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Chapter 1 
Introduction 

Arsenic is a metalloid with properties intermediate between a metal and a non-metal, and it is 

ubiquitously present in nature. Drinking water contamination with arsenic usually happens as a 

result of naturally occurring arsenic leaching into groundwater. Arsenic in drinking water is 

primarily present in inorganic form in the state of pentavalent arsenate (AsV) and trivalent 

arsenite (AsIII) (1). Arsenic contamination in well-water was first well known in Taiwan in the 

early 1960s (2). Millions of people across the globe are chronically exposed to arsenic 

concentration above the World Health Organization (WHO) guideline standard of 10μg/L (3) 

and this elevated level of arsenic has been detected in groundwater in nearly 70 countries in 

different regions around the world (4). Substantial exposure to arsenic in drinking water has been 

reported in many countries, including Argentina (5), India (6), Bangladesh (7), Chile (8, 9), 

China (10, 11), Taiwan (12, 13), Mexico (14),  Vietnam (15, 16), and the USA (17-19). 

Arsenic contamination of drinking water in Bangladesh is the unfortunate result of a successful 

programme of providing safe water to combat water-borne diseases like cholera and typhoid. In 

the 1970s, the United Nations Children’s Fund (UNICEF) working with the Department of 

Public Health Engineering in Bangladesh drilled thousands of shallow tube wells to supply safe 

drinking water.  Water from these wells is free from bacterial pathogens and was considered safe 

until the discovery of elevated levels of arsenic in well water in 1993 (20). However, the 

magnitude of the arsenic contamination in Bangladesh was highlighted nationally and 

internationally after the international conference on arsenic held in February 1998 in Dhaka (21).  

The British Geological Survey found that 27% of tested tubewells were contaminated with 

arsenic concentration above the country’s limit of 50μg/l and nearly half of the wells exceeded 

the World Health Organization (WHO) standard of 10 μg/L.  An estimated 35 million and 57 

million people were exposed to arsenic via drinking water above the concentrations of 50μg/L 

and 10μg/L, respectively (22). Arsenic contamination in ground water in Bangladesh has been 

reported as the largest poisoning of a population in history (23). In 2002-03, the International 

Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) conducted a population based 

survey on 166,934 residents aged 5 years and above  in rural  Bangladesh, Matlab and water 
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from all 13,286 functional tubewells in that area were tested for  arsenic concentrations. Over 

60% of tubewells were found to be contaminated above the country’s drinking water standard of 

50 μg/l (24).  

Metabolism of Arsenic in drinking water 
Arsenic metabolism occurs through a series of methylation and reduction reactions. Methylation 

is considered the primary metabolic pathway of inorganic arsenic (iAs) in humans (25, 26). Once 

ingested, pentavalent arsenate is reduced to trivalent arsenite. Arsenite then undergoes an 

oxidative methylation forming monomethylarsonic acid (MMAv), which is reduced to 

monomethylarsonous acid (MMAIII). MMAIII is then methylated to dimethylarsinic acid 

(DMAv), which is reduced to dimethylarsinous acid (DMAIII). 

Methylation of inorganic arsenic was considered to be a detoxification process (27) but the 

process is not complete in human. About one fourth of iAs remains unmethylated regardless of 

the exposure level (28).  Recent evidence suggests the presence of intermediate reduced forms of 

the methylated metabolites, MMAIII and DMAIII in human urine (29-31). These trivalent 

intermediates especially MMAIII is more reactive and more carcinogenic (32, 33). However, 

MMAIII is highly unstable and rapidly oxidized to MMAV in urine, and is therefore extremely 

difficult to measure in field studies (34). 

Urine is the primary route for elimination of inorganic arsenicals in human and almost all 

ingested arsenic is excreted through the urine. That’s why the relative distribution of arsenic 

metabolites in urine is commonly used as a biomarker of arsenic methylation capacity (35). 

Typically, ingested iAs is excreted as 10–20% iAs, 10–15% MMA, and 60–75% DMA (28). 

Early life arsenic exposure and health effects 
Studies have shown that both inorganic arsenic and its intermediate toxic methylated metabolites 

can readily pass through the placenta and pregnant women exposed to arsenic via drinking water 

showed similar concentrations in the fetus as in the mother (36, 37). A study in Bangladesh has 

shown strong relationships between maternal and cord blood total arsenic As (r = 0.93, p < 

0.0001). Cord blood arsenic metabolites (n = 30) were also significantly correlated with mother 
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blood arsenic: in dimethylarsinate (DMA) (r = 0.94, p < 0.0001), monomethylarsonate (r =0.80, 

p < 0.0001), arsenite (r = 0.80, p < 0.0001), and arsenate (r = 0.89, p <0.0001) (38). A study in 

Argentina suggested that children are more sensitive to As-induced toxicity than adults, as the 

methylated metabolites bind less to tissue constituents than inorganic As (39). A study has 

reported changes in arsenic metabolism throughout the pregnancy, might have deleterious effects 

on the developing fetus (40).  

Evidence suggests that arsenic excretes in breast milk insignificantly. A study in Bangladesh has 

found low arsenic concentration in breast-milk (median, 1μg/kg; range, 0.25-19 μg/kg), in 

mothers exposed to high arsenic exposures via drinking water (10-1,100 μg/L in urine) (41, 42). 

Early life exposure to arsenic has been linked to several and diverse health effects like adverse 

reproductive and birth outcomes, increased morbidity and mortality in childhood and 

development of non communicable diseases in adults including respiratory, cardiovascular, 

metabolic and kidney diseases, and various cancers (43-45). 

Pregnancy Outcomes, Birth Weight and Infant Mortality 
Exposure to arsenic in the critical developmental period in utero and early life has been 

implicated with negative reproductive outcomes, increased risk of morbidity and mortality in the 

neonatal period and during infancy (46-48). 

Another study in Bangladesh also reported increased risk for spontaneous abortion and stillbirth 

for the women chronically exposed to arsenic concentrations of greater than >50 μg/L . The odds 

ratios for spontaneous abortion and stillbirth were OR=2.5; 95% CI=1.5–4.3) and 2.5 (95% CI 

=1.3-4.9) respectively (49).  

Exposure to high concentrations of arsenic during pregnancy has been associated with increased 

risk of stillbirths. After adjustment for potential confounders, women exposed to arsenic 

concentration ≥ 200 μg/L during pregnancy had a 6-fold increased risk of stillbirth (Odds Ratio 

(OR) = 6.07, 95% confidence interval (CI): 1.54, 24.0; p = 0.01) (50).  
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A number of studies have reported on birth weight in relation to arsenic in drinking water. An 

ecological study in Chile reported a decline in average birth weight of 57 gms with an exposure 

level of less than 50 μg/L) (51).  

A recent population-based prospective study involving 1,578 mother–infant pairs in rural 

Bangladesh reported an inverse association between prenatal arsenic exposure measured in urine 

and birth weight. In the range of maternal urinary arsenic concentrations below100 μg/L; birth 

weight reduced 1.68 gm for each 1 μg/L increase of arsenic in urine (52).  

Excess infant mortality has been linked to prenatal exposure to arsenic in drinking water (50, 

52).  A study in Bangladesh reported increased risk of mortality in infants exposed to arsenic in 

early life.  Infant death elevated with increasing arsenic exposure: the hazard ratio was 5.0 (95% 

CI = 1.4-18) in the highest quintile of maternal urinary arsenic concentrations (268-2019 μg /L; 

median = 390 μg/L), compared with the lowest quintile (<38 μg /L) (46). 

Exposure to arsenic in early life and respiratory effect in children and adults 
Two studies in Bangladesh have shown that prenatal exposure to arsenic increases the risk of 

acute respiratory tract infections in infancy (53, 54).  

Several studies in Chile have reported various health consequences of early life arsenic exposure. 

Cohorts exposed to a very high concentration of arsenic (>800 μg/L) during in utero or early 

childhood have shown increased risk of respiratory mortality (43, 55). A study in Antofagasta, 

Chile found an association between early life exposure and increased risks of death from 

bronchiectasis. Subjects born just before the high-exposure period (1958-1970) and thus exposed 

during early childhood had a 12-fold increase in mortality (standardized mortality ratio [SMR] = 

12.4; 95% confidence interval (CI) = 3.3–31.7), and the mortality rate was 46 times higher 

among those born during the peak exposure period (1950-1957) and therefore exposed in utero 

and early childhood (SMR= 46.2; 95% CI =21.1–87.7) (45). Early life exposure to high 

concentrations of arsenic has also been found to be associated with increased risk of respiratory 

symptoms and impairment in lung function. Subjects  exposed to more than 800 μg/L in utero 

and or early childhood have nearly six-fold increase in breathlessness and around 12% (P=0.04) 

decline in  FEV1 and FVC compared to the lowest exposure group (<50 μg/L) (56).  
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Based on the findings of early life arsenic exposure in Antofagasta, Chile, we planned a study in 

2007 to investigate the respiratory effects in children 7-17 years exposed to arsenic in prenatal 

and early life. Using the 2002-2003 survey databases, we selected a cohort of 300 exposed 

children for whose mothers had the highest likely arsenic exposure during pregnancy, and 

another cohort of 300 unexposed children whose mothers’ drinking water contained less than 

10μg/l in early life. These two cohorts were invited to participate in the study to assess the effect 

of early life arsenic exposure on respiratory health including lung function in children. I directed 

the field work for this study which included getting lifetime drinking water histories and arsenic 

concentrations in the wells they used, detailed respiratory questionnaires, medical examinations, 

and measuring lung function. We found increased risk of respiratory symptoms but no significant 

decline in lung function (57). The children and adolescents exposed to arsenic water 

concentrations of more than 500 μg/L in utero had  increased risk of respiratory symptoms, 

especially wheezing when not having a cold (OR=8.41, 95% CI: 1.66-42.6), and shortness of 

breath when walking fast or climbing (OR=3.19, 95% CI: 1.22-8.32). The full paper is given in 

Appendix 7. 

Exposure to arsenic in early life and cardiovascular and renal effect in 
children and adults 
Several studies have suggested that prolonged exposure to arsenic in drinking water increases the 

risk of cardiovascular and renal morbidity and mortality in adults (58-63).  A few studies have 

investigated the effects of early life As exposure on cardiovascular and renal risk longitudinally. 

Yuan et al. showed that exposure to arsenic in prenatal and early life was associated with 

increased risk of death from acute myocardial infarction among adult males aged 30–49 years 

(44). 

Hawkesworth et al. reported that children exposed to arsenic in utero showed a mild increase in 

blood pressure at the age of 4.5 years. Modest reduction in glomerular filtration rate has been 

observed in children aged 4.5 years exposed to arsenic in early life (-33.4 ml/min/1.72 m(2); 

95% CI: -70.2, 3.34; P: 0.08) (64). 

A set of autopsy reports from Chile suggested a link between prenatal and early life As exposure 

and cardiovascular-related diseases in young children (65). 
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A study analyzing mortality data among arsenic exposed children in Matlab, Bangladesh aged 5–

18 years reported an elevated risk of mortality risks of childhood death from cardiovascular 

events or cancer (n = 22, HR: 2.18, 95% CI: 1.15–4.16) (66).  

Increased death from chronic kidney disease has been reported among adults in Antofagasta, 

Chile exposed to high arsenic concentration (>800 μg/L) in utero or early childhood. Mortality 

was increased 2-fold [SMR=2.0; 95% Confidence Interval (CI): 1.5 to 2.8] in young adults aged 

30-59 born before or during the high-exposure period of 1958–1970 (43).  

Another study in Chile has reported heightened risk of  death from renal cancer [SMR=7.1; 95% 

Confidence Interval (CI): 3.1 to 14] among people aged 30-39 years exposed to high 

concentration of arsenic in utero and/or early childhood (67).  

 

Rationale 
Several studies in Bangladesh and abroad have documented the association between long term 

inorganic arsenic exposure and non-malignant illnesses such as chronic respiratory diseases 

including decrements in lung function, hypertension and chronic kidney diseases in adults. Some 

studies investigated the effects of early life arsenic exposure on respiratory symptoms including 

lung function, blood pressure and renal function in early childhood or adults. However, no 

studies had looked at the impact of early life exposure in older children and adolescents. 

For my PhD thesis, I intended to investigate the effects of early life exposure to arsenic by 

following a sub-cohort of 200 children of which half is highly exposed to arsenic (<400 μg/L) in 

early childhood.  

I selected a sub-cohort of 110 most highly exposed children with an arsenic exposure level 

greater than 400μg/L in drinking water used by their mother during pregnancy and their early 

childhood. For each exposed child, one sex and age-matched unexposed child was selected who 

was not exposed to an arsenic concentration higher than 10μg/L during prenatal period and early 

childhood. We selected the highest and lowest exposure group to increase the power of the study. 

The objective was to assess respiratory, cardiovascular and renal effects in childhood and 

adolescence.  
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I was actively involved in all phases of the study; generating ideas, developing the proposal, 

seeking funding, obtaining Institutional Review Board (IRB) approval, developing consent forms 

and data tools, hiring and training of the field staff, supervising data collection at field level, data 

analysis and writing the thesis. I conducted an extensive literature review in which I studied 

hundreds of papers before writing the protocol. The study design was developed in collaboration 

with the University of California, Berkeley.  

Chapter 2 describes the methods and design of the study; chapter 3 highlights the effects of early 

life arsenic exposure on the respiratory system; chapter 4 focuses on the association between in 

early life arsenic exposure and blood pressure in children and adolescents and chapter 5 concerns 

the impact of early life arsenic exposure on kidney function. Chapter 6 presents a brief summary 

and conclusion of the overall findings and conclusion. 
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Chapter 2 
 

Methods and study design 
 

Overview of Study design 
 

We conducted a prospective study of two sub-cohorts, one with high arsenic exposure in early 

life (107 children exposed to >400 μg/L of arsenic in drinking water), and the other with low 

exposure in early life (93 children not known to have been exposed in early life to more than 10 

μg /L of arsenic). These sub-cohorts of children were originally identified from a total population 

survey of 166,934 residents in Matlab which included measurement of arsenic in their tube wells 

used for drinking water.   

Study Area 
 

The study was conducted in rural Bangladesh in Matlab which is a sub-district about 57 km 

southeast of Dhaka, the capital city of Bangladesh. Since 1966, the International Centre for 

Diarrheal Disease Research, Bangladesh (icddr,b) has been maintaining an internationally 

recognized and unique Health and Demographic Surveillance System (HDSS) in 142 villages in 

Matlab, covering  a population of over 220,000. Vital events like birth, death, marriage, and in 

and out migration, are recorded by household visits every two months. Each inhabitant in Matlab 

HDSS area is assigned a permanent registration number and another identification number to 

locate his/her current residential location. If someone moves from one place to another inside 

Matlab HDSS area, the current identification number is updated accordingly. In case of 

outmigration, detailed information including contact phone number is recorded so that he/she 

could be located for follow-up. A geographic information system (GIS) is an integrated part of 

HDSS, and includes spatial information on households, tube wells, health facilities, and 

landscape characteristics. icddr,b has a central health facility and hospital and four sub-centres to 

provide health services and to support clinical and public-health research in Matlab. 
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Fig 1: Map showing the study area in Matlab, Bangladesh  
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Selection of subjects 
 

In 2002–03, icddr,b conducted a population-based survey of 166,934 subjects aged 5 years and 

above. Individual lifetime drinking water histories were obtained and all 13,286 functioning 

tube-wells, the primary sources of drinking water, were tested for water arsenic concentration. 

Tubewell arsenic concentrations ranged from <1 to 3644 μg/l. More than two-thirds of the 

tubewells exceeded the World Health Organization (WHO) recommended arsenic limit of 

10μg/L, and more than 60% of tubewells contained arsenic above 50 μg/L, the Bangladesh 

standard (1). 

A total of 52,797 children in Matlab were aged 7-17 years in the year 2008, and had arsenic 

measurements in their house drinking water source identified in the survey in 2002-2003. Names 

and addresses of children aged 7-17 years were abstracted from the Health and Demographic 

Surveillance System (HDSS) records and in prenatal exposure was assessed based on their 

mother’s drinking water arsenic concentration during pregnancy. From this information, we 

selected a cohort of 300 exposed children for whose mothers had the highest likely arsenic 

exposure during pregnancy, and another cohort of 300 unexposed children whose mothers’ 

drinking water contained less than 10μg/l in early life. These two cohorts were invited to 

participate in the original study to assess the effect of early life arsenic exposure on respiratory 

health in children (2). The investigation included detailed exposure assessment, identification of 

respiratory illnesses and measurement of lung function. 

