arsenic concentration (3.38± 0.7 µg/L)  with range 1.1- 5.3 µg/L was found in blood 

samples of 21year of age and lower mean arsenic concentration (0.77 ±0.1 µg/L) was 

noted in 17 year of age with range 0.1-1.9 µg/L (Fig.4.4). The mean arsenic ± SEM in 

blood samples of male respondents of age 16 year, 18 year, 19 year, 20 year, 22 year, 

23 year, 24 year and 25 year were found as 1.48± 0.7 µg/L, 1.85± 0.4 µg/L, 1.67± 0.3 

µg/L, 1.28± 0.4 µg/L, 1.09± 0.3 µg/L, 2.01± 0.2 µg/L, 2.53± 0.8 µg/L, 0.84± 0.2 µg/L 

and 1.76± 0.5 µg/L respectively (Annex-ixd). 

 

It was peculiar to note that the males of older age i.e. 24 and 25 years had 

significantly low concentration of in blood as compared to the females of their 

respective age group. Same trend was reflective among male respondents of 17 and 23 

year. These findings are interesting and need more work in this regard. It may be 

possible that these males might have variable exposure to water and other sources of 

arsenic may be because of life style and daily routine. Such speculations need further 

investigations.  

 

The data was also analyzed on the basis of three age groups i.e. 15-18 years of age, 

19-22 years of age and 23-25 years of age. The maximum mean value of arsenic ± 

SEM was observed in the age group of 23-25 years with 3.2 ±0.23 µg/L. The 

minimum mean value of arsenic ± SEM was observed in the age group of 15-18 years 

with 0.95 ±0.1 µg/L. While in age group 19-22 years the mean arsenic concentration 

in blood samples of female respondents was calculated as 1.59 ± 0.11µg/L as shown 

in Fig.4.5. Similar trend was noted among male respondents of the study area (Annex-

ixe). The range of arsenic in blood samples in all three groups 15-18 years, 19 -22 

years and 23-25 years of age was 0.03-5.5 µg/L, 0.03-4.6 µg/L and 0.3-5.5 µg/L 

respectively (p=0.007). The results pertaining to the analysis of blood are 

complementary to the results to the water and hair samples analysis. These results 

evidently show the presence of arsenic in drinking water and exposure to the 

respondents of various tehsils of district Sheikhupura.  
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Fig.4.4. Age wise comparison of mean arsenic concentration (µg/L) in blood samples 

of female and male respondents (15-25 years). 

 

 

Fig.4.5.Comparison of mean blood arsenic concentration (µg/L) in female and male 

respondents of the study (age group wise). 
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5. CORRELATION BETWEEN ARSENIC CONCENTRATION IN WATER 

AND BIOLOGICAL SAMPLES. 

Data was analyzed to find out the correlation between mean arsenic concentrations in 

drinking water (µg/L) samples, hair samples (µg/g) and blood samples (µg/L) of 

female and male respondents of different tehsils of the study area. It is evident from 

this study that there is a positive correlation between arsenic in water samples and hair 

samples of female respondents of five tehsils of district Sheikhupura (Annex-xa). The 

correlation value (r = 0.894) was found for water and hair samples of females of 

different tehsils. It is depictive of the fact that if the arsenic concentration is greater 

indrinking water than  it is also found to be high in hairs samples of the same females 

(Fig.5.1). Data was also analyzed to find out the correlation between mean arsenic 

concentration in drinking water (µg/L) samples, hair samples (µg/ g) and blood 

samples (µg/L) of male respondents of different tehsils of district Sheikhupura 

(Annex-xb).  There was also a positive correlation (r =1.0) between arsenic in water 

samples and hair samples of male respondents of five tehsils of District Sheikhupura 

(Fig.5.2). The analysis of the result show similar trends in term positive correlation 

(r=0.94) between mean arsenic concentration in drinking water and hair samples of 

female of different age groups (Annex-xc)  i.e. 15 to 25 years (Fig.5.3). The 

correlation values for water (µg/L) and hair (µg/g) samples with reference to different 

age group was found r=1.0 (Annex-xd) showing a strong positive relationship 

(Fig.5.4). Similar trends in term positive correlation(r=0.82) between mean arsenic 

concentration in drinking water and hair samples of male of different ages i.e. 15 to 

25 years (Fig.5.5) and age groups r= 0.74 (Fig. 5.6) was found (Annex-xe).  

The data was further analyzed to find out the correlation between mean arsenic 

concentration in drinking water samples and blood samples of female respondents 

with respect to area and age. It was found that there was positive correlation (Annex-

xf) r=0.99 between mean arsenic in blood samples and water samples of female 

respondents of different tehsils (Fig.5.7). A similar positive correlation was also 

evident in case of male respondents (Fig.5.8). The analysis  
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Fig.5.1. Correlation between mean arsenic concentration in drinking water samples 

(µg/L) and hair (µg/g) of young females from different tehsils of District Sheikhupura 

(r=0.89). 

 

 

Fig.5.2. Correlation between mean arsenic concentration in drinking water Samples 

(µg/L) and hair (µg/g) of young males from different tehsils of District Sheikhupura 

(r=0.1). 
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Fig.5.3. Correlation between mean arsenic concentrations (µg/L) in drinking  

water samples  and hair (µg/g) of  female respondents with respect to 15-25 years  

of age ( r=0.94). 

 

 

 
 

Fig. 5.4. Correlation between arsenic concentration in drinking water samples 

 (µg/L) and hair (µg/g) of young females (15-25 years) of study area (r=0.1). 
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 Fig.5.5 Correlation between mean arsenic concentration(µg/L) in drinking water 

samples and hair (µg/g) of  male respondents with respect to 15-25 years of age 

(r=0.82). 

 

Fig.5.6. Correlation between mean arsenic concentration in drinking water samples 

(µg/L) and hair (µg/g) of male of study area (r=0.74). 
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Fig.5.7. Correlation between mean arsenic concentrations in drinking water (µg/L) 

samples and blood (µg/L) of young females from different tehsils of district 

Sheikhupura (r=0.9). 

 

 

Fig.5.8. Correlation between arsenic concentration   in water (µg/L) and blood  

(µg/L) samples of young males of the study area (r= 0.93). 
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of the data revealed that arsenic concentration in water samples and blood samples of 

female of different ages and also in case of age groups i.e. 15 to 25 years (Annex-xg) 

were positively correlated being r=0.966 and 0.987 respectively (Fig.5.9, 5.10). These 

trends were also evident in case of male respondents (Fig.5.11, 5.12).  

Correlation was also found between the biological samples blood and hair of females 

(Annex-xh). It was noteworthy that there was positive correlation r = (0.88) and r= 

(0.821) between hair and blood samples of female and male respondents belonging to 

different tehsils of District Sheikhupura (Fig 5.13, 5.14). The analysis of the results 

depicted similar trends in term positive correlation between average arsenic levels in 

blood and hair samples of females of different age groups i.e. 15 to 25 years.  The 

value were noted as r=0.966 (Fig 5.15) in case year wise analysis and r=1.0 (Annex-

xi) in three age groups (Fig.5.16). Similar positive correlation of arsenic in two 

biological sample hairs and blood of male respondents of 15- 25 years of age was 

evident (Fig.5.17, 5.18). The results of the present study evidently support the 

findings that all the tehsils of district Sheikhupura with high arsenic concentration in 

water resultantly pose threat to human health. Presence of positive correlation 

between arsenic concentration in water and biological samples of female respondents 

appear to be the evidence of exposure of long term of immediate nature.  

6. HORMONAL ANALYSIS IN FEMALE RESPONDENTS 

Hormonal analysis (LH, FSH and estradiol) of blood samples of females respondents 

(n=180) was carried out to find out the probable relationship with arsenic in water. 

The average reproductive cycle in females is 28 days, it is normal to have a cycle that 

is shorter or longer. The ovarian cycle consists of the follicular phase, ovulation (mid 

cycle) and luteal phase (Robert and Knudtson, 2013). During questionnaire survey the 

questions were particularly asked about the menstrual cycle for the assessment of 

phase of the cycle. Data was considered according to follicular phase, mid cycle and 

luteal phase. The hormonal level was different in all three phases. Data was arranged 

according to different tehsils, water sources and age groups of female respondents 

 

 

http://en.wikipedia.org/wiki/Follicular_phase
http://en.wikipedia.org/wiki/Ovulation
http://en.wikipedia.org/wiki/Luteal_phase
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Fig.5.9. Correlation between mean arsenic concentrations in drinking water  

samples and blood (µg/L) of  female respondents with respect to age i.e. 15-25  

years (r=0.96). 

 

 

Fig.5.10. Correlation between arsenic concentration in drinking water samples 

 and blood (µg/L) of young females of study area (r=0.987). 
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Fig.5.11. Correlation between arsenic concentration in drinking water (µg/L) 

  and blood (µg/L)  samples of young males of 15-25 years of age (r=0.569). 

 

 

Fig.5.12. Correlation between arsenic concentration in drinking water (µg/L)  

samples and blood (µg/L) of young males of study area (r=0.90). 
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Fig.5.13.Graph showing correlation between arsenic concentration in hair (µg/g) and 

blood (µg /L) samples of young females of study area (r=0.88). 

 

 

Fig.5.14. Graph showing correlation between arsenic concentration in hair (µg/g) and 

blood (µg /L) samples of young males of study area (r=0.821). 
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Fig. 5.15.Graph showing correlation between arsenic concentration in hair (µg/g) and 

blood (µg/L) samples of young females of study area (r=0.96). 

 

Fig.5.16. Correlation between arsenic concentration in hair (µg/g) and blood (µg/L) 

samples of young females of different age groups of study area (r=1.0). 
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Fig.5.17. Graph showing correlation between arsenic concentration in hair (µg/g) 

 and blood (µg/L) samples of young males of study area (r= 0.56). 

 

 

Fig.5.18. Graph showing correlation between arsenic concentration in hair (µg/g)  

and blood (µg/L) samples of young males of study area (r= 0.94). 
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a. Follicular Phase  

The follicular phase begins on day 1 of menstrual cycle. It is the first part of the 

ovarian cycle.  During this phase, the ovarian follicles mature and get ready to release 

an egg. The normal value of LH in female range from 0.5-10.5 mlU/ml (Monobind, 

2011). In present study the analysis of the data with reference to the female 

respondents in follicular phase (n=86); the mean ± SEM values of LH was found as 

4.85 ± 1.53 mlU/ml (range: 0.0-25.4 mlU/ml), 4.2±0.60 mlU/ml (range: 0.3-12.0 

mlU/ml), 1.64 ±0.50 mlU/ml (range: 0.0-4.92 mlU/ml), 5.60 ±2.63 mlU/ml (range: 

0.3-35.9 mlU/ml) and 4.03±0.80 mlU/ml (range: 0.9-10.2 mlU/ml ) in blood samples 

of the female respondents belonging to tehsil Ferozwala, Muridke, Sheikhupura, 

Sharaqpur and Safdarabad tehsils respectively (Fig. 6.1). The mean value of all tehsils 

was found with in the normal range of LH i.e 0.5-10.5 mlU/ml (Annex-xia). The 

serum LH level range was 0-25.4 mlU/ml, 0.3-12 mlU/ml, 0.0-4.9 mlU/ml, 0.3-35.9 

mlU/ml and 0.9-10.2 mlU/ml for Ferozwala, Muridke, Sheikhupura, Sharaqpur and 

Safdarabad tehsils respectively. 

The normal value of FSH in follicular phase of female ranged from 3.0-12 mlU/ml 

(Monobind, 2011). The mean value of FSH in blood samples of the respondents 

belonging to different tehsils Ferozwal (6.73±1.1mlU/ml), Muridke (6.6±1.0 mlU/ml), 

Sheikhupura (4.16 ± 1.1 mlU/ml), Sharaqpur (6.45 ±1.6 mlU/ml) and Safdarabad 

(6.44±0.9 mlU/ml) was also found within the normal range as shown in Fig.6. 2. In 

case of estradiol  the mean± SEM value  was found to be lower in tehsil Sharqarpur 

(29.5 ±8.6 pg/ml) than the normal value (30-100pg/ml)  as shown in (Fig.6.3) with 

range 0.1-116 pg/ml. It was noted that the mean value of estradiol was found to be 

41.4 ±5.0 pg/ml (range: 0.1-90 pg/ml), 44.8±4.56 pg/ml (range: 7.1-90 pg/ml), 

52.6±18.0 pg/ml (range: 4.1-176.3 pg/ml) and 39.5 ± 5.9 pg/ml (range: 7.1-78.6pg/ml) 

for the tehsils of Ferozwala, Muridke, Sheikhupura and Safdarabad (Annex-xia).The 

mean value of LH, FSH and estradiol were also compared with different drinking 

water sources (Fig.6.4). In follicular phase mean LH value ± SEM was found as 

5.17±1.11mlU/ml, 2.153±0.95mlU/ml, 4.21±0.95mlU/ml, 2.25±0.75mlU/ml for 

drinking water source WASA/ Town committee, hand pump, motor pump and 

tubewell respectively with range 0.46-22.3mlU/ml, 0.00-10.855mlU/ml, 0.00-35.99 

mlU/ml and 3.0-1.5 mlU/ml (Fig.6.4). 
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Fig.6.1. Mean LH (mlU/ml) in serum samples of female respondents of different 

tehsils in comparison with the reference (upper and lower) value in follicular phase 

(p>0.05).  

 

Fig.6.2. Mean FSH (mlU/ml) in serum samples of female respondents of different 

tehsils in comparison with the reference values in follicular phase (p=>0.05).  
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Fig.6.3. Mean estradiol (pg/ml) in serum samples of female respondents of different 

tehsils in comparison with the reference values in follicular phase (p>0.05).  

 

 

Fig. 6.4. Comparison between mean LH (mlU/ml) level in serum samples of female 

respondents with reference to drinking water sources (in follicular phase) p>0.05. 
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All these value were found to be with in normal reference level of LH in follicular 

phase (i.e. 0.5-10.5mlU/ml). Mean FSH in follicular phase was also found within the 

normal limit of respondents using drinking water sources i.e. WASA 

7.32±0.89mlU/ml (range: 2.50-19.8mlU/ml), hand pump 3.17±1.08mlU/ml (range: 

0.00-11.9mlU/ml), motor pump 6.28±0.81mlU/ml (range: 0.00-20.0mlU/ml), 

tubewell 3.85±2.75 mlU/ml (range: 1.1-6.6 mlU/ml) and bottled water as 6.8 mlU/ml 

(Fig.6.5). Mean estradiol level was measured as 39 ± 3.57 pg/ml, 40.1±10.7 pg/ml, 

42.3±5.68 pg/ml and 52.6±2.65 pg/ml as shown in (Fig.6.6), with range 0.18-78.60 

pg/ml, 0.1- 90.5 pg/ml, 0.10 -176.3 pg/ml and 50.0-55.3 pg/ml for those respondents  

using water from WASA/Town committee, hand pump, motor pump and tube well 

(Annex-xib). 

 

The results were also analyzed on the basis of age groups comprising of 15-18years, 

19-22years and 23-25 years with reference to the follicular phase. The mean ± SEM 

value of LH mlU/ml was found with in the normal range in all three age groups 

4.93±1.1, 4.66±0.8 and 0.94± 0.4 mlU/ml respectively with range 0.3-35.9 mlU/ml, 

0.3-22.3 mlU/ml and 0-5.1 mlU/ml for 15-18, 19-22 and 23-25 years of age group 

respectively (fig.6.7). Whereas mean  FSH  concentration was found with in the 

normal range  among 15-18 years and 19-22 years (6.53± 0.7 mlU/ml and 7.47±0.9 

mlU/ml ) and lower among 23-25 years of age group (2.02±0.9 mlU/ml) with range 

0.0-9.1 mlU/ml as shown in Fig. 6.8 (Annex-xic). The mean value of estradiol among 

15-18 years and 19-22 years was measured as 53.8±4.7 pg/ml and 39.6 ±5.4 pg/ml. 

Similarly the mean concentration of estradiol (8.9 6±2.3 pg/ml) was also found to be 

lower in age group of 23-25 years with range 0.1-20.6 pg/ml than the normal range 

(Fig.6.9).  

b. Mid Cycle 

Ovulation is the second phase of the ovarian cycle in which a mature egg is released 

from the ovarian follicles into the oviduct. The LH, FSH and estradiol value was 

considered for those respondents (n=34) in mid cycle with reference to blood samples 

of female belonging to different tehsils. The results were compared on the basis of 

different tehsils of study area. 
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Fig. 6.5.  Comparison between mean FSH (mlU/ml) level in serum samples of female 

respondents with reference to drinking water sources (in follicular phase) p>0.05. 

 

 

Fig. 6.6. Comparison between mean estradiol (pg/ml) level in serum samples of 

female respondents with reference to drinking water sources (in follicular phase) 

p>0.05. 
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Fig.6.7. Comparison of mean concentration of LH (mlU/ml) in serum samples of 

female respondents of different age groups with reference value in (follicular phase) 

p>0.05. 

 

 

Fig. 6.8. Comparison of mean concentration of FSH (mlU/ml) in serum samples of 

female respondents of different age groups with reference value in (follicular phase) 

p>0.05.  
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Fig.6.9. Comparison of mean concentration of estradiol (pg/ml) in serum samples of 

female respondents of different age groups with the reference values in follicular 

phase (p>0.05). 
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The mean LH values of mid cycle were compared with reference to area (tehsils). The 

average ± SEM of LH value was 11.22±0.5mlU/ml, 16.1±1.5mlU/ml, 11.0±2.4, 

13.4±5.6 and 16.3±2.7mlU/ml in the serum of respondents belonging to tehsil 

Ferozwala, Muridke, Sheikhupura, Shraqpur and Safdarabad respectively. It is evident 

from the results that the LH level found to be low than the reference value in all 

tehsils (Fig.6.10). In mid cycle the detected average FSH value was 9.57±2.4mlU/ml, 

18.1±3.2 mlU/ml, 10.3 ±1.5mlU/ml, 16.5±7.4mlU/ml and 10.5± 5.1mlU/ml for tehsil 

Ferozwala, Muridke, Sheikhupura, Shraqpur and Safdarabad (Fig.6.11). When results 

were analyzed for estradiol level the mean ± SEM value was found to be as 

116.5±46.3pg/ml, 114.7±24.6pg/ml, 155.8± 58.7pg/ml, 184.2±80.7pg/ml and 

118.4±40.2pg/ml for tehsils Ferozwala, Muridke, Sheikhupura, Shraqpur and 

Safdarabad respectively (Fig.6.12). The range of estradiol for study population was 

found as 11.9-324 pg/ml, 18.6-174 pg/ml, 13.9-689 pg/ml, 47.8-460 pg/ml and 4.9-

93.6pg/ml for tehsils Ferozwala, Muridke, Sheikhupura, Shraqpur and Safdarabad 

respectively(Annex-xid). 

 

In mid cycle mean LH was compared with reference to the drinking water sources as 

16.22±3.79mlU/ml, 9.69±1.07mlU/ml, 11.83±0.89mlU/ml with range 3.20-

36.28mlU/ml, 5.60 - 14.50mlU/ml and 4.800 -18.930mlU/ml for WASA/Town 

Committee, hand pump and motor pump respectively (Fig.6.13). Interesting 

observation was noted that in all three sources having low level of LH hormone than 

the normal level i.e. (18.4-61.2 mlU/ml) in mid cycle. In case of FSH mean ± SEM 

(7.51±0.7707mlU/ml, range: 5.60-11.6007mlU/ml) was found lower in blood samples 

of those respondents who use hand pump water for drinking purpose. Whereas mean 

±SEM was found as 10.58±3.2mlU/ml and 15.11±2.76mlU/ml for those using water 

from WASA and motor pump respectively (Fig.6.14). Similar result of low estradiol 

level (42.1±14.3 pg/ml, range 4.9 - 97.1 pg/ml) was found among those using water 

from hand pump than the normal value i.e. 100-400pg/ml (Fig.7.15). In WASA and 

motor pump mean  
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Fig.6.10. Comparison between mean LH (mlU/ml) values in serum samples of the 

female respondents of different tehsils with the reference values in (mid cycle) 

p>0.05.  

  

 

Fig. 6.11. Comparison between mean FSH (mlU/ml) values in serum samples of the 

female respondents of different tehsils with the reference values in mid cycle 

(p>0.05). 

0

10

20

30

40

50

60

70

80

90

Ferozwala Muridke Sheikhupura Sharaqpur Safdarabad

M
e
a

n
 L

H
 (

m
lU

/m
l)

 

Tehsils of district Sheikhupura 

Tehsils Lower limit Upper limit

0

5

10

15

20

25

30

Ferozwala Muridke Sheikhupura Sharaqpur Safdarabad

M
e

an
 F

SH
 (

m
lU

/m
l)

 

Tehsils of District Sheikhupura 

Tehsils

Lower limit

Upper limit



113 
 

 

 

 

Fig.6.12. Comparison between mean estradiole (pg/ml) values in serum samples of 

the female respondents of different tehsils with the reference values in mid cycle 

(p=>0.05) 

 

 

 

Fig.6.13. Comparison between mean LH (mlU/ml) levels in serum samples of the 

female respondents( in mid cycle) with reference to drinking water sources (p>0.05). 
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Fig.6.14. Comparison between mean FSH (mlU/ml) levels in serum samples of the 

female respondents ( in mid cycle) with reference to drinking water sources (p>0.05). 

 

 

Fig.6.15. Comparison between mean estradiol (pg/ml) levels in serum samples of the 

female respondents (in mid cycle) with reference to drinking water sources (p=>0.05). 
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estradiol was found as 196.8±41.0pg/ml and 146.9±44.5pg/ml with range 47.8- 

460.0pg/ml and 11.9 - 689.0 pg/ml respectively (Annex-xie). 

The results were also compared on the basis of three age groups. The mean ± SEM 

value of LH was 11.93± 2.8mlU/ml for age group 15-18 years of age, 14.6±1.9 

mlU/ml with range 4.8-36.2 mlU/ml for age group 19-22 years of age and 10.32 ±1.3 

mlU/ml with range 3.2-18.9 mlU/ml for age group 23-25 years of age (Fig.6.16). In 

case of FSH mean ± SEM was found as 10.23 ± 2.8 mlU/ml, 13.6±6.1 mlU/ml and 

11.54± 3.8 mlU/ml for age group 15-18 years, 19-22 years and 23-25 years of age 

(Fig.6.17). The mean ± SEM value of estradiol for all three age groups (Fig. 6.18) was 

163.88±54.1 pg/ml, 149.71±39.7 pg/ml and 110.46±37.2 pg/ml with in the reference 

value i.e. 100-400pg/ml (Annex-xif). 

 

c. Luteal Phase 

The luteal phase of the menstrual cycle start after ovulation occurs. The analysis of 

the data with reference to female respondents (n=60) in luteal phase showed that the 

mean ± SEM of LH concentration of all tehsils except Ferozwala (11.2 ±3.2 mlU/ml) 

were within the reference range (0.5-10.5 mlU/ml). The mean LH level of serum 

samples of respondents of  tehsil Muridke, Sheikhupura, Shraqpur  and Safdarabad 

were found as 6.10±1.1mlU/ml, 4.62±1.5mlU/ml, 3.49±1.1mlU/ml and 

7.60±3.0mlU/ml respectively (Fig.6.19). 

 

Similarly the mean ± SEM of FSH level in blood samples of tehsil Ferozwala was 

found to be as 22.3± 12.4mlU/ml i.e. above the reference range i.e. 2-12 mlU/ml 

(Fig.6.20). Whereas the mean ± SEM value of serum FSH  of respondents of tehsil 

Muridke, Sheikhupura, Shraqpur  and Safdarabad were found as 6.74 ±1.1mlU/ml, 

6.63±2.1mlU/ml,  5.04±1.3 mlU/ml and 6.08±2.3 mlU/ml respectively. While the 

mean ± SEM value of the estradiol was found lower in tehsil Sharqarpur and 

Sheikhupura (36.6±4.7pg/ml and 56.8 ±13.0pg/ml) than the normal reference range 

(Fig.6.21). In case of tehsils Muridke, Ferozwala and Safdarabad the levels were as 

81.2± 5.61pg/ml, 100.6±13.9 pg/ml and 65.1±20.6 pg/ml respectively (Annex-xig). 
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Fig.6.16. Comparison of mean concentration of LH (mlU/ml) in serum samples of the 

female respondents (in mid cycle) of different age groups with the reference values 

(p>0.05). 

 

 

 

Fig.6.17. Comparison of mean concentration of FSH (mlU/ml) in serum samples of 

the female respondents (in mid cycle) of different age groups with the reference 

values (p>0.05). 
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Fig.7.18. Comparison of mean concentration of estradiol (pg/ml) in serum samples of 

the female respondents (in mid cycle) of different age groups with the reference 

values (p>0.05).  

 

Fig.6.19. Comparison between mean LH (mlU/ml) level in serum samples of the 

female respondents of different tehsils with the reference values in luteal phase 

(p>0.05). 
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Fig.6.20. Comparison between mean FSH (mlU/ml) level in serum samples of the 

female respondents of different tehsils with the reference values in luteal phase 

(p>0.05). 

 

 

Fig.6.21. Comparison between mean estradiol (pg/ml) levels in serum samples of the 

female respondents of different tehsils with the reference values in luteal phase 

(p>0.05). 
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Among female respondents in luteal phase mean ± SEM value of LH in serum was 

found as 5.65±1.1 mlU/ml, 2.92±1.03 mlU/ml, 7.71±1.45 mlU/ml and 6.43±2.8 

mlU/ml for those using water for drinking purpose from WASA/ Town Committee, 

hand pump, motor pump and bottled water respectively as shown in (Fig.6.22). The 

ranges were found as 0.00 - 13.42mlU/ml, 0.00 - 9.00mlU/ml, 0.40-35.90mlU/ml and 

3.20-12.00mlU/ml for different sources such as WASA, hand pump, motor pump and 

bottled water respectively. The FSH level among female respondents with reference 

to various drinking water sources i.e. WASA, hand pump, motor pump and bottle was 

detected as 13.63±6.84 mlU/ml, 3.34±1.27 mlU/ml, 7.24±1.27 mlU/ml and 11.17 

±4.87 mlU/ml respectively (Fig.6.23) All values were found to be with in the normal 

reference range of FSH expect in the samples of those have been using drinking water 

from WASA/Town committee. 

 

The mean ±SEM of estradiol in serum samples of respondents in luteal phase using 

hand pump water was found to be lower than the normal reference level i.e. (60-

150pg/ml). The mean ± SEM of estradiol level in serum samples of respondents was 

found as 50.8±10.5pg/ml (Annex-xih). The mean estradiol level for those using water 

from WASA/Town committee was detected as 77.62±8.16pg/ml and in case of those 

using water from motor pump it was measured as 68.72±7.97pg/ml and in case of 

those using bottled water it was measured as 71.1±18.9pg/ml (Fig.6.24). LH, FSH and 

estradiol value in luteal phase were also compared with reference to three age groups 

(15-18 years, 19-22 years and 23-25 years). It was observed that the mean ± SEM of 

LH value was found with in the normal range in all three age groups as 7.0±0.8 

mlU/ml, 7.7 ±1.6 mlU/ml and 1.9 ± 0.6 mlU/ml respectively (Fig.6.25). 

 

In age group from 15 to 18 years the mean ± SEM of FSH level (13.1± 5.5 mlU/ml ) 

was found higher than the normal reference range i.e. 2-12 mlU/ml, while in age 

group 19-22 years and 23-25 years mean FSH was found as 7.6 ±1.1 mlU/ml and 3.0 

±0.1mlU/ml respectively ( Fig.6.26). The mean concentration of estradiol was found 

lower (36.1±5.5pg/ml) in age group of 23-25 years (Fig.6.27)  
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Fig. 6.22. Comparison between mean LH (mlU/ml) levels in serum samples of the 

female respondents  in luteal phase  with reference to drinking water sources 

(p>0.05). 

 

Fig.6.23. Comparison between mean FSH (mlU/ml) levels in serum samples of the 

female respondents in luteal phase with reference to drinking water sources (p>0.05). 
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Fig.6.24. Comparison between mean estradiol (pg/ml) levels in serum samples of the 

female respondents in luteal phase with reference to drinking water sources (p>0.05). 

 

 

Fig.6.25. Comparison of mean concentration of LH (mlU/ml) in serum samples of the 

female respondents in luteal phase of different age groups (p>0.05). 
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Fig.6.26. Comparison of mean concentration of FSH (mlU/ml) in serum samples of 

the female respondents (in luteal phase) of different age groups (p>0.05). 

 

 

Fig.6 .27. Comparison of mean concentration of estradiol (pg/ml) in serum samples of 

the female respondents (in luteal phase) of different age groups (p>0.05). 
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than the normal range while in age group 15-18 years it was found as (83.9±7.1pg/ml) 

and in age group 19- 22 years the detected mean value of estradiol was 72.0 ± 

8.1pg/ml. The estradiol ranges in age group 15-18 years, 19-22 years and 23-25 years 

of age were found as 18.6-146.7 pg/ml, 6.5-170 pg/ml and 9.1-75.4pg/ml respectively 

(Annex-xiI).   

Reduction in levels of FSH, LH and estradiol point out the manifestation of this effect 

primarily because of the adverse function of gonadotropin releasing hormone at the 

pituitary level. The results of the present study with reference to hormonal levels 

evidently revealed that hormonal imbalance or malfunction in term of lower level than 

the reference value was measured in some areas and age groups of female respondents 

especially where arsenic concentration was found to be higher in drinking water. 

More detailed studies with reference to chronic and acute exposure of arsenic 

contaminated water and its effects on the reproductive hormones of young females are 

suggested.  

7. HORMONAL ANALYSIS IN MALE RESPONDENTS 

In case of male respondents serum samples were analyzed for the determination of 

LH, FSH and testosterone. The data was analyzed on the basis of the areas of 

residence, drinking water sources and age groups. The mean serum LH levels were 

found within the normal reference range (0.7-7.4 mlU/ml) of male respondents of all 

five tehsils (Annex-xiia). The mean ± SEM LH was noted as 4.06 ± 0.47mlU/ml, 

4.57±0.62mlU/ml, 3.73± 0.77mlU/ml, 4.61± 1.04mlU/ml and 5.32±1.76mlU/ml with 

range 0.400-9.895mlU/ml, 0.300-13.420mlU/ml, 0.300-9.895mlU/ml, 0.30- 

14.30mlU/ml and 0.50-14.57mlU/ml for tehsil Ferozwala, Muridke, Sheikhupura, 

Sharaqpur and Safdarabad respectively (Fig.7.1).   The mean serum FSH was also 

found within the normal reference range (1-14mlU/ml) for all tehsil with mean 6.578± 

0.86 mlU/ml  (range: 0.678 -14.658), 7.305 ±0.90 mlU/ml  (range: 0.200-14.658), 

4.19 ± 0.8 mlU/ml  (range: 0.100-11.100), 5.70 ±1.43 mlU/ml  (range: 0.50 -13.20) 

and 5.78 ± 1.38 (range: 0.60-11.68) for tehsil Ferozwala, Muridke, Sheikhupura, 

Sharaqpur and Safdarabad respectively (Fig.7.2). According to kit values (Monobind, 

2011) . 

 



124 
 

 

 

 

Fig.7.1. Comparison of mean serum LH (mlU/ml) level of male respondents 

 of different tehsils with the reference values (p>0.05). 

 

 

Fig.7.2. Comparison of mean serum FSH (mlU/ml) level of male respondentsof 

different tehsils with the reference values (p>0.05). 
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There are two ranges of testosterone level among males i.e. before puberty (below 18 

year) is 0.1-3.7ng/ml and after puberty (after 18 year) is 2.5-10 ng/ml. The obtained 

data was calculated for testosterone value after and before puberty with reference to 

different tehsils it was noted that the mean value was found with in the normal range 

(2.5-10 ng/ml) of testosterone of male respondents after puberty 6.934 ± 0.8 ng/ml, 

6.419 ±0.9 ng/ml, 6.2 ±1.2 ng/ml , 4.97 ± 1.0 ng/ml and 8.78 ±1.8 ng/ml (Annex-xii-

b) for  tehsil Ferozwala, Muridke,  Sheikhupura, Sharaqpur and Safdarabad 

respectively(Fig. 7.3). When results were calculated for those in category of before 

puberty it was noted that respondents of tehsils Ferozwala and Muridke had high level 

of testosterone than the normal (0.1-3.7 ng/ml) value as 7.1 ±2.1 ng/ml and 8.35 ± 1.5 

ng/ml respectively and testosterone level of respondents of tehsil Sheikhupura (3.64 ± 

0.9 ng/ml) and Sharaqpur (3.4 ± 1.3 ng/ml) was found with in the normal range 

(Fig.7.4).  

The data of hormonal analysis was considered with reference to the use of drinking 

water sources. The mean LH value was found as 5.052 ± 0.63mlU/ml, 

2.82±1.01mlU/ml, 4.082±0.49mlU/ml, 1.88±1.38mlU/ml and 5.418±0.988mlU/ml for 

those using water from WASA, hand pump, motor pump, tube well and bottled water 

respectively (Fig.7.5). All values were found within the reference values of LH i.e. 

(0.7-7.4mlU/ml). The mean ± SEM of FSH was measured lower than reference value 

for those using water from hand pump (0.97±0.29mlU/ml), while it was measured as 

(8.700±0.65mlU/ml) for WASA, (4.92± 0.645mlU/ml) motor pump, 

(5.92±3.22mlU/ml) tube well and (8.12±1.88 mlU/ml) bottled water (Fig.7.6). In case 

of respondents falling in category of before puberty it was found that hormonal level 

was 7.23±1.63 ng/ml (range: 2.10-14.1 ng/ml), 4.72 ±1.15 ng/ml (range: 10.17-8.9 

ng/ml), 8.3 ± 2.8 ng/ml (range: 5.5-11.1 ng/m) for the respondents using water from 

WASA/Town committee, motor pump and bottled water respectively (Fig.7.7). In 

case of respondents in phase of after puberty it was measured as (Fig.7.8). 

6.289±0.75ng/ml (range:1.10-13.3ng/ml), 4.36±1.63ng/ml (range:1.10-11.94ng/ml), 

6.947±0.71ng/ml (range: 0.560 -16.3ng/ml) and 9.00± 0.82 ng/ml  
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Fig.7.3. Comparison of mean serum testosterone (ng/ml) levels of male respondents 

(before puberty) of different tehsils of district Sheikhupura (p>0.05). 

 

 

Fig.7.4. Comparison of mean serum testosterone (ng/ml) levels of male respondents 

(after puberty) of different tehsils of district Sheikhupura (p>0.05). 
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Fig.7.5. Comparison of mean LH levels (mlU/ml) in serum of male respondents of 

study area with reference to drinking water sources (p>0.05).  

 

 

Fig.7.6. Comparison of mean FSH levels (mlU/ml) in serum of male respondents of 

study area with reference to drinking water sources (p>0.05).  
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Fig.7.7. Comparison of mean testosterone levels (before puberty) in serum of male 

respondents of study area with reference to drinking water sources (p>0.05). 

 

 

Fig.7.8. Comparison of mean testosterone levels (after puberty) in serum of male 

respondents of study area with reference to drinking water sources (p>0.05). 
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(7.10-11.10ng/ml) for those using water from WASA, hand pump, motor pump and 

bottle respectively(Annex-xiib)    

Comparison was made on the basis of different age groups 15-18years, 19- 22years 

and 23-25 years for LH and FSH level. In case of testosterone level 15-17 year, 18-21 

year and 22-25 year were considered as per kit value (Annex-xiic). The mean serum 

LH concentration for  age group 15-18years was found as (4.489 ±0.4mlU/ml), 4.322 

±0.5mlU/ml for group 19-22 and 4.131±0.8mlU/ml for age group 23-25 year (Fig 

.7.9). The mean value of FSH was also found as 6.386 ± 0.7 mlU/ml, 6.382 

±0.6mlU/ml and 4.85 ±1.4mlU/ml with range 0.200-14.65 mlU/ml, 0.300-13.200 

mlU/ml  and 0.10 -14.66 mlU/ml for age group 15-17 year, 18-21 year and 22-25 year 

respectively (Fig.7.10). Mean testosterone level before and after puberty was also 

calculated with reference to age groups. It was noted that before puberty mean 

testosterone was found (6.019 ± 0.893ng/ml ) with range  0.79-14.20ng/ml for age 

group 15-17 years (Annex-xiid) while mean testosterone for age group 18-21 and 22-

25 year was found as 6.945 ± 0.65 ng/ml (range: 0.240- 16.30 ng/ml) and 5.781± 0.68 

(rang:  0.560-11.800ng/ml) respectively (Fig. 7.11). It was peculiar to note that 

variation between hormonal levels was noted among male respondents living in 

different arsenic effected areas of district Sheikhupura.  

The result of this study with reference to the water analysis from different tehsils of 

the study area and the blood and hair samples revealed concerning facts regarding the 

water quality and the health effects. Presence of high concentration of arsenic in blood 

of the majority of the respondents shows the presence of continuous exposure among 

all the respondents. At the same time; high concentration of arsenic in hair samples 

reveals the exposure and accumulation of such hazardous substances for longer period 

of time. The variation in hormonal level LH, FSH and estradiol in young female 

respondent of the study is depictive of the possible metabolic effects of arsenic which 

likely to cause disruption of hormone function and their synthesis.  
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Fig.7.9 Comparison of mean serum LH concentration (mlU/ml) of male respondents 

of different age groups (p>0.05). 

 

 

 

Fig.7.10 Comparison of mean serum FSH concentration (mlU/ml) of male 

respondents of different age groups (p>0.05). 
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Fig.7.11. Comparison of mean serum testosterone (after puberty) of male respondents 

of different age groups (p=>0.05).  
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CHAPTER 5 

DISCUSSION 

The present study was carried out to determine the arsenic concentration in drinking 

water and its levels in biological samples i.e. hair and blood of young female 

population of district Sheikhupura. The results of the present study evidently showed 

that arsenic concentration in all five tehsils of district Sheikhupura was above the 

permissible limit (10 µg/L) of WHO (2010). Whereas the comparison with NDWQS 

(2012) revealed that only about 50.6 % of the samples were within the NDWQS limit 

(50µg/L) for arsenic. These results are quite concerning and evidently show that the 

drinking water quality of District Sheikhupura is not satisfactory hence poses health 

hazards for general population. 

 Arsenic concentration in biological samples i.e. hair and blood were also found to be 

above than the reference values given in literature (Arnold, 1990) i.e. 0.08-0.25 µg/g 

for hair and ATSDR (<1) for blood which reflects that the residence of these areas are 

directly and indirectly getting exposure of hazardous substances like arsenic from 

various sources specially drinking water. Arsenic concentration in drinking water, hair 

and blood of the respondents were found to be positively correlated when compared 

with respect to age, area and drinking water sources.  Certain level of variations in 

some assayed hormones i.e. LH, FSH and estradiol were also noted among the female 

respondents with respect to their age and the area of residence. These results also 

reflect that the Sheikhupura district of Punjab province has evident contamination of 

drinking water which is likely to be contributory to the short and long term exposure 

and also health effects. This may be from natural sources partly but also appear to be 

as results of anthropogenic reasons.  

In present study the average arsenic concentration was found to be 41.4 µg/L, 38.1 

µg/L, 64.2 µg/L, 61.6 µg/L and 48.0 µg/L in drinking water samples of Ferozwala, 

Muridke, Sheikhupura, Sharaqpur and Safdrabad respectively which is well above the 

permissible value i.e 10 µg/L (WHO, 2010). It was evident that in case of samples 

from Sheikhupura and Sharaqpur the level of arsenic was much higher than NDWQS. 

Whereas in samples from Safdarabad the values were towards the higher permissible 

limits. Presence of high levels of arsenic and other hazardous substances in drinking 

water is a growing threat to environment and public health especially in Punjab 
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(PCRWR, 2003). Like Bangladesh,  India, Iran and other countries in the world  that 

are exposed to very high levels of arsenic in their drinking water (Nordstrom, 2002), 

Pakistan is now facing the threat of arsenic contaminated water. Exposure to 

deleterious and toxic elements such as arsenic continues to constitute a great risk for 

public health.  

 The results of the study revealed the presence of higher concentration of arsenic in 

tehsil Sheikhupura and tehsil Sharaqpur. Similarity in other tehsils the arsenic was 

well above WHO standards. These tehsils; as described earlier have may industries 

and agricultural settings. These industries discharge their untreated waste in 

surroundings which can add to the load of such substances to the soil and water. 

According to Rahman et al. (2005), it was reported that villages in south Bengal were 

affected by chronic arsenic toxicity due to industrial contamination.  A study carried 

out by Chatterjee et al. (1993), found that due to discharge of industrial effluent, after 

production of the insecticides Paris Green (copper acetoarsenite) at the Behala, the 

ground water of the area became contaminated with arsenic resultantly was threat to 

the population in the vicinities.  

Arsenic in drinking water of district Sheikhupura is suggested to be due to both 

natural and anthropogenic activities. District Sheikhupura is a part of Rachna Doab, 

and comprises of sediments brought from Chenab River through spill channel. 

Arsenic is the part of the natural ground water in the form of natural arsenic bed rocks 

and directly enters into the body by drinking water (Gilani et al., 2013). It has been 

demonstrated through various studies that drinking water mostly contributes to arsenic 

into the body. From the disposals, the toxic metals like arsenic, chromium and 

maganize etc.  are introduced into the drinking water while the water moves down in 

hydrological cycle. The main route of ingestion of inorganic exposure by adults is via 

the gastrointestinal tract and mostly through water products (Arikan, Namdar, 

Kahraman, Dagci and Ece, 2015). Routine food also contributes to arsenic ingestion 

into the body because water is an essential part of the cooked food and becomes more 

concentrated in food after cooking. Human activities including municipal and 

agricultural wastes such as pesticides and inappropriate industrial waste disposal are 

responsible for arsenic contamination of water.  

 

http://www.pubmedcentral.nih.gov/#b58-ehp0114-001790
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In Bangladesh, arsenic has been found to be above permissible limits in vegetables, 

fruits and cereals grown on soils irrigated with contaminated water. Studies have 

reported that food, including rice cooked with arsenic contaminated water contains 

high levels of arsenic and affect individuals who consume it (Mahmood and Halder, 

2011). In a study of arsenic concentration in ground water from drinking water supply 

wells in Pakistan conducted by Nickson et al. (2005) found that “hot spots of arsenic 

enrichment occur in parts of the Indus alluvial basin depicts that the highest arsenic 

concentration 906 µg/L was found in the southwest Punjab, Pakistan”. This evidently 

shows that the drinking water quality in some parts of Punjab is not satisfactory hence 

pose serious health risk. 

The data collected from survey revealed that water that was used for the drinking 

purpose was from five types of drinking water sources. In all of the samples from 

various sources arsenic concentration was above the permissible limits of WHO 

(2012) being more than 10 µg/L except the water from bottles. The maximum mean 

value ± SEM of arsenic was observed in the samples collected from hand pump (mean 

± SEM 71.14 ± 2.66 µg/L). Similar result of higher arsenic concentration in drinking 

water samples collected from hand pump was reported by Bhatia, Balamurugan and 

Baranwal (2014). Analysis of samples from drinking water from hand-pumps in the 

study area, revealed that more than 50% of the hand-pumps having arsenic greater 

than 200 ppb were private owned and lying in the shallow aquifer zone of 15–35 

water depth. Another study that was done in Bangladesh indicated a positive 

relationship between shallow tube wells with less than 50 water depth and arsenic 

concentrations of more than 0.05 mg/L in drinking water (Kinniburgh and Smedley, 

2001). In present study it was gathered through questionnaire survey that most of the 

installed hand pumps draw water maximum from 50 to 100 feet depth which is a 

shallow extraction and most likely to bring contaminated water. 

The volunteers of the present study were the permanent residents of district 

Sheikhupura. The results of the study revealed that they have large family size and 

earning members are mostly only one. Questionnaire survey showed that the monthly 

income of these families was less with reference to large family size. Low monthly 

income and patty jobs appear to be contributory to the low socioeconomic status of 

the respondents which adds up to various health hazards specially the nutritional 

status as well as affordability of adequate and quality food and water. They cannot 
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afford filter for clean water at house hold level and also were found to be lacking 

facilities for a better standard of life. The income status was found to be directly 

associated with their dietary routine as it is obvious from the survey.  Food items like 

vegetables, pulses, rice and bread (chapatti) are mostly taken in daily routine by the 

respondents. The data showed that nutritional status of respondents is the additional 

cause of stress to the wellbeing and development among the young population 

particularly the female population. These results compliment previous studies 

conducted in Bangladesh showed that the majority of arsenicosis patients belonged to 

the low-income group, while one third were from middle class. It was noted that none 

of them was from the high income group (Mehmood and Halder, 2011). Low income, 

related malnutrition and fewer resources also were suggested to be factors making 

population more susceptible to arsenicosis (Ahmad, 2002). 

In present study almost all the respondents were students of higher secondary level 

but they were not aware with the hazards and their effects associated with 

contaminated water particularly with reference to arsenic. It may be because of their 

own ignorance of the issue and also because of their low income status that they were 

not in position to make choices. It was found in this study that the group of volunteers 

with better income status was aware of arsenic issue to some extent. Presence of 

malnutritional health effects are common among young females and also has relation 

likely to cause more arsenic effects (Malik, Khan, Mahmood, Nasreen and Bhatti, 

2009). The lower income groups have been reported to be more vulnerable and likely 

to face social problems than higher income groups hence add more burden of disease 

and health problems (APSU, 2006). 

Although the average value of BMI of female and male respondents showed variable 

range between 13.7 kg/m
2
 to 33.7 kg/m

2 
and  13.9 kg/m

2
 to 33.8 kg/m

2
 respectively. 

The data revealed that among two hundred females about 30% were under weight. 