 

 

 

 

 

 

 

 

 

 



20 
 

 

 

Flow chart of Study Participants Selection 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig 2: Flow chart showing selection process of study participants 

 

 

 

 

Survey in 2002-2003 of 166,934 
subjects with individual lifetime 

drinking water sources and tube well 
water arsenic concentration    

    All children aged 7-17 years with 
water arsenic level in Matlab HDSS 

area in 2008       N=52,797  

  

 300 exposed cohort children were 
selected based on mother’s drinking 
water arsenic concentration during 
pregnancy starting from the highest 

level 1512 μg/L 

300 unexposed cohort children were 
identified based on mother’s drinking 

water arsenic concentration during 
pregnancy starting from the lowest 

level 0μg/L to <10μg/L 

Sub-cohort of 110 subjects with the 
highest in early life water arsenic 
concentrations (>400μg/L) were 
invited for the current follow up study 

Sub-cohort of 110 subjects with 
lowest in early life water arsenic 
concentrations (<10μg/L) were invited 
for the current follow up study 

 93 subjects gave consent and 
participated in the study 

107 subjects gave consent and 
participated in the study 
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Using the information of 600 children obtained in our previous study, we selected a sub-cohort 

of 110 most highly exposed children with in early life arsenic exposure greater than 400 μg/L. 

High exposure experience increases study power to detect new outcomes, and reduces the 

likelihood that effects could be due to confounding. For each exposed child, one sex and age-

matched unexposed child was selected who was not exposed to an arsenic concentration higher 

than 10μg/L during prenatal period and early childhood. In total, 107 exposed and 93 unexposed 

children participated in the study.  

In summary, my thesis consists of a prospective follow-up of a sub-cohort of 107 top most 

exposed adolescents and a sub-cohort of 93 adolescents with the lowest arsenic exposure in early 

life.  

Arsenic Exposure Assessment 
 

Children’s lifetime drinking water histories and arsenic concentration measurements in all tube 

wells used since in utero were recorded. Details of early life exposure assessment were described 

in our earlier study (2) (Appendix-7). In brief, children and their mother were asked to provide 

the location of houses that they had lived in for at least six month, starting from nine months 

prior to the child’s birth and ending with the house they had been residing in during our last visit 

during 2008-10. Then mothers were asked to identify their primary and secondary drinking water 

sources at home and the children were asked if they drank water at school. Water arsenic 

concentrations of all functioning tube wells used at home and school for at least six months were 

measured. In utero arsenic exposure was assessed based on arsenic concentration in the tube 

wells used by the mother throughout pregnancy. Postnatal exposure for the first five years was 

calculated by taking the average water arsenic concentration during the first five years of life. 

Well water arsenic concentrations were weighted by the proportions of water used by a child 

from each different water source. For tube wells from which we could not collect water samples, 

the arsenic concentrations measured in these wells during the 2002-2003 survey in Matlab were 

used. Some participants had occasionally used pond or river water for drinking. Since arsenic 

concentrations in pond/river water samples were very low or non-detectable, we used zero for 

pond/river water sources.  
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In our further follow-up of the two sub-cohorts of children, our interviewers visited the homes to 

update the drinking water history since our last visit. Firstly, mothers were asked about house 

changes and if they moved to new houses, they were asked to provide the location of houses that 

they had lived in at least six months. They also were requested to show their primary drinking 

and secondary water sources at new residences. If there was no residential change, any change in 

water sources was recorded. School water history was also augmented in a similar manner. 

Water samples from all the available new sources at home and at school were collected. Water 

specimens were taken in duplicate in 20 ml hydrochloric acid-washed vials following pumping 

the well for 30 strokes. Acid was added in the container to prevent precipitation of iron and co-

precipitation of arsenic (1). They were kept at –20°C in Matlab and transported to the icddr,b 

Dhaka laboratory for analysis. Arsenic concentrations were measured by hydride generation 

atomic absorption spectrophotometry (HG-AAS, Shimadzu Model AA-6800 (3). The limit of 

detection (LOD) was 1 μg/l and non-detectable concentrations were assigned a value of 0.5 μg/l.  

To obtain histories of respiratory and other medical illnesses, physical examination, blood 

pressure measurement, lung function tests and biological specimens, participants were invited to 

visit the Matlab hospital run by icddr,b. The mother or main care taker was requested to 

accompany the child to the hospital.  
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Fig 3: Map showing household locations of exposed and unexposed participants in 
the study area at Matlab 

Household location of study participants in Matlab 
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Anthropometric Measurement 
 

Height and weight was taken for all participants before physical examination and blood pressure 

measurement. Standing height was measured using a wooden height stick to the nearest of 0.1 

cm, and weight was measured using a bathroom scale to the nearest  100gm. Height and weight 

were both measured twice and the average values recorded.  

Examination of skin for arsenic induced lesions 
 

Although arsenic caused skin lesions are uncommon in children age <15 years (1), each child 

was examined carefully by a trained physician to identify arsenic induced skin changes. Probable 

and possible skin lesions cases were re-examined by Prof. Allan Smith. Photographs were taken 

for probable and possible skin lesions cases for review and evaluation. 

Biological Sample Collection  
 

Under aseptic precautions, a nurse took 5 ml of venous blood. Blood specimen was kept upright 

for around 30 minutes and centrifuged to separate serum. Serum was aliquoted into two cryovials 

and stored at -86°C in Matlab. Samples ware transported to Dhaka with dry ice for further 

analysis. 

A 60 ml urine sample was taken and immediately splitted into 3 aliquots. One was centrifuged to 

separate epithelial cells. The other two aliquots were stored at -86 C within 1-2 hours.  

Sample Size and Power Calculation 
 

This study planned to follow a sub-cohort of 200 participants from the original cohort of 600 

children in the study titled “Arsenic and child respiratory health in Bangladesh (ACRH)” (2). To 

increase study power, we aimed to enrol 100 subjects with the highest exposure and another 100 

with the lowest exposure. For respiratory outcomes, the power of the present study was 

calculated based on the preliminary findings from the ACRH study. In ACRH, the prevalence of 

respiratory symptoms in non-exposed children ranged from 10% (e.g. child has shortness of 

breath when walking fast or climbing) to about 30% (e.g. child has woken up with shortness of 

breath). We believed that there was an ample evidence of lung effects of arsenic to make the 
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power calculations for 1-tailed tests. For prevalence of respiratory symptoms in the unexposed in 

the range of 10-20%, þe study power to detect a prevalence odds ratio of 2.5 was in the range of 

78% to 89%. Study power for continuous variables like blood pressure was such that we would 

have 80% power to estimate a difference of 4 units in systolic blood pressure. Estimates of blood 

pressure standard deviations were taken from a study of children aged 9-16 in India (4).  

To obtain the required number of participants, we planned to approach ~110 in each arm 

considering 10% loss to follow up and non-response. 

Data Management and Analysis 
 

Data was entered twice into a personal computer using the Oracle database 10g, cross checked 

for errors, cleaned and edited. Data was then converted into Microsoft Excel (version Office 

2007 for PC) and imported to STATA (version 13) for further analyses. Univariate analysis was 

done to check the distribution of the key variables. Bivariate analysis using Pearson’s chi-square 

and fisher exact was done to see the independent association. T-test was performed for 

comparing the means of the continuous variables. Confounders and covariates were selected 

based on the previously published literature (5-12). A number of studies found sex to 

significantly modify the impact of arsenic exposure on health outcomes (13-17). Therefore, we 

considered sex as an effect modifier in our analysis and reported the findings stratified by sex. 

Multiple regression models were built to determine the independent effects of early life exposure 

to arsenic through drinking water on respiratory illnesses, blood pressure and renal function.   

Ethical Consideration 
 

The institutional review board of the University of California, Berkeley and the International 

Centre for Diarrhoeal Disease Research, Bangladesh, icddr,b approved the study. For subjects 11 

to 17 years, the participants and their parents or guardians were informed in detail about the 

study objectives and procedures along with its anticipated risks and were asked for assent and 

consent respectively. Participants and the parents were informed about  confidentiality and were 

assured that irrespective of their participation in this study, they would receive the same medical 

care from icddr,b. They were informed that they could withdraw from the study at any point even 

after they agreed to participate in the study. For those aged 18 and older, informed voluntary 
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consent was taken. They were asked to read the consent form but if they were unable to read, the 

consent form was read out by our field research assistant (FRA) who asked if they had any 

queries which were responded to with clear explanations. Again, it was confirmed that 

participation was totally voluntary and they could withdraw themselves from the study at any 

time. They were assured about confidentiality. Each study participant was assigned a study 

identification number in our previous study and it was kept unchanged. Names were kept secret 

and not entered into the computer. 
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Chapter 3 

Non-malignant respiratory effects in childhood and 
adolescence following an early life arsenic exposure 
through drinking water 

Abstract 

Background   

Several studies have documented increased risk of non-malignant respiratory illnesses including 

impairment of lung function in adults chronically exposed to arsenic through drinking water. 

However, there is little evidence on respiratory effects in children and adolescents exposed to 

arsenic in their early life. 

Methods 
[ 

As described in chapter 2, the study was conducted in rural Bangladesh, Matlab. Participants 

were previously selected using a population based survey database of 166,934 residents 5 years 

and above in the sub-district of Matlab. A total of 600 children were selected from this survey, 

with 110 having early life exposure to arsenic concentrations over 400μg/L and 110 having less 

than 10μg/L. These two sub-cohorts of children constitute those invited to participate in further 

follow-up in the current prospective cohort study. Among the exposed and unexposed sub-

cohorts, 107 and 93 subjects participated in the study respectively. Histories of respiratory 

symptoms were collected through a validated structured questionnaire (ISAAC). Lung function 

(FEV1, FVC) was tested by a portable spirometer following the standard criteria of the American 

Thoracic Society. Height and weight were measured and socio-demographic data were collected. 

Water arsenic concentration was measured by hydride generation atomic absorption 

spectrophotometery.  
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Results 
 

[Chronic respiratory symptoms were evident in male participants from the high arsenic exposure 

cohort. In an adjusted model, boys with  early life arsenic exposure (>400 μg/L) are more likely 

to report wheezing attacks 1-3 times/week (Prevalence Odds Ratio (POR): 4.99, 95% Confidence 

Interval (CI): 1.00-24.9, p=0.03), wheezing after exercise (POR: 4.14, 95% CI: 1.05-16.4, 

p=0.02) and woken up with tightness of chest (POR: 5.01, 95% CI: 1.00-25.0, p=0.02). 

Significant decreases in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CI: -

269.9, -0.37, p=0.02) were observed in male respondents in the high arsenic exposure group 

compared to the low exposure sub-cohort. Girls from the high exposure sub-cohort did not have 

respiratory impairment.  

Conclusions 
 

High exposure to arsenic in early life has been associated with increased risk of chronic 

respiratory symptoms and decrements in lung function in male children aged 11-22 years. We 

plan to follow this unique cohort further to see if the chronic respiratory effects of early life 

arsenic exposure persist in males as they grow older, and remain absent in females. 
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Introduction 
Arsenic in drinking water has been linked to various non-malignant respiratory illnesses. Several 

studies in adults have suggested an increased risk of respiratory symptoms and diseases 

including impairment of lung function following chronic exposure to inorganic arsenic (1-6). 

Long term exposure to inorganic arsenic has been found to be associated with increased risk of 

respiratory symptoms like chronic cough, dyspnea and breathlessness and the relationships was 

dose-dependent (7-10). A cross-sectional study has observed a greater risk of chronic bronchitis 

with added sounds in chest among people having arsenic induced skin lesion compared to people 

without lesion (11). Excess mortality from non-malignant lung disease has been reported 

recently for the same cohort with the highest exposure group having a 75% increased risk of 

mortality compared to the lowest exposure group (12). A number of studies have observed 

declines in lung function following exposure to arsenic via drinking water (13-15).  

There is growing evidence that early life arsenic exposure has profound health impact in later 

life. Arsenic readily passes through the placenta (or crosses the placenta) in human beings. 

Pregnant women exposed to arsenic via drinking water showed similar concentrations in the 

fetus as in the mother (16). Exposure to arsenic in utero and early childhood results in increased 

mortality among young adults aged 30-49, from lung cancer and bronchiectasis in Chile. 

Individuals born during the high arsenic exposure period between 1958 to 1970, the standardized 

mortality ratios (SMRs) for lung cancer and bronchiectasis were 6.1 (95% CI, 3.5–9.9; p< 0.001) 

and 46.2 (95% CI, 21.1–87.7; p < 0.001) respectively (17). A recent finding from Chile revealed 

increased incidence of lung cancer following moderate arsenic exposure and the association was 

greater in younger adults exposed to arsenic in early life (18). Lung cancer is considered the 

major long–term cause of death following exposure to arsenic in drinking water (19, 20). 

Exposure to arsenic in prenatal life and early childhood via drinking water was found to be 

associated with impaired lung function. Subjects with early life arsenic exposure (>800 μg/L) 

had around 12% (P=0.04) lower FEV1 and FVC compared to the lowest exposure group (<50 

μg/L). However, the number of in utero exposed subjects was very limited (21).   

While there is considerable evidence that early life arsenic exposure increases lung disease in 

adults, only limited information is available on pulmonary effects in children themselves before 

adulthood. A study in Antofagasta, Chile in the 1970s reported reduction in prevalence of 



31 
 

respiratory symptoms after supplying arsenic free water (22). In utero and early life exposure to 

arsenic has also been found to be associated with increased risk of respiratory infections in 

infants (23, 24). Most studies investigating the impact of arsenic on respiratory health had been 

performed in exposed adults. Few studies investigated the arsenic exposure during fetal 

development and early life on respiratory consequences in infants and children. Evidence 

suggested that early life arsenic exposure resulted in long-term pulmonary consequences that 

might present much later in life (25) as indicated by increased mortality from bronchiectasis and 

lung cancer, in adults (17).  No study to date has followed the children with well documented 

early life arsenic exposure to assess long-term health consequences in later part of childhood and 

as young adults.  We are the first to follow a cohort with high arsenic exposure in early life to 

observe respiratory and other health effects in children, adolescents and young adults (26) 

(Appendix-7). We now further assess these same children a few years after the first assessment, 

but confining attention to sub-cohorts with the highest and lowest exposures. 

Methods 
 

As described in chapter 2, the study was conducted in rural Bangladesh, Matlab. Participants 

were previously selected from a population based survey of 166,934 residents of the sub-district 

of Matlab. A cohort of 300 exposed children aged 7-17 years were selected whose mothers had 

the highest likely arsenic exposure during pregnancy and another cohort of 300 unexposed 

children whose mothers’ drinking water contained less than 10μg/l. From that cohort, we 

selected a sub-cohort of 110 children having early life exposure to arsenic concentrations over 

400μg/L and another 110 having less than 10 μg/L. These two sub-cohorts of children constitute 

those invited to participate in further follow-up in the current prospective cohort study. Of them, 

107 and 93 children participated in the exposed and unexposed group respectively.  Further 

details of participants’ selection and arsenic exposure assessment were described in Chapter-2. 

Assessment of Respiratory and other medical illnesses 
 

Detailed histories of respiratory symptoms and disorders including wheezing, asthma, 

pneumonia, and tuberculosis since our last visit between 2008-10 were taken. Ever and current 

wheezing i.e wheezing in last 12 months, and asthma was assessed based on the core 
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questionnaire of the International Study of Asthma and Allergy in Childhood (ISAAC), a valid 

tool used for the assessment of asthma symptoms in children worldwide (27, 28) . Cough and 

phlegm, shortness of breath, and family history of asthma was obtained according to an ISAAC 

supplementary questionnaire (29). A trained physician asked the questions in a structured 

interview.  

Anthropometric and Lung Function Measurement 
 

Height and weight were obtained for all participants before testing lung function. Standing height 

was measured using a wooden height stick to the nearest of 0.1 cm and weight was measured 

using a bathroom scale to the nearest of 100gm. Lung function was measured with the  EasyOne 

spirometer (NDD Medical Technologies) which has been used successfully in many studies (13, 

21) including our previous one with the same children in Bangladesh (26). It is a handy, portable 

spirometer that uses ultrasound to measure airflow and the measurement is independent of gas 

composition, pressure, temperature, and humidity, and eliminates errors due to those variables 

and made it suitable for the hot and humid conditions in Matlab. After explaining the procedure 

and demonstrating, subjects were asked to blow out forcibly as hard as possible through the 

disposable mouthpiece in the standing position without nose clip. The procedure was repeated up 

to six times in order to produce smooth, reproducible curves that meet American Thoracic 

Society criteria (30). Spirometry was conducted by the physician who has extensive experience 

doing spirometry on children. Lung function parameters, primarily FVC (Forced vital capacity), 

FEV1 (Forced expiratory volume in first second) and FEV1/FVC ratio, were recorded. Test 

quality is graded from A to F. We achieved grade A in more than 95% cases. In addition, lung 

function data were reviewed by one of the co-investigators, Prof. John Balmes, pulmonologist at 

the University of California Berkeley, to ensure quality of the test results. 