Whereas among one hundred male 23% were underweight. It was also gathered 

through survey that skin infections such as acne, lesions and allergies etc. were the 

most common health problem among the respondents. Complaints regarding bone and 

muscle pains and abdominal problems were also recorded. The prevalence of diseases 

and variable range of BMI reflect the general health of these respondents of district 

Sheikhupura which appears to be possibly linked with poor nutritional status and may 

also be with the exposure to contaminants such as arsenic from drinking water and 
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other sources. A study carried out by Gomez-Rubio, Roberge, Arendell, Harris, 

O'Rourke, Chen and Klimecki (2011) found association between arsenic-exposed 

individuals of ower body mass to have a higher disease risk. 

A biological marker is a bio indicator to recognize sensitivity of a person„s body to a 

particular substance. The amount of arsenic or its metabolites in blood, hair, nails and 

urine are used as bio indicators of arsenic exposure. Arsenic has an affinity to 

sulfhydryl groups in keratin. Since hair and nail are rich in keratin tissues, arsenic 

accumulates in these tissues. Once arsenic accumulates in these tissues, it remains for 

a longer time due to low movement inside the tissue (Gault, Rowland, Charnock, 

Wogelius, Gomez-Morilla, Vong and Polya, 2008). Arsenic concentration of hair can 

be used as a good measure of past exposure to arsenic by drinking water. Hair is the 

most suitable arsenic indicator compared with other tissues because it reveals a high 

accumulation level and arsenic concentration in hair is a little invariant because hair is 

not a vibrant tissue (Gebel, 2000). Arsenic  is transferred from blood to hair root and 

deposited by binding to sulfhydryl groups of keratin and then transfer into hair shafts 

(Hindmarsh, 2002). Alpha-keratine of human hair contains about 10 to 14 percent of 

cysteine, which offers abundant thiol groups for reaction with arsenic compounds 

(Yanez et al., 2005). 

In present study arsenic concentration (mean ± SEM) in hair samples of female was 

found 1.63 ±0.05 µg/g and in male respondents it was 0.68±0.7 µg/g. These values 

were found higher than that (i.e. 0.08-0.25 µg/g) reported by Arnold, 1990. When the 

data was compared area wise; it was noted that mean arsenic in females and males 

respondents of tehsil Sheikhupura was 1.40±0.06 µg/g and 1.1 ± 0.7µg/g respectively 

being highest among all the tehsils of this district. The probable reason may be that 

the respondents living in Sheikhupura tehsil are likely to have higher intake of arsenic 

contaminated water. Its accumulation seems to be correlated in hair samples as 

compared to respondents of other tehsils where arsenic level is comparatively less in 

drinking water. Our results of arsenic concentration in hair samples in all tehsils (0.41 

± 0.07 µg/g, 0.66 ± 0.07 µg/g, 1.38± 0.13 µg/g  and 0.76 ±0.13 µg/g) Ferozwala, 

Muridke, Sharaqpur and Safdarabad respectively were higher than the reference level 

of arsenic in hair range from 0.08-0.2 µg/g (Arnold, 1990). Kazi et al. (2009) reported 

the similar results. It was found that concentration of arsenic in hair were evidently 

http://www.greenfacts.org/glossary/mno/metabolite.htm
http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4V0539R-2&_user=3419791&_coverDate=01%2F15%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1208237846&_rerunOrigin=google&_acct=C000060526&_version=1&_urlVersion=0&_userid=3419791&md5=26b67a951eefa0fa8658fae71d32ecf7#bib15#bib15
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higher in people consuming drinking water of high level of arsenic concentration as 

compared to those from municipal supplies. 

It is well documented that besides drinking water, wide range of food products, like 

fish, meat, wheat and rice or food grown on such contaminated soil could also be the 

source of arsenic exposure in human (Nriagu, Bhattacharya,  Mukherjee,  Bundschuh,  

Zevenhoven and Loeppert, 2007). Similar conclusion was drawn by the work of 

Gabriela, Barbro and Marie (1998) in Northern Argentina. They concluded that 

arsenic concentration was higher in major food items which were prepared and 

cocked by using arsenic contaminated local water. As the arsenic level in the water 

from the study area was found to be higher it is likely that crops and vegetables grown 

in these areas are likely to absorb substances like arsenic from the soil that ultimately 

become accumulated in fruits, vegetables and grains. It is also possible that exposure 

causes accumulation in animal tissues and further route in to the consumers.  

Results of the study revealed interesting trend of arsenic level in hair samples of 

various age groups i.e. 15-18, 19-22 and 23-25 years. The higher concentration of 

arsenic was found in the hair of females and males of age 23-25 years being 

1.62±0.1µg/g and 0.83±0.1 µg/g respectively. Whereas the lowest concentration was 

detected among the female respondents of 15-18 years of age (0.49 ± 0.07µg/g). 

Afridi et al. (2009) reported the presence of different toxic elements such as arsenic, 

cobalt, copper and manganese in urine and scalp hair samples and blood of male 

production workers and quality control workers of steel mill (25–55 years old) to 

assess the possible effect of environmental exposure. They concluded that 

concentrations of arsenic, cobalt, copper and manganese in all three biological 

samples of the exposed male workers of higher age group were significantly higher 

than those of the controls group and lower age group which were because of the 

possible long term exposure and accumulation in the biological tissues. 

In present study the measured level of arsenic among older group may also be due to 

the comparatively longer period of exposure to arsenic contaminated water as has 

been suggested in other reports. It was also noteworthy that females have more 

arsenic concentration in hair samples as compared to male respondents. Such findings 

demand further detailed study to make precise conclusion but it can be suggested on 

the basis of general observations that females are generally involved in domestic work 
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and are likely to use water for washing, cleaning and cooking etc. besides using for 

the drinking purpose, hence causing probably more exposure of various magnitude 

through household water exposure. A study by Naujokas et al. (2013) in USA 

demonstrated that house hold water can be the most significant source of arsenic 

exposure in regions where water arsenic concentration is elevated. For females 

exposed to high arsenic concentrations in drinking water for longer duration, the 

arsenic concentration in water may contribute significantly to exogenous arsenic in 

hair through bathing and other domestic work (de Peyster and Silvers 1995).  

Another study was carried out in our laboratory in village Chahkalalanwala and 

Lahore city on the school children of 4-13 years of age (Butt, 2006). The drinking 

water level of arsenic and hair of children was determined and interesting observation 

was reported that female had higher arsenic concentration in hair samples as 

compared to male children in both communities i.e Chahkalalanwa village as well as 

in Lahore city. Beside arsenic a study by Murao et al. (2002) in mining site of 

Philippines that women have high mercury level in their hair samples as compared to 

the men. This probably due to the fact that women have longer exposure to mercury 

vapors in their smelting place than men who do heavy work outside such as tunneling 

etc. 

Results of present study evidently revealed positive correlation between drinking 

water and hair samples of female and male respondents of different tehsils of the 

study area. There was a positive correlation between arsenic in hair samples of 

females and male and water samples of the five tehsils of District Sheikhupura. It was 

noteworthy that the arsenic concentration in the hair samples of female was directly 

corresponding to the higher concentration in water samples that were brought from 

their homes. These findings are similar to those reported by Rahman et al. (2005). 

They found out the significant correlation between arsenic level in drinking water and 

in the biological samples for cases where biological samples were accessible along 

with the drinking water samples. Another study done by Uchino, Roychowdhury, 

Ando and Tokunaga (2006) also reported similar positive correlation between hair 

and water arsenic concentration. These findings support the conclusion that long term 

exposure of arsenic results in the deposition of arsenic in biological tissues such as 

nails and hairs and ultimately cause harmful health effects. 
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The presence of high concentration of arsenic in hair samples of females of the study 

are in agreement with those reputed earlier. The daily arsenic exposure through water 

and diet among people living in areas where groundwater was contaminated with 

arsenic has been directed related with the deposition in biological samples such as 

urine, diet and hair samples (Mazumder et al., 2013). It was related with elevated 

arsenic intake through water and diet in people living in arsenic endemic region 

whereas the arsenic concentration was found to be low in people living in non-

endemic region. Studies related to the dose response relationship of arsenic 

concentration in toe nail and hair also reported higher concentrations of arsenic in 

individuals consuming arsenic-contaminated water compared with those individuals 

in other categories of exposure (Hinwood et al., 2003). They found the positive 

correlation between arsenic concentration in drinking water, hair and toe nail samples 

which is also evident in present study.  

Besides long term exposure, the acute exposure to arsenic also leads to health effects. 

Blood arsenic level is reflection of the current and short term exposure. Reports have 

shown that blood arsenic is only useful for indicating either acute poisoning or 

continuous exposures occurring over a long period of time. Total blood arsenic levels 

can contribute to these effects because they represent a amount of internal dose. Blood 

arsenic metabolite data provides insight into metabolic differences that lead to 

differences in vulnerability to arsenicosis (Hall et al., 2006). Most inhaled and 

ingested arsenic is well absorbed through the gastrointestinal system, lungs and into 

the blood stream. Arsenic is absorbed into the blood stream at the cellular level and is 

taken up by white blood cells, red blood cells and other cells that reduce arsenate to 

arsenite (ATSDR, 2013) 

In present work, high mean concentration of blood arsenic was found in females 

(mean±SEM 1.63 ±1.34 µg/L) as compared to the male respondents (1.55 ±1.34 

µg/L) of District Sheikhupura. These results are also reflective of the fact that females 

are generally involved in house hold activities to help their mothers at home as per 

social and cultural norms of the province and the area they become more exposed to 

arsenic contaminated water  and likely to have more severe health effects. The results 

are similar to those reported by Kazi et al. (2009). The level of arsenic was higher in 

biological (blood) samples of female as compared to male individuals. The higher 

http://www.greenfacts.org/glossary/def/exposure-exposed-expose.htm
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prevalence of abnormal pigmentation and skin lesions was observed more in women 

due to low integrity and malnutrition than men. The results of the present study in 

general also revealed the similar results as shown from general survey regarding 

health assessment and health related problem among study population. 

The present study revealed that the maximum concentration of arsenic in blood was 

found in the females of age group of 23-25 years (mean±SEM3.2± 0.1 µg/L). 

Whereas the minimum mean arsenic concentration (0.9± 0.8µg/L) was determined in 

younger age groups 15-18 year of age. Similarly among male respondents 

significantly higher blood arsenic was found in age group 23-25 years (1.76 ±1.6 

µg/L) and lower was determined in age group 15-18 year 1.44 ±1.2 µg/L. This trend 

reflects the increasing concentration of arsenic in the higher age groups which may be 

due to the longer and /or continuous exposure to arsenic contaminated water and/or 

may also be from various other sources such as food and general environment.  

A study conducted by Katiyar and Sing (2014) provides support to our findings that 

arsenic concentration in blood significantly elevated with drinking arsenic 

contaminated water. It was concluded that high blood arsenic content were 

significantly due to the longer exposure time and with drinking arsenic contaminated 

water for populations living in arsenic contaminated areas. It is well documented that 

effects of arsenic poisoning are dependent on the total length of time of exposure, 

amount of arsenic ingested, the nutritional status of the person and the immune 

response (Jack et al., 2003). The findings of current study and the survey are depictive 

of the fact that population of Sheikhupura district is consuming arsenic contaminated 

water. This may be from variable sources and ultimately causing exposure and health 

effects in general population. 

Chen, Chiou, Chiang, Lin, and Tai, 1996 carried out a study to evaluate the dose-

response relationship between long term exposure to ingested arsenic and death rate 

among residents of the prevalent area of chronic arsenicosis in Taiwan. There was a 

statistically significant increase in risk of lethal ISHD with age and exposure duration. 

The higher ischemic heart disease mortality observed in chronically exposed people 

after alteration for the effect of chronic arsenic exposure was suggested to be 

prevalent among the residents in the prevalent region. It was suggested to have a 

higher daily ingesting of arsenic well water, a higher arsenic concentration in the well 

http://atvb.ahajournals.org/search?author1=Chien-Jen+Chen&sortspec=date&submit=Submit
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water of their households, and/or a greater vulnerability to the health hazards 

persuaded by ingested inorganic arsenic. This susceptibility may be a result of genetic 

mechanisms that are involved in the atherogenicity of inorganic arsenic, metabolism 

and environmental factors such as nutritional status. The result of the present study 

showed that in some areas the arsenic concentration in blood samples of respondents 

was above the value referred by ATSDR hence causing problems for the public health 

and general environment. 

Arsenic is known as endocrine disruptor even at very low doses it affects human 

physiology and alters the hormonal level. It changes the gene regulation by the closely 

related glucocorticoid, progesterone, mineralocorticoid and androgen steroid receptors 

(SRs) at concentrations as low as “0.01 microM (about 0.7 µg/L)”. Very low doses 

have been reported to be involved in boost of hormone-mediated gene transcription, 

whereas slightly higher but still noncytotoxic doses were found to be oppressive 

(Davecy et al., 2007). Luteinizing hormone and follicle-stimulating hormone are 

important for their role in reproductive cycle of female and also play significant role 

in male reproductive physiology. They are not necessary for life, but are vital for 

reproduction. In females, an acute increase of LH triggers ovulation. In males it 

excites Leydig‟s cells production of testosterone.  It acts synergistically with follicle 

stimulating hormone (Robert and Knudtson, 2013). Some variation found among 

respondents of different age groups reflects the possible alterations in these hormones. 

Arsenic accumulation in the placenta has been reported to lead to conjecture that 

arsenic might have toxic vascular effects, causing placental abnormalities or 

decreased blood flow that is likely to affect fetal growth (Hopenhayn et al., 2003). 

Rahman, Persson, Nermell, El Arifeen, Ekström, Smith and Vahter (2010) have 

suggested that arsenic in drinking water may affect pregnancy outcome and  newborn 

health.  From the data collected through questionnaire survey it was found that 

respondents reported presence of miscarriages (9%), still birth (3.5%), abortion (5%) 

and premature birth (4.5%) in their mothers which can be one of the ill effects of such 

contaminations. These results are somewhat similar to those of Ahmed et al. (2001), 

that the respondents in the exposed group almost all (98%) had been drinking water 

containing 0.10 mg/L arsenic and 43.8% had been drinking arsenic-contaminated 

water for 5-10 years. Skin appearance due to chronic arsenic exposure was present in 

22.9% of the respondents. Hostile pregnancy outcomes in terms of stillbirth, 

https://en.wikipedia.org/wiki/Leydig_cell
https://en.wikipedia.org/wiki/Testosterone
http://toxsci.oxfordjournals.org/content/99/1/244.full#ref-21
http://www.ncbi.nlm.nih.gov/pubmed?term=Rahman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=Persson%20L%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=Nermell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Arifeen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=Ekstr%C3%B6m%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=20864889
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spontaneous abortion and preterm birth rates were significantly higher in the exposed 

group than those in the non exposed individuals. 

Arsenic exposure through drinking water effects hormonal regulation and function of 

both the female and male reproductive systems. Newborn behaviors and fetal brain 

development have also been reported as affects by arsenite in the drinking water 

(Wang, Holladay, Wolf, Ahmed and Robertson, 2006). Arsenic blocks the hormones 

action by interacting with the action of the glucocorticoids, hormone glucocorticoids 

suitable to the same family of steroid hormones as estradiol and testosterone. Arsenic 

can induce ovarian and uterine toxicity, and effect neuroendocrine regulation of 

female sex hormones (Chattopadhy et al., 2001). Two recent epidemiology studies of 

humans exposed to arsenic in drinking water were also infuriating (Wasserman et al. 

2004). These studies suggest that there can be significant long-term concerns of 

exposing young and growing individuals to arsenic during critical periods of 

development. They suggest that disturbance of hormone signaling is likely to be an 

important component of these effects.  

In our results the mean value LH and FSH of female respondents belonging to all 

tehsils were found within the normal range of LH and FSH  i.e. 0.5-10.5 mlU/ml  and 

3-12 mlU/ml respectively. While the mean value of estradiol was found to be lower in 

tehsil Sharqpur (29.5 ±32.1pg/ml) than the normal value (30-100pg/ml) with range 

0.1-116 pg/ml. This may be due to more arsenic contaminated drinking water of tehsil 

Sharaqpur which indicate the malfunction /or disturbance in the hormonal level of 

gonadotropins. The hormonal level (LH, FSH and testosterone) of male respondents 

belonging to all five tehsils were found to be within the normal range. These result 

also indicate that female population is more susceptible and likely to be more exposed 

to locality specific health risks as compared with male population. This is because 

male population spends much of their time out of homes for jobs and education while 

women stay at home encountering certain level of exposure.  

Similarly, another report, on a cross-sectional study in Nawabganj District, 

Bangladesh  found that arsenic exposed females, being lower in weight, were more  

affected by arsenic doses than male exposed population (Ahmad, 2002) and female 

respondents  were more vulnerable for the  psychological problems (p < 0.001) of 

arsenicosis than male population ( Sarker, 2010). In our study LH was found within 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2235215/#b67-ehp0116-000165
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2235215/#b67-ehp0116-000165
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the normal range in all three age groups while FSH and estradiol was found lower 23-

25 years of age group 2±3.2 mlU/ml and 8.9 ±7.7mlU/ml in follicular phase. Similarly 

in luteal phase mean estradiol (36.0±5.5pg/ml) was also found lower in serum 

samples of female respondents of 23-25 years of age group. This lower value of 

hormone may be due to longer and continuously exposure of arsenic contaminated 

water. Guo, Guo and Xia, (2011) found Similar result of decreased hormone level of 

FSH, E2 and prolectin in high and chronic arsenic exposure.  

Reduction in levels of FSH, LH and estradiol in the present study points out the 

manifestation of this effect possibly, primarily because of the adverse function of 

gonadotropin releasing hormone e.g GnRH at the pituitary level. There is a possibility 

of interference of the binding gonadotropin to their respective receptors at the 

pituitary level. The lowering of estradiol is the direct result of long of FSH because 

the normal rise in FSH in the follicular phase is necessary for follicular genesis, where 

the follicular synthesis occurs and released estradiol. Metals like arsenic effect the 

receptor levels and known as endocrine disruptors. Even the low concentration can 

change the normal hormonal levels. The results of the present study with reference to 

hormonal levels evidently revealed that hormonal imbalance or malfunction in term of 

lower level than reference value. This was measured in some areas and age groups of 

female respondents especially where higher concentration of arsenic was found in 

drinking water. This shows the direct relationship of arsenic contaminated drinking 

water with hormonal imbalance.  

There have been experimental studies that provide evidence in support of our 

findings. Arsenic exposure to female rat caused decrease plasma level of FSH, LH 

and estradiol. Literature review sodium arsenite treatment decreased circulating levels 

of estradiol in time-dependent and a dose response method, along with decrease in the 

levels of both LH and FSH at increase doses of arsenic exposure as compared to 

decrease doses exposure (cattopadhyay et al., 2003). Histological estimation revealed 

degeneration of endometrial glands and luminal epithelial cells in response to arsenic 

treatment. Experiment on rats after chronic (28 days) exposure to arsenite in drinking 

water established a positive correlation between hormonal level and uterine 

pathology. Subsequently, low serum levels of LH and FSH in arsenic-treated rats 

followed the reduction in estradiol production and thus secretion into blood 
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circulation along with the changes in the function and structure of uterine were also 

noted (Chatterjee and Chartterji, 2010). 

The present multidimensional study with reference to the determination of arsenic 

concentration in drinking water samples collected from five different tehsils of district 

Sheikhupura, Punjab evidently showed direct relationship between the arsenic 

concentration in drinking water and biological samples i.e. hair and blood of young 

females from district Sheikhupura. The study is indicative of the fact that this part of 

the Punjab province has problem of water contamination such as arsenic. AAS 

analysis of water, hair and blood samples revealed the presence of high concentration 

of arsenic which is indication of the continuous and chronic exposure among various 

age groups. Variation in LH, FSH along with estradiol in females and testosterone in 

males are suggestive of the metabolic and physiological effects of such substances. 

The questionnaire survey provides understanding regarding various risk factors and 

socioeconomic status of the subjects which appear to be contributory to the 

accumulation of arsenic in hair, nail, blood and also the changes in various 

parameters. 

 

The results of this study provide enough data to establish the fact regarding water 

contamination of arsenic and their health effects particularly in young population of 

the study area. It also provides basis for more detailed epidemiological studies in 

various population groups as well as experimental studies using animal models with 

reference to absorption, metabolism and pathophysiological mechanism. Study also 

proposes more work on ecological significance as well as mitigation and remedial 

measures of such substances. 

 

Conclusion 

The study deals with the determination of arsenic in drinking water and two biological 

marker i.e. hair and blood of young females of district Sheikhupura. These biomarkers 

serve as a tool to assess the impacts of contaminated water on the respondents. A 

general survey for health assessment was done though questionnaire which revealed 

that 60.5% females population complained about different health problems. It was 
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found that all five tehsils of district Sheikhupura have average arsenic concentration 

above than the WHO reference value (10µg/L). The drinking water of tehsils 

Sheikhupura and Sharaqpur was found to be more contaminated as compared to other 

tehsils of district (64.25±23.4 µg/L and 61.63 ± 23.9 µg/L) respectively. The 

concentration of arsenic was found higher in hand pump water as compared to other 

sources of water which evidently reflect the presence of arsenic in water drawn from 

shallow depth which was the source commonly used by the residents of the area. 

 

Positive correlation was found between arsenic concentration in hair, blood and 

drinking water samples.  The highest arsenic concentration was found in the hair and 

blood samples of respondents of tehsil Sheikhupura who appeared to use more arsenic 

contaminated water. High levels of arsenic in hair and blood also complement 

findings and reveal the accumulation of arsenic in biological tissues. It is evident from 

the results of the study that the drinking water quality of district Sheikhupura is not 

satisfactory; hence causing ill effects to health of the people as well as to ecological 

health.  The study provides enough evidence and support that hair and blood both are 

good biomarker of arsenic exposure that can be used for the study of such exposure in 

population. The study also suggested that female population seems to be more 

exposed to arsenic toxicity as compared to men. This finding needs further 

investigations.  It is also concluded from the result that arsenic contaminated water 

likely to affect the hormonal balance. It may cause lower the serum the serum level of 

LH, FSH and estratdiol at higher concentration and of continuous exposure which 

may be because of the effects of such substances on the release factor of the 

hormones. More studies are proposed in this regard 

 

In district Sheikhupura female reproductive disorder are increasing day by day. 

Young females were selected for the present study to find out the arsenic exposure 

and its health effects among young females population of this district. A strong 

correlation was found in between arsenic concentration in drinking water and 

biological samples (hair and blood) in present study. High levels of arsenic in hair and 

blood also confirmed the accumulation of arsenic in their bodies.  
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This study has significance for its wider scale application for research on water 

contamination issues as well as with reference to public health. The study of hormonal 

profile of women will provide basis for more detailed studies. These findings reflect a 

peculiar trend of arsenic concentration in the hair and blood of the both sexes of the 

respondents (male and females). It was reflected that that with the increase in age the 

concentration of arsenic was more in biological samples. It might be related to the 

duration/length of exposure of such substances which ultimately accumulate in tissues 

like hair and nails. In general, this study provides enough ground to draw wider 

attention towards the issue of drinking water contamination and health hazards 

involved particularly effecting general population. 
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Recommendations 

 

On the basis of the present work following recommendations are drawn for future 

studies and preventive measures. 

 

 More detailed multidisciplinary study recommended to find out the 

relationship between arsenic contaminated drinking water with health 

problems among various groups of population in different districts of Punjab 

particularly with reference to chronic and acute exposure of arsenic.  