Ethical Consideration 
 

The institutional review boards of the University of California, Berkeley and icddr,b approved 

the study. Participants and the parents were informed about the confidentiality and were ensured 

that irrespective of their participation in this study, they will receive same health care  from 

icddr,b. They were informed that their participation was voluntary, and were also assured they 
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could withdraw from the study at any time. For subjects 11 to 17 years, parents or guardians 

along with the participants were informed in detail about the study along with its anticipated 

risks and were asked for consent and assent respectively. And for those aged 18 and older, 

informed voluntary consent was taken. They were asked to read the consent form, but if they 

were unable to read, the consent form was read out by our field research assistant (FRA) who 

asked if they had any queries which were responded to with clear explanations. Again, it was 

confirmed that the participation was totally voluntary, and they could withdraw themselves from 

the study at any time.  

Analysis 
 

Univariate analysis was done to evaluate the differences in general characteristics and socio-

demographic factors between the low and high exposed cohorts. We performed Fisher’s exact 

test to compare the dichotomous respiratory symptoms between the cohorts separated by sex. 

Multiple linear regression analyses were used to assess the association of water arsenic 

concentration with FEV1 and FVC. Firstly, age, sex and height were adjusted. Then more 

analyses were conducted and adjusted for age, sex, height, weight, mother’s education, father’s 

education, father’s smoking status and rooms in the house. Logistic regression analysis was 

conducted to calculate crude and adjusted prevalence odds ratios and 95% confidence intervals 

for dichotomous respiratory symptoms for the sub-cohort of children exposed to >400 μg/L in 

their early life and the sub-cohort of children who were not exposed  (<10 μg/L). Again, we first 

adjusted for age and sex, and then conducted further analyses adjusting for age, sex, mother’s 

education, father’s education, father’s smoking, and number of rooms in the house.  

Results 
A total of 200 subjects aged 11-22 participated in this study. The mean age was 14.9 (±2.8SD) 

years. Table 3.1 describes socio-demographic events and characteristics of the study subjects. 

Among the participants, 107 (53.5%) were exposed to a high arsenic concentrations in early life 

(>400μg/L) and 93 (46.5%) were exposed to low concentration of As (<10μg/L) in their early 

life. Of the total 200 subjects, 105 (52.5%) were male and 95 (47.5%) were female. Participants 

over the age of 17 were more likely to have been exposed to high arsenic concentration (30.84% 
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vs 16.13%). Both mother and father’s education were associated with their children’s arsenic 

exposure. Participants with more educated parents were found to have used lower arsenic 

concentration water in early life. Fathers of highly exposed children reported more smoking 

compared to fathers of children in the low exposure group (64.49% vs 50.54%). Respondents 

residing in higher quality houses were more likely to have had low exposures compared to 

participants living in mud houses. Other factors like BMI, respondent’s educational status, and 

number of rooms in the household, did not show significant differences between two groups. 
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Table 3.1: Socio-demographic characteristics of study subjects 

Characteristics Total 
n (%) 

Low Exposure 
Status<10 μg/l n (%) 

High Exposure 
Status>400μg/l n (%) 

P-value 

Sex     
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171 
Girls 95 (47.50) 49 (52.69) 46 (42.99)  

Age (years)     
11-13 72 (36.00) 40 (43.01) 32 (29.91) 0.032 
14-16 80 (40.00) 38 (40.86) 42 (39.25)  
17-22 48 (24.00) 15 (16.13) 33 (30.84)  

BMI     
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414 
>=18.5 55 (27.50) 23 (24.73) 32 (29.91)  

Education (years)     
No 24 (12.00) 8 (8.60) 16 (14.95) 0.533 
1-5 46 (23.00) 23 (24.73) 23 (21.50)  
6-10 117 (58.50) 55 (59.14) 62 (57.94)  
11-13 13 (6.50) 7 (7.53) 6 (5.61)  

No. of family members     
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772 
5-6 95 (47.50) 46 (49.46) 49 (45.79)  
7-8 22(11.00) 9 (9.68) 13 (12.15)  
9+ 14 (7.00) 5 (5.38) 9 (8.41)  

Mother’s education     
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007 
Primary 87 (43.50) 34 (36.56) 53 (49.53)  
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)  

Father’s education      
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001 
Primary 68 (34.00) 18 (19.35) 50 (46.73)  
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)  

Type of house     
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004 
Mixed 6 (3.00) 5 (5.38) 1 (0.93)  
Concrete 17 (8.50) 13 (13.98) 4 (3.74)  
Tin 3 (1.50) 2 (2.15) 1 (0.93)  

Rooms in the house     
1 12 (6.00) 6 (6.45) 6 (5.61) 0.954 
2 64 (32.00) 28 (30.11) 36 (33.64)  
3 96 (48.00) 46 (49.46) 50 (46.730  
4+ 28 (14.00) 13 (13.98) 15 (14.02)  

Father smokes     
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046 
No 84 (42.00) 46 (49.46) 38 (35.51)  
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Prevalence data for respiratory symptoms are presented in Table 3.2. Increases in several 

respiratory symptoms were found in male subjects in the high exposure group. The main 

differences were in wheezing attacks (1-3 times/week) (p=0.03), number of nights sleep 

disturbed (<1/week) (p=0.03), wheezing after exercise (p=0.04), woken up with tightness of 

chest (p=0.03) and asthma (p=0.04). Female participants in the high exposure group tended to 

have fewer symptoms than those in the low exposure cohort. 

 

Table 3.2: Prevalence of respiratory symptoms among low and high arsenic exposed 
children and adolescents 

Respiratory Symptoms 
Total  (n=200) 

N (%) 

Low exposure  
status(<10μg/L) 

(n= 93) 

N (%) 

High exposure  
status(>400 μg/L) 

(n=107) 

N (%) 

P 
value* 

Coughing 

When having a cold (last 12 months) 

       Male 

       Female 

131 (65.50) 

64 (60.95) 

67 (70.53) 

64 (68.82) 

26 (59.09) 

38 (77.55) 

67 (62.62) 

38 (62.30) 

29 (63.04) 

0.18 

0.45 

0.09 

When having a cold (last 12 months) 

       Male        

       Female 

21 (10.50) 

11 (10.48) 

10 (70.53) 

64 (68.82) 

26 (59.09) 

38 (77.55) 

67 (62.62) 

38 (62.30) 

29 (63.04) 

0.50 

0.24 

0.20 

Dry cough (last 12 months) 

       Male 

       Female 

76 (38.00) 

42 (40.00) 

34 (35.79) 

35 (37.63) 

14 (31.82) 

21 (42.86) 

41 (38.32) 

28 (45.90) 

13 (28.26) 

0.50 

0.11 

0.10 

Wheezing 

Ever 

       Male 

       Female 

34 (17.00) 

21 (20.00) 

13 (13.68) 

15 (16.13) 

6 (13.64) 

9 (18.37) 

19 (17.76) 

15 (24.59) 

4 (8.70) 

0.43 

0.13 

0.14 

Last 12 months 

       Male 

       Female 

28 (14.00) 

17 (16.19) 

11 (11.58) 

11 (11.83) 

4 (9.09) 

7 (14.29) 

17 (15.89) 

13 (21.31) 

4 (8.70) 

0.21 

0.08 

0.30 

Number of wheezing attacks (1-3 times) 

       Male 

       Female 

21 (10.88) 

13 (12.87) 

8 (8.70) 

8 (8.89) 

2 (4.76) 

6 (12.5) 

13 (12.62) 

11 (18.64) 

2 (4.55) 

0.25 

0.03 

0.14 
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Number of wheezing attacks (4+ times) 

       Male 

       Female 

7 (3.91) 

4 (4.35) 

3 (3.45) 

3 (3.53) 

2 (4.76) 

1 (2.33) 

4 (4.26) 

2 (4.00) 

2 (4.55) 

0.50 

0.50 

0.50 

Number of nights sleep disturbed 
(<1/week) 

       Male 

       Female 

23 (11.67) 

 

12 (11.76) 

11 (11.58) 

9 (9.78) 

 

2 (4.65) 

7 (14.29) 

14 (13.33) 

 

10 (16.95) 

4 (8.70) 

0.25 

 

0.03 

0.26 

Number of nights sleep disturbed (1 or 
more/week) 

       Male 

       Female 

3 (1.69) 

 

3 (3.23) 

0 

1 (1.19) 

 

1 (12.38) 

0 

2 (2.15) 

 

2 (3.92) 

0 

0.20 

 

0.50 

-- 

Severe enough to affect  speech 

       Male 

       Female 

24 (12.00) 

15 (14.29) 

9 (9.47) 

9 (9.68) 

 

3 (6.82) 

6 (12.24) 

15 (14.02) 

 

12 (19.67) 

3 (6.52) 

0.19 

 

0.06 

0.28 

After exercise 

       Male 

       Female 

23 (11.5) 

16 (15.24) 

7 (7.37) 

7 (7.53) 

3 (6.82) 

4 (8.16) 

16 (14.95) 

13 (21.31) 

3 (6.52) 

0.06 

0.04 

0.54 

without exercise 

       Male 

       Female 

7 (3.50) 

5 (4.76) 

2 (2.11) 

3 (3.23) 

1 (2.27) 

2 (4.08) 

4 (3.74) 

4 (6.56) 

0 

0.50 

0.30 

0.26 

When having a cold 

       Male 

       Female 

28 (14.00) 

17 (16.19) 

11 (11.58) 

11 (11.83) 

4 (9.09) 

7 (14.29) 

17 (15.89) 

13 (21.31) 

4 (8.70) 

0.21 

0.08 

0.30 

When not having a cold 

       Male 

       Female 

7 (3.50) 

5 (4.76) 

2 (2.11) 

2 (2.15) 

1 (2.27) 

1 (2.04) 

5 (4.67) 

4 (6.56) 

1 (2.17) 

0.23 

0.30 

0.74 

Shortness of breath 

Woken up with shortness of breath 

       Male 

       Female 

25 (12.50) 

15 (14.29) 

10 (10.53) 

10 (10.75) 

3 (6.82) 

7 (14.29) 

15 (14.02) 

12 (19.67) 

3 (6.52) 

0.26 

0.06 

0.19 

Woken up with tightness of chest 

       Male 

22 (11.00) 

13 (12.38) 

8 (8.60) 

2 (4.55) 

14 (13.08) 

11 (18.03) 

0.18 

0.03 
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       Female 9 (9.47) 6 (12.24) 3 (6.52) 0.28 

When walking fast or climbing 

       Male 

       Female 

118 (59.00) 

58 (55.24) 

60 (63.16) 

54 (58.06) 

24 (54.55) 

30 (61.22) 

64 (59.81) 

34 (55.74) 

30 (65.22) 

0.44 

0.53 

0.43 

When walking on level ground 

       Male 

       Female 

6 (3.00) 

3 (2.86) 

3 (3.16) 

0 

0 

0 

6 (5.61) 

3 (4.92) 

3 (6.52) 

0.02 

0.19 

0.11 

Asthma 

       Male 

       Female 

28 (14.00) 

16 (15.24) 

12 (12.77) 

11 (11.83) 

3 (6.82) 

8 (16.33) 

17 (16.04) 

13 (21.31) 

4 (8.89) 

0.21 

0.04 

0.21 

 

Prevalence odds ratios (both crude and adjusted) for respiratory symptoms are shown in table 

3.3, 3.3a & 3.3b; first with the sex combined and then separately for males and females. After 

adjustment for age, father’s smoking status and rooms in the house, the prevalence odds ratio 

(POR) for number of wheezing attacks (1-3 times/week) in the high exposure cohort was 

increased almost five-fold (POR: 4.99, 95% CI: 1.00-24.9, p=0.03) in male subjects. Other 

symptoms for highly exposed males were also markedly increased including wheezing after 

exercise (POR: 4.14, 95% CI: 1.05-16.4, p=0.02) and woken up with tightness of chest (POR: 

5.01, 95% CI: 1.00-25.0, p=0.02). Asthma was also found to be increased in exposed males 

(POR: 4.14, 95% CI: 1.05-16.4, p=0.02). However, increased risks were not observed in females, 

and in fact most symptoms among females were reduced in the highly exposed cohort compared 

to the low exposure cohort.  

Table 3.4 presents lung function test results analyzed by multiple linear regression analysis. It 

displays the differences in two major pulmonary function parameters, FEV1 and FVC between 

the exposed cohort (>400 μg/L) and the unexposed cohort (<10μg/L). We first adjusted for age, 

sex and height and then more adjustment was done for other potential confounding factors 

including weight, father’s smoking status and rooms in the house. Results showed significant 

decreases in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CI: -269.9, -0.37, 

p=0.02) in male participants in the high exposure cohort compared to the low exposure cohort.
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Table 3.4: Results from multivariate linear regression analysis of lung function and arsenic 
exposure in early life (400+ μg/L compared to less than 10 μg/L) 
 

Lung Function 
Parameters 

Age, sex and Height 
Adjusted P value** More Variables  

    Adjusted* P value** 

FEV1(ml) 
All 
  Male 
  Female 

 
FVC (ml) 
    All 

  Male 
  Female 

 
-39.8 (-125.4, 45.7) 

-164.2 (-302.9, -25.6) 
100.9 (11.0, 190.8) 

 
 

-45.9 (-139.2, 47.4) 
-175.0 (-318.9, -31.1) 

98.4 (-12.4, 209.1) 

 
0.18 
0.01 
0.99 

 
 

0.17 
0.01 
0.96 

 
-24.4 (-104.50, 55.7) 
-117.3 (-246.5, 11.8) 
109.2 (27.4, 191.0) 

 
 

-39.2 (-124.1, 45.6) 
-135.2 (-269.9, -0.37) 

91.1 (-2.59, 184.7) 

 
0.28 
0.04 
0.99 

 
 

0.18 
0.02 
0.97 

 
* Adjusted for age, sex, height, weight, father’s smoking status and rooms in the house. Participants’ 
smoking status was not controlled as only two subjects reported history of smoking 
** One-tailed 

Discussion 
To our knowledge, this is the first study that followed a cohort exposed to arsenic in early life to 

investigate the effects of in utero exposure on respiratory diseases in adolescents and young 

adults. We observed deleterious the effects of early life arsenic exposure on the respiratory 

system in boys. After adjustment, boys with in early life arsenic exposure (>400 μg/L) are more 

likely to report wheezing attacks 1-3 times/week (Prevalence Odds Ratio (POR): 4.99, 95% 

Confidence Interval (CI): 1.00-24.9, p=0.03), wheezing after exercise (POR: 4.14, 95% CI: 1.05-

16.4, p=0.02) and woken up with tightness of chest (POR: 5.01, 95% CI: 1.00-25.0, p=0.02). 

Marked reduction in FEV1 (-117.3 ml, CI: -246.5, 11.8, p=0.04) and FVC (-135.2 ml, CI: -

269.9, -0.37, p=0.02) were observed in male subjects with high arsenic exposure compared to 

low arsenic exposure. However, these effects are not evident in girls. 

Long term exposure to arsenic via drinking water has been implicated with chronic respiratory 

illnesses in several studies in adults (7-9, 17, 31). A prospective study in Bangladesh has shown 

an inverse dose–response relationship between arsenic and lung function parameters, FEV1 and 

FVC. Individuals in the highest baseline water arsenic category (>97 μg/L) has a significant 

reduction in FEV1 and FVC of 80.6 ml and 97.3 ml respectively. For every one SD increase in 

water arsenic concentration (118.1 μg/L), FEV1 declined by 46.5 ml and FVC by 53.1 ml (13).  

A study in India has reported increased respiratory symptoms including impairment in lung 
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function. Men with arsenic induced skin lesions had a 256.2 ml (95 percent CI: 113.9, 398.4; p < 

0.001) and 287.8 ml (95 percent CI: 134.9, 440.8; p < 0.001) reduction in FEV1 and FVC 

respectively. For each 100 μg/l increase in arsenic in water FEV1 declines 45.0 ml (95 percent 

CI: 6.2, 83.9; p = 0.02) for FEV1 and FVC 41.4 ml (95 percent CI: -0.7, 83.5; p =0.054) in males 

arsenicosis cases (1). Evidence from Chile suggests that prenatal exposure to arsenic increases 

the risk of respiratory illnesses later in life (21). A recent study in Mexico has reported 

significant reduction in forced vital capacity (FVC) in children following exposure to arsenic in 

utero and early childhood but the association is based on urinary As concentrations which only 

reflects current arsenic exposure (32).  

In our previous study on the whole cohort of 600 children, we found strong associations between 

respiratory symptoms, especially wheezing when not having a cold (OR=8.41, 95% CI: 1.66-

42.6), and shortness of breath when walking fast or climbing (OR=3.19, 95% CI: 1.22-8.32), and 

prenatal exposure to arsenic more than 500 μg/L (26).  

In our original cohort study, we found marked increases in respiratory symptoms in children 

exposed to inorganic arsenic in their early life but there was little effect on lung function. 

Increased risk for respiratory symptoms was evident both in boys and girls (26). However, the 

present study found elevated risk of respiratory symptoms only among males while there was no 

effect of early life arsenic exposure among females. Interestingly, we observed reduced lung 

function among the male participants which was absent in the original cohort study. Although 

these sex specific findings are somewhat surprising, a number of studies have reported gender 

differences in respiratory effects of arsenic. Pesola et al. found the risk for dyspnea was greater 

among males compared to females (8). Parvez et, al. observed that arsenic exposure affected 

FEV1 only in men and the risk for reduced FVC was greater among males (13). Similarly, von 

Ehrenstein et, al. found increase in respiratory symptoms and marked decline in both FVC and 

FEV1 in arsenic exposed males, but not in females (1). Dauphine et, al. showed that early life 

arsenic exposure had a detrimental effect on lung function especially FVC in adult males only 

(21). Raqib et, al. found that the correlation between prenatal inorganic arsenic and acute 

respiratory infections was stronger in boys in comparison to girls (24). 

A study in Mexico reported that boys living in an arsenic-contaminated area scored poorly on 

various cognitive tests in comparison to girls living in the same area (33).  
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Gender variation has also been observed in arsenic induced skin lesions. A number of studies 

documented increased risk of arsenic induced skin lesions in males compared to females (34-37). 

This may be due to sex differences in arsenic metabolism. Males are reported to have reduced 

methylation capacity than females so more is present in inorganic form, or as MMA3, both of 

which are highly toxic (38, 39).  Although one might expect stronger finding in males than in 

females, we have no explanation for this sex specific findings in this follow-up compared to our 

first study. It seems that the respiratory symptom effects in girls have completely disappeared, 

while boys continue to have symptoms and now also have evidence of reduced lung function. 

Further follow-up of these children, including urinary arsenic speciation, may help elucidate 

these puzzling observations.  

The mechanisms by which arsenic causes chronic respiratory illness via drinking water are not 

well understood. Immune suppression is considered one of the possible ways. A review of 

evidence suggested that arsenic causes immune suppression by inducing apoptosis (40, 41), 

oxidative stress (42, 43) and inflammation (43, 44). Early life arsenic exposure through drinking 

water has found to be associated with reduced size and function of thymus leading to immune 

suppression and increase susceptibility to infection (24, 45). Chronic exposure to arsenic through 

drinking water alters respiratory epithelial barrier and impairs wound repair through the 

upregulation of MMP-9 by pulmonary epithelial cells (46). 

One of the strengths of the current study is the individual meticulous assessment of drinking 

water arsenic exposure level since prenatal life including change of exposure over the time. A 

limitation of the study was that we did not take the arsenic concentration of any tube well 

sources that was used for less than one month; which might affect exposure status to some 

extent.  

Conclusion 
Our study suggests that the exposure to high concentration of arsenic in early life increases the 

risk of chronic respiratory symptoms including decline in lung function in male children. We 

plan to follow the full unique cohort of 600 children further to see if the chronic respiratory 

effects of early life arsenic exposure persist in males as they grow older, and remain absent in 

females. The public health impact of early life arsenic exposure could be substantial as many 
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children in Bangladesh had exposure to arsenic in early life and many are currently still drinking 

arsenic contaminated water.  Safe water is an urgent requirement to avoid arsenic related health 

consequences. 
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Chapter 4 

Association of early life arsenic exposure with 
prehypertension in children and adolescents in rural 
Bangladesh 

Abstract 

Background 
Chronic exposure to arsenic through drinking water has been implicated with elevated blood 

pressure in adults. However, few studies have evaluated the impact of early life arsenic exposure 

on blood pressure in children, and this is the first study assessing older children and adolescents, 

aged 11 to 22 years when blood pressure was measured.   

Methods 
The study is conducted in Matlab in rural Bangladesh. A subcohort of 107 participants with high  

early life arsenic exposure (>400 μg/L) and another subcohort of 93 subjects with low  early life 

exposure (<10 μg/L) were selected from a cohort of 600 children who had their lifetime data on 

arsenic concentration in drinking water, obtained by us in an earlier study. Blood pressure has 

been recorded using a standard mercury sphygmomanometer with an appropriately sized blood 

pressure cuff. Prehypertension in children was defined as systolic blood pressure (SBP) and/or 

diastolic blood pressure (DBP) between the 90th and 95th percentile for age, sex and, height. For 

the subjects 18 years and above, prehypertension was classified as SBP above 120 and ranged 

from 120-139 mmHg, and/or DBP above 80 (range 80-89 mmHg).  

Results 
The overall prevalence of prehypertension was 16.5%. The high exposure subcohort had a higher 

prevalence of prehypertension compared to the low exposure group (20.6% vs 11.8%, 1-tailed p 

= 0.070,). After adjustment for potential confounders, the prevalence odds ratio (POR) for pre-

hypertension was 1.68 [95% Confidence Interval (CI): 0.65-4.35, p=0.14] in children and 

adolescents exposed to arsenic >400 μg/L in their early life. The increased prevalence of 
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prehypertension was only evident in females (POR=3.93, 95% CI: 0.79-19.6, p=0.05), not in 

boys (POR= 0.85, 95% CI: 0.23-3.15, p=0.60).    

Conclusions 
Our results suggest a possible association between early life arsenic exposure and increased risk 

of prehypertension in girls, but not in boys. This sex differences was not expected, and the 

findings need to be confirmed.  
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Introduction 
Arsenic, a ubiquitous element naturally present in groundwater, poses a major public health 

threat globally. Several studies suggest that long term exposure to inorganic arsenic through 

drinking water increases the risk of cardiovascular disorders including hypertension (1-7). 

Studies in Taiwan and Bangladesh have documented that people chronically exposed to high 

levels of arsenic through drinking water have a higher prevalence of hypertension, and the 

associations were dose dependent (8, 9).  A recent study in Taiwan also reported a dose-response 

relationship between urinary arsenic and hypertension (10). Elevated blood pressure has been 

observed among women of child bearing age; exposed to arsenic via drinking water in Inner 

Mongolia, China. Mean systolic and diastolic pressure rose 6.83 mm Hg (95% CI 5.39, 8.27) and 

3.08 mm Hg (95% CI 1.84, 4.31), respectively in individuals with the highest quartile of water 

arsenic concentration (>100 μg/L) compared to lowest quartile (<20 μg/L) (11). Another recent 

study from the same place has reported an association between long-term arsenic exposure and 

increased risk of hypertension. The prevalence of hypertension was raised nearly 2-fold in the 

high exposure group (>50 μg/L) compared to low the low exposure group (<10 μg/L) and the 

association is dose dependent (12). Elevation of pulse pressure has been found to be associated 

with long term arsenic exposure in drinking water in Bangladesh and the relationship was dose 

dependent (13). Evidence from a meta-analysis of several epidemiological studies in different 

countries shows an association between long term exposure to high concentration of arsenic and 

cardiovascular disease (14).  

There is growing evidence that early life exposure to environmental toxicants increase the risk of 

developing a wide range of chronic diseases in adults. Exposure to high levels of arsenic in utero 

and/or early childhood has been implicated with increased risk of morbidity and mortality from 

various malignant and non-malignant illnesses in adults (15-18). Young adult males aged 30–49 

years who were exposed to arsenic in prenatal and early life had more than three times increased 

rate of mortality from acute myocardial infarction (19). A recent study in Bangladesh has 

reported a modest increase in blood pressure among the children aged 4.5 years with pre and 

postnatal exposure to arsenic through drinking water (20). Several studies documented the 

association between arsenic and elevated blood pressure in adults (6, 13, 21) but so far we know, 

this is the only study that evaluated the impact of early life arsenic exposure on blood pressure in 



52 
 

children (20). No studies look at the effects of early life arsenic exposure on blood pressure in 

older children and adolescents. Thus we planned to investigate the effects of early life arsenic 

exposure on blood pressure among children and adolescents with detailed and individual arsenic 

exposure level in drinking water.  

Methods 
 

The study was conducted in Matlab, a sub-district around 55 km southeast of the capital city, 

Dhaka. An exposed sub-cohort of 110 children with early life arsenic exposure ((>400 μg/L) and 

another unexposed sub-cohort of 110 children with low exposure (<10 μg/L) were selected from 

a cohort of 600 children having lifetime arsenic concentration status.  Of the two sub-cohorts, 

107 exposed and 93 unexposed subjects participated in this follow up study. Details of 

participants’ selection and arsenic exposure assessment were described in chapter two.  

Anthropometric and Blood Pressure Measurement 
 

Height and weight was taken for all participants before blood pressure measurement. Standing 

height was taken using a locally made wooden height stick to the nearest  0.1 cm and weight was 

measured using a bathroom scale to the nearest  100gm. Blood pressure was measured by a 

trained physician using a standard mercury sphygmomanometer in sitting position. Paediatric 

cuffs with appropriate size and a standard adult cuff were used for children and young adults 

respectively. Systolic blood pressure was defined by the onset of the first Korotkoff sound (K1) 

and diastolic blood pressure was marked as the disappearance of Korotkoff sounds or fifth 

Korotkoff sound (K5, the last sound heard). Two readings were taken at 5 minutes interval and 

the average value was taken as the participant’s blood pressure (22). For the participants age 

below 18 years, blood pressure  was converted into percentile based on age, height and sex and 

prehypertension was defined either SBP (systolic blood pressure) and/or DBP (diastolic blood 

pressure) fell between 90th to 95th percentile or blood pressure was ≥120/80 mmHg irrespective 

of percentiles. Hypertension was defined as average SBP and/or DBP that was greater than or 

equal to 95th percentile for sex, age, and height (23). For subjects aged 18 years and above, 

prehypertension was defined if SBP fell between 120-139 mmHg and/or DBP 80-89 mmHg and 

participants were categorized as hypertensive if they had SBP ≥140 mmHg and/or DBP ≥90 
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mmHg (24). We got only two hypertensive cases and as the number was very few, we included 

them in the prehypertension group for further analysis.   

Ethical Consideration 
 

The study was approved by the institutional review board of the University of California, 

Berkeley and icddr,b. Informed written voluntary consent was taken from the participants 18 

years and above. For the younger subjects both assent of the participants and consent from a 

parent or guardian was taken. Participants and parents were explained regarding the objectives of 

the study, risk/benefits, confidentiality and rights of withdrawing from the study even after 

giving consent. 

Analysis 
 

To compare the general characteristics and socio-demographic characteristics between the low 

and high exposure group, univariate analysis was done using chi-square and Fisher’s exact test. 

Mean differences in systolic, diastolic and pulse pressure between the two groups was assessed 

by student’s t-test. A multiple logistic regression was conducted to estimate the odds ratio with 

95% confidence interval for prehypertension. We first adjusted for age, sex and BMI and then 

father’s smoking, and number of rooms in the house was included in the model. Age and BMI 

were inserted as continuous variables. 

Results 
 

Of the total 200 cohort subjects enrolled in the study, 105 (52.5%) were male and rest 95 

(47.5%) were female. The mean age of the participants was 14.9 (±2.8) years. General 

characteristics and socio-demographic events of the study subjects by exposure are presented in 

table 4.1. Among the participants, 107 (53.5%) were in the high arsenic (>400μg/L) exposure 

group and 93 (46.5%) were in the low (<10μg/L) exposure group. Variables like sex, 

respondent’s educational status, number of rooms in the household did not show any significant 

differences between two groups. Children with high Body mass index (BMI) were more frequent 

in the high exposure group (51.5% vs 48.5%). Participants having parents with secondary and 

higher degrees were found to fall more into low exposure category (38.7% and 53.8% Vs 18.7% 
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and 19.6% maternal and paternal education respectively). Dwellers of better housing condition 

i.e. other than mud were found more in lower exposed group (21.5% Vs 5.6%). 
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Table 4.1: Socio-demographic characteristics of study subjects 

Characteristics Total 
n (%) 

Low Exposure 
Status<10 μg/l n (%) 

High Exposure 
Status>400μg/l n (%) 

P-value 

Sex     
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171 
Girls 95 (47.50) 49 (52.69) 46 (42.99)  

Age (years)     
11-13 72 (36.00) 40 (43.01) 32 (29.91) 0.032 
14-16 80 (40.00) 38 (40.86) 42 (39.25)  
17-22 48 (24.00) 15 (16.13) 33 (30.84)  

BMI     
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414 
>=18.5 55 (27.50) 23 (24.73) 32 (29.91)  

Education (years)      
No  24 (12.00) 8 (8.60) 16 (14.95) 0.533 
1-5 46 (23.00) 23 (24.73) 23 (21.50)  
6-10 117 (58.50) 55 (59.14) 62 (57.94)  
11-13 13 (6.50) 7 (7.53) 6 (5.61)  

No. of family members     
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772 
5-6 95 (47.50) 46 (49.46) 49 (45.79)  
7-8 22(11.00) 9 (9.68) 13 (12.15)  
9+ 14 (7.00) 5 (5.38) 9 (8.41)  

Mother’s education      
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007 
Primary 87 (43.50) 34 (36.56) 53 (49.53)  
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)  

Father’s education      
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001 
Primary 68 (34.00) 18 (19.35) 50 (46.73)  
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)  

Type of house     
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004 
Mixed 6 (3.00) 5 (5.38) 1 (0.93)  
Concrete 17 (8.50) 13 (13.98) 4 (3.74)  
Tin 3 (1.50) 2 (2.15) 1 (0.93)  

Rooms in the house     
1 12 (6.00) 6 (6.45) 6 (5.61) 0.954 
2 64 (32.00) 28 (30.11) 36 (33.64)  
3 96 (48.00) 46 (49.46) 50 (46.730  
4+ 28 (14.00) 13 (13.98) 15 (14.02)  

Father smokes     
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046 
No 84 (42.00) 46 (49.46) 38 (35.51)  

Blood Pressure Status     
Normal 167 (83.5) 82 (88.17) 85 (79.44) 0.070* 
Prehypertension 33 (16.5) 11(11.83) 22 (20.56)  

*1-tailed P value obtained by Fisher’s exact test 
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Overall prehypertension prevalence was 16.5%; Children and adolescents in the high exposure 

group had a higher prevalence (20.6%) compared to those in the low exposure sub-cohort 

(11.8%); 1-tailed p=0.070.  

Mean systolic and diastolic pressure were slightly higher in the high exposure group compared to 

the low exposure sub-cohort (103.0±11.9 vs. 101.7±9.9 and 64.2±7.4 vs. 63.04±5.07 respectively 

(95% CI: -4.3-1.8; p=0.42) (Table 4.2). The difference is more pronounced in female subjects. 

Mean systolic blood pressure in females was 101.4±9.4 mm Hg and 99.7±9.2 mmHg (95% CI: -

5.5-2.1; p=0.37) and mean diastolic blood pressure was 64.2±6.8 mmHg and 62.5±4.7 mmHg 

(95% CI: -4.1-0.7; p=0.17) in the high and low exposure groups respectively. In contrast, male 

respondents did not show differences in mean systolic blood pressure 104.1±13.5 mm Hg and 

104.0±10.4 mmHg (95% CI: -5.0-4.7; p=1.0)  and mean diastolic blood pressure was 64.2±7.9 

mmHg and 63.6±5.4 mmHg (95% CI: -3.2-2.0; p=0.65) between the high and low exposure 

groups. 

 
Table 4.2:  Mean SBP, DBP and Pulse pressure between low and high level of As exposure group 
 

 
 

Characteristics 
Low Exposure 
Status<10 μg/l; 

Mean (SD) 

High Exposure 
Status>400μg/l ; 

Mean (SD) 

p- value (95% CI for 
mean difference) 

SBP 

   Male 

   Female 

101.72(9.93) 

104.0 (10.38) 

99.69 (9.15) 

102.96 (11.89) 

104.1 (13.45) 

101.4 (9.35) 

0.42 (-4.28, 1.80) 

0.95 (-4.96, 4.66) 

0.37 (-5.49, 2.05) 

DBP 

   Male 

   Female 

63.04(5.07) 

63.64 (5.43) 

62.51 (4.72) 

64.21(7.41) 

64.23 (7.92) 

64.17 (6.75) 

0.19 (-2.92, 0.59) 

0.65 (-3.18, 1.99) 

0.17 (-4.06, 0.73) 

Pulse Pressure 

   Male 

   Female 

38.68(8.52) 

40.34 (8.72) 

37.18 (8.13) 

38.76(9.55) 

39.90 (10.17) 

37.24 (8.52) 

0.95 (-2.62, 2.46) 

0.82 (-3.32, 4.20) 

0.97 (-3.45, 3.34) 
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Multiple logistic regression (Table 4.3) was done between prehypertension and arsenic exposure 

status. The prevalence odds ratio (POR) for prehypertension was 1.44 (95% CI: 0.6-3.6; p=0.21) 

in the high arsenic exposure group compared to the low exposure when adjusted for age, sex and 

BMI. It rose to 1.68 (95% CI: 0.7-4.4; p=0.14) when more variables like fathers’ smoking status 

and number of rooms in the house were adjusted. When stratified by sex, the effect was much 

more pronounced in females with nearly a 4-fold increased risk of developing pre-hypertension 

(POR=3.93, 95% CI: 0.8-19.6, p=0.05), whereas in males it was not increased at all  (POR=0.85, 

95% CI: 0.2-3.2, p=0.60).  