 

 Studies are proposed for the determination of arsenic in various food items 

such as rice and vegetables grown in arsenic contaminated irrigation water to 

find out its accumulation at various levels of the food chain.  

 

 Besides reproductive hormones other hormones of the body such as thyroid 

hormone can also be assayed to elucidate the role of arsenic as an endocrine 

disruptor especially with reference to the role of autoantibodies.  

 

 Arsenic metabolizes at liver and directly affects the liver enzymes. In this 

regard level of liver function enzymes like AST and ALT can be determined 

to find out the relationship with various diseases. 

 

 Comprehensive studies are suggested with reference to the deficiency or 

excess of some other elements, e.g. Zn and Mn, that could modulate and 

possibly increase the toxicity of other elements, e.g. arsenic. 
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 It is strongly recommended that government should take immediate remedial 

and legislative measures to protect arsenic affected areas both caused by 

natural water sources and through anthropogenic sources and should provide 

alternative supplies of clean drinking water where high concentration of 

arsenic found in water.  

 

 Proper disposal of industrial waste should be ascertained to reduce the risk of 

arsenic contamination in agricultural land situated around the industrial 

generating toxic waste. 

 

 Hand pumps and motor pumps with high level of arsenic should be marked 

with different colors or signs for awareness purpose of general population and 

regular monitoring be carried out to check the variation in level of arsenic in 

these sources of drinking water. 
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ANNEXTURE 

 

 

 

 

 

 

 

 

 

   Annex-i. Map of District Sheikhupura with tehsils.    (source: www.google.com). 
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Annex-ii. Consent form 

                                                                                                            ID. No._______________ 

 

 

I, _______________Son/daughter of ____________________________studying  

at_________________________________________________________________ 

since _________, am willing to give my hair and blood samples to Miss Moneeza 

Abbas for her Ph.D. research project. 

The sample will be used for the said purpose and will not be used for any other 

research work/project. My personal information and blood analysis results will not be 

disclosed to any person or institution without my prior permission.  

 

 

 

_________________________ 

Signature or thumb impression 
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Annex-iii. The International Classification of adult underweight, overweight and    

obesity according to BMI (WHO, 2004). 

Classification BMI(kg/m
2
) 

 
Principal cut-off points Additional cut-off points 

Underweight <18.50 <18.50 

     Severe thinness <16.00 <16.00 

     Moderate thinness 16.00 - 16.99 16.00 - 16.99 

     Mild thinness 17.00 - 18.49 17.00 - 18.49 

Normal range 18.50 - 24.99 
18.50 - 22.99 

23.00 - 24.99 

Overweight ≥25.00 ≥25.00 

     Pre-obese 25.00 - 29.99 
25.00 - 27.49 

27.50 - 29.99 

     Obese ≥30.00 ≥30.00 

          Obese class I 30.00 - 3.99 
30.00 - 32.49 

32.50 - 34.99 

          Obese class II 35.00 - 39.99 
35.00 - 37.49 

37.50 - 39.99 

          Obese class III ≥40.00 ≥40.00 
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  Annexure (iv) 

Principle of Atomic absorption spectrophotometer: 

“Atomic absorption spectroscopy (AAS) is a very common technique for detecting metals and 

metalloids in solid and aqueous samples. It is very reliable and simple to use. The technique is 

based on the fact that ground state metals absorb light at specific wavelengths. Metal ions in a 

solution are converted to atomic state by means of a flame. Light of the appropriate 

wavelength is supplied and the amount of light absorbed can be measured against a standard 

curve.  The technique of (AAS) requires a liquid sample to be aspirated, aerosolized, and 

mixed with combustible gases, such as acetylene and air or acetylene and nitrous oxide. The 

mixture is ignited in a flame whose temperature ranges from 2100 to 2800 
o
C. During 

combustion, atoms of the element of interest in the sample are reduced to free, unexcited 

ground state atoms, which absorb light at characteristic wavelengths. The characteristic 

wavelengths are element specific and accurate to 0.01-0.1nm. Using this technique, various 

metals in organic samples can be analyzed. The basic structure of the machine consists of 4 

basic structural elements; a light source  (hollow cathode lamp), an atomizer section for 

atomizing the  sample (burner for flame, graphite furnace for electro thermal  atomization), a 

monochromatic for selecting the analysis  wavelength of the target element, and a detector for 

converting  the light into an electrical signal (Lvov, 2005) 

 

Annexture (v) 

Principle of ELISA: 

“ELISA uses the basic immunology concept of an antigen binding to its specific antibody, 

which allows detection of very small quantities of antigens such as proteins, peptides, 

hormones, or antibody in a fluid sample. EIA and ELISA utilize enzyme-labeled antigens and 

antibodies to detect the biological molecules, the most commonly used enzymes being 

alkaline phosphatase and glucose oxidase. The antigen in fluid phase is immobilized, usually 

in 96-well micro titer plates. The antigen is allowed to bind to a specific antibody, which is 

itself subsequently detected by a secondary, enzyme-coupled antibody. A chromogenic 

substrate for the enzyme yields a visible color change or fluorescence, indicating the presence 

of antigen. Quantitative or qualitative measures can be assessed based on such colorimetric 

reading. Fluorogenic substrates have higher sensitivity and can accurately measure levels of 
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antigen concentrations in the sample. The key step in the ELISA assay is the direct or indirect 

detection of antigen by adhering or immobilizing the antigen or antigen-specific capture 

antibody, respectively, directly onto the well surface. For sensitive and robust measurements, 

the antigen can be specifically selected out from a sample of mixed antigens via a “capture” 

antibody. The antigen is thus “sandwiched” between such capture antibody and a detection 

antibody. If the antigen to be measured is small in size or has only one epitope for antibody 

binding, a competitive method is used in which either the antigen is labeled and competes for 

the unlabeled antigen–antibody complex formation or the antibody is labeled and competes 

for the bound antigen and antigen in the sample. Each of these modified techniques of ELISA 

can be used for a qualitative and quantitative purpose (Gan and Patel, 2013).” 

 

 

 

 

 

 

 

 

 

 

Annex-via. Table showing BMI (kg/m
2
) of total female (n=200) and male (n=100) 

respondents of 15-25 years of age belonging to different tehsils. 

Female respondents Male respondents 

Sr.no ID no. Age (15-25) 

years 

BMI 

(kg/m
2
) 

Sr.n

o 

ID 

no. 

Age (15-

25) years 

BMI(kg/m
2
) 

1 M3 15 21.5 1 10 15 22.4 

2 M5 15 15.6 2 39 15 17.5 

3 M8 15 17.2 3 62 15 33.6 

4 F67 15 17.8 4 83 15 17.4 

5 F70 15 25 5 97 15 20.2 

6 SH125 15 26.4 6 98 15 21.3 

7 M22 15 22.6 7 19 16 15.9 

8 S146 15 26 8 36 16 20.3 

9 SA198 15 21.6 9 41 16 22.3 

10 F65 16 17.8 10 42 16 17.8 

11 M2 16 20.2 11 48 16 20.3 

12 F66 16 14.2 12 49 16 22.6 

13 F71 16 20.2 13 63 16 18.2 

14 M10 16 16.7 14 64 16 28.1 



171 
 

15 M11 16 16.8 15 84 16 18.7 

16 M12 16 15.2 16 4 17 14.2 

17 M13 16 23.7 17 5 17 21.6 

18 M23 16 27.2 18 15 17 21.6 

19 M25 16 22.2 19 33 17 18.2 

20 M29 16 20.5 20 47 17 22.5 

21 M54 16 27.4 21 54 17 19.1 

22 SH129 16 16.1 25 57 17 22 

23 F74 16 22 23 58 17 17.2 

24 S147 16 22.3 24 72 17 20.3 

25 SA179 16 20.3 25 99 17 23.3 

26 SH131 16 20.6 26 11 18 22.4 

27 SH132 16 16.4 27 25 18 26 

28 F89 16 20.2 28 37 18 20.3 

29 F93 16 22.6 29 38 18 28.1 

30 SA197 16 22.3 30 40 18 22.2 

31 SA200 16 19.7 31 43 18 18.9 

32 F68 17 22.8 32 44 18 22.2 

33 M15 17 18 33 55 18 20.24 

34 M16 17 15.5 34 75 18 22.2 

35 M31 17 21.8 35 76 18 18 

36 M33 17 26.5 36 81 18 26 

37 M43 17 26.6 37 86 18 18.9 

38 M46 17 18.9 38 2 19 18.4 

39 M47 17 20.7 39 8 19 17.8 

40 F73 17 17.6 40 9 19 23.4 

41 M57 17 22.5 41 17 19 22.5 

42 SA187 17 26.3 42 18 19 33.6 

43 F91 17 22.5 43 20 19 19.8 

44 F92 17 19.8 44 45 19 22.8 

45 S154 17 21.6 45 52 19 19.8 

46 SH137 17 20.1 46 53 19 23.7 

47 SH139 17 25.7 47 77 19 23.7 

48 F113 17 17.5 48 82 19 20.9 

49 SH144 17 18.7 49 92 19 25 

50 S173 17 22.8 50 94 19 23.7 

51 SH122 18 18.1 51 100 19 25 

52 M14 18 16.7 52 3 20 16.7 

53 M19 18 23.7 53 6 20 17.6 

54 M20 18 19.1 54 12 20 20.5 

55 M34 18 13.7 55 14 20 16.6 

56 M35 18 21.8 56 24 20 24.6 

57 M40 18 19.4 57 30 20 20.24 

58 M41 18 20.7 58 31 20 16.3 

59 M44 18 19.4 59 46 20 22.6 

60 M50 18 22.2 60 51 20 21 

61 F78 18 22.4 61 56 20 22.6 

62 M55 18 18.3 62 85 20 17.8 

63 SH133 18 22.5 63 88 20 18.9 

64 SH134 18 18.29 64 93 20 18.7 

65 F85 18 22.8 65 95 20 16.7 
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66 F97 18 17.8 66 16 21 23.3 

67 F102 18 19.7 67 50 21 22.8 

68 S153 18 22.3 68 70 21 21.6 

69 S157 18 18.7 69 71 21 21.6 

70 SH136 18 19.7 70 73 21 20.6 

71 F109 18 18.4 71 80 21 24.6 

72 M1 19 20.8 72 1 22 23.3 

73 SH120 19 16.7 73 7 22 20.5 

74 M17 19 18.1 74 29 22 26 

75 M21 19 20.3 75 34 22 18.9 

76 M28 19 16.4 76 35 22 17.2 

77 M30 19 21 77 66 22 22.3 

78 M32 19 18.9 78 67 22 27.3 

79 M37 19 25.8 79 78 22 20.24 

80 M38 19 18.1 80 89 22 20.2 

81 M45 19 23.1 81 90 22 22.8 

82 M51 19 19.8 82 91 22 18.8 

83 M52 19 21.7 83 26 23 22.3 

84 F76 19 23.4 84 28 23 25.7 

85 SA178 19 21.6 85 59 23 25 

86 M61 19 33.6 86 61 23 19.8 

87 SA181 19 20.99 87 74 23 16.4 

88 SA182 19 17.5 88 96 23 26.4 

89 F81 19 23.7 89 13 24 13.9 

90 F82 19 19.1 90 25 24 19.8 

91 F86 19 22.2 91 27 24 33.9 

92 F88 19 18.8 92 68 24 22.3 

93 F101 19 25 93 87 24 15.4 

94 F103 19 16.8 94 21 25 18.7 

95 F107 19 20.7 95 23 25 18 

96 F108 19 16.7 96 32 25 22.2 

97 S151 19 20.1 97 60 25 27.3 

98 S155 19 27.3 98 65 25 17.5 

99 S156 19 16.1 99 69 25 22.3 

100 S162 19 32.3 100 79 25 22.3 

101 S167 19 22.2   MEAN 21.3 

102 S168 19 20.24   SD± 3.74 

103 SH138 19 22.3   SEM± 0.37 

104 S170 19 20.24   RANGE  13.9-    

33.8 

105 M62 19 16.3   Normal 

BMI 

Range 

18.50-

24.90 

106 M63 19 22.4     

107 M64 19 18.2     

108 F111 19 20.5     

109 S171 19 20.9     

110 SH141 19 20.3     

111 S172 19 26     

112 F114 19 17.8     

113 S177 19 27.3     
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114 SA190 19 21.9     

115 SA191 19 17.1     

116 SA193 19 20.24     

117 SA194 19 18     

118 M4 20 18.9     

119 SH118 20 18.7     

120 SH123 20 20.8     

121 M27 20 16.7     

122 M39 20 20.9     

123 M42 20 21.6     

124 F72 20 19.6     

125 M53 20 17.7     

126 M60 20 19.8     

127 SA183 20 17.8     

128 F87 20 25     

129 SA188 20 22.2     

130 S161 20 21.8     

131 S165 20 27.3     

132 S166 20 22.3     

133 S169 20 26     

134 SH140 20 17.4     

135 SH142 20 22.2     

136 SH143 20 18.9     

137 S176 20 26     

138 SA199 20 20.3     

139 S145 21 16.6     

140 SH116 21 15.4     

141 M18 21 18.9     

142 M36 21 20.4     

143 M56 21 29.2     

144 M59 21 22.6     

145 SA185 21 22.5     

146 F90 21 20.3     

147 F95 21 16.6     

148 F96 21 15.4     

149 F98 21 18.9     

150 F104 21 19.4     

151 S160 21 15.9     

152 SA195 21 24.6     

153 SA196 21 20.24     

154 M9 22 20.2     

155 M24 22 16.8     

156 M49 22 17     

157 F77 22 15.9     

158 SH130 22 33.7     

159 F79 22 13.9     

160 SA184 22 30.3     

161 F80 22 18.9     

162 F84 22 22.6     

163 F99 22 18.7     

164 S150 22 17.3     
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165 M6 23 17.2     

166 M7 23 23.3     

167 SH117 23 18.9     

168 F69 23 22.2     

169 SH121 23 25     

170 SH126 23 18.3     

171 M48 23 17.7     

172 F75 23 17.8     

173 M58 23 19.8     

174 SA180 23 18.2     

175 S149 23 21     

176 F83 23 20.3     

177 F94 23 14.2     

178 F100 23 22.8     

179 S164 23 22.3     

180 SH115 24 16.7     

181 SH119 24 18.8     

182 M26 24 23.9     

183 SH127 24 17     

184 SH135 24 21.4     

185 S148 24 15.6     

186 F105 24 23.1     

187 F106 24 20.2     

188 S152 24 26     

189 S159 24 21.6     

190 S163 24 26     

191 F110 24 20.5     

192 SH124 25 21.3     

193 SH128 25 17.8     

194 SA186 25 16.2     

195 S158 25 21.4     

196 SA189 25 20.24     

197 F112 25 28.1     

198 S174 25 17.1     

199 S175 25 24.7     

200 SA192 25 19.7     

  Mean 20.6     

  SD± 3.58     

  SEM 0.2     

  Range 13.7-33.7     

  Normal 

Range 

18.50-

24.90 

    

 

Annex-vib. Percentage comparison of female (n=200) and male (n=100) respondents 

falling in various categories with reference to BMI (kg/m
2
). 

Gender Under weight  Normal range Over weight  Obese 

 n % n % n % n % 
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Females (n=200) 60 30 113 56.5 23 11.5 4 2 

Males (n=100) 23 23 62 62 12 12 3 3 

Total (n=300)  

 

83 

27.6 175 58.3 35 11.6 7 2.

3 

 

Annex-vic. Comparison of average BMI value of female (n=200) and male respondents 

(n=100) of different age groups with corresponding upper and lower reference limit. 

 Female respondents (n=200) Male respondents (n=100) 

Age (Years) Mean BMI 

(kg/m
2
) 

±SEM Mean BMI 

(kg/m
2
) 

±SEM 

15 years 21.4 1.1 22.07 2.4 

16 years 20.1 0.7 20.47 1.1 

17 years 21.3 0.7 20.0 0.8 

18years 19.7 0.5 22.1 0.9 

19 years 21.0 0.5 22.86 1 

20 years 21.0 0.6 19.34 0.7 

21 years 19.7 0.9 22.417 0.5 

22 years 20.4 1.8 21.59 0.9 

23 years 20.0 0.7 22.6 1.5 

24 years 20.9 1.0 21.02 3.5 

25 years 20.7 1.2 21.19 1.3 

Normal BMI 

Range (kg/m
2
) 

18.5-24.9(kg/m
2
) 

 

Annex-vid. Percentage prevalence of diseases among respondents of the study area who 

complained (n=167) about different health problems/diseases. 

Sr. 

No. 

Type of 

Disease 

Total respondents 

(n=300) having 

disease 

Female 

respondents(n=200) 

having disease 

Male 

respondents(n=100) 

having disease 

  n % n % n % 

1 chronic cough 2 0.66 2 1 0 0 

2 respiratory 

distress 

22 7.3 13 6.5 9 9 

3 Liver Disorder 17 5.6 12 6 5 5 

4 reduce weight 14 4.6 11 5.5 3 3 

5 bone deformity 10 3.3 6 3 4 4 

6 skin infection 26 8.66 17 8.5 9 9 

7 High blood 

pressure 

10 3.33 7 3.5 3 3 

8 Low blood 

pressure 

14 4.66 10 5 4 4 

9 Diabetes 10 3.33 8 4 2 2 

10 muscular pain 19 6.33 12 6 7 7 

11 abdominal pain 14 4.66 14 7 0 0 

12 Any other 9 3 9 4.5   
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13 Total 

respondents 

having disease 

167 55.66 121 60.5 46 46 

14 Respondents 

having no 

disease 

133 44.33 79 39.5 54 54 

 Grand Total 300 100% 200 100% 100 100% 

 

Annex-vie. Percentage of female and male respondents using drinking water from 

different sources. 

 

Annex-vif. Table showing percentage and number of total female and male respondents 

taking different food items in daily routine. 

Food Items Total female & male 

respondents (n=300) 

Female Respondents 

(n=200) 

Male 

Respondents(n=100) 

 n % n % n % 

rice 108 36 66 33 42 42 

vegetables 76 25.3 50 25 26 26 

pulses 53 17.6 42 21 11 11 

fish 7 2.3 5 2.5 2 2 

chicken 31 10.3 18 9 13 13 

mutton 11 3.6 7 3.7 4 4 

beef 14 4.6 12 6 2 2 

 

 

Annex-vig. Table showing approximate distance of respondent’s home near agricultural 

land. 

Approximate distance 

of Respondents home 

near agricultural land  

Total female and 

male respondents 

(n=300) 

female respondents 

(n=200) 

male 

Respondents 

(n=100) 

 n % n % n % 

Less than 0.5Km 86 28.66 64 32 22 22 

1Km 130 43.33 115 57.5 15 15 

Drinking 

water sources 

Total 

(300) 

Female Respondents Male respondents 

 n % n % n % 

Hand pump 36 12 29 14.5 7 7 

WASA/Town 

committee 

92 

 

30.6 

 

57 28.5 35 35 

Motor pump 155 51.6 106 53 49 49 

Tubewell 5 1.5 3 1.5 2 2 

Other 12 4 5 2.5 7 7 

Total 300 100 200 100 100 100 
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More Than 1Km 84 28 21 10.5 63 63 

Total 300 100 200 100 100 100 

 

Annex-viia.Table showing arsenic concentration (µg/L) in drinking water samples 

(n=500) collected from different tehsils of District Sheikhupura. 

S.no I.D As  conc. (µg/L) 