 

Table 4.3: Results from multiple logistic regression analysis of prehypertension*** and 
early life arsenic exposure status (400+ μg/L compared to less than 10 μg/L) 
 

Blood Pressure 
Status 

Age, Sex and BMI 
Adjusted 

POR( 95% CI) 
P value** 

More Variables 
Adjusted* 

POR( 95% CI) 
P value** 

Prehypertension 

   All  

   Male 

   Female 

 

1.44 (0.58, 3.58) 

0.72 (0.21, 2.52) 

3.24 (0.71, 14.78) 

 

0.21 

0.70 

0.06 

 

1.68 (0.65, 4.35) 

0.85 (0.23, 3.15) 

3.93 (0.79, 19.6) 

 

0.14 

0.60 

0.05 

 
* Adjusted for age, sex, BMI, father’s smoking status and rooms in the house 
** One-tailed 
*** Prehypertension was defined earlier in method section under blood pressure measurement 
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Discussion 
 

This is the first study that investigated the effects of early life arsenic exposure on blood pressure 

in children and adolescents. We found an association between early life exposure to high 

concentration of arsenic in drinking water and elevated blood pressure classified as 

prehypertension in females only. Children and adolescents with early life exposure to arsenic 

more than 400 μg/L were 1.68 times at risk of developing prehypertension (POR=1.68 (95% CI: 

0.6-3.6; p=0.21). However, the effect was more pronounced in girls who had a nearly four-fold 

increased risk of having prehypertension.  

No studies so far reported sex specific blood pressure effects in individuals exposed to arsenic 

through drinking water. However, a few studies reported that long term arsenic exposure 

increases the risk of cardiovascular disorders in females (25, 26). Chen et, al. found that chronic 

exposure to arsenic through drinking water increased the risk of developing QT-interval 

prolongation in women. Adjusted Odds Ratios (ORs) of QT-interval prolongation in women was 

1.24 (95% CI: 1.05, 1.47) and 1.24 (95% CI: 1.01, 1.53) for a 1-SD increase in baseline drinking 

water and urinary arsenic, respectively (25). Similarly, Mumford et.al. reported susceptibility of 

women to QT interval prolongation compared to men when chronically exposed to arsenic (26).  

Chronic exposure to arsenic via drinking water has been associated with increased risk of 

elevated blood pressure in adults in different countries including Bangladesh (6, 9, 10, 27). A 

systematic review found a pooled odds ratio for hypertension of 1.27 (95% CI: 1.09, 1.47) in 

exposed individuals with average arsenic concentration ≥50μg/L (28). A recent longitudinal 

study in Bangladesh has reported a link between arsenic exposure from drinking water and 

changes in blood pressure over the years. Individuals with the highest concentration of water 

arsenic at baseline had 0.48 and 0.39 mmHg greater annual increase for systolic and diastolic 

blood pressure respectively (29). A cohort study in Bangladesh found that children exposed to 

arsenic during their prenatal life showed a mild increase in blood pressure at the age of 4.5 years. 

Arsenic exposure was measured by arsenic concentration in mother’s urine and 1 mg/L increase 

in maternal urinary arsenic was associated with 3.7 mm Hg and 2.9 mm Hg increase in mean 

systolic and diastolic pressure respectively (20). Another recent study among children 3-8 years 

old in Mexico also found an association between early arsenic exposure and elevated blood 

pressure in childhood. For each 1-μg/mL increase in total arsenic measured in urine (U-tAs) was 
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associated with 21mmHg (95% CI: 4, 37; p=0.015) increase in systolic blood pressure and 13 

mmHg (95% CI: 2, 24, p=0.023) in diastolic blood pressure (30).  

The mechanism of arsenic induced hypertension is not well established. However, several 

epidemiological studies suggested that arsenic in drinking water increases the risk of various 

cardiovascular disorders (2, 5, 25, 31, 32). Early life exposure to arsenic has also been reported 

to increase mortality from myocardial infarction in young adults in Chile (19). An ecological 

study in an arsenic endemic village in south-western Taiwan found a dose–response relationship 

between high levels of arsenic exposure (700–930 μg/L) and carotid atherosclerosis, defined 

based on carotid artery intima-media thickness and carotid plaque (33). Increased risk of carotid 

atherosclerosis  has been observed in north-eastern Taiwan with low to moderate arsenic 

exposure and the adjusted prevalence odds ratio (POR) for carotid atherosclerosis was  2.6 (95 % 

confidence interval [CI] 1.3–5.0) among the highest exposure group (>100 μg/L) compared to 

the lowest (≤50 μg/L) (34). 

Endothelial dysfunction is considered to be one of the most convincing mechanisms in arsenic 

induced cardiovascular diseases including hypertension (35). Chronic inflammation is considered 

another mechanism for developing cardiovascular disorders and exposure to arsenic has been 

found to be associated with chronic vascular inflammation (36). Arsenic induced oxidant stress 

and increase production of reactive oxygen species (ROS) might also have a role in 

cardiovascular toxicity (37, 38). Inorganic arsenic has been found to be associated with increased 

plasma low density lipoprotein (LDL) and C-reactive protein (CRP) (39). Arsenic impairs 

endothelial function by increasing calcium influx in the cell (40). Prenatal exposure to arsenic 

induces atherosclerotic changes in ApoE knockout mice and postnatal and exposure accelerates 

atherosclerosis, oxidative stress and vascular inflammation (41, 42).  

One of the strengths of the current study is the individual assessment of drinking water arsenic 

exposure levels since early life including change in exposure over time. 

A limitation of the study is absence of information of intake of arsenic from food and other 

sources. However with the arsenic water concentrations in this study, drinking water is the 

overwhelming source of arsenic exposure. 
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Conclusion 
 

Our study found that early life arsenic exposure increased the risk of developing prehypertension 

in female children and adolescents. Since millions of people including pregnant women are 

drinking arsenic contaminated water, a modest risk of prehypertension could have substantial 

long term health effects. Exposure needs to be prevented anyway, and exposure in early life 

should be a high public health priority. 
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Chapter 5 

Effects of early life arsenic exposure on renal function in 
children and adolescents in rural Bangladesh 

Abstract 

Background 
Long term exposure to elevated arsenic in drinking water has been reported to increase the risk 

of chronic kidney disease in adults. However, information on renal effects of arsenic in children 

and adolescents exposed to inorganic arsenic in their early life is very limited. We therefore 

assessed renal function in children and adolescents with early life arsenic exposure in rural 

Bangladesh, in what we believe is the first study involving older children over age 11 and 

adolescents. 

Methods 
 

As described in chapter 2, the study was done in Matlab, a sub-district of Bangladesh. 

Participants were selected from a previously conducted population based survey of 166,934 

residents in Matlab. A total of 600 children aged 7-17 years were selected from this survey, with 

110 subjects having early life arsenic exposure over 400μg/L and another 110 having less than 

10μg/L. These two sub-cohorts of children were invited to participate in further follow-up in the 

current prospective cohort study. Of them, 107 exposed and 93 unexposed subjects agreed and 

enrolled in this study. Serum beta- 2-microglobulin (β2MG), considered a marker of early renal 

injury, was determined by the Immunoturbidimetric assay. Participants were categorized having 

normal or elevated β2MG based on the age and sex specific normal reference values. The 

estimated Glomerular Filtration Rates (eGFR) were calculated from serum β2MG for easy 

interpretation of renal function. 
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Results 
Participants with high early life arsenic exposure (>400μg/L) had nearly 2-fold higher risk of 

elevated β2MG compared to those exposed to low (<10 μg/L) [odds ratio (OR) =1.98; 95% 

Confidence interval (CI): 1.12-3.49; p=0.010] in an adjusted model. The effect was more 

pronounced in girls (OR=3.02, 95% CI: 1.29-7.10; p=0.006) with little evidence in boys 

(OR=1.36, 95% CI: 0.62-3.00; p=0.222). Likewise, the odds ratio (OR) for reduced eGFR (<95 

mL/min/1.73 m2) increased nearly 2-fold in exposed children [OR=1.81; 95% Confidence 

Interval (CI): 0.97 to 3.37, p=0.031] after adjustment.  The effect was largely confined to females 

(OR=2.89; 95% CI: 1.13, 7.38, p=0.013) with little evidence in males (OR=1.29; 95% CI: 0.53, 

3.14, p=0.288). 

Conclusions 
We found evidence of reduced kidney function as indicated by elevated serum β2MG and 

reduced eGFR and the effect was more pronounced in female children and adolescents who had 

been exposed to high arsenic concentrations in their early life. We plan to follow all these 

children to assess the progression of changes as they become older. 
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Introduction 
 

Long term exposure to arsenic via drinking water is a major public health concern worldwide. 

Millions of people throughout the world particularly in Bangladesh, West Bengal, Taiwan, 

Nepal, and Mongolia are chronically exposed to arsenic-contaminated drinking water (1). 

Prolonged exposure to high concentrations of arsenic has been found to be associated with 

increased risk of malignant and non-malignant renal diseases (2-6). Studies in high arsenic 

endemic areas in southwestern Taiwan have reported increased risk of death from renal cancer 

and other kidney diseases (7, 8). Mortality from malignant and non-malignant kidney diseases 

tended to decline after installation of new water supplies and reduction of arsenic concentrations 

in drinking water; supporting a causal relationship between chronic exposure to arsenic and 

chronic renal disease (9, 10). A recent study in Northern Chile has reported an elevated risk of 

cancers of the kidney and ureter following long term exposure to high levels of arsenic in 

drinking water, and the association was dose dependent (11). An increased prevalence of renal 

diseases has been observed in arsenic endemic areas in Taiwan. After controlling for age and 

sex, there was nearly 3-fold increase in renal diseases among the diabetic and 1.5 times increase 

in non-diabetic people in endemic area compared to diabetic and non-diabetic residents in non-

endemic area (12). 

Chronic exposure to elevated levels of arsenic in drinking water has been linked to impaired 

renal function. A study in an adult population in Bangladesh with wide range of exposure to 

arsenic from drinking water has reported a dose response relationship between concentration of 

arsenic in well water and the prevalence of proteinuria (13). Elevated urinary beta2 

microglobulin has been observed in a population co-exposed to arsenic and cadmium in China 

(14). A recent review has documented a positive association between arsenic and chronic kidney 

diseases which was more evident in populations exposed to high levels of arsenic in drinking 

water (15). 

Emerging evidence from Chile suggests that early life exposure to arsenic through drinking 

water increases risks of both malignant and non-malignant renal disease in adulthood. In 

Antofagasta, Chile, mortality from chronic renal diseases including renal failure was increased 

around 2-fold [SMR=2.0; 95% confidence Interval (CI): 1.5 to 2.8] in young adults, born just 

before or during the high-exposure period of 1958–1970 (16). A recent study in Chile has 
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reported a 7-fold  rise in death from kidney cancer [SMR=7.1; 95% Confidence Interval (CI): 3.1 

to 14] in young adults aged 30-39 years exposed to high concentration of arsenic in the prenatal 

period and/or early childhood (17). However, few studies have investigated the effects of early 

life arsenic exposure on kidney function in children and adolescents and the findings are 

inconsistent. A prospective study in Bangladesh has reported mild impairment in renal function, 

measured by estimated glomerular filtration rate (eGFR) in children 4.4-5.4 years old. Urinary 

arsenic in utero at 8 weeks of gestation and during infancy was negatively associated with 

(eGFR) (18). However, a recent paper on the same cohort of children but using cross-sectional 

data on outcome and exposure did not observe a relationship of arsenic in urine with renal 

function (19).  Here we present our findings in older children and adolescents assessing those 

who had been exposed to high water arsenic concentrations in early life.      

Methods 
As described in chapter 2, the study was conducted in rural Bangladesh, Matlab around 55 km 

southeast of the capital city, Dhaka. Participants were previously selected from a population 

based survey of all 166,934 residents in sub-district of Matlab. A total of 600 children were 

selected from this survey, with 107 having early life exposure to arsenic concentrations over 

400μg/L and 93 having less than 10 μg/L arsenic exposure in early life. These two sub-cohorts 

of children were enrolled in further follow-up in the current prospective cohort study. Further 

details of participant selection and arsenic exposure assessment have been described in chapter 

two. To assess renal function impairment at the early stage we measured serum beta-2 

microglobulin (β2MG), which is considered as one of the most sensitive biomarkers in detecting 

early renal toxicity in occupational or environmental exposure to arsenic and other heavy metals 

(14, 20). Blood samples in our study were collected aseptically and processed and stored at -86º 

C and transported on dry ice to Dhaka for analysis. β2-microglobulin was determined by the 

Immunoturbidimetric assay using Roche automated clinical chemistry analyzers Hitachi-902 

(Roche, Germany). The lower detection limit of the test was 0.03 mg/L and the measurement 

range was (0.2-5.80) mg/L (21). Participants were categorized into normal and elevated β2MG 

groups based on individual age and sex specific normal reference values of serum β-2 

microglobulin from a study on Japanese children aged 1-16 years, (Table 5.1) (22). As we didn’t 
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find age and sex specific reference values for the participants aged 17-22 years, we used the cut 

off value for16 years. 

 

Table 5.1: Median, 2.5th percentile, and 97.5th percentile of serum β2MG reference value in 

each age group according to sex 
 

Age All subjects  Boys  Girls 

n 2.5% 50% 97.5% n 2.5% 50% 97.5% n 2.5% 50% 97.5% 

3-5 months 21 1.5 1.8ᵃ 3.2  17 1.5 1.8 3.2  4 1.6 1.8 2.1 

6-8 months 18 1.4 1.8ᵃ 2.6  14 1.4 1.9 2.6  4 1.6 1.6 2.3 

9-11 
months 

29 1.3 1.7ᵃ 3.3  15 1.3 1.7 3.3  14 1.3 1.8 3.2 

1 year 69 1.4 1.7ᵃ 3.1  32 1.4 1.7 3.2  37 1.2 1.6 3.0 

2 years 73 1.0 1.5 2.5  40 1.0 1.5 2.2  33 1.0 1.5 3.4 

3 years 85 1.0 1.5 2.3  46 1.1 1.5 2.3  39 1.0 1.5 2.4 

4 years 78 1.1 1.4 2.5  42 1.0 1.4 2.1  36 1.1 1.4 3.1 

5 years 94 1.1 1.4 2.3  46 1.1 1.5 2.7  48 1.0 1.4 2.2 

6 years 101 1.1 1.4 2.3  43 1.1 1.4 2.4  58 1.0 1.5 2.3 

7 years 83 1.0 1.4 2.1  36 0.9 1.3 2.1  47 1.0 1.4 2.2 

8 years 55 1.0 1.4 2.5  19 1.0 1.4 1.8  36 1.0 1.4 2.3 

9 years 37 1.0 1.4 2.1  18 1.1 1.4 1.8  19 1.0 1.4 2.1 

10 years 42 0.9 1.3 1.9  11 1.1 1.4 1.6  31 0.9 1.3 1.9 

11 years 58 1.0 1.3 2.3  19 1.1 1.3 2.1  39 1.0 1.2 2.4 

12 years 69 1.0 1.3 1.8  14 1.2 1.3 1.5  55 0.9 1.3 1.9 

13 years 68 1.0 1.3 1.8  30 1.0 1.4 2.0  38 1.0 1.2 1.5 

14 years 57 0.9 1.3 2.0  17 1.1 1.4 2.0  40 0.9 1.2 1.7 

15 years 35 0.8 1.2 1.8  15 0.8 1.2 1.8  20 0.8 1.1 1.7 

16 years 59 0.8 1.2 1.8  30 0.8 1.2 1.8  29 0.8 1.1 1.4 

All ages 1311 1.0 1.4 2.3  504 1.0 1.4 2.3  627 1.0 1.4 2.3 

* p< .0001 in comparison to the mean value in all subjects 

[Reproduced from Ikezumi et, al. 2013] 
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Estimated glomerular filtration rate (eGFR) was calculated by using the formula (eGFR = 

149*(1/serum β2 microglobulin in mg/L) + 9.153) and categorized into two; normal (≥95 

mL/min/1.73 m2) and reduced (<95 mL/min/1.73 m2) based on a recent study in Japan (23). 

GFR is commonly considered the best index of overall kidney function and may be useful in 

assessing any decline in renal function at early stage (24, 25). 

Ethical Consideration 
The institutional review board of the University of California, Berkeley and icddr,b approved the 

study. Participants and their parents were informed about confidentiality and were assured that, 

irrespective of their participation in this study, they would receive same health care from icddr,b. 

They were informed that their participation was voluntary and they were also assured that they 

could withdraw from the study at any time. For subjects 11 to 17 years of age, parents or 

guardians along with the participants were informed about the study along with its anticipated 

risks and were asked for consent and assent respectively. For older subjects aged over 18 years, 

voluntary informed written consent was taken explaining the risk/benefits, confidentiality and 

right of withdrawing from the study at any point.  

Statistical Analysis 

Data were analyzed using STATA 13 (Stata Corporation, College Station, TX, USA). We 

performed Fisher’s exact test to compare the dichotomous kidney function parameters (β2MG 

and eGFR) between the high and low arsenic exposure groups separated by sex. Multiple logistic 

regression analysis of β2MG and eGFR stratified for sex was done to assess the effect of arsenic 

exposure on renal function. 

Results 
In total, 200 participants aged 11 to 22 years participated in the study. Their mean age was 14.9 

(±2.8) years. Socio-demographic characteristics of the participants are presented in table 5.1. Of 

the total 200 subjects, 105 (52.5%) were male and 95 (47.5%) were female. Out of 200 

respondents, 107 (53.5%) were in the high arsenic exposure group (>400μg/L) and 93 (46.5%) 

were in the low exposure group (<10μg/L).  Respondents residing in houses built with mud were 
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more likely to consume water containing high concentrations of arsenic. Factors like BMI, 

participant educational status, and number of rooms in the household did not show marked 

differences between two groups. Father’s smoking was higher in the exposed group.
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Table 5.2: Socio-demographic characteristics of study subjects 

Characteristics Total 
n (%) 

Low Exposure 
Status<10 μg/l n(%) 

High Exposure 
Status>400μg/l n (%) 

P-value 

Sex     
Boys 105 (52.50) 44 (47.31) 61 (57.01) 0.171 
Girls 95 (47.50) 49 (52.69) 46 (42.99)  

Age (years)     
11-13 72 (36.00) 40 (43.01) 32 (29.91) 0.032 
14-16 80 (40.00) 38 (40.86) 42 (39.25)  
17-22 48 (24.00) 15 (16.13) 33 (30.84)  
BMI     
<18.5 145 (72.50) 70 (75.27) 75 (70.09) 0.414 
>=18.5 55 (27.50) 23 (24.73) 32 (29.91)  

Education (years)     
No  24 (12.00) 8 (8.60) 16 (14.95) 0.533 
1-5 46 (23.00) 23 (24.73) 23 (21.50)  
6-10 117 (58.50) 55 (59.14) 62 (57.94)  
11-13 13 (6.50) 7 (7.53) 6 (5.61)  

No. of family members     
2-4 69 (34.50) 33 (35.48) 36 (33.64) 0.772 
5-6 95 (47.50) 46 (49.46) 49 (45.79)  
7-8 22(11.00) 9 (9.68) 13 (12.15)  
9+ 14 (7.00) 5 (5.38) 9 (8.41)  

Mother’s education     
No education 57 (28.50) 23 (24.73) 34 (31.78) 0.007 
Primary 87 (43.50) 34 (36.56) 53 (49.53)  
Secondary and above 56 (28.99) 36 (38.71) 20 (18.69)  

Father’s education     
No education 61 (30.50) 25 (26.88) 36 (33.64) <0.001 
Primary 68 (34.00) 18 (19.35) 50 (46.73)  
Secondary and above 71 (35.50) 50 (53.76) 21 (19.63)  

Type of house     
Mud 174 (87.00) 73 (78.49) 101 (94.39) 0.004 
Mixed 6 (3.00) 5 (5.38) 1 (0.93)  
Concrete 17 (8.50) 13 (13.98) 4 (3.74)  
Tin 3 (1.50) 2 (2.15) 1 (0.93)  

Rooms in the house     
1 12 (6.00) 6 (6.45) 6 (5.61) 0.954 
2 64 (32.00) 28 (30.11) 36 (33.64)  
3 96 (48.00) 46 (49.46) 50 (46.730  
4+ 28 (14.00) 13 (13.98) 15 (14.02)  

Father smokes     
Yes 116 (58.00) 47 (50.54) 69 (64.49) 0.046 
No 84 (42.00) 46 (49.46) 38 (35.51)  
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Table 5.2 displays a comparative picture of two renal function parameters between low and high 

arsenic exposure groups. Participants with high arsenic exposure were more likely to have 

elevated serum β2MG and the effect was particularly evident in girls. Likewise, the chance of 

reduced eGFR was found to be more in high arsenic exposure females, but the effect was little in 

males. 

Table 5.3: Comparative figure showing β2MG (age & sex specific) and eGFR status 
between low and high arsenic exposure groups 
 

Renal function 
parameters 

Total 
n (%) 

Low Exposure 
Status<10 μg/l 

n (%) 

High Exposure 
Status>400μg/l 

n (%) 

 
P-value* 

 

β2MG status     

Normal 88 (44.0) 49 (50.7) 39 (36.5) 0.015 

Elevated 112 (56.0) 44 (47.3) 68 (63.6)  

eGFR status  

Normal 83 (41.5) 45 (48.4) 38 (35.5) 0.045 

Reduced 117 (58.5) 48 (51.6) 69 (64.5)  

Boys     

β2MG status     

Normal 46 (43.8) 21 (47.7) 25 (41.0) 0.313 

Elevated 59 (56.2) 23 (52.3) 36 (59.0)  

eGFR status     

Normal 30 (28.6) 14 (38.8) 16 (26.2) 0.341 

Reduced 75 (71.4) 30 (68.2) 45 (73.8)  

Girls     

β2MG status     

Normal 42 (44.2) 28 (57.1) 14 (30.4) 0.008 

Elevated 53 (55.8) 21 (42.9) 32 (69.6)  

eGFR status     

Normal 53 (55.8) 31 (63.3) 22 (47.8) 0.095 

Reduced 42 (44.2) 18 (36.7) 24 (52.2)  

*One-tailed 
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Table 5.3 presents multiple logistic regression findings for elevated β2MG. Participants with  

early life arsenic exposure >400μg/L had nearly 2-fold risk of elevated β2MG compared to low 

exposure group [OR=1.94; 95% Confidence Interval (CI): 1.10-3.42; p=0.011] in unadjusted 

model. Adjustment for BMI did not bring about any major change (OR=1.98; 95% CI: 1.12-

3.49; p=0.010). The effect was more profound in female participants (OR=3.02, 95% CI: 1.29-

7.10; p=0.006) with little evidence in boys (OR=1.36, 95% CI: 0.62-3.00; p=0.222). 

 

Table 5.4: Multiple logistic regression analysis of elevated β2MG (age and sex specific) and 
early life arsenic exposure status (400+ μg/L compared to less than 10 μg/L) 

 
*Adjusted for BMI; elevated β2MG was defined based on age and sex specific normal reference values. 
** One-tailed 
 
 

Multiple logistic regression (Table 5.4) shows that in the unadjusted model, the children and 

adolescents with early life arsenic exposure >400μg/L had more than 1.5 times risk of reduced 

eGFR (<95 mL/min/1.73 m2) compared to the low exposure group [OR=1.70; 95% Confidence 

Interval (CI): 0.97-3.00; p=0.033].  The risk was nearly 2-fold after adjustment for age, sex and 

BMI (OR=1.81; 95% CI: 0.97-3.37; p=0.031). The effect was largely confined to female 

participants (OR=2.89, 95% CI: 1.13-7.38; p=0.013). 

 

 

 

 

 

 

Elevated β2MG  Un-Adjusted 
OR ( 95% CI) P value** Adjusted 

OR ( 95% CI)* P value** 

  All  
  Male 
  Female 

1.94 (1.10, 3.42) 
1.31 (0.60, 2.87) 
3.05 (1.31, 7.10) 

0.011 
0.246 
0.005 

1.98 (1.12, 3.49) 
1.36 (0.62, 3.00) 
3.02 (1.29, 7.10) 

 

0.010 
0.222 
0.006 
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Table 5.5: Multiple logistic regression analysis of eGFR<95 mL/min/1.73 m2 and early life 
arsenic exposure status (400+ μg/L compared to less than 10 μg/L) 

 
Reduced eGFR (<95 

mL/min/1.73 m2) 

Un-adjusted 
OR ( 95% CI) P value** Adjusted 

OR ( 95% CI)* P value** 

All 
 Male 
 Female 

1.70 (0.97, 3.00) 
1.31 (0.56, 3.08) 
1.88 (0.83, 4.26) 

0.033 
0.266 
0.066 

1.81 (0.97, 3.37) 
1.29 (0.53, 3.14) 
2.89 (1.13, 7.38) 
 

0.031 
0.288 
0.013 

 
* Adjusted for age, sex, BMI 
** One-tailed 

Discussion 
To the best of our knowledge, this is the first study evaluating renal function in older children 

over age 11 and adolescents with high water arsenic exposure in their early life. We found 

modest reduction in renal function. Children and adolescents with   an early life arsenic exposure 

level of >400 μg/L had nearly 2-fold higher risk of elevated β2MG and reduced eGFR after 

adjustment for potential confounders. The effect was largely confined to female participants. 

Chronic exposure to arsenic via drinking water has been linked to chronic kidney diseases in 

adults (6, 26, 27). A study in Taiwan reported an association between urinary arsenic 

concentrations and decrements in renal function assessed by two parameters, β2MG and eGFR. 

After adjustment for potential confounders, the odds for abnormal β2MG (> 0.154 mg/L) and 

reduced eGFR < 90 mL/ min/ (1.73 m2) was increased around 2 times in subjects with urinary 

arsenic >75 μg/g creatinine compared to ≤35μg/g creatinine, and the relationship was dose-

dependent (28). Elevated risk of proteinuria, a marker of renal function has been observed in an 

adult population in Bangladesh exposed to wide range of arsenic from drinking water. Adjusted 

prevalence odds ratios (PORs) for proteinuria were 1.00 (reference group), 1.01 [95% confidence 

interval (CI): 0.79–1.31], 1.33 (95% CI: 1.04–1.70), 1.54 (95% CI: 1.22-1.96), 1.65 (95% CI: 

1.31–2.09) (P for trend <0.01) for the well water arsenic levels ≤7, 8–39, 40–91, 92–179 and 

180–864 μg/l respectively (13).  

A recent cross-sectional study on adults in an arsenic endemic area in Bangladesh reported 

marginal inverse association between total urinary arsenic (uAs) and serum cystatin C derived 
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eGFR. The mean difference in eGFR was -2.55 ml/min/1.73 m2 (b=-2.55, p=0.08) per unit 

increase in total uAs (29).  

Increased mortality from chronic kidney diseases including renal failure has been observed in 

cohorts exposed to high concentration of (>800 μg/L) in utero or early postnatal life in 

Antofagasta, Chile. Death from chronic renal diseases was increased around 2-fold [SMR=2.0; 

95% Confidence Interval (CI): 1.5 to 2.8] in young adults aged 30-59 born before or during the 

high-exposure period of 1958–1970 (16) 

A prospective study among children in Bangladesh reported a marginally inverse relationship 

between early life arsenic exposure and renal function in childhood in the age rang 4.4-5.4 years. 

For one unit increase in urinary arsenic at 18 months of age the mean difference for plasma 

Cystatin C derived estimated glomerular filtration rate (eGFR) was -33.4 ml/min/1.73m2 ( 95% 

CI: -70.2, 3.34; P: 0.08) (18).   

However, the mechanism of arsenic induced renal toxicity is not well understood.  The kidney 

may be a target organ as arsenic is primarily excreted through the kidney, and proximal tubules 

may be more sensitive because of their high reabsorptive capacity (30). Prenatal arsenic exposure 

in mice has found to induce renal hyperplasia in the offspring during adulthood (31). Mice 

exposed to arsenic have shown oxidative stress mediated DNA damage in kidney tissue (32). 

Arsenic increases reactive oxygen species (ROS) and induces oxidative stress that may lead to 

renal damage by increasing the expression of hemeoxygenase-1 and Mitogen-Activated Protein 

Kinases (MAPK) (33). Arsenic induced inflammation (34, 35) oxidative stress (36) and 

apoptosis (37) might play a role in renal toxicity. 

Conclusion 

Our study demonstrated some reduction in renal function in female children and adolescents 

exposed to high concentration of arsenic in early life but very little effect in males. Further 

studies are needed to confirm renal effects following early life exposure to arsenic in water, and 

to explore the puzzling sex differences we found.   
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Chapter 6 

 Summary and Conclusion 

This prospective cohort study provides evidence that early life exposure to high concentration of 

inorganic arsenic in drinking water is related to respiratory, cardiovascular and renal effects in 

children and adolescents. The key findings of my doctoral thesis are presented in the table below. 

 

Table 6.1: Table showing the key findings from the doctoral thesis 
 

  Overall Boys Girls 

Major respiratory 
findings 

 
POR (95% CI); P value 

 
*Number of wheezing 
attacks (1-3 times)/week 1.51 (0.57-4.00); 0.21 4.99 (1.00-24.90); 0.03 0.31 (0.06-1.79); 0.91 

*Wheezing after exercise 2.13 (0.79-5.73); 0.07 4.14 (1.05-16.40); 0.02 0.64 (0.12-3.40); 0.70 

*Woken up with 
tightness of chest 1.58 (0.60-4.13); 0.18 5.01 (1.00-25.00); 0.02 0.42 (0.09-1.98); 0.86 

 Co-eff (95% CI); P value 

**FEV1 -24.4 (-104.50, 55.7); 0.28 -117.3 (-246.5, 11.8); 0.04 109.2 (27.4, 191.0); 0.99 

**FVC -39.2 (-124.10, 45.6); 0.18 -135.2 (269.9, -0.37); 0.02 91.1 (-2.59, 184.7); 0.97 

Blood Pressure findings 
  

 POR (95% CI); P value 
  

***Prehypertension 1.68 (0.65-4.35); 0.14 0.85 (0.23-3.15); 0.60 3.93 (0.79-19.6); 0.05 

 Renal function    OR (95% CI); P value  

*****Elevated β2MG 1.98 (1.12, 3.49); 0.010 1.36 (0.62, 3.00); 0.222 3.02 (1.29, 7.10); 0.006 

*****Reduced eGFR 1.81 (0.97-3.37); 0.03 1.29 (0.53-3.14); 0.29 2.89 (1.13-7.38); 0.01 
 

*Prevalence Odds Ratio (POR) for respiratory symptoms in high arsenic exposure group (>400μg/l) compared to 
low (<10μg/l) adjusted for age, sex, father’s smoking status and rooms in the house in a multiple logistic regression 
model. 
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**Regression co-efficients of lung function parameters in high exposure participants adjusted for age, sex, height, 

weight, father’s smoking status and rooms in the house obtained by multiple linear regression. 

***Prevalence Odds Ratio (POR) for prehypertension in the high exposure group compared to the low exposure 

group adjusted for age, sex, BMI, father’s smoking status and rooms in the house obtained by multiple logistic 

regression. 

**** Odds Ratio (OR) for elevated β2MG (age and sex specific) in the high exposure group adjusted for BMI 

obtained by multiple logistic regression. 

*****Odds Ratio (OR) for reduced eGFR in the high exposure group adjusted for age, sex, BMI obtained by 

multiple logistic regression. 

This is the first study that explored the respiratory effects in adolescents with early life exposure. 

We found that early life arsenic exposure via drinking water increased the risk of respiratory 

symptoms including impairment of lung function in males (Chapter 3). Finding respiratory 

effects was expected based on our earlier findings for this cohort obtained about four years ago 

(see the paper in the Appendix-7). 

In our original cohort study, we had found marked increase in respiratory symptoms in children 

exposed to inorganic arsenic in their early life but there was little effect on lung function. 

Increased risk of respiratory symptoms was evident both in boys and girls (1). However, the 

present study found elevated risks of respiratory symptoms only among males while there was no 

effect of early life arsenic exposure among females. Interestingly, we observed reduced lung 

function among the male participants which was absent in the original cohort study.  

However, we were surprised that there is now no evidence of respiratory effects in girls. This 

suggests that with reductions in arsenic exposure, girls may recover from respiratory effects 

more rapidly than boys.  Although these sex specific findings are somewhat surprising, a number 

of studies have reported gender differences in respiratory effects of arsenic (2-6).  

However such findings need to be confirmed in other populations, and further follow up of this 

cohort will show if respiratory effects persist in boys, and if girls have permanently recovered.  