1.  F100 65.0 

2.  F101 15.0 

3.  F102 35.0 

4.  F103 41.2 

5.  F104 7.9 

6.  F105 82.0 

7.  F106 89.0 

8.  F107 40.0 

9.  F108 70.0 

10.  F109 74.0 

11.  F110 85.2 

12.  F111 35.0 

13.  F112 86.0 

14.  F113 49.0 

15.  F114 34.9 

16.  F65 37.2 

17.  F66 49.8 

18.  F67 14.6 

19.  F68 12.3 

20.  F69 40.0 

21.  F70 13.0 

22.  F71 9.7 

23.  F72 60.3 

24.  F73 40.0 

25.  F74 25.0 

26.  F75 83.0 

27.  F76 14.3 

28.  F77 72.6 

29.  F78 20.5 

30.  F79 62.3 

31.  F80 7.7 

32.  F81 35.3 

33.  F82 15.5 

34.  F83 89.3 

35.  F84 61.0 

36.  F85 12.3 

37.  F86 47.0 

38.  F87 11.0 

39.  F88 35.0 

40.  F89 9.0.0 

41.  F90 70.3 

42.  F91 20.4 

43.  F92 6.9 

44.  F93 9.6 

45.  F94 90.5 

46.  F95 52.3 

47.  F96 40.8 
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48.  F97 20.5 

49.  F98 16.9 

50.  F99 72.0 

51.  FR1 37.2 

52.  FR2 49.8 

53.  FR3 14.6 

54.  FR4 12.3 

55.  FR5 40.0 

56.  FR6 13.0 

57.  FR7 9.7 

58.  FR8 60.3 

59.  FR9 40.0 

60.  FR10 25.0 

61.  FR11 83.0 

62.  FR12 5.5 

63.  FR13 72.6 

64.  FR14 20.5 

65.  FR15 62.3 

66.  FR16 7.7 

67.  FR17 35.3 

68.  FR18 15.5 

69.  FR19 89.3 

70.  FR20 61.0 

71.  FR21 12.3 

72.  FR22 47.0 

73.  FR23 11.0 

74.  FR24 35.0 

75.  FR25 9.0 

76.  FR26 70.3 

77.  FR27 20.4 

78.  FR28 6.9 

79.  FR29 9.6 

80.  FR30 90.5 

81.  FR31 52.3 

82.  FR32 40.8 

83.  FR33 20.5 

84.  FR34 16.9 

85.  FR35 72.0 

86.  FR36 65.0 

87.  FR37 15.0 

88.  FR38 35.0 

89.  FR39 41.2 

90.  FR40 7.9 

91.  FR41 82.0 

92.  FR42 89.0 

93.  FR43 40.0 

94.  FR49 34.9 

95.  FR44 74.0 

96.  FR45 85.2 

97.  FR46 35.0 

98.  FR47 86.0 

99.  FR48 49.0 

100.  FR50 70.0 

101.  1 9.0 

102.  2 45.3 
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103.  3 12.3 

104.  4 60.0 

105.  5 33.2 

106.  6 25.4 

107.  7 67.3 

108.  8 44.8 

109.  9 65.3 

110.  10 58.3 

111.  11 83.0 

112.  12 25.0 

113.  13 52.3 

114.  14 20.9 

115.  15 33.0 

116.  16 60.3 

117.  17 9.3 

118.  18 72.6 

119.  19 34.5 

120.  20 12.3 

121.  21 42.3 

122.  25 32.1 

123.  23 78.3 

124.  24 8.5 

125.  25 63.2 

126.  26 44.2 

127.  27 8.7 

128.  M1 50.5 

129.  M7 50.0 

130.  M8 5.1 

131.  M9 67.3 

132.  M10 32.8 

133.  M11 34.9 

134.  M12 30.9 

135.  M13 9.3 

136.  M14 70.0 

137.  M15 25.0 

138.  M16 27.0 

139.  M17 48.0 

140.  M18 60.0 

141.  M19 27.3 

142.  M2 45.5 

143.  M20 25.3 

144.  M21 51.1 

145.  M22 33.8 

146.  M23 66.7 

147.  M24 21.3 

148.  M25 26.0 

149.  M26 65.0 

150.  M27 45.0 

151.  M28 20.0 

152.  M29 39.2 

153.  M3 24.3 

154.  M30 40.0 

155.  M31 6.5 

156.  M32 58.6 

157.  M33 12.5 
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158.  M34 10.0 

159.  M35 26.0 

160.  M36 70.0 

161.  M37 64.0 

162.  M38 72.0 

163.  M39 63.0 

164.  M4 54.0 

165.  M40 60.0 

166.  M41 33.0 

167.  M42 30.0 

168.  M43 8.8 

169.  M44 43.4 

170.  M45 54 

171.  M46 11.0 

172.  M47 15.2 

173.  M48 67.8 

174.  M49 70 

175.  M5 20 

176.  M50 25 

177.  M51 53.7 

178.  M52 12.2 

179.  M53 27.5 

180.  M54 23 

181.  M55 23.3 

182.  M56 75 

183.  M57 13.2 

184.  M58 9.5 

185.  M59 55 

186.  M6 55.9 

187.  M60 55 

188.  M61 20.3 

189.  M62 33 

190.  M63 29.5 

191.  M64 16.6 

192.  MR1 50.5 

193.  MR2 45.5 

194.  MR3 24.3 

195.  MR4 54 

196.  MR5 20.0 

197.  MR6 35.3 

198.  MR7 40.2 

199.  MR8 5.1 

200.  MR9 67.3 

201.  MR10 16.3 

202.  MR11 16.9 

203.  MR12 30.9 

204.  MR13 9.3 

205.  MR14 70 

206.  MR15 25 

207.  MR16 27 

208.  MR17 48 

209.  MR18 60 

210.  MR19 27.3 

211.  MR20 25.3 

212.  MR21 51.1 
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213.  MR22 33.8 

214.  MR23 66.7 

215.  MR24 21.3 

216.  MR25 26 

217.  MR26 65 

218.  MR27 45 

219.  MR28 20 

220.  MR29 39.2 

221.  MR30 40 

222.  MR31 6.5 

223.  MR32 58.6 

224.  MR33 12.5 

225.  MR34 10 

226.  MR35 26 

227.  MR36 70 

228.  MR37 64 

229.  MR38 72 

230.  MR39 63 

231.  MR40 60 

232.  MR41 33 

233.  MR42 30 

234.  MR43 8.8 

235.  MR44 43.4 

236.  MR45 54 

237.  MR46 11 

238.  MR47 15.2 

239.  MR48 67.8 

240.  MR49 70 

241.  MR50 25 

242.  MR51 53.7 

243.  MR52 12.2 

244.  MR53 27.5 

245.  MR54 23 

246.  MR55 23.3 

247.  MR56 75 

248.  MR57 13.2 

249.  MR58 9.5 

250.  MR59 55 

251.  MR60 55 

252.  MR61 20.3 

253.  MR62 33 

254.  MR63 29.5 

255.  MR64 16.6 

256.  28 22.1 

257.  29 68.2 

258.  30 55.9 

259.  31 70.7 

260.  32 65.1 

261.  33 12.2 

262.  34 82.3 

263.  35 45.3 

264.  36 78.3 

265.  37 89.3 

266.  38 33.8 

267.  39 66.7 



182 
 

268.  40 33.5 

269.  41 17 

270.  42 2.6 

271.  43 25.3 

272.  44 33.3 

273.  45 25.5 

274.  46 12.5 

275.  47 10 

276.  48 26 

277.  49 70 

278.  50 81.2 

279.  51 70 

280.  52 45.3 

281.  53 21.1 

282.  54 33 

283.  55 6.6 

284.  56 7.9 

285.  57 43 

286.  S145 77.8 

287.  S146 77.3 

288.  S147 45.5 

289.  S148 101.5 

290.  S149 72.3 

291.  S150 70 

292.  S151 14.8 

293.  S152 90.3 

294.  S153 50.1 

295.  S154 12.8 

296.  S155 80.2 

297.  S156 63 

298.  S157 62.3 

299.  S158 79.7 

300.  S159 81 

301.  S160 55.3 

302.  S161 76.2 

303.  S162 22.7 

304.  S163 79 

305.  S164 102.1 

306.  S165 55 

307.  S166 70.3 

308.  S167 68.6 

309.  S168 45.9 

310.  S169 70 

311.  S170 72 

312.  S171 29.5 

313.  S172 45 

314.  S173 52.2 

315.  S174 48 

316.  S175 87.5 

317.  S176 55.9 

318.  S177 80.5 

319.  SR1 77.8 

320.  SR2 77.3 

321.  SR3 45.5 

322.  SR4 101.5 
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323.  SR5 72.3 

324.  SR6 70 

325.  SR7 14.8 

326.  SR8 90.3 

327.  SR9 50.1 

328.  SR10 12.8 

329.  SR11 80.2 

330.  SR12 63 

331.  SR13 62.3 

332.  SR14 79.7 

333.  SR15 81 

334.  SR16 55.3 

335.  SR17 76.2 

336.  SR18 22.7 

337.  SR19 79 

338.  SR20 102.1 

339.  SR21 55 

340.  SR22 70.3 

341.  SR23 68.6 

342.  SR24 45.9 

343.  SR25 70 

344.  SR26 72 

345.  SR27 29.5 

346.  SR28 45 

347.  SR29 52.2 

348.  SR30 48 

349.  SR31 87.5 

350.  SR32 55.9 

351.  SR33 80.5 

352.  58 8.5 

353.  59 92 

354.  60 85 

355.  61 72.9 

356.  62 9.3 

357.  63 72 

358.  64 63 

359.  65 78 

360.  66 57.8 

361.  67 77.7 

362.  68 70 

363.  69 25.5 

364.  70 65 

365.  71 98.3 

366.  72 56.9 

367.  73 88.3 

368.  74 111 

369.  75 77 

370.  SH115 95.3 

371.  SH116 60.9 

372.  SH117 80.5 

373.  SH118 65.3 

374.  SH119 87 

375.  SH120 70 

376.  SH121 85.8 

377.  SH122 53.2 
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378.  SH123 76.3 

379.  SH124 90.5 

380.  SH125 20 

381.  SH126 79 

382.  SH127 62 

383.  SH128 90.4 

384.  SH129 12.3 

385.  SH130 79 

386.  SH131 42.1 

387.  SH132 65 

388.  SH133 45 

389.  SH134 47 

390.  SH135 80 

391.  SH136 62.3 

392.  SH137 30 

393.  SH138 33.2 

394.  SH139 63 

395.  SH140 50.5 

396.  SH141 14.3 

397.  SH142 79 

398.  SH143 70 

399.  SH144 60 

400.  SHR1 95.3 

401.  SHR2 60.9 

402.  SHR3 80.5 

403.  SHR4 65.3 

404.  SHR5 87 

405.  SHR6 70 

406.  SHR7 85.8 

407.  SHR8 53.2 

408.  SHR9 76.3 

409.  SHR10 90.5 

410.  SHR11 20 

411.  SHR12 79 

412.  SHR13 62 

413.  SHR14 90.4 

414.  SHR15 12.3 

415.  SHR16 79 

416.  SHR17 42.1 

417.  SHR18 65 

418.  SHR19 45 

419.  SHR20 47 

420.  SHR21 80 

421.  SHR22 62.3 

422.  SHR23 30 

423.  SHR24 33.2 

424.  SHR25 63 

425.  SHR26 50.5 

426.  SHR27 14.3 

427.  SHR28 79 

428.  SHR29 70 

429.  SHR30 60 

430.  76 11 

431.  77 85 

432.  78 78.3 
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433.  79 80.9 

434.  80 62 

435.  81 12.3 

436.  82 55 

437.  83 89 

438.  84 77 

439.  85 9.3 

440.  86 82.3 

441.  87 45.7 

442.  88 80 

443.  89 88.5 

444.  90 68.5 

445.  SA178 50.5 

446.  SA179 28.3 

447.  SA180 79 

448.  SA181 55 

449.  SA182 39 

450.  SA183 60 

451.  SA184 65.3 

452.  SA185 56.3 

453.  SA186 85 

454.  SA187 22 

455.  SA188 65.3 

456.  SA189 89 

457.  SA190 5.1 

458.  SA191 32.1 

459.  SA192 55 

460.  SA193 46 

461.  SA194 43.9 

462.  SA195 79 

463.  SA196 90 

464.  SA197 20.9 

465.  SA198 9.5 

466.  SA199 88.8 

467.  SA200 30.3 

468.  SAR1 50 

469.  SAR2 28.9 

470.  SAR3 79 

471.  SAR4 55 

472.  SAR5 39 

473.  SAR6 60 

474.  SAR7 65.3 

475.  SAR8 56.3 

476.  SAR9 85 

477.  SAR10 22 

478.  SAR11 65.3 

479.  SAR12 89 

480.  SAR13 5.1 

481.  SAR14 32.1 

482.  SAR15 55 

483.  SAR16 46 

484.  SAR17 43.9 

485.  SAR18 79 

486.  SAR19 90 

487.  SAR20 20.9 
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488.  SAR21 9.5 

489.  SAR22 88.8 

490.  SAR23 30.3 

491.  91 64.8 

492.  92 9.7 

493.  93 11.2 

494.  94 31.2 

495.  95 54.3 

496.  96 19.5 

497.  97 7.8 

498.  98 35.3 

499.  99 56 

500.  100 7.5 

 Mean 48.0 

 SEM ± 1.1 

 SD 26.22 

 

 Range 2.6-111 

  no % 

 Above WHO Standard 

(10µg/l) 

457 91.4 

 Within WHO Standard (10 

µg/l) 

43 8.6 

 Above NDWQS (50 µg/l) 248 49.6 

 Within NDWQS (50 µg/l) 252 50.4 

 

Annex-viib. Comparison of mean arsenic concentration (µg/L) in drinking water 

samples from different tehsils of district Sheikhupura (n=500). 

Area n Mean 

±SEM 

Arsenic 

higher than 

WHO (10 

µg/L) 

standard 

Arsenic 

within 

WHO 

(10µg/L) 

standard 

Arsenic 

higher than 

NDWQS 

50(µg/L) 

Arsenic 

within 

NDWQS 

50(µg/L) 

   no % no % no % no % 

Ferozwala  127 41.47±2.33 110 86.6 17 13.4 44 34.6 83 65.4 

Muridke 158 38.14±1.72 

 

142 89.8 16 10.1 54 34.1 104 65.8 

Sheikhupura  84 64.25±2.55 

 

82 97.6 2 2.3 65 77.3 19 22.6 

Sharaqpur 75 61.63±2.73 

 

74 98.6 1 1.3 55 73.3 20 26.6 

Safdarabad 56 48.0±3.51 49 87.5 7 12.5 28 50 28 50 

Total 500 48.0±1.1 457 91.4 43 8.6 247 49.4 253 50.6 
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Annex-viic. Comparison of arsenic concentration (µg/L) in drinking water samples from 

various sources (n=500). 

Sources Mean SEM± Range 

WASA/Town 

committee (n=144) 

35.47 1.69 2.6-89 

Hand Pump (n=64) 71.14 2.66 13-102.1 

Motor Pump (n=267) 51.89 1.54 5.12-111 

Tube well (n=9) 38.7 4.26 25-54.0 

Bottle Water 8.48 0.6 5.1-14.3 

 

Annex-viiia. Table Showing mean arsenic concentration in water and hair samples of 

female (n=200) and male (100) respondents of study area with their IDs. 

Female Respondents (n=200) Male Respondents (n=100) 

S.no IDs As in 

water 

samples 

(µg/L) 

As in hair 

samples 

(µg/g) 

S.no IDs As in 

water 

samples 

(µg/L) 

As in hair 

samples(µg/g) 

1.  M1 50.5 1.5 1.  1 9 0.002 

2.  F65 37.2 0.09 2.  2 45.3 0.1 

3.  M2 45.5 0.07 3.  3 12.3 0.07 

4.  M3 24.3 0.8 4.  4 60 0.3 

5.  M4 54 1.53 5.  5 33.2 0.09 

6.  M5 20 0.08 6.  6 25.4 0.1 

7.  M6 55.9 1.7 7.  7 67.3 2.6 

8.  M7 50 1.0 8.  8 44.8 0.09 

9.  M8 5.1 1.3 9.  9 65.3 1.9 

10.  SH115 95.3 2.57 10.  10 58.3 1.1 

11.  F66 49.8 0.6 11.  11 83 0.6 

12.  S145 77.8 1.32 12.  12 25 0.009 

13.  SH116 60.9 1.9 13.  13 52.3 0.2 

14.  F67 14.6 0.06 14.  14 20.9 0.07 

15.  SH117 80.5 2.1 15.  15 33 0.04 

16.  SH118 65.3 0.9 16.  16 60.3 0.3 

17.  F68 12.3 0.02 17.  17 9.3 0.06 

18.  F69 40 0.04 18.  18 72.6 2.7 

19.  F70 13 0.02 19.  19 34.5 0.3 

20.  SH119 87 2.3 20.  20 12.3 0.02 

21.  F71 9.7 0.05 21.  21 42.3 0.1 

22.  SH120 70 1.1 22.  25 32.1 0.9 

23.  SH121 85.8 2.1 23.  23 78.3 0.8 

24.  SH122 53.2 1.5 24.  24 8.5 0.05 

25.  SH123 76.3 1.3 25.  25 63.2 0.9 

26.  SH124 90.5 2.3 26.  26 44.2 0.2 

27.  M9 67.3 0.6 27.  27 8.7 0.03 

28.  SH125 20 0.3 28.  28 22.1 0.03 

29.  M10 32.8 0.7 29.  29 68.2 0.3 

30.  M11 34.9 0.9 30.  30 55.9 0.6 
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31.  M12 30.9 0.9 31.  31 70.7 0.9 

32.  M13 9.3 0.01 32.  32 65.1 1.4 

33.  M14 70 1.9 33.  33 12.2 0.3 

34.  M15 25 0.03 34.  34 82.3 0.3 

35.  M16 27 0.09 35.  35 45.3 1.93 

36.  M17 48 0.9 36.  36 78.3 1.9 

37.  M18 60 1.7 37.  37 89.3 0.2 

38.  M19 27.3 0.9 38.  38 33.8 0.09 

39.  M20 25.3 1.1 39.  39 66.7 0.3 

40.  M21 51.1 1.0 40.  40 33.5 2.1 

41.  M22 33.8 0.4 41.  41 17 0.05 

42.  M23 66.7 1.8 42.  42 2.6 0.004 

43.  M24 21.3 0.1 43.  43 25.3 0.05 

44.  M25 26 0.09 44.  44 33.3 0.5 

45.  M26 65 2.1 45.  45 25.5 0.9 

46.  M27 45 0.4 46.  46 12.5 0.03 

47.  SH126 79 1.8 47.  47 10 0.002 

48.  M28 20 0.07 48.  48 26 0.004 

49.  M29 39.2 0.9 49.  49 70 1.5 

50.  M30 40 0.2 50.  50 81.2 0.9 

51.  SH127 62 1.9 51.  51 70 1.3 

52.  SH128 90.4 2.6 52.  52 45.3 0.9 

53.  M31 6.5 0.002 53.  53 21.1 0.2 

54.  M32 58.6 0.9 54.  54 33 0.1 

55.  M33 12.5 0.02 55.  55 6.6 0.1 

56.  M34 10 0.002 56.  56 7.9 0.002 

57.  M35 26 0.004 57.  57 43 0.07 

58.  M36 70 1.3 58.  58 8.5 0.01 

59.  M37 64 0.9 59.  59 92 0.9 

60.  M38 72 1.3 60.  60 85 1.2 

61.  M39 63 1.11 61.  61 72.9 0.9 

62.  M40 60 0.9 62.  62 9.3 0.004 

63.  M41 33 0.08 63.  63 72 0.8 

64.  M42 30 0.4 64.  64 63 0.9 

65.  F72 60.3 0.7 65.  65 78 1.5 

66.  M43 8.8 0.007 66.  66 57.8 0.7 

67.  M44 43.4 0.8 67.  67 77.7 2.2 

68.  M45 54 1.1 68.  68 70 1.3 

69.  M46 11 0.02 69.  69 25.5 0.1 

70.  M47 15.2 0.05 70.  70 65 1.3 

71.  M48 67.8 1 71.  71 98.3 1.9 

72.  M49 70 1.3 72.  72 56.9 0.02 

73.  M50 25 0.02 73.  73 88.3 1.9 

74.  M51 53.7 0.9 74.  74 111 2.5 

75.  M52 12.2 0.06 75.  75 76.8 1.8 

76.  M53 27.5 0.04 76.  76 11 0.02 

77.  M54 23 0.9 77.  77 85 2.1 

78.  SH129 12.7 0.7 78.  78 78.3 1.7 

79.  F73 40 0.04 79.  79 80.9 0.9 

80.  F74 25 0.003 80.  80 62 0.9 

81.  F75 83 0.6 81.  81 12.3 0.04 

82.  F76 14.3 0.002 82.  82 55 1.2 

83.  F77 72.6 0.7 83.  83 89 0.4 

84.  F78 20.5 0.004 84.  84 77 0.6 

85.  SH130 79 1.8 85.  85 9.3 0.002 



189 
 

86.  F79 62.3 0.9 86.  86 82.3 1.6 

87.  M55 23.3 0.08 87.  87 45.7 1.3 

88.  M56 75 1 88.  88 80 1.8 

89.  S146 77.3 1.9 89.  89 88.5 2.1 

90.  S147 45.5 1.6 90.  90 68.5 0.8 

91.  SA178 50.5 0.9 91.  91 64.8 1.1 

92.  SA179 28.3 0.4 92.  92 9.7 0.02 

93.  M57 13.2 0.01 93.  93 11.2 0.06 

94.  M58 9.5 0.002 94.  94 31.2 0.5 

95.  M59 55 0.8 95.  95 54.3 0.7 

96.  M60 55 0.4 96.  96 19.5 0.02 

97.  M61 20.3 0.9 97.  97 7.8 0.03 

98.  SA180 79 1.1 98.  98 35.3 0.07 

99.  SH131 42.1 1.0 99.  99 56 0.3 

100.  SH132 65 1.3 100.  100 7.5 0.04 

101.  SH133 45 0.2  Mean 47.85 

 

0.688 

 

102. 1 SH134 47 0.9  SD± 28.3 0.73 

103.  SH135 80 1.9  SEM± 2.83 0.07 

104.  SA181 55 0.7  Range 2.6-111 0.0020-2.70 

105.  SA182 39 0.3     

106.  SA183 60 0.7     

107.  SA184 65.3 1.0     

108.  SA185 56.3 0.9     

109.  SA186 85 0.7     

110.  SA187 22 0.009     

111.  S148 101.5 2.5     

112.  S149 72.3 1.4     

113.  F80 7.7 0.01     

114.  F81 35.3 0.005     

115.  F82 15.5 0.001     

116.  F83 89.3 1.1     

117.  F84  61 0.8     

118.  F85 12.3 0.002     

119.  F86 47 0.004     

120.  F87 11 0.007     

121.  F88 35 0.006     

122.  F89 9 0.004     

123.  F90 70.3 1.0     

124.  F91 20.4 0.006     

125.  F92 6.9 0.005     

126.  F93 9.6 0.04     

127.  F94 90.5 1.1     

128.  F95 52.3 0.9     

129.  F96 40.8 0.04     

130.  F97 20.5 0.06     

131.  F98 16.9 0.07     

132.  F99 72 0.9     

133.  F100 65 0.002     

134.  SA188 65.3 1.6     

135.  F101 15 0.08     

136.  F102 35 0.05     

137.  F103 41.2 0.9     
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138.  F104 7.9 0.05     

139.  F105 82 2.1     

140.  F106 89 1.8     

141.  F107 40 0.02     

142.  S150 70 1.5     

143.  F108 70 1.2     

144.  S151 14.8 0.09     

145.  S152 90.3 2.3     

146.  S153 50.1 1     

147.  S154 12.8 0.06     

148.  S155 80.2 1.6     

149.  S156 63 1.1     

150.  S157 62.3 1.1     

151.  S158 79.7 1.8     

152.  SA189 89 1.1     

153.  S159 81 1.5     

154.  S160 55.3 0.9     

155.  S161 76.2 1.6     

156.  S162 22.7 0.3     

157.  S163 79 1.7     

158.  S164 102.1 2.7     

159.  S165 55 0.8     

160.  S166 70.3 1.9     

161.  S167 68.6 1.5     

162.  S168 45.9 1     

163.  SH136 62.3 1.5     

164.  SH137 30 0.004     

165.  S169 70 1.5     

166.  SH138 33.2 0.005     

167.  S170 72 1.7     

168.  SH139 63 1.5     

169.  F109 74 1     

170.  F110 85.2 1.2     

171.  M62 33 0.05     

172.  M63 29.5 1.3     

173.  M64 16.6 0.05     

174.  F111 35 0.2     

175.  S171 29.5 0.1     

176.  SH140 50.5 0.9     

177.  SH141 14.3 0.002     

178.  F112 86 1.6     

179.  F113 49 0.004     

180.  SH142 79 1.8     

181.  S172 45 0.1     

182.  F114 34.9 0.8     

183.  SH143 70 1.9     

184.  SH144 60 1.4     

185.  S173 52.2 1.9     

186.  S174 48 1.7     

187.  S175 87.5 2.8     

188.  S176 55.9 1.3     

189.  S177 80.5 2.2     

190.  SA190 5.1 0.06     

191.  SA191 32.1 0.07     

192.  SA192 90.2 1.9     
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193.  SA193 46 0.7     

194.  SA194 43.9 0.004     

195.  SA195 79 1.7     

196.  SA196 90 1.9     

197.  SA197 20.9 0.09     

198.  SA198 9.5 0.007     

199.  SA199 88.8 1.9     

200.  SA200 30.3 0.1     

 Mean 48.40 

 

0.845     

 SD± 25.7 0.74     

 SEM± ±1.8 ±0.052     

 Range 5.1-102.1 0.001-2.80     

 

 

Annex - viiib. Table showing Comparison between mean arsenic conc.(µg/g ) in hair 

samples of femle respondents (n=200) belonging to different tehsil of District 

Sheikhupura. 

S.no Tehsil Mean ±SEM Range 

1 Ferozwala 0.41 0.07 0.001-2.10 

2 Muridke 0.66 0.07 0.002-2.10 

3 Sheikhupura 1.40 0.12 0.06-2.80 

4 Sharaqpur 1.38 0.10 0.002-2.60 

5 Safdarabad 0.76 0.13 0.004-1.90 

 

 

Annex-viiic.Table showing Comparison between mean arsenic concentration (µg/g) in 

hair samples of male respondents (n=100) belonging to different tehsil of District 

Sheikhupura. 