In the first cohort study, we investigated only the respiratory effects in children exposed to 

arsenic in early life. However, as there is growing evidence that early life exposure to arsenic 

increases the risk of cardiovascular and kidney diseases, the present study intended to identify 
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the effects of arsenic exposure through drinking water on blood pressure and renal function in 

adolescents.  

We found early life arsenic exposure to be associated with prehypertension in girls. After 

adjusting for potential confounders, there was an elevated risk for pre-hypertension among girls 

exposed to arsenic >400 μg/L in early life (POR=3.93, 95% CI: 0.79-19.6, p=0.05). The effect 

was evident only in females as presented in Chapter 4. Contrary to the respiratory effects, this 

finding was confined to girls. Girls with early life exposure had a four-fold higher prevalence of 

prehypertension compared to girls without early life exposure, but there was no effect in exposed 

boys. A couple of studies also reported higher cardiovascular risk among women compared to 

men (7, 8). However, this sex specific effect needs to be validated by further studies.  

We found modest reduction in kidney function measured by serum β2MG and eGFR in girls 

exposed to elevated arsenic concentrations in early life but little effect in boys as presented in 

chapter 5. Risk of reduced renal function increased 3-fold in females (OR=3.02, 95% CI: 1.29-

7.10; p=0.006). This finding also needs further evaluation.  

If elevated blood pressure can be diagnosed at prehypertension stage, measures could be taken to 

prevent further progression to hypertension and cardiovascular morbidity and mortality. 

Similarly, if renal function impairment can be detected at the early stage before the substantial 

reduction in kidney function, the morbidity and death from chronic kidney diseases might be 

prevented.   

We plan to follow the full cohort of 600 children to identify early stage respiratory, 

cardiovascular, metabolic and renal effects with biomarkers. 

To conclude, this study suggests that early life arsenic is associated with long term health 

consequences in children and adolescents in rural Bangladesh. Although arsenic mitigation 

activities have been in action, a recent nation-wide survey in Bangladesh shows that 20 million 

people are still drinking water with an arsenic concentration above the national standard of 

50μg/L. If the WHO limit of 10μg/L is considered, the figure would be 45 million, over one-

fourth of the country’s total population (9). A recent study reported that 27% of children in 

Matlab are still taking tube well water with arsenic concentration above the national standard 

despite intensive mitigation efforts in this area (10).  
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Considering the magnitude of arsenic exposure status and the long term health effects, it is 

imperative to introduce effective, sustainable and affordable solutions immediately. Even if the 

exposure is stopped now and people switch to safe water, this generation might have to face 

latent effects of early life exposure, but the next generation would be free from arsenic induced 

health hazards. However, if we fail to control the exposure right now, we would allow future 

generations to be at risk of population-wide chronic morbidity and mortality (9). Although 

drinking water from deep tube-wells has been considered an immediate solution, evidence 

suggests that mere installation of deep tube-wells is not sufficient to reduce wide spread 

exposure for long periods (11). National and international stakeholders should come forward 

with a robust and pragmatic plan to mitigate arsenic contamination in Bangladesh on an urgent 

basis. We feel it would be useful to make the people aware of the deleterious effects of arsenic 

exposure through drinking water and motivate them to switch to safe water immediately.  

Arsenic in drinking water is still a prevailing public health concern in rural Bangladesh and 

demands national and international attention. 
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Appendix 

Appendix-1a: Consent form (English) 

     
    

   
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) 

Written Assent Form (For children 11-17 years)  
 
Protocol Number:  PR-12012 
Protocol Title:  Exposure to arsenic in utero and early life and effects on respiratory diseases, 
hypertension, diabetes and renal function in children and adolescents in rural Matlab, 
Bangladesh"   
Principal Investigator: Md Yunus  
Purpose of the research 
Thank you very much for being in our earlier study. We now have evidence to believe that arsenic in 
drinking water may cause various chronic illnesses including chronic lung diseases, hypertension, 
diabetes and chronic renal disease. Many studies have looked at the effects of arsenic in drinking 
water in adults, but there have been few studies on the impacts of early life exposure on risks of diseases 
such as hypertension, chronic renal failure, or pulmonary effects like reduced lung function or respiratory 
symptoms in children and adolescents. The purpose of this study is to look at how early life 
exposure of arsenic through drinking water affects the lungs, kidney, blood pressure and blood 
sugar for participants  aged 10 to 20. 
Why selected  
In our earlier study we looked at 600 children for skin lesions (changes in the skin), chronic 
respiratory symptoms including lung function and measured the level of arsenic in their drinking 
water. Using the information from that study, we have chosen two groups of children for this 
study. Among 300 exposed children, we will select 100 children with highest exposure during 
their mother’s pregnancy and in the child’s early life. Another 100 gender and age-matched 
children will be randomly selected from the 300 unexposed children. All children chosen for the 
study are between 10 and 20 years old. You are within this age range. 
What is expected from the participants? 
If you agree to be in our study, our Field Research Assistant (FRA) will ask you a list of 
questions on your drinking water sources, dietary history, socioeconomic information etc. This 
will take place at your home. This might take an hour. You will also be invited to visit Matlab 
hospital for about one and a half hours. You would need to come to the hospital without taking 
any food in the morning g At the hospital, a trained doctor will take your medical history; carry 
out a physical examination including measuring blood pressure and test how well your lung 
works. To test your lung function, you will be asked to blow into a tube as hard as you can, like 
blowing up a balloon as before. Your skin will also be examined for changes caused by arsenic. 
If it seems like there changes to your skin, photographs will be taken of your skin so that other 
doctors can see them. Under aseptic precautions, a physician/nurse will take 5 ml (1  teaspoon) 
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of venous blood for measuring  HbA1c to detect diabetes, serum CC16 (a marker of damage of 
lung cells) and β-2 microglobulin (a marker of kidney function). A trained physician/nurse will 
also collect secretions from inside of your mouth (inside both cheeks) using a small brush for 
collection of cells inside the mouth. We will ask you to give us a 60 ml urine sample for 
measurement of arsenic concentration and collection of urothelial cells (mainly cells from the 
bladder which are normally present in urine). A spot urinalysis will be done by strip to detect any 
presence of protein and sugar Both cells from the mouth (buccal cells) and bladder will be tested 
to look for changes due to arsenic. Water samples from the tube wells you used since our last 
visit will also be collected to test for arsenic concentrations. 
 
Risk and benefits 
The risk from being in this study is very small. A trained doctor will do the physical examination 
and the lung function test. The physical exam and lung test will not hurt you. The general 
medical examination by a doctor may be beneficial to you. Blood samples will be taken 
aseptically; you will just feel slight pain. 
There are no benefits to you for being in this study. All costs for travel to the Matlab centre and 
the wage loss (Tk-300.00) for that day will be paid for by the study. During the waiting time at 
the centre, drinks and snacks will be provided. You will be given “educational materials in a 
bag” as a gift for being in the study. 
Privacy, anonymity and confidentiality 
We would like you to know that none of the information collected from you and your family , 
including information from the physical examination, will be passed on to anybody else. Only 
the researchers of this study and Ethical Review Committee will be able to look at the 
information. The study records will not have your name on them. Each person will have a code 
number and this number will be used instead of the name. Your name or any information that 
could be used to identify you (find out who you are) will not be published or shared with anyone 
else.   
Future use of information 
The information collected in this study might be used in the future to continue studying the 
health effects of arsenic in water, but again information that could be used to identify you will 
not be shared. 
Right not to participate and withdraw 
Your participation is voluntary. This means that you may choose not to be in the study. You may 
also choose to stop being in the study at any time, even after you have said that you want to be in 
the study. No matter what you choose, you and other family members will receive the same 
quality care at icddr,b facilities. You do not have to answer any question that makes you feel 
uncomfortable. 
You may ask any question about this study and we shall be happy to answer it. For further 
questions you may call Dr. Md Yunus, Principal Investigator of this study (mobile 
no.01713093872) or Dr. Md Al Fazal Khan, Matlab hospital (mobile no.017130024702). If you 
feel that you have been treated unfairly or have been hurt by joining in this study you may also 
call M. A. Salam Khan, Assistant coordination Manager, IRB at icddr,b. The phone contact 
number of Mr. Khan Rahman is 02- 9886498 (Office) or 02-8860523-32 Ext 3206; Mobile 
no.01711428989. 
Do you have any questions?     Yes No 
Do you agree to be in the study?    Yes No 
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Now we are inviting you to be in our study. If you agree to be in the study, please show us that 
you agree by putting your signature (your name) or your left thumbprint in the space provided 
below.  
 
Thank you for your cooperation 
_______________________________________   ____________________ 
Signature or left thumbprint of  participant    Date 
_______________________________________   ____________________ 
Signature or left thumbprint of the parent/guardian   Date 
_______________________________________   ___________________ 
 Signature of the PI or his/her representative     Date 
 
(Note): In case of representative of the PI, she/he shall put her/his full name and designation and 
then sign 
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International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) 

Written Consent Form (18-20years)    
 
Protocol Number: PR-12012  
Protocol Title:  Exposure to arsenic in utero and early life and effects on respiratory diseases, 
hypertension, diabetes and renal function in children and adolescent in rural Matlab, 
Bangladesh"   
Principal Investigator: Md Yunus  
Purpose of the research 
Thank you very much for being in our earlier study. We now have evidence to believe that arsenic in 
drinking water may cause various chronic illnesses including chronic lung diseases, hypertension, 
diabetes and chronic renal disease. Many studies have looked at the effects of arsenic in drinking 
water in adults, but there have been few studies on the impacts of early life exposure on risks of diseases 
such as hypertension, chronic renal failure, or pulmonary effects like reduced lung function or respiratory 
symptoms in children and adolescents. The purpose of this study is to look at how early life 
exposure of arsenic through drinking water affects the lungs, kidney, blood pressure and blood 
sugar for participants  aged 10 to 20. 
 
Why selected  
In our earlier study we looked at 600 children for skin lesions (changes in the skin), chronic 
respiratory symptoms including lung function and measured the level of arsenic in their drinking 
water. Using the information from that study, we have chosen two groups of children for this 
study. Among 300 exposed children, we will select 100 children with highest exposure during 
their mother’s pregnancy and in the child’s early life. Another 100 gender-and age-matched 
children will be randomly selected from the 300 unexposed children. All children chosen for the 
study are between 10 and 20 years old.  You are within this age range. 
 
What is expected from the participants? 
If you agree to be in our study, our Field Research Assistant (FRA) will ask you a list of 
questions on your drinking water sources, dietary history, socioeconomic information etc. This 
will take place at your home. This might take an hour. You will also be invited to visit Matlab 
hospital for about one and a half hours. You would need to come to the hospital without taking 
any food in the morning g At the hospital, a trained doctor will take your medical history; carry 
out a physical examination including measuring blood pressure and test how well your lung 
works. To test your lung function, you will be asked to blow into a tube as hard as you can, like 
blowing up a balloon as before. Your skin will also be examined for changes caused by arsenic. 
If it seems like there changes to your skin, photographs will be taken of your skin so that other 
doctors can see them. Under aseptic precautions, a physician/nurse will take 5 ml (1  teaspoon) 
of venous blood for measuring  HbA1c to detect diabetes, serum CC16 (a marker of damage of 
lung cells) and β-2 microglobulin (a marker of kidney function). A trained physician/nurse will 
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also collect secretions from inside of your mouth (inside both cheeks) using a small brush for 
collection of cells inside the mouth. We will ask you to give us a 60 ml urine sample for 
measurement of arsenic concentration and collection of urothelial cells (mainly cells from the 
bladder which are normally present in urine). A spot urinalysis will be done by strip to detect any 
presence of protein and sugar. Both cells from the mouth (buccal cells) and bladder will be tested 
to look for changes due to arsenic. Water samples from the tube wells you used since our last 
visit will also be collected to test for arsenic concentrations. 
Risk and benefits 
The risk from being in this study is very small. A trained doctor will do the physical examination 
and the lung function test. The physical exam and lung test will not hurt you. The general 
medical examination by a doctor may be beneficial to you. Blood samples will be taken 
aseptically; you will just feel slight pain. 
There are no benefits to you for being in this study. All costs for travel to the Matlab centre and 
the wage loss (Tk-300.00) for that day will be paid for by the study. During the waiting time at 
the centre, drinks and snacks will be provided. You will be given “educational materials in a 
bag” as a gift for being in the study. 
Privacy, anonymity and confidentiality 
We would like you to know that none of the information collected from you and your family , 
including information from the physical examination, will be passed on to anybody else. Only 
the researchers of this study and Ethical Review Committee will be able to look at the 
information. The study records will not have your name on them. Each person will have a code 
number and this number will be used instead of the name. Your name or any information that 
could be used to identify you (find out who you are) will not be published or shared with anyone 
else.   
Future use of information 
The information collected in this study might be used in the future to continue studying the 
health effects of arsenic in water, but again information that could be used to identify you will 
not be shared. 
Right not to participate and withdraw 
Your participation is voluntary. This means that you may choose not to be in the study. You may 
also choose to stop being in the study at any time, even after you have said that you want to be in 
the study. No matter what you choose, you and other family members will receive the same 
quality care at icddr,b facilities. You do not have to answer any question that makes you feel 
uncomfortable. 
You may ask any question about this study and we shall be happy to answer it. For further 
questions you may call Dr. Md Yunus, Principal Investigator of this study (mobile 
no.01713093872) or Dr. Md Al Fazal Khan, Matlab hospital (mobile no.017130024702). If you 
feel that you have been treated unfairly or have been hurt by joining in this study you may also 
call M. A. Salam Khan, Assistant coordination Manager, IRB at icddr,b. The phone contact 
number of Mr. Khan Rahman is 02- 9886498 (Office) or 02-8860523-32 Ext 3206; Mobile 
no.01711428989. 
Do you have any questions?     Yes No 
Do you agree to be in the study?    Yes No 
Now we are inviting you to be in our study. If you agree to be in the study, please show us that 
you agree by putting your signature (your name) or your left thumbprint in the space provided 
below.  
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Thank you for your cooperation 
_______________________________________   ____________________ 
Signature or left thumbprint of participant    Date 
_______________________________________   ____________________ 
Signature or left thumbprint of the witness    Date 
_______________________________________   ___________________ 
 Signature of the PI or his/her representative     Date 
(Note): In case of representative of the PI, she/he shall put her/his full name and designation and 
then sign 
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Appendix- 1b: Consent form (English) (Pdf) 
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Appendix-2a: Consent form (Bangla) 
 

Avš—R©vwZK D`vivgq M‡elYv †K›`ª, evsjv‡`k 
wjwLZ m¤§wZ cÎ (Assent)(11-17 erm‡ii ‡Q‡j/†g‡q‡`i Rb¨) 

 
M‡elYv b¤^i: PR- 12012 
M‡elYvi wk‡ivbvg: : Mf©ve ’̄vq Ges Lye Aí eq‡m Av‡m©wb‡Ki †`vlb Ges ev”Pv‡`i I wK‡kvi- wK‡kvix‡`i ^̄vm-
cȪ ^vmRwbZ AmyL, i³Pvc, WvB‡ewUm Ges gyÎvk‡qi Kvh©KvwiZvi Dci cÖfve|    
cÖavb M‡elK: Wvt †gvnv¤§` BDbym 
 