S.no Tehsil Mean ±SEM Range 

1 Ferozwala 0.505 

 

0.14 0.02-2.7 

2 Muridke 0.56 0.11 0.002-2.1 

3 Sheikhupura 1.10 0.18 0.004-2.5 
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4 Sharaqpur 1.03 0.18 0.02-2.1 

5 Safdarabad 0.284 

 

0.11 0.02-1.1 

 

 

Annex-viiid. Comparison between mean arsenic concentration (µg/g) in hair samples of 

female and male respondents with reference to different drinking water sources.  

Arsenic concentration in female hairs samples Arsenic concentration in male hairs 

samples 

Drinking 

Water 

source 

n Mean SEM

± 

Range n Mean SEM± Range 

Hand pump 29 1.31 0.143 0.005-  2.70 7 1.47 0.34 0.200  -   2.70 

WASA/Tow

n committee 

57 0.50 0.07  0.0020-1.90 35 0.53 0.12 0.002 -     2.60 

Motor pump 106 0.94 0.072  0.0010-2.80 49 0.78 0.09  0.0040 -    2.20 

tubewell 3 0.39 0.30 0.003 -1.10 2 0.38 0.31  0.070    -  0.70 

bottle 5 0.27 0.25 0.002  - 1.30 7 0.064 0.03  0.0020-    0.300 

 

Annex-viiie. Age group wise comparison of mean arsenic concentration (µg/g) in hair 

sample of female and male respondents of various age groups. 

Age groups Female respondents Male respondents 

 Mean SEM± Range Mean SEM± Range 

15-18 years 0.49       0.07 0.002-1.9 0.54 0.1 0.002-2.10 

19-22 years 0.81 0.06 0.001-2.2 1.0 0.3 0.002-2.70 

23-25 years 1.62 0.10 0.002-2.8 1.16 0.15 0.02-2.50 

 

Annex-ixa. Comparison of mean arsenic concentration (µg/L) in blood samples of female 

(n=200) and male (n=100) respondents of district Sheikhupura. 

Female Respondents Male Respondents 

S.no IDs Age Arsenic in 

blood samples 

(µg/L) 

S.no IDs Age Arsenic in 

blood 

samples 

(µg/L) 

1.  M1 19 0.9 1.  1 22 0.9 

2.  F65 16 0.7 2.  2 19 1.35 
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3.  M2 16 0.8 3.  3 20 0.3 

4.  M3 15 0.7 4.  4 17 1.2 

5.  M4 20 1.2 5.  5 17 0.3 

6.  M5 15 0.9 6.  6 20 0.07 

7.  M6 23 1.2 7.  7 22 2.3 

8.  M7 23 1 8.  8 19 0.7 

9.  M8 15 0.3 9.  9 19 1 

10.  SH115 24 2.95 10.  10 15 1.5 

11.  F66 16 0.9 11.  11 18 2.2 

12.  S145 21 3.1 12.  12 20 0.09 

13.  SH116 21 2.88 13.  13 24 0.7 

14.  F67 15 0.6 14.  14 20 0.5 

15.  SH117 23 1.9 15.  15 17 0.1 

16.  SH118 20 3.1 16.  16 21 1.1 

17.  F68 17 0.9 17.  17 19 1.4 

18.  F69 23 0.8 18.  18 19 5 

19.  F70 15 0.6 19.  19 16 0.61 

20.  SH119 24 4.3 20.  20 19 0.5 

21.  F71 16 0.1 21.  21 25 0.32 

22.  SH120 19 2.35 22.  25 18 0.9 

23.  SH121 23 2.81 23.  23 25 1.4 

24.  SH122 18 2.27 24.  24 20 0.5 

25.  SH123 20 1.62 25.  25 24 1.2 

26.  SH124 25 4.5 26.  26 23 0.4 

27.  M9 22 1.7 27.  27 24 0.1 

28.  SH125 15 0.5 28.  28 23 1.3 

29.  M10 16 0.3 29.  29 22 1.1 

30.  M11 16 0.7 30.  30 20 2.33 

31.  M12 16 0.6 31.  31 20 1.99 

32.  M13 16 0.2 32.  32 25 2.43 

33.  M14 18 1.9 33.  33 17 0.7 

34.  M15 17 0.8 34.  34 22 0.3 

35.  M16 17 0.9 35.  35 22 2.57 

36.  M17 19 1 36.  36 16 5.1 

37.  M18 21 1.2 37.  37 18 2.47 

38.  M19 18 1.58 38.  38 18 1.1 

39.  M20 18 0.9 39.  39 15 1.2 

40.  M21 19 1.3 40.  40 18 1.8 

41.  M22 15 0.4 41.  41 16 1.55 

42.  M23 16 1.5 42.  42 16 1.2 

43.  M24 22 0.3 43.  43 18 2.81 

44.  M25 16 0.5 44.  44 18 1.5 

45.  M26 24 2 45.  45 19 0.7 

46.  M27 20 0.6 46.  46 20 0.1 

47.  SH126 23 2.7 47.  47 17 0.1 

48.  M28 19 0.3 48.  48 16 2.3 

49.  M29 16 0.3 49.  49 16 1.5 

50.  M30 19 1.1 50.  50 21 3.9 

51.  SH127 24 3.1 51.  51 20 2 

52.  SH128 25 4.2 52.  52 19 1.5 

53.  M31 17 0.3 53.  53 19 0.3 

54.  M32 19 2.5 54.  54 17 1.2 

55.  M33 17 0.7 55.  55 18 0.3 

56.  M34 18 0.6 56.  56 20 0.3 

57.  M35 18 0.1 57.  57 17 1.1 
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58.  M36 21 2.3 58.  58 17 0.7 

59.  M37 19 0.6 59.  59 23 2.5 

60.  M38 19 2.1 60.  60 25 1.3 

61.  M39 20 2 61.  61 23 5.3 

62.  M40 18 1.5 62.  62 15 0.6 

63.  M41 18 0.3 63.  63 16 1.9 

64.  M42 20 1.2 64.  64 16 0.9 

65.  F72 20 2.9 65.  65 25 4.3 

66.  M43 17 0.5 66.  66 22 1.9 

67.  M44 18 0.9 67.  67 22 2.1 

68.  M45 19 1.1 68.  68 24 1.5 

69.  M46 17 0.03 69.  69 25 0.9 

70.  M47 17 0.7 70.  70 21 4.5 

71.  M48 23 2.3 71.  71 21 5.3 

72.  M49 22 2.9 72.  72 17 0.4 

73.  M50 18 0.3 73.  73 21 4.3 

74.  M51 19 1.2 74.  74 23 5 

75.  M52 19 0.6 75.  75 18 2.9 

76.  M53 20 0.7 76.  76 18 0.3 

77.  M54 16 0.9 77.  77 19 1.9 

78.  SH129 16 0.4 78.  78 22 2.4 

79.  F73 17 0.9 79.  79 25 0.3 

80.  F74 16 0.5 80.  80 21 1.2 

81.  F75 23 3.5 81.  81 18 0.4 

82.  F76 19 0.7 82.  82 19 1.5 

83.  F77 22 2.7 83.  83 15 5.1 

84.  F78 18 0.6 84.  84 16 2.3 

85.  SH130 22 3.5 85.  85 20 1 

86.  F79 22 1.2 86.  86 18 3.4 

87.  M55 18 0.5 87.  87 24 0.7 

88.  M56 21 2.8 88.  88 20 0.9 

89.  S146 15 3.47 89.  89 22 3.1 

90.  S147 16 1.59 90.  90 22 3.5 

91.  SA178 19 1.1 91.  91 22 2 

92.  SA179 16 0.6 92.  92 19 0.9 

93.  M57 17 1.49 93.  93 20 0.5 

94.  M58 23 0.3 94.  94 19 0.9 

95.  M59 21 1.5 95.  95 20 0.4 

96.  M60 20 1.4 96.  96 23 0.7 

97.  M61 19 0.2 97.  97 15 0.3 

98.  SA180 23 1.9 98.  98 15 0.2 

99.  SH131 16 1.3 99.  99 17 1.9 

100.  SH132 16 3 100.  100 19 0.3 

101.  SH133 18 0.9   Mean 1.55 

102. 1 SH134 18 1.6   SD 1.35 

103.  SH135 24 4.1   SEM± 0.13 

104.  SA181 19 1.2   Range 0.07-5.3 

105.  SA182 19 0.9     

106.  SA183 20 2.1     

107.  SA184 22 1.5     

108.  SA185 21 0.8     

109.  SA186 25 4     

110.  SA187 17 0.3     

111.  S148 24 5.1     

112.  S149 23 3.8     
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113.  F80 22 2.07     

114.  F81 19 0.7     

115.  F82 19 0.1     

116.  F83 23 3.8     

117.  F84 22 2.1     

118.  F85 18 0.6     

119.  F86 19 0.7     

120.  F87 20 0.1     

121.  F88 19 0.5     

122.  F89 16 0.5     

123.  F90 21 2.35     

124.  F91 17 0.9     

125.  F92 17 0.1     

126.  F93 16 0.2     

127.  F94 23 3.9     

128.  F95 21 1.3     

129.  F96 21 1.1     

130.  F97 18 0.3     

131.  F98 21 0.1     

132.  F99 22 1.5     

133.  F100 23 1.1     

134.  SA188 20 2.9     

135.  F101 19 0.4     

136.  F102 18 0.8     

137.  F103 19 0.7     

138.  F104 21 0.5     

139.  F105 24 3.1     

140.  F106 24 3.3     

141.  F107 19 0.03     

142.  S150 22 2.6     

143.  F108 19 2.4     

144.  S151 19 0.5     

145.  S152 24 4.5     

146.  S153 18 1.5     

147.  S154 17 0.6     

148.  S155 19 4.3     

149.  S156 19 2     

150.  S157 18 1.8     

151.  S158 25 2.6     

152.  SA189 25 5.2     

153.  S159 24 4.1     

154.  S160 21 1.3     

155.  S161 20 2.6     

156.  S162 19 0.9     

157.  S163 24 3.8     

158.  S164 23 5.5     

159.  S165 20 1.1     

160.  S166 20 3.1     

161.  S167 19 3     

162.  S168 19 0.7     

163.  SH136 18 2.5     

164.  SH137 17 0.2     

165.  S169 20 3.8     

166.  SH138 19 0.8     

167.  S170 19 3.7     
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168.  SH139 17 4.9     

169.  F109 18 3     

170.  F110 24 3.2     

171.  M62 19 0.4     

172.  M63 19 0.2     

173.  M64 19 0.5     

174.  F111 19 1     

175.  S171 19 0.8     

176.  SH140 20 1.2     

177.  SH141 19 0.5     

178.  F112 25 4.1     

179.  F113 17 0.7     

180.  SH142 20 2.7     

181.  S172 19 0.9     

182.  F114 19 0.5     

183.  SH143 20 2.1     

184.  SH144 17 2.47     

185.  S173 17 1.8     

186.  S174 25 0.8     

187.  S175 25 4.9     

188.  S176 20 1.1     

189.  S177 19 4.6     

190.  SA190 19 0.7     

191.  SA191 19 0.3     

192.  SA192 25 4     

193.  SA193 19 1     

194.  SA194 19 0.5     

195.  SA195 21 3.1     

196.  SA196 21 4.5     

197.  SA197 16 0.3     

198.  SA198 15 0.1     

199.  SA199 20 4     

200.  SA200 16 0.4     

  Mean 1.63     

  SD± 1.34     

  SEM 0.09     

  Range 0.030-5.500     

 

Annex-ixb . Comparison between mean As concentration (µg/L) in blood samples 

 of female and male respondents belonging to different tehsils of district Sheikhupura. 

 

 Female respondents Male respondents 

Area (tehsils) Me

an 

±SD SEM Range Mean ±SD SEM Range 

Ferozwala 1.30 1.17 0.16 0.03-4.1 0.98 1.35 0.26 0.07-5.0 

Muridke 0.97 0.70 0.08 0.03-2.90 1.55 1.1 0.20 0.10-5.10 

Sheikhupura 2.60 1.5 0.2 0.5-5.5 2.57 1.7 0.4 0.4-5.3 

Sharaqpur 2.36 

 

1.29 0.24 0.2-4.90 1.86 1.41 0.36 0.30-5.10 

Safdarbad 1.80 1.59 0.33 0.10-5.2 0.81 0.6 0.2 0.20-1.9 
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Annex-ixc. Comparison between mean As concentration (µg/L) in blood samples of 

female and male respondents of the study area with reference to the different water 

sources. 

Drinking 

water source 

Female respondents Male respondents 

 Mean  

BAs 

(µg/L) 

SEM± Range Mean  BAs 

(µg/L) 

SEM± Range 

Hand pump 2.53 0.27 0.3-5.5 3.796 0.4 2.4-5.0 

WASA/Town 

committee 

0.99 0.13 0.03-5.2 1.16 0.17 0.1-4.5 

Motor pump 1.81 0.12 0.1-4.9 1.7 0.19 0.07-5.3 

tubewell 0.63 0.1 0.1-0.5 0.75 0.1 0.4-1.1 

bottle 0.44 0.1 0.2-0.7 0.5 0.1 0.10-0.90 

 

Annex-ixd.  Age  wise comparison of mean arsenic concentration (µg/L) in blood 

samples of female and male respondents (15-25 years). 

Years As in blood (µg/l)  samples (Female 

respondents) 

As in blood (µg/l) samples 

(Male respondents) 

 Mean± SEM Range Mean± SEM Range 

15 0.81 ±0.30 

 

0.1-3.4 1.48 ± 0.75 0.2-5.1 

16 0.79±0.1 0.1-3.0 1.85± 0.44 0.610-5.10 

17 1.01±0.25 0.030 - 4.90 

 

0.77± 0.18 0.100-1.90 

18 1.16±0.17 0.100 -3.0 

 

1.67± 0.31 0.3-3.40 

19 1.14±0.15 0.030- 4.60 

 

1.28 ±0.31 0.30-5.00 

20 1.97±0.23 0.100 -4.00 

 

1.09 ±0.38 0.07-5.30 

21 1.92±0.31 0.100 - 4.500 

 

3.38 ±0.73 1.10-5.30 

22 2.0±0.27 0.300 - 3.50 

 

2.01±0.28 0.900 - 3.50 

 

23 5.5±2.47 0.300- 5.50 

 

2.53 ±0.87 0.40-5.30 

24 3.62±0.24 2.000- 5.10 

 

0.84±0.24 0.100-1.50 

25 3.81±0.44 0.8-5.2 1.76±0.55  0.300-  4.30 

 

 

Annex-ixe. Comparison of mean blood arsenic concentration (µg/L) in female and   

male respondents of the study (age group wise). 

 

Female respondents (n=200) Male respondents(n=100) 
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Age group (years Blood (µg/L) Blood (µg/L) 

 Mean± SEM Mean± SEM 

15-18 0.95±0.10 

 

1.44±0.2 

 

19-22 1.59±0.11 

 

1.68±0.2 

 

 

23-25 3.21±0.23 

 

1.76±0.3 

 

 

 

 

Annex-xa. Correlation between mean arsenic concentration in drinking water samples 

(µg/L) and hair (µg/g) of young females from different tehsils of District Sheikhupura 

(r=0.89) 

Area Mean As conc. 

( µg/g) in hair 

samples 

SEM± Mean As conc. 

( µg/L) in water 

samples 

SEM± 

Ferozwala 0.41 0.07 41.7 3.8 

Muridke 0.66 0.07 36.7 2.5 

Sheikhupura 1.4 0.126 63.4 3.8 

Sharaqpur 1.38 0.13 61.6 4.3 

Safdarabad 0.76 0.13 51.9 5.4 

 

Annex.xb. Correlation between mean arsenic concentration in drinking water Samples 

(µg/L) and hair (µg/g) of young males from different tehsils of District Sheikhupura 

(r=0.1). 

 

Area Mean As conc. 

( µg/g) in hair 

samples 

SEM± Mean As conc. 

( µg/L) in water 

samples 

SEM± 

Ferozwala 0.5 0.14 40.79 4.48 

Muridke 0.56 0.11 41.7 4.85 

Sheikhupura 1.1 0.183 67.11 6.62 

Sharaqpur 1.03 0.18 61.65 7.48 

Safdarabad 0.28 0.118 29.7 3.1 
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Annex-xc. Correlation between mean arsenic concentrations (µg/L) in drinking  

water samples  and hair (µg/g) of  female respondents with respect to 15-25 years  

of age ( r=0.94). 

 

Years As in water  (µg/L)  samples  As in hair (µg/g)  samples  

 Mean  ±SEM Mean ±SEM 

15 24.5 6.4 0.52 0.2 

16 31.5 3.5 0.55 0.1 

17 25.67 4.2 0.27 0.1 

18 39.31 4.1 0.62 0.13 

19 41.7 2.9 0.6 0.08 

20 58.5 4 1 0.1 

21 57.83 5.7 1 0.1 

22 58.9 6.8 0.87 0.1 

23 69.3 6.4 1.1 0.2 

24 83.1 3.2 1.98 0.11 

25 82.9 4.5 1.8 0.22 

 

Annex-xd. Correlation between arsenic concentration in drinking water Samples 

 (µg/L) and hair (µg/g) of young females (15-25 years) of study area (r=0.1). 

 

Age group 

(years 

As in water  (µg/L)  samples  As in hair (µg/g)  samples  

 Mean ± SEM Mean ± SEM 

 

 

15-18 

31.33 2.2 0.49 0.07 

 

 

 

19-22 

50.13 2.2 0.81 0.06 

 

 

 

23-25 

77.5 3.1 1.62 0.1 

 

Annex-xe. Correlation between mean arsenic concentration in drinking water 

samples (µg/L) and hair (µg/g) of male of study area (r=0.74). 

Age group 

(years) 

As in water  (µg/L)  samples  As in hair (µg/g)  samples  

 Mean ± SEM Mean ± SEM 

15-18  

42.4 

 

4.5 0.489 

 

0.10 

19-22 47.92 4.5 0.83 0.12 

23-25 58.71 6.6 0.821 0.15 

 

Annex-xf. Correlation between mean arsenic concentrations in drinking water 
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(µg/L) samples and blood (µg/L) of young females from different tehsils of  

district Sheikhupura (r=0.9). 

 
Area As conc.( µg/L) in water As conc.( µg/L) in blood 

 Mean ±SEM Mean ±SEM 

Ferozwala 41.7 3.8 1.3 0.07 

Muridke 36.7 2.5 0.9 0.07 

Sheikhupura 63.4 3.77 2.6 0.1 

Sharaqpur 61.6 4.3 2.3 0.1 

Safdarabad 51.9 5.4 1.8 0.1 

 

 

 

Annex-xg. Correlation between arsenic concentrations in drinking water samples 

 and blood (µg/L) of young females of study area (r=0.987). 

 

Age group (years Water(µg/L) Blood (µg/L) 

 Mean ± SEM Mean ± SEM 

 

 

15-18 

31.33 2.2 0.964 

 

 

0.10 

 

 

19-22 

50.13 2.2 1.558 0.11 

 

 

 

 

 

 

23-25 

77.5     3.1  

 

 

3.213 

 

 

 

0.23 

 

 

 

Annex-xh. correlation between arsenic concentration in hair (µg/g) and blood (µg 

/L) samples of young females of study area (r=0.88). 

Area As conc.( µg/g) in hair As conc.( µg/L) in blood 

 Mean ±SEM Mean ±SE

M 

Ferozwala 0.41 0.07 1.3 0.07 

Muridke 0.66 0.07 0.9 0.07 

Sheikhupura 1.40 0.12 2.6 0.1 

Sharaqpur 1.38 0.13 2.3 0.1 
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Safdarabad 0.77 0.13 1.8 0.1 

 

Annex-xi. Correlation between arsenic concentration in hair (µg/g) and blood 

(µg/L) samples of young females of study area (r=1.0). 

Age group 

(years) 

As in blood  (µg/L)  samples As in hair (µg/g)  samples 

 Mean ± SEM Mean ± 

SEM 

15-18 0.964 

 

0.10 0.49 0.07 

19-22 1.558 0.11 0.81 0.06 

23-25 3.213 

 

0.23 1.62 0.1 

 

Annex-xia. Mean LH (mlU/ml), FSH (mlU/ml)  and estradiol(pg/ml) in serum samples of female 

respondents of different tehsils in comparison with the reference (upper and lower) value in 

follicular phase. 

Area(Tehsils) Female hormone 

Ferozwala I.D LH value 

(mlU/ml) 

FSH(mlU/ml) Estradiol(pg/ml) 

F100 0.4 0.678 1.3 

F102 0.916 3.263 55.1 

F103 0.586 5.457 8.3 

F106 0.3 2.6 0.1 

F107 22.3 19.8 33.1 

F109 0.46 2.6 35.9 

F111 0.7 7.7 45.1 

F112 0 9.1 20.6 

F113 0.85 0.339 35.1 

F68 2.783 9.971 86.7 

F71 0.7 7.7 35.1 

F72 2.6 0.2 26.3 

F73 0.82 3.559 88.1 

F74 1.5 1.1 55.3 

F75 0.4 8.6 15.4 

F77 2.783 0.9 90.5 

F79 0.3 3.5  

F81 10.855 11.93 57.3 

F85 9.4 11.9 78.9 

F86 10.8 9.6 35.3 

F89 0.9 2.7 45.3 

F93 25.4 19.8 33.1 

F94 0 0 20.6 

F95 3.6 5.6 55.1 

F98 22.1 19.8 37.1 

Mean 4.85 6.73 41.4 

±SD 7.5 6 25.3 

SEM 1.4 1.1 5 
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Range 0.0-25.4 0.0-19.8 0.1-90.4 

Muridke M1 8.2 14.5 7.12 

M10 6.5 8.1 45 

M11 6.7 6.429 55.3 

M14 1.597 5.629 43.1 

M15 0.4 3.559 90 

M17 6.5 8.1 60.7 

M18 0.53 1.1 17.8 

M22 6.7 6.429 55.3 

M25 1.597 5.629 43.1 

M29 2.8 3.559 86.3 

M3 4.2 6.3 40.9 

M31 6.5 7.8 72.1 

M32 7.61 9.143 28.1 

M35 2.6 7.6 50 

M38 4.3 0.16 8.2 

M4 8.8 20 26 

M40 0.35 2.64 59.1 

M41 3 6.6 50 

M44 6.5 0.1 24.3 

M46 3 5 50 

M5 4.3 12.3 47 

M51 2.7 2.5 11.3 

M56 1.597 5.629 21.9 

M6 1.3 1.9  

M60 2.285 5.629 46.1 

M61 1.406 3.475 39.2 

M3 4.2 6.35 40.9 

Mean 4.22 6.6 44.8 

±SD 3 5.1 23.6 

SEM 0.6 1 4.7 

Range 0.3-12.0 0.1-20.0 7.1-90.0 

Sheikhupura S146 0.82 2.2 29.1 

S150 0.4 0 29.5 

S151 4.3 8.6 45.1 

S153 0.7 7.7 176.3 

S158 0.85 0.339 5.9 

S160 0.703 2.712 164 

S164 0 0 4.1 

S165 0.8 2.6 35.3 

S168 4.922 8.457 20.3 

S173 3.2 10.3 45.4 

S176 1.406 2.9 23.1 

Mean 1.64 4.16 52.6 

±SD 1.68 3.8 59.7 

SEM 0.5 1.1 18 

Range 0-4.92 0-10.3 4.1-176.3 

Sharaqpur SH116 3.413 16.66 17.4 

SH117 1.1 1.1 0.1 

SH121 0.3 0 5.6 

SH122 35.99 14.658 56 

SH128 5.1 0 11.1 

SH129 7.1 10.1 33.6 

SH130 0.9 1.102 8.9 

SH131 0.9 2.7 27.3 

SH133 6.8 5.45 50.4 

SH137 0.916 3.263 57.3 

SH138 3.413 16.66 116 
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SH139 0.3 2.6 0.59 

SH140 6.61 9.6 0.184 

Mean 5.60 6.45 29.5 

±SD 9.1 6 32.1 

SEM 2.4 1.6 8.6 

Range 0.3-35.9 0-16.6 0.1-116.0 

Safdarabad SA178 2.549 9.171 46.3 

SA179 0.9 2.7 27.3 

SA181 3.6 8.9 57.8 

SA185 7.2 7.7 78.6 

SA187 6.5 9.5 45.1 

SA188 4.922 8.457 7.1 

SA190 2.43 6.8 45.1 

SA191 0.9 2.5 35.1 

SA192 1.6 0 13.8 

SA194 3.6 8.9 43.1 

SA198 10.2 6.3 35.9 

Mean 4.03 6.44 39.5 

±SD 2.9 3.2 19.6 

SEM 0.8 0.9 5.9 

Range 0.9-10.2 0-9.5 7.1-78.6 

Reference value in follicular phase 0.5-10.5 

mlU/ml 

3.0-12.0 

mlU/ml 

30-100pg/ml 

Annex-xib. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol(pg/ml) level in 

serum samples of female respondents with reference to drinking water sources (in follicular 

phase). 

Water sources Female hormone 

WASA/Town 

committee 

I.D LH value 

(mlU/ml) 

FSH(mlU/ml) Estradiol 

(pg/ml) 

M3 4.2 6.3 40.9 

M5 4.3 12.3 47 

M22 6.7 6.429 55.3 

M31 6.5 7.8 72.1 

M35 2.6 7.6 50 

M46 3 5 50 

SA179 0.9 2.7 27.3 

SH131 0.9 2.7 27.3 

SH133 6.8 5.45 50.4 

SA185 7.2 7.7 78.6 

SA187 6.5 9.5 45.1 

F89 0.9 2.7 45.3 

F98 22.1 19.8 37.1 

SA188 4.922 8.457 7.1 

F103 0.586 5.457 8.3 

F107 22.3 19.8 33.1 

S151 4.3 8.6 45.1 

S168 4.922 8.457 20.3 

SH137 0.916 3.263 57.3 

F109 0.46 2.6 35.9 

F111 0.7 7.7 45.1 

SH140 6.61 9.6 0.184 

S176 1.406 2.9 23.1 

SA191 0.9 2.5 35.1 

SA194 3.6 8.9 43.1 

SA198 10.2 6.3 35.9 
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Mean 5.17 

 

7.32 

 

39.0 

 

±SEM 1.11 

 

0.89 3.57 

Range 0.46  -    22.3 

 

2.50-19.8 

 

0.18 -    78.60 

 

Hand pump SH117 1.1 1.1 0.1 

SH121 0.3 0 5.6 

M29 2.8 3.559 86.3 

M40 0.35 2.64 59.1 

F77 2.783 0.9 90.5 

F79 0.3 3.5  

M56 1.597 5.629 21.9 

F81 10.855 11.93 57.3 

F94 0 0 20.6 

F95 3.6 5.6 55.1 

S164 

 

0 0 4.1 

Mean 2.153 

 

3.17 

 

40.1 

 

±SEM 0.95 1.08 10.7 

Range 0.000  - 10.855 

 

0.00-11.9 

 

0.1  -  90.5 

 

Motor Pump M1 8.2 14.5 7.12 

M4 8.8 20 26 

M6 1.3 1.9  

SH116 3.413 16.66 17.4 

F68 2.783 9.971 86.7 

F71 0.7 7.7 35.1 

SH122 35.99 14.658 56 

M10 6.5 8.1 45 

M11 6.7 6.429 55.3 

M14 1.597 5.629 43.1 

M15 0.4 3.559 90 

M17 6.5 8.1 60.7 

M18 0.53 1.1 17.8 

M25 1.597 5.629 43.1 

SH128 5.1 0 11.1 

M32 7.61 9.143 28.1 

M38 4.3 0.16 8.2 

F72 2.6 0.2 26.3 

M44 6.5 0.1 24.3 

M51 2.7 2.5 11.3 

SH129 7.1 10.1 33.6 

F73 0.82 3.559 88.1 

F75 0.4 8.6 15.4 

SH130 0.9 1.102 8.9 

S146 0.82 2.2 29.1 

SA178 2.549 9.171 46.3 

M60 2.285 5.629 46.1 

M61 1.406 3.475 39.2 

SA181 3.6 8.9 57.8 

F85 9.4 11.9 78.9 

F86 10.8 9.6 35.3 

F93 25.4 19.8 33.1 

F100 0.4 0.678 1.3 

F102 0.916 3.263 55.1 

F106 0.3 2.6 0.1 

S150 0.4 0 29.5 
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S153 0.7 7.7 176.3 

S158 0.85 0.339 5.9 

S160 0.703 2.712 164 

S165 0.8 2.6 35.3 

SH138 3.413 16.66 116 

SH139 0.3 2.6 0.59 

F112 0 9.1 20.6 

F113 0.85 0.339 35.1 

S173 3.2 10.3 45.4 

SA192 1.6 0 13.8 

Mean 4.21 

 

6.28 

 

42.3 

 

±SEM 0.95 0.81 5.68 

Range 0.000  -   35.99 

 

0.00-20.0 

 

0.10   -  176.3 

 

Tubewell M41 3 6.6 50 

F74 1.5 1.1 55.3 

Mean 2.25 

 

3.85 

 

52.6 

 

±SEM 0.75 2.75 2.65 

Range 3.0-1.5 

 

1.1-6.6 50.0-55.3 

Bottle SA190 2.43 6.8 45.1 

Reference value in follicular phase 0.5-10.5 mlU/ml 3.0-12.0 mlU/ml 30-100pg/ml 

   

Annex-xic. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol(pg/ml)  

in serum samples of female respondents of different age groups with reference value in 

(follicular phase). 

Age group Female hormones 

15-18 years I.D LH (mlU/ml) FSH (ml/U/ml) Estradiol(pg/ml) 

M3 4.2 6.3 40.9 

M5 4.3 12.3 47 

M22 6.7 6.429 55.3 

S146 0.82 2.2 29.1 

SA179 0.9 2.7 27.3 

SA198 10.2 6.3 35.9 

F71 0.7 7.7 35.1 

M10 6.5 8.1 45 

M11 6.7 6.429 55.3 

M25 1.597 5.629 43.1 

M29 2.8 3.559 86.3 

SH129 7.1 10.1 33.6 

F74 1.5 1.1 55.3 

SH131 0.9 2.7 27.3 

F89 0.9 2.7 45.3 

F93 25.4 19.8 33.1 

F68 2.783 9.971 86.7 

M15 0.4 3.559 90 

M31 6.5 7.8 72.1 

M46 3 5 50 

F73 0.82 3.559 88.1 

SA187 6.5 9.5 45.1 

SH137 0.916 3.263 57.3 
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SH139 0.3 2.6 0.59 

F113 0.85 0.339 35.1 

S173 3.2 10.3 45.4 

SH122 35.99 14.658 56 

M14 1.597 5.629 43.1 

M35 2.6 7.6 50 

M40 0.35 2.64 59.1 

M41 3 6.6 50 

M44 6.5 0.1 24.3 

SH133 6.8 5.45 50.4 

F85 9.4 11.9 78.9 

F102 0.916 3.263 55.1 

S153 0.7 7.7 176.3 

F109 0.46 2.6 35.9 

M3 4.2 6.3 40.9 

M5 4.3 12.3 47 

M22 6.7 6.429 55.3 

S146 0.82 2.2 29.1 

SA179 0.9 2.7 27.3 

SA198 10.2 6.3 35.9 

F71 0.7 7.7 35.1 

M10 6.5 8.1 45 

M11 6.7 6.429 55.3 

M25 1.597 5.629 43.1 

M29 2.8 3.559 86.3 

SH129 7.1 10.1 33.6 

F74 1.5 1.1 55.3 

SH131 0.9 2.7 27.3 

F89 0.9 2.7 45.3 

F93 25.4 19.8 33.1 

F68 2.783 9.971 86.7 

M15 0.4 3.559 90 

M31 6.5 7.8 72.1 

M46 3 5 50 

F73 0.82 3.559 88.1 

SA187 6.5 9.5 45.1 

SH137 0.916 3.263 57.3 

SH139 0.3 2.6 0.59 

F113 0.85 0.339 35.1 

S173 3.2 10.3 45.4 

SH122 35.99 14.658 56 

M14 1.597 5.629 43.1 

M35 2.6 7.6 50 

M40 0.35 2.64 59.1 

M41 3 6.6 50 

M44 6.5 0.1 24.3 

SH133 6.8 5.45 50.4 

F85 9.4 11.9 78.9 

F102 0.916 3.263 55.1 

S153 0.7 7.7 176.3 

F109 

 

0.46 2.6 35.9 

Mean 4.93 

 

6.16 53.8 

±SEM 0.8 0.68 4.7 
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Range 0.30 -     35.99 

 

0.100  -   19.80 

 

0.59    - 176.3 

 

19-22 M1 8.2 14.5 7.12 

M17 6.5 8.1 60.7 

M32 7.61 9.143 28.1 

M38 4.3 0.16 8.2 

M51 2.7 2.5 11.3 

SA178 2.549 9.171 46.3 

M61 1.406 3.475 39.2 

SA181 3.6 8.9 57.8 

F81 10.855 11.93 57.3 

F86 10.8 9.6 35.3 

F103 0.586 5.457 8.3 

F107 22.3 19.8 33.1 

S151 4.3 8.6 45.1 

S168 4.922 8.457 20.3 

SH138 3.413 16.66 116 

F111 0.7 7.7 45.1 

SA190 2.43 6.8 45.1 

SA191 0.9 2.5 35.1 

SA194 3.6 8.9 43.1 

M4 8.8 20 26 

F72 2.6 0.2 26.3 

M60 2.285 5.629 46.1 

SA188 4.922 8.457 7.1 

S165 0.8 2.6 35.3 

SH140 6.61 9.6 0.184 

S176 1.406 2.9 23.1 

SH116 3.413 16.66 17.4 

M18 0.53 1.1 17.8 

M56 1.597 5.629 21.9 

SA185 7.2 7.7 78.6 

F95 3.6 5.6 55.1 

F98 22.1 19.8 37.1 

S160 0.703 2.712 164 

F77 2.783 0.9 90.5 

SH130 0.9 1.102 8.9 

F79 0.3 3.5  

S150 0.4 0 29.5 

Mean 4.665 

 

7.47 39.6 

SEM 0.84 

 

0.93 5.42 

Range 0.300  -   22.30 

 

0.00-20.0 0.18   -  164.0 

 

23-25 year M6 1.3 1.9  

SH117 1.1 1.1 0.1 

SH121 0.3 0 5.6 

F75 0.4 8.6 15.4 

F94 0 0 20.6 

F100 0.4 0.678 1.3 

S164 0 0 4.1 

F106 0.3 2.6 0.1 

SH128 5.1 0 11.1 

S158 0.85 0.339 5.9 
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F112 0 9.1 20.6 

SA192 1.6 0 13.8 

Mean 0.94 

 

2.02 8.96 

 

±SEM 0.40 0.95 

 

2.34 

Range 0.000 -     5.10 

 

0.00-9.10 0.10  -    20.60 

 

Reference value in 

follicular phase 

0.5-10.5 

mlU/ml 

3.0-12.0 mlU/ml 30-100pg/ml 

 

Annex-xid. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol (pg/ml 

values in serum samples of the female respondents of different tehsils with the reference 

values in (mid cycle). 

Area(Tehsils) Female Hormones 

Ferozwala I.D LH (mlU/ml) FSH(mlU/ml) Estradiol 

(pg/ml) 

F105 13.4 6.943 248 

F110 9.2 7.2 20.6 

F83 11.6 4.9 25.8 

F84  9.8 5.6 97.1 

F90 12.5 14.4 11.9 

F96 11.2 22.4 324 

F99 10.9 5.6 88.1 

Mean 11.22 9.57 116.5 

±SD 1.4 6.5 122.4 

SEM 0.5 2.4 46.3 

Range 9.2-13.4 4.9-22.4 11.9-324.0 

Muridke M19 10.906 21.3 174 

M26 18.93 10.09 102 

M28 13.42 20.2 77.3 

M39 18.1 31.5 160 

M45 21.1 14.3 156.3 

M9 14.5 11.6 18.6 

Mean 16.1 18.1 114.7 

±SD 3.8 7.9 60.2 

SEM 1.5 3.2 24.6 

Range 10.9-21.1 10-31.5 18.6-174 

Sheikhupura S145 6.8 21.8 23 

S148 10.5 5.9 14.9 

S154 10.855 11.93 362 

S155 14.7 6.9 13.9 

S156 6 12.7 93.1 

S159 10.8 5.9 42.1 

S161 9.1 3.7 69.1 

S163 3.2 10.3 305 

S167 4.8 17.9 689 

S170 9.895 6.943 78.6 

S172 36.284 8.6 156 

S175 9.2 11.6 23.4 
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Mean 11.0 10.3 155.8 

±SD 8.5 5.2 203.3 

SEM 2.4 1.5 58.7 

Range 3.2-36.2 3.7-21.8 13.9-689.0 

Sharaqpur SH115 5.6 6.9 47.8 

SH127 10.85 45.7 275 

SH134 7.7 6.6 47.8 

SH136 7.3 8.7 90.5 

SH141 35.99 14.658 460 

Mean 13.4 16.5 184.2 

±SD 12.7 16.6 180.5 

SEM 5.6 7.4 80.7 

Range 5.6-35.9 6.6-45.7 47.8-460 

Safdarabad SA183 18.9 714 193.6 

SA184 12.6 19.4 130 

SA197 22.9 5.629 145.1 

SA199 10.9 6.7 4.9 

Mean 16.3 186.1 118.4 

±SD 5.5 352 80.4 

SEM 2.7 176 40.2 

Range 10.9-22.9 6.0-714.0 4.9-193.6 

Reference value in mid cycle 18.4-61.2 

mlU/ml 

8.0-22.0 mlU/ml 100-

400pg/ml 

 

Annex-xie. Comparison between mean LH (mlU/ml), FSH (mlU/ml) and estradiole 

(pg/ml) levels in serum samples of the female respondents( in mid cycle) with reference 

to drinking water sources.  

Water sources Female hormones 

WASA/Town 

committee 

I.D LH (mlU/ml) FSH(mlU/ml) Estradiol (pg/ml) 

M19 10.906 21.3 174 

SH134 7.7 6.6 47.8 

SA183 18.9 714 193.6 

F96 11.2 22.4 324 

S156 6 12.7 93.1 

S161 9.1 3.7 69.1 

S163 3.2 10.3 305 

SH141 35.99 14.658 460 

S172 36.284 8.6 156 

SA197 22.9 5.629 145.1 

Mean 16.22 

 

82 

 

196.8 

 

±SEM 3.79 70.3 41.0 

Range 3.20   -   36.28 

 

3.7     - 714.0 

 

47.8   -   460.0 

 

Hand pump SH115 5.6 6.9 47.8 

M9 14.5 11.6 18.6 

S148 10.5 5.9 14.9 

F84 9.8 5.6 97.1 
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SH136 7.3 8.7 90.5 

F110 9.2 7.2 20.6 

SA199 10.9 6.7 4.9 

Mean 9.69 

 

7.51 

 

42.1 

 

±SEM 1.07 0.77 14.3 

Range 5.60  -    14.50 

 

5.60-11.60 

 

4.9    -   97.1 

 

Motor Pump S145 6.8 21.8 23 

M26 18.93 10.09 102 

M28 13.42 20.2 77.3 

SH127 10.85 45.7 275 

M39 18.1 31.5 160 

SA184 12.6 19.4 130 

F83 11.6 4.9 25.8 

F90 12.5 14.4 11.9 

F99 10.9 5.6 88.1 

F105 13.4 6.943 248 

S154 10.855 11.93 362 

S155 14.7 6.9 13.9 

S159 10.8 5.9 42.1 

S167 4.8 17.9 689 

S170 9.895 6.943 78.6 

S175 9.2 11.6 23.4 

Mean 11.83 

 

15.11 

 

146.9 

 

±SEM 0.89 2.76 44.5 

Range 4.800     -18.930 

 

4.90-45.70 

 

11.9 -     689.0 

 

Tubewell M45 

 

21.1 14.3 156.3 

Reference value in mid cycle 18.4-61.2 mlU/ml 8.0-22.0 mlU/ml 100-400pg/ml 

Annex-xf. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol(pg/ml) 

levels in  serum samples of the female respondents (in mid cycle) of different age groups 

with the reference values 

Age group I.D LH (mlU/ml) FSH(mlU/ml) Estradiol 

(pg/ml) 

15-18 years SA197 22.9 5.629 145.1 

S154 10.855 11.93 362 

M19 10.906 21.3 174 

SH134 7.7 6.6 47.8 

SH136 7.3 8.7 90.5 

Mean 11.93 10.83 163.88 

±SD 6.3 6.3 121 

SEM 2.8 2.8 54.1 

Range 7.3-22.9 5.6-21.3 47.8-362 

19-22 years M28 13.42 20.2 77.3 

M45 21.1 14.3 156.3 

S155 14.7 6.9 13.9 

S156 6 12.7 93.1 

S167 4.8 17.9 689 

S170 9.895 6.943 78.6 

S172 36.284 8.6 156 

SH141 35.99 14.658 460 
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M39 18.1 31.5 160 

S161 9.1 3.7 69.1 

SA183 18.9 714 193.6 

SA199 10.9 6.7 4.9 

F90 12.5 14.4 11.9 

F96 11.2 22.4 324 

S145 6.8 21.8 23 

F84  9.8 5.6 97.1 

F99 10.9 5.6 88.1 

M9 14.5 11.6 18.6 

SA184 12.6 19.4 130 

Mean 14.6 50.46 149.71 

±SD 8.6 160.8 172.9 

SEM 1.9 36.9 39.7 

Range 4.8-36.2 3.7-714 4.9-689 

23-25 years F83 11.6 4.9 25.8 

F105 13.4 6.943 248 

F110 9.2 7.2 20.6 

M26 18.93 10.09 102 

S148 10.5 5.9 14.9 

S159 10.8 5.9 42.1 

S163 3.2 10.3 305 

SH115 5.6 6.9 47.8 

SH127 10.85 45.7 275 

S175 9.2 11.6 23.4 

Mean 10.32 11.54 110.46 

SD 4.2 12.2 117.6 

SEM 1.3 3.8 37.2 

Range 3.2-18.9 4.9-45.7 14.9-305 

Reference value in mid cycle 18.4-61.2 mlU/ml 8.0-22.0 mlU/ml 100-400pg/ml 

 

Annex-xig. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol(pg/ml 

in serum samples of the female respondents of different tehsils with the reference values 

in luteal phase. 

Area I.D LH (mlU/ml) FSH(mlU/ml) Estradiol 

(pg/ml) 

Ferozwala F101 7.368 8.629 67.1 

F104 35.9 16.66 29.1 

F65 11.8 121.4 98.2 

F66 9 11.9 88.5 

F67 8.6 11.5 146.7 

F69 7.2 6.5   

F78 10.855 11.93 132.1 

F82 7.7 3.3 106.7 

F88 2.549 9.171 137 

Mean 11.2 22.3 100.6 

±SD 9.6 37.3 39.4 

SEM 3.2 12.4 13.9 

Range 2.5-35.9 3.3-121.4 29.1-146.7 

Muridke M12 8.3 10.2 70 

M13 3.2 10.3 102 

M16 9.2 9.429 122 
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M23 8.3 11 79 

M24 3.2 10.3 102 

M30 7.8 9.429 106 

M33 6.7 6.9 65.2 

M34 4.3 5.6 81.7 

M36 2.3 0.1 57.4 

M42 2.5 0.1 57.4 

M47 2.5 0.1 57.4 

M48 4.1 3.2 75.4 

M49 25.7 14.3 155.1 

M50 2.5 0.9 57.4 

M52 5.1 6.9 65.2 

M53 4.3 5.1 90.3 

M55 3.9 3.2 46.1 

M57 10.906 11.677 90.1 

M58 4.1 3.2 40.1 

M62 1.7 3.2 90.1 

M64 1.6 3.2 87.3 

M8 12 20 89.3 

Mean 6.10 6.7 81.2 

±SD 5.3 5.1 26.5 

SEM 1.1 1.1 5.6 

Range 1.6-25.7 0.1-20 40.1-155.1 

Sheikhupura S147 14.568 9.429 120 

S149 1.5 0 9.1 

S152 0 5 32.4 

S157 1.472 4.159 45.1 

S162 8.3 10.2 100 

S166 3.9 21.8 43.6 

S169 0.586 1.3 41.1 

    

S171 10.855 11.93 116 

S174 0.4 2.5 55.1 

S177 4.7 0 6.5 

Mean 4.62 6.6 56.8 

±SD 5 6.8 41.3 

SEM 1.5 2.1 13 

Range 0-14.5 0-21.8 6.5-120 

Sharaqpur SH118 7.6 9.1 13 

SH119 0.7 1.4 41.9 

SH120 10.855 11.93 25.9 

SH123 1.4 1.6 50.5 

SH124 0 0.05 31.4 

SH126 0.535 9.1 34.9 

SH132 1.5 0.3 18.6 

SH135 4.4 3.5 39.4 

SH142 0.4 1.9 26.7 

SH143 2.71 6.429 55.3 

SH144 8.3 10.2 65.1 

Mean 3.49 5.04 36.6 

±SD 3.7 4.4 15.8 

SEM 1.1 1.3 4.7 

Range 0-10.8 0-11.0 13-65.1 

Safdarabad SA180 6 0.25   

SA182 12.54 11.2 47.3 
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SA186 0.54 1.1 15.6 

SA189 0 1.5 20.8 

SA193 13.42 15.96 56.3 

SA195 24.3 11.2 170 

SA196 0.4 1.9 42.1 

SA200 3.6 5.6 103.5 

Mean 7.6 6.08 65.1 

±SD 8.5 5.9 54.5 

SEM± 3 2.1 20.6 

Range 0-24.3 0.2-15.9 15.6-170 

Reference value in luteal phase 0.5-10.5 

mlU/ml 

2.0-12.0mlU/ml 60-150pg/ml 

 

Annex-xih. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and estradiol(pg/ml) 

in serum samples of the female respondents  (in luteal phase)  with reference to drinking 

water sources. 