M‡elYvi D‡Ïk¨: 
Avgv‡`i c~‡e©i Av‡m©wbK M‡elYvq AskMÖnY-Gi Rb¨ Avcbv‡K ab¨ev`| GLb Avgv‡`i Kv‡Q we ^̄vm‡hvM¨ wKQy Z_¨-cÖgvb 
Av‡Q †h, Av‡m©wbKhy³ cvwb cvb Ki‡j dzmdz‡mi †ivM, D”P i³Pvc I WvB‡ewUm mn wewfbœ ai‡bi `xN©‡gqv`x AmyL n‡Z 
cv‡i| Av‡m©wbKhy³ cvwb cvb Ki‡j eq¯‹‡`i Dci wK cÖwZwμqv n‡Z cv‡i G wb‡q A‡bK M‡elbv Kiv n‡q‡Q wKš‘ Aí eqm 
†_‡K Av‡m©wbKhy³ cvwb cvb Kivi d‡j ev”Pv‡`i I wK‡kvi-wK‡kvix‡`i wewfbœ †iv‡Mi SzwK †hgb D”Pi³Pvc, gyÎMÖwš’i 
`xN©‡gqv`x AKvh©̈ KvixZv, dzmdz‡mi Dci cÖfve †hgb dzmdz‡mi Kvh©¨KvwiZv K‡g hvIqv A_ev ¯^vmcÖ¯^vmRwbZ j¶‡bi 
†¶‡Î Aí msL¨K M‡elYv Kiv n‡q‡Q| GB M‡elYvi D‡Ïk¨ nj Lye Aí eq‡m Lvevi cvwb‡Z Av‡m©wbK `~l‡Yi d‡j 10 - 
20 ermi eq‡mi gvby‡li dzmdzm, gyÎMÖwš’, i³Pvc I i‡³i wPwbi Dci wKfv‡e cÖfve †d‡j Zv †`Lv|   
 

wbe©vP‡bi KviY: 
c~‡e©i Av‡m©wbK M‡elYvq Avgiv 600 ev”Pvi Dci Av‡m©wbKRwbZ Pvgovi ¶Z, dzmdz‡mi Kvh©KvwiZv mn `xN©‡gqv`x ^̄vm-
cÖ¯^vmRwbZ †iv‡Mi j¶Y Ges Zv‡`i Lvevi cvwb‡Z Av‡m©wb‡Ki gvÎv wba©iY K‡iwQ| D³ M‡elYvi Z_¨ e¨envi K‡i Avgiv 
`yB `j ev”Pv †e‡Q wb‡qwQ| Av‡m©wb‡Ki gvÎv †ekx wQj Ggb 300 Rb ev”Pv †_‡K Avgiv Ggb 100 Rb ev”Pv wba©viY Kie 
hv‡`i gv‡hi †c‡U _vKv Kvjxb Ae ’̄vq Ges Aí eq‡mi mgq me‡P‡q DPz gvÎvq Av‡m©wbK wQj| wj½ I eqm Abyiƒc nIqv 
Av‡iv 100 ev”Pv hv‡`i Av‡m©wb‡Ki gvÎv cÖwZ wjUv‡i 10 gvB‡μvMÖvg Gi Kg wQj Zv‡`i †_‡K ˆbe ©̈wZ¨K Dcv‡q (jUvix 
K‡i) wba©viY Kie| mg Í̄ AskMÖnYKvix‡`i eqm 10 - 20 erm‡ii g‡a¨ n‡Z n‡e| Avcwb †h‡Kv‡bv GK `‡j GB eqm 
mxgvi gv‡S Av‡Qb|  
 
AskMÖnYKvixi wbKU †_‡K cÖZ¨vkv:  
Avcwb hw` Avgv‡`i G M‡elYvq AskMÖnY Ki‡Z ivwR nb Z‡e Avgv‡`i gvV M‡elYv Kgx© Avcbv‡K Avcbvi Lvevi cvwbi 
Drm mgyn, Lv`¨ MÖn‡Yi BwZnvm, Av_©mvgvwRK Ae¯’v BZ¨vw` wel‡qi Dci wKQy cÖkœ wRÁvmv Ki‡eb| GUv Ki‡Z GK N›Uvi 
gZ mgq jvM‡Z cv‡i| Avcbv‡K cÖvq GK N›Uv 30 wgwb‡Ui Rb¨ gZje nvmcvZv‡j Avm‡Z n‡e| nvmcvZv‡j GKRb 
cÖwk¶YcÖvß Wv³vi Avcbvi ^̄v¯’¨ m¤ú‡K© BwZnvm msMÖn Ges i³Pvc gvcv I dzmdz‡mi Kvh©KvwiZv mn kvixwiK cix¶v 
Ki‡eb| dzmdz‡mi Kvh©̈ KvwiZv cix¶v Kivi mgq c~‡e©i gZ Avcbv‡K GKwU b‡ji g‡a¨ Lye †Rv‡i duy w`‡Z n‡e †hgb K‡i 
†ejyb dzjv‡bv nq| Av‡m©wb‡Ki Rb¨ Pvgovq †Kv‡bv cwieZ©b n‡q‡Q wKbv ZvI cix¶v Kiv n‡e| hw` Pvgovq m‡›`nRbK 
†Kv‡bv cwieZ©b †`Lv hvq Zvn‡j H ’̄v‡bi Pvgovi Qwe †Zvjv n‡e hv‡Z Ab¨vb¨ Wv³viMY †`L‡Z cv‡i| Rxevby bv Qov‡bvi 
e¨vcv‡i mg Í̄ mZK©Zvg~jK e¨e ’̄v MÖnY c~e©K GKRb Wv³vi ev bvm© Avcbvi i‡³i Afy³ Ae¯’vq wPwbi cwigvb, i‡³ wmwm 
16 (dzmdz‡mi  †Kv‡li welv³Zv eySvi wb‡ ©̀kK) cwigvc Kivi Rb¨ Avcbvi kix‡ii wkiv †_‡K 5 wgt wjt (1 PvgP) cwigvb 
i³ msMÖn Ki‡eb| GKRb cÖwk¶Y cÖvß Wv³vi ev bvm© gy‡Li †Kvl (Buccal cells) msMÖn Kivi Rb¨ GKwU gy‡Li †mvqve 
(cyto brush) Øviv Avcbvi `yB Mv‡ji wfZ‡ii w`K †_‡K gy‡Li jvjv msMÖn Ki‡eb| Av‡m©wb‡Ki cwigvY gvcvi Rb¨ Ges 
gyÎ_jxi †Kvl (urothelial cell) msMÖ‡ni Rb¨ Avgiv Avcbv‡K 60 wgt wjt cÖmªve †`evi Rb¨ Aby‡iva Kie| gy‡Li †Kvl 
(Buccal cells) Ges gyÎ_jxi‡Kvl (urothelial cell)  DfqB  DNA ev eskvbyMwZ wba©vi‡bi ‡¶‡Î GB cq©šÍ †Kv‡bv 
cÖKvi cwieZ©b n‡q‡Q Zv cix¶v Kivi Rb¨|   
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M‡elbvi SzwK Ges AskMÖn‡bi myweav: 
GB M‡elbvq AskMÖn‡b SzwK LyeB mvgvb¨| GKRb AwfÁ Ges cÖwk¶YcÖvß wPwKrmK Avcbvi kvixwiK cix¶v Ges 
dzmdz‡mi  Kvh©¨KvwiZv cix¶v Ki‡eb| kvixwiK Ges dzmdz‡mi Kvh©¨KvwiZv cix¶vq Avcbvi †Kv‡bv AvNvZ jvM‡ebv| 
GKRb Wv³vi Øviv Avcbvi mvavib ¯^v¯’¨ cix¶v Avcbvi Rb¨ g½jRbK n‡Z cv‡i|  Rxevby bv Qov‡bvi e¨vcv‡i 
mZK©Zvg~jK e¨e¯’v MÖnY Kwiqv i³ msMÖn Kiv n‡e Ges G‡Z Avcwb mvgvb¨ e¨v_v Abyfe Ki‡Z cv‡ib| 

GB M‡elbvq AskªMÖn‡bi Rb¨ †Kvb mivmwi myweavw` †bB| gZje †m›Uv‡i hvZvqv‡Zi mg¯Í LiP Ges H w`‡bi gRyix 
‡jvKmvb  eve` 300 UvKv GB M‡elYvi c¶ †_‡K Avcbv‡K †`qv n‡e| gZje †m›Uv‡i A‡c¶vKvjxb mg‡q Avcbv‡K bv¯—
v Ges cvbxq †`Iqv n‡e| GB M‡elYvq AskMÖn‡Yi Rb¨ Avcbv‡K GKwU e¨v‡M cÖ‡qvRbxq wk¶vg~jK wRwblcÎ Dcnvi 
wnmv‡e †`Iqv n‡e|   
 
‡MvcbxqZv, bvgnxbZv Ges wek¦̄ —Zv : 
Avgviv Avcbv‡K Rvbv‡Z PvB ‡h, Avcbvi ¯^v¯’¨MZ cix¶vi djvdj mn Avcbvi Ges Avcbvi cwievi †_‡K msMªn Kiv 
†Kvb Z_¨ Ab¨ KvD‡K †`Iqv n‡e bv| ïa~ gvÎ G M‡elbvi M‡elKMY Ges bxwZ ch©v‡jvPbv KwgwU (B Avi wm) Gme Z_¨ 
‡`L‡Z cvi‡eb| GB M‡elYvq ‡Kvb KvMR-c‡Î Avcbvi bvg _vK‡e bv | cÖ‡Z¨K e¨w³i Rb¨ GKwU mvs‡KwZK b¤^i ‡`qv 
n‡e Ges bv‡gi e`‡j GB mvs†KwZK b¤^i e¨envi Kiv n‡e| Avcbvi bvg A_ev ‡Kv‡bv Z_¨ hv w`‡q Avcbv‡K mbv³ Kiv 
hvq Zvnv cÖKvk Kiv n‡e bv A_ev Ab¨ KvD‡K †`Iqv n‡e bv|  
 
fwel¨‡Z e¨envi‡hvM¨ Z_¨: 
G M‡elYvq msMÖn Kiv Z_¨ cvwb‡Z Av‡m©wbK ~̀l‡bi Øviv ¯^v‡¯’¨i Dci cÖfve m¤úwK©Z M‡elbvi Kv‡R fwel¨‡Z e¨envi 
Kiv †h‡Z cv‡i|  Z‡e ZL‡bv Avcbv‡K mbv³ Kiv hvq Ggb †Kvb Z_¨ Ab¨ KvD‡K †`Iqv n‡e bv|   
 
AskMÖnY bv Kivi Ges cÖZ¨vnvi Kivi AwaKvi:  
GB M‡elbvq AskMÖnb Avcbvi ‡¯^”Qvaxb| GUvi A_© GB †h Avcwb GB M‡elYvq AskMÖnY bvI Ki‡Z cv‡ib| Avcwb 
‡h‡Kv‡bv mgq GB M‡elbvq Ask MÖnY †_‡K weiZ _vK‡Z cv‡ib GgbwK hw`I Avcwb e‡j wQ‡jb †h Avcwb GUv‡Z 
AskMªnb Ki‡Z Pvb|Avcwb hvB wmÜvšÍ †bb bv †Kb Avcwb Ges Avcbvi cwiev‡ii Ab¨ m`m¨Mb AvB wm wW wW Avi we 
wPwKrmv †K› ª̀¸‡jv †_‡K GKB gv‡bi ‡mev cv‡eb| Avcwb †Kvb A¯^w¯— †eva K‡ib Ggb †Kv‡bv cÖ‡kœi DËi Avcbv‡K w`‡Z 
n‡e bv| Avcwb GB M‡elbvi e¨vcv‡i †h †Kvb cÖkœ Ki‡Z cv‡ib Ges Avgiv Lywk g‡b Gi DËi †`e| GB M‡elYv cÖm‡½ 
Avcwb hw` AviI wKQz Rvb‡Z Pvb Zvn‡j Wvt ‡gvt BDbym, GB M‡elYv Kv‡Ri cÖavb M‡elK (†gvevBj b¤̂i 
01713093872) A_ev Wvt †gvt Avj& dRj Lvb (†gvevBj b¤^i 017130024702) gZje nvmcvZvj Gi m‡½ †hvMv‡hvM 
Ki‡Z cv‡ib| Avcwb hw` g‡b K‡ib ‡h Avcbvi m‡½ †Kvb Ab¨vq AvPiY Kiv n‡q‡Q A_ev GB M‡elYvq †hvM`v‡bi d‡j 
Avcwb AvNvZcÖvß n‡q‡Qb Zvn‡j Avcwb Rbve Gm G mvjvg Lvb, mnKvix mgš^qKvix e¨e ’̄vcK, AvB wm wW wW Avi we 
cÖvwZôvwbK ch©v‡jvPbv †evW© Gi m‡½ †hvMv‡hvM Ki‡Z cv‡ib| Rbve mvjvg Lv‡bi m‡½ †hvMv‡hv‡Mi bv¤̂vi nj 02-
988494 (Awdm) A_ev 02-8860523-32 G·‡Ubkb 3206 A_ev †gvevBj bs - 01711428989| 
 
Avcbvi wK †Kvb cÖkœ Av‡Q?     nu¨v  bv 
Avcwb wK G M‡elYvq AskMÖn‡Yi Rb¨ m¤§Z Av‡Qb?  nu¨v  bv 
 
GLb Avgiv Avcbv‡K G M‡elYvq AskMÖn‡bi Rb¨ Avgš¿Y Rvbvw”Q| Avcwb hw` G M‡elYvq AskMÖnY Ki‡Z ivRx _v‡Kb 
Zvn‡j AbyMÖnc~e©K bx‡P wba©vwiZ ¯’v‡b Avcbvi ¯^v¶i A_ev evg nv‡Zi e„×v½ywji wUc w`b| 
 
 
ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ   ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ 
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AskMÖnbKvixi ^̄v¶i A_ev evg nv‡Zi e„×v½ywji wUc     ZvwiL 
 
ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ   ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ 
Awffve‡Ki ^̄v¶i A_ev evg nv‡Zi e„×v½ywji wUc     ZvwiL 
 
ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ   ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ 
cÖavb M‡elK/cÖwZwbwai ¯^v¶i        ZvwiL 
 
 
(‡bvU: cÖavb M‡elK Gi cÖwZwbwai †¶‡Î c~Y©v½ bvg, c`ex Ges ¯^v¶i D‡j−L Ki‡Z n‡e|) 
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Avš—R©vwZK D`vivgq M‡elYv †K›`ª, evsjv‡`k 
wjwLZ m¤§wZ cÎ (18-20 erm‡ii Rb¨) 

 
M‡elYv b¤^i: PR- 12012 
M‡elYvi wk‡ivbvg: : Mf©ve ’̄vq Ges Lye Aí eq‡m Av‡m©wb‡Ki †`vlb Ges ev”Pv‡`i I wK‡kvi- wK‡kvix‡`i ^̄vm-
cȪ ^vmRwbZ AmyL, i³Pvc, WvB‡ewUm Ges gyÎvk‡qi Kvh©KvwiZvi Dci cÖfve|    
cÖavb M‡elK: Wvt †gvnv¤§` BDbym 
 
M‡elYvi D‡Ïk¨: 
Avgv‡`i c~‡e©i Av‡m©wbK M‡elYvq AskMÖnY-Gi Rb¨ Avcbv‡K ab¨ev`| GLb Avgv‡`i Kv‡Q we ^̄vm‡hvM¨ wKQy Z_¨-cÖgvb 
Av‡Q †h, Av‡m©wbKhy³ cvwb cvb Ki‡j dzmdz‡mi †ivM, D”P i³Pvc I WvB‡ewUm mn wewfbœ ai‡bi `xN©‡gqv`x AmyL n‡Z 
cv‡i| Av‡m©wbKhy³ cvwb cvb Ki‡j eq¯‹‡`i Dci wK cÖwZwμqv n‡Z cv‡i G wb‡q A‡bK M‡elbv Kiv n‡q‡Q wKš‘ Aí eqm 
†_‡K Av‡m©wbKhy³ cvwb cvb Kivi d‡j ev”Pv‡`i I wK‡kvi-wK‡kvix‡`i wewfbœ †iv‡Mi SzwK †hgb D”Pi³Pvc, gyÎMÖwš’i 
`xN©‡gqv`x AKvh©̈ KvixZv, dzmdz‡mi Dci cÖfve †hgb dzmdz‡mi Kvh©̈ KvwiZv K‡g hvIqv A_ev ¯^vmcÖ¯^vmRwbZ j¶‡bi 
†¶‡Î Aí msL¨K M‡elYv Kiv n‡q‡Q| GB M‡elYvi D‡Ïk¨ nj Lye Aí eq‡m Lvevi cvwb‡Z Av‡m©wbK †`vl‡Yi d‡j 10 - 
20 ermi eq‡mi gvby‡li dzmdzm, gyÎMÖwš’, i³Pvc I i‡³i wPwbi Dci wKfv‡e cÖfve †d‡j Zv †`Lv|   
 

wbe©vP‡bi KviY: 
c~‡e©i Av‡m©wbK M‡elYvq Avgiv 600 ev”Pvi Dci Av‡m©wbKRwbZ Pvgivi ¶Z, dzmdz‡mi Kvh©KvwiZv mn `xN©‡gqv`x ^̄vm-
cÖ¯^vmRwbZ †iv‡Mi j¶Y Ges Zv‡`i Lvevi cvwb‡Z Av‡m©wb‡Ki gvÎv wba©iY K‡iwQ| D³ M‡elYvi Z_¨ e¨envi K‡i Avgiv 
`yB `j ev”Pv †e‡Q wb‡qwQ| Av‡m©wb‡Ki gvÎv †ekx wQj Ggb 300 Rb ev”Pv †_‡K Avgiv Ggb 100 Rb ev”Pv wba©viY Kie 
hv‡`i gv‡hi †c‡U _vKv Kvjxb Ae ’̄vq Ges Aí eq‡mi mgq me‡P‡q DPz gvÎvq Av‡m©wbK wQj| wj½ I eqm Abyiƒc nIqv 
Av‡iv 100 ev”Pv hv‡`i Av‡m©wb‡Ki gvÎv cÖwZ wjUv‡i 10 gvB‡μvMÖvg Gi Kg wQj Zv‡`i †_‡K ˆbe ©̈wZ¨K Dcv‡q (jUvix 
K