Water sources I.D LH (mlU/ml) FSH(mlU/ml) Estradiol (pg/ml) 

WASA/Town 

committee 

F65 11.8 121.4 98.2 

F67 8.6 11.5 146.7 

M12 8.3 10.2 70 

M24 3.2 10.3 102 

M42 2.5 0.1 57.4 

M47 2.5 0.1 57.4 

M50 2.5 0.9 57.4 

M53 4.3 5.1 90.3 

SA182 12.54 11.2 47.3 

F88 2.549 9.171 137 

SA189 0 1.5 20.8 

M64 1.6 3.2 87.3 

S171 10.855 11.93 116 

SH143 2.71 6.429 55.3 

SH144 8.3 10.2 65.1 

S174 0.4 2.5 55.1 

SA193 13.42 15.96 56.3 

Mean 5.65 

 

13.63 

 

77.62 

 

±SEM 1.1 6.84 8.16 

Range 0.00    -  13.42 

 

0.10  -   121.40 

 

20.80 -    146.70 

 

Hand Pump F66 9 11.9 88.5 

SH123 1.4 1.6 50.5 

SH124 0 0.05 31.4 

SA180 6 0.25  

SH132 1.5 0.3 18.6 

SH135 4.4 3.5 39.4 

S152 0 5 32.4 

SA196 0.4 1.9 42.1 

SA200 3.6 5.6 103.5 

Mean 2.92 

 

3.34 

 

50.8 

 

±SEM 1.03 1.27 10.5 

Range 0.00    -  9.00 

 

0.05-11.90 

 

18.6  -    103.5 

 

Motor Pump SH118 7.6 9.1 13 
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F69 7.2 6.5  

SH119 0.7 1.4 41.9 

SH120 10.855 11.93 25.9 

M16 9.2 9.429 122 

M23 8.3 11 79 

M30 7.8 9.429 106 

M33 6.7 6.9 65.2 

M34 4.3 5.6 81.7 

M36 2.3 0.1 57.4 

M48 4.1 3.2 75.4 

M49 25.7 14.3 155.1 

M52 5.1 6.9 65.2 

F78 10.855 11.93 132.1 

M55 3.9 3.2 46.1 

S147 14.568 9.429 120 

M57 10.906 11.677 90.1 

SA186 0.54 1.1 15.6 

S149 1.5 0 9.1 

F82 7.7 3.3 106.7 

F101 7.368 8.629 67.1 

F104 35.9 16.66 29.1 

S157 1.472 4.159 45.1 

S162 8.3 10.2 100 

S166 3.9 21.8 43.6 

S169 0.586 1.3 41.1 

M62 1.7 3.2 90.1 

SH142 0.4 1.9 26.7 

S177 4.7 0 6.5 

SA195 24.3 11.2 170 

SH126 0.535 9.1 34.9 

Mean 7.71 

 

7.24 

 

68.72 

 

±SEM 1.45 0.95 7.97 

Range 0.40  -    35.90 

 

0.00-21.8 

 

6.50   -  170.00 

 

Bottle M8 12 20 89.3 

M13 3.2 10.3 102 

M58 4.1 3.2 40.1 

Mean 6.43 

 

11.17 

 

71.1 

 

±SEM 2.8 4.87 18.9 

Range 3.20   -   12.00 

 

3.20    -  20.00 

 

40.1    -  102.0 

 

Tubewell  0 0 0 

Reference value in luteal phase 0.5-

10.5mlU/ml 

2.0-12.0mlU/ml 60-150pg/ml 

 

Annex-xi-I. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and 

estradiol(pg/ml)  concentration in serum samples of the female respondents (in luteal 

phase) of different age groups 

Age groups I.D LH (mlU/ml) FSH(mlU/ml) Estradiol (pg/ml) 

15-18 years F67 8.6 11.5 146.7 

M8 12 20 89.3 

F65 11.8 121.4 98.2 
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F66 9 11.9 88.5 

M12 8.3 10.2 70 

M13 3.2 10.3 102 

M23 8.3 11 79 

S147 14.568 9.429 120 

SA180 6 0.25  

SA200 3.6 5.6 103.5 

SH132 1.5 0.3 18.6 

M16 9.2 9.429 122 

M33 6.7 6.9 65.2 

M47 2.5 0.1 57.4 

M57 10.906 11.677 90.1 

SH144 8.3 10.2 65.1 

F78 10.855 11.93 132.1 

M34 4.3 5.6 81.7 

M50 2.5 0.9 57.4 

M55 3.9 3.2 46.1 

S157 1.472 4.159 45.1 

Mean 7.02 13.1 

 

83.9 

 

±SEM 0.8 

 

5.5 7.1 

Range 1.47-14.5 

 

0.1-121.4 18.6-146.7 

19-22 years F101 7.368 8.629 67.1 

F82 7.7 3.3 106.7 

F88 2.549 9.171 137 

M30 7.8 9.429 106 

M52 5.1 6.9 65.2 

M62 1.7 3.2 90.1 

M64 1.6 3.2 87.3 

S162 8.3 10.2 100 

S171 10.855 11.93 116 

S177 4.7 0 6.5 

SA182 12.54 11.2 47.3 

SA193 13.42 15.96 56.3 

SH120 10.855 11.93 25.9 

M42 2.5 0.1 57.4 

M53 4.3 5.1 90.3 

S166 3.9 21.8 43.6 

S169 0.586 1.3 41.1 

SH118 7.6 9.1 13 

SH123 1.4 1.6 50.5 

SH142 0.4 1.9 26.7 

SH143 2.71 6.429 55.3 

F104 35.9 16.66 29.1 

M36 2.3 0.1 57.4 

SA195 24.3 11.2 170 

SA196 0.4 1.9 42.1 

M24 3.2 10.3 102 

M49 25.7 14.3 155.1 

Mean 7.7 

 

7.6 

 

72.0 

 

±SEM 1.06 1.1 8.1 

Range 0.4-35.9 0-21.8 6.5-170 

23-25 years F69 7.2 6.5  
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 M48 4.1 3.2 75.4 

 M58 4.1 3.2 40.1 

 S149 1.5 0 9.1 

 SH126 0.535 9.1 34.9 

 S152 0 5 32.4 

 SH119 0.7 1.4 41.9 

 SH135 4.4 3.5 39.4 

 S174 0.4 2.5 55.1 

 SA186 0.54 1.1 15.6 

 SA189 0 1.5 20.8 

 SH124 0 0.05 31.4 

 Mean 1.9 

 

3.0 

 

36.1 

 SEM± 0.6 0.7 5.5 

 Range 0.0-7.2 0.0-9.1 9.1-75.4 

Reference value in luteal 

phase 

0.5-10.5 

mlU/ML 

2.0-12.0mlU/ml 60-150pg/ml 

 

Annex-xiia.Comparison between mean LH (mlU/ml), FSH(mlU/ml) and 

testosteron(ng/ml)  level of male respondents of different tehsils with the reference 

values. 

Area  LH 
 

FSH Teatosteron(ng/ml)  

Ferozwala I.D LH 

(mlU/m) 

 

FSH 

(mlU/ml) 

 

I.D Before 

puberty 

 

I.D After 

pube

rty 

 

1 1.9 8.4 10 7.5 11 0.87 

2 3.7 7.3 19 7.3 25 5.3 

3   4 4.7 2 4.7 

4 7.2 6.3 5 8.9 8  

5 3.3 8.5 15  9 8.9 

6 6.4 5.6 Mean 7.10 17 9.63 

7 0.5 12.3 ±SD 1.75 18 11.94 

8   SEM 0.87 

 

20 6.7 

9 4.4 2.6 Range 4.700      

8.90 

 

3  

10 3.699 6.171   6 9.3 

11 0.4 0.678   12 8.68 

12 4.922 6.7   14 8.7 

13 7.368 0.8   24  

14 5.7 3.263   16 8.9 

15 2.6 5.457   1 3.5 

16 3.413 12.3   7 1.1 

17 9.895 6.943   26  

18 1.6 2.5   13 11.8 

19 4.5 2.6   25 8.5 

20 2.783 4.6   27 8.7 

21 4.4 13.2   21 5.4 

25 4.3 7.6   23 2.2 

23 1.6 0.9   Mean 6.93 
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24     ±SD 3.39 

25 3.3 11.93   SEM 0.80 

26     Range 0.870 

-    

11.94 

 

27 5.5 14.658     

Mean 4.06 6.578     

SD± 2.284 4.145     

SEM 0.476 0.864     

Range 0.4-9.8 0.6-14.6     

Muridke 28 8.2 1.4 39 6.6 37 2.3 

29 0.85 1.2 36  38  

30 11.5 12.2 41 6.1 40 4.7 

31 8.7 8.6 42 14.1 43 9.3 

32 6.8 9.1 48 5.8 44 6.4 

33 6.2 6.429 49 8.2 55 7.4 

34 0.3 0.9 33 11.1 45 14.4 

35 0.7 5.6 47 14.2 52 1.5 

36   54  53 8.4 

37 0.6 0.2 57 0.7 30 10.1 

38   Mean 8.35 

 

31 1.94 

39 3.413 2.6 SD 4.60 

 

46 3.5 

40 6.3 7.2 SEM 1.63 

 

51 9.5 

41 1.5 13.2 Range 0.70 -     

14.2 

 

56 11.1 

42 2.2 8.6   50 1.1 

43 6.61 3.2   29 9.7 

44 4.4 11   34 1.8 

45 4.3 13.2   35  

46 1.6 9.6   28 7.8 

47 4.2 14.658   32 4.6 

48 2.2 1.4   Mean 6.41 

49 2.219 1.2   ±SD 3.91 

50 5.3 0.8   SEM 0.92 

51 13.42 12.2   Range 1.10-

14.40 

52 3.4 8.9     

53 6.4 11.2     

54       

55 4.5 11.2     

56 4.4 12.3     

57 3.267 9.143     

Mean 4.573 7.305     

SD± 3.26 4.71     

SEM 0.629 0.908     

Range 0.300  -   

13.420 

 

0.200 -    

14.658 

 

    

Sheikhupura 58 8.7 8.3 62 6.2 75 12.3 

59 0.4 1.1 63 3.1 70 13.3 

60 0.3 0.7 64 1.3 71 1.59 
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61 0.3 0.1 58 5.5 73 1.9 

62 7.2 11.1 72 2.1 66 8 

63 7.3 2.9 Mean 3.64 67 9.3 

64 7.7 6.3 ±SD 2.13 

 

59 2 

65 4.8 0.3 SEM 0.95 61 2.3 

66 3.6 8.3 Range 1.300  -    

6.20 

 

74 1.9 

67 3.4 7.2   68 11.2 

68 1.406 0.3   60 2.5 

69 6 9.4   65 9.1 

70 2.43 8.2   69 5.2 

71 0.7 0.3   Mean 6.20 

72 2.219 5.8   ±SD 4.47 

 

73 0.535 3   SEM 1.24 

74 0.41 1.43   Range 1.59      

13.30 

 

75 9.895 0.7     

Mean 3.739 

 

4.19     

±SD 3.29 

 

3.81     

SEM 0.77 

 

0.90     

Range 0.300  -    

9.89 

 

0.10-11.10     

Sharaqpur 76 7.1 12.5 83 4.7 76 4.5 

77 0.46 0.6 84 8.2 81 5.2 

78 3.5 13 Mean 6.45 

 

86 2.2 

79 4.4 0.6 ±SD 2.47 

 

77 1.3 

80 4.3 6.3 SEM 1.75 

 

82 7.4 

81 2.8 10.1 Range 4.70   -    

8.20 

 

85 11.9 

82 0.7 3.559   88 0.8 

83 0.3 0.5   80 9.4 

84 6.61 12.5   78 7.7 

85 14.3 13.2   89 1.49 

86 6.6 0.7   90 0.56 

87     Mean 4.97 

88 3.267 1.65   ±SD 3.77 

89 1.1 0.8   SEM 1.09 

90 9.1 3.8   Range 0.56-

11.90 

Mean 4.61 5.70     

±SD 3.90 

 

5.37 

 

    

SEM 1.04 1.43     

Range 0.30-      

14.3 

0.50-13.2     
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Safdarabad 91 2.71 0.6 99 0.179 

 

92 7.1 

92 6.3 3.559   94 16.3 

93 14.568 9.429   100 9.1 

94 2.549 9.171   93 11.9 

95 0.5 2.7   95 0.24 

96 10.906 11.677   91 7.7 

97     96 9.1 

98     Mean 8.78 

 

99 3.6 5.629   ±SD 4.89 

100 1.406 3.475   SEM 1.85 

Mean 5.32 

 

5.78   Range 0.24  

-    

16.30 

 

±SD 4.98 

 

3.89     

SEM 1.76 

 

1.38     

Range 0.50 -

14.5 

 

0.60-11.6     

Reference 

value 

0.77.4 

mlU/ml 

1.0-14.0 

mlU/ml 

Reference 

value 

0.1-

3.7ng/m

l 

Referenc

e value 

2.5-

10 

ng/ml 

 

Annex-xiib. Comparison between mean LH (mlU/ml), FSH(mlU/ml) and testosterone 

(ng/ml)  ) in serum of male respondents of study area with reference to drinking water 

sources  

Drinking 

water source 

I.D LH 

(ml/U/ml) 

FSH 

(ml/U/ml) 

Testosteron (ng/ml) 

WASA/Town 

committee 

1 1.9 8.4 I.D Before 

puberty 

I.D After 

puberty 

3   62 6.2 25 5.3 

4 7.2 6.3 97  40 4.7 

7 0.5 12.3 98  55 7.4 

8   19 7.3 81 5.2 

9 4.4 2.6 41 6.1 8  

15 2.6 5.457 42 14.1 9 8.9 

17 9.895 6.943 63 3.1 17 9.63 

19 4.5 2.6 84 2.1 20 6.7 

20 2.783 4.6 4 4.7 52 1.5 

21 4.4 13.2 15  53 8.4 

25 4.3 7.6 47 14.2 82 7.4 

30 11.5 12.2 Mean 7.23 

 

3  

31 8.7 8.6 ±SEM 1.63 30 10.1 

40 6.3 7.2 Range 2.1-14.1 31 1.94 

41 1.5 13.2   46 3.5 

42 2.2 8.6   85 11.9 

46 1.6 9.6   70 13.3 

47 4.2 14.658   73 1.9 

52 3.4 8.9   1 3.5 
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53 6.4 11.2   7 1.1 

55 4.5 11.2   96 9.1 

62 7.2 11.1   87  

63 7.3 2.9   21 5.4 

69 6 9.4   69 5.2 

70 2.43 8.2   Mean 6.289 

 

73 0.535 3   ±SEM 0.75 

81 2.8 10.1   Range 1.1-13.3 

82 0.7 3.559     

84 6.61 12.5     

85 14.3 13.2     

87       

96 10.906 11.677     

Mean 5.052 8.70     

±SEM 0.63 0.65     

Range 0.5-14.3 2.6-14.6     

Hand pump 18 1.6 2.5   37 2.3 

37 0.6 0.2   86 2.2 

50 5.3 0.8   18 11.94 

59 0.4 1.1   50 1.1 

65 4.8 0.3   59 2 

74 0.41 1.43   74 1.9 

86 6.6 0.7   65 9.1 

18 1.6 2.5   Mean 4.36 

Mean 2.82 1.00   ±SEM 1.63 

±SEM 1.01 

 

0.29   Range 1.1-11.94 

Range 0.4-5.3 0.2-2.5     

Motor Pump 2 3.7 7.3 10 7.5 11 0.87 

5 3.3 8.5 39 6.6 38  

6 6.4 5.6 83 4.7 43 9.3 

10 3.699 6.171 36  44 6.4 

11 0.4 0.678 48 5.8 75 12.3 

12 4.922 6.7 49 8.2 76 4.5 

13 7.368 0.8 64 1.3 2 4.7 

14 5.7 3.263 5 8.9 45 14.4 

16 3.413 12.3 54  77 1.3 

23 1.6 0.9 72 2.1 94 16.3 

25 3.3 11.93 99 0.179 6 9.3 

26   Mean 4.72 

 
12 8.68 

28 8.2 1.4 ±SEM 1.15 14 8.7 

29 0.85 1.2 Range 1.3-8.9 51 9.5 

32 6.8 9.1   88 0.8 

34 0.3 0.9   93 11.9 

35 0.7 5.6   16 8.9 

36     71 1.59 

38     80 9.4 

39 3.413 2.6   29 9.7 

43 6.61 3.2   34 1.8 

44 4.4 11   35  

45 4.3 13.2   66 8 

48 2.2 1.4   67 9.3 

49 2.219 1.2   78 7.7 
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51 13.42 12.2   89 1.49 

54     90 0.56 

60 0.3 0.7   91 7.7 

61 0.3 0.1   26  

64 7.7 6.3   28 7.8 

66 3.6 8.3   61 2.3 

67 3.4 7.2   13 11.8 

68 1.406 0.3   25 8.5 

71 0.7 0.3   68 11.2 

72 2.219 5.8   23 2.2 

75 9.895 0.7   32 4.6 

76 7.1 12.5   60 2.5 

77 0.46 0.6   79 7.15 

78 3.5 13   Mean 6.947 

 

79 4.4 0.6   ±SEM 0.71 

80 4.3 6.3   Range 0.5-16.3 

83 0.3 0.5     

88 3.267 1.65     

89 1.1 0.8     

90 9.1 3.8     

91 2.71 0.6     

93 14.568 9.429     

94 2.549 9.171     

99 3.6 5.629     

Mean 4.082 4.92     

±SEM 0.49 0.645     

Range 0.3-14.5 0.1-13.2     

Tubewell 57 3.267 9.143 57 0.7 95 0.24 

95 0.5 2.7     

Mean 1.88 

 

5.92     

±SEM 1.38 3.22     

Range 0.5-3.26 2.7-9.1     

Bottle 24   33 11.1 92 7.1 

27 5.5 14.658 58 5.5 100 9.1 

33 6.2 6.429 Mean 8.3 24  

56 4.4 12.3 ±SEM 2.8 56 11.1 

58 8.7 8.3 Range 55.5-

11.1 

27 8.7 

92 6.3 3.559   Mean 9.0 

100 1.406 3.475   SEM 0.823 

 

Mean 5.48 8.12   Range 7.1-11.1 

±SEM 0.98 1.88     

Range 1.4-8.7 3.47-14.65     

Annex-xiic. Comparison between mean LH(mlU/ml)  and FSH (mlU/ml) value in serum 

samples of male respondents of different age groups.  

Age groups I.D LH(mlU/ml) FSH(mlU/ml) 

15-18 years 83 0.3 0.5 

62 7.2 11.1 

39 3.413 2.6 

10 3.699 6.171 

19 4.5 2.6 

36   
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41 1.5 13.2 

42 2.2 8.6 

48 2.2 1.4 

49 2.219 1.2 

63 7.3 2.9 

64 7.7 6.3 

84 6.61 12.5 

4 7.2 6.3 

5 3.3 8.5 

15 2.6 5.457 

33 6.2 6.429 

47 4.2 14.658 

54   

57 3.267 9.143 

58 8.7 8.3 

72 2.219 5.8 

99 3.6 5.629 

25 4.3 7.6 

37 0.6 0.2 

38   

40 6.3 7.2 

43 6.61 3.2 

44 4.4 11 

55 4.5 11.2 

75 9.895 0.7 

76 7.1 12.5 

86 6.6 0.7 

81 2.8 10.1 

11 0.4 0.678 

Mean 4.489 6.386 

±SEM 0.4 0.7 

Range 0.3-9.8 0.5-0.7 

19-22 year 77 0.46 0.6 

2 3.7 7.3 

9 4.4 2.6 

17 9.895 6.943 

18 1.6 2.5 

20 2.783 4.6 

45 4.3 13.2 

52 3.4 8.9 

53 6.4 11.2 

82 0.7 3.559 

92 6.3 3.559 

94 2.549 9.171 

100 1.406 3.475 

95 0.5 2.7 

93 14.568 9.429 

88 3.267 1.65 

85 14.3 13.2 

56 4.4 12.3 

51 13.42 12.2 

46 1.6 9.6 

30 11.5 12.2 

31 8.7 8.6 

14 5.7 3.263 
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12 4.922 6.7 

6 6.4 5.6 

80 4.3 6.3 

73 0.535 3 

70 2.43 8.2 

71 0.7 0.3 

50 5.3 0.8 

16 3.413 12.3 

1 1.9 8.4 

7 0.5 12.3 

29 0.85 1.2 

34 0.3 0.9 

35 0.7 5.6 

66 3.6 8.3 

67 3.4 7.2 

89 1.1 0.8 

90 9.1 3.8 

91 2.71 0.6 

78 3.5 13 

Mean 4.322 6.382 

±SEM 0.5 0.6 

Range 0.3-14.5 0.3-13.2 

23-25 year 26   

28 8.2 1.4 

59 0.4 1.1 

61 0.3 0.1 

74 0.41 1.43 

96 10.906 11.677 

13 7.368 0.8 

25 3.3 11.93 

68 1.406 0.3 

87   

27 5.5 14.658 

21 4.4 13.2 

23 1.6 0.9 

32 6.8 9.1 

60 0.3 0.7 

   

65 4.8 0.3 

69 6 9.4 

79 4.4 0.6 

Mean 4.131 4.85 

±SEM 0.8 1.4 

Range 0.3-10.90 0.1-11.67 

 

 

Annex-xiid. Comparison between mean testosterone (before and after puberty) values of 

male respondents of different age groups.  

Age group Testosteron before puberty (0.1-3.7ng/ml) 

15-17 year I.D Testosteron value 

83 4.7 

62 6.2 
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39 6.6 

10 7.5 

19 7.3 

36  

41 6.1 

42 14.1 

48 5.8 

49 8.2 

63 3.1 

64 1.3 

84 2.1 

4 4.7 

5 8.9 

15  

33 11.1 

47 14.2 

54  

57 0.7 

58 5.5 

72 2.1 

99 0.179 

Mean 6.019 

±SEM 0.89 

Range 0.7-14.2 

18-21 year After Puberty  

I.D Testosteron (ng/ml) 

25 5.3 

37 2.3 

38  

40 4.7 

43 9.3 

44 6.4 

55 7.4 

75 12.3 

76 4.5 

86 2.2 

81 5.2 

11 0.87 

77 1.3 

2 4.7 

8  

9 8.9 

17 9.63 

18 11.94 

20 6.7 

45 14.4 

52 1.5 

53 8.4 

82 7.4 

92 7.1 

94 16.3 
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100 9.1 

  

95 0.24 

93 11.9 

88 0.8 

85 11.9 

56 11.1 

51 9.5 

46 3.5 

30 10.1 

31 1.94 

24  

14 8.7 

12 8.68 

6 9.3 

3  

80 9.4 

73 1.9 

70 13.3 

71 1.59 

50 1.1 

16 8.9 

Mean 6.94 

±SEM 0.655 

Range 0.24-16.3 

22-25 years 1 3.5 

7 1.1 

29 9.7 

34 1.8 

35  

66 8 

67 9.3 

89 1.49 

90 0.56 

91 7.7 

78 7.7 

26  

28 7.8 

  

59 2 

61 2.3 

74 1.9 

96 9.1 

13 11.8 

25 8.5 

68 11.2 

87  

27 8.7 

21 5.4 

23 2.2 

32 4.6 
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60 2.5 

65 9.1 

69 5.2 

79 7.15 

Mean 5.78 

±SEM 0.68 

Range 0.5-11.8 

Reference value 2.5-10 ng/ml 

 

 

 

 


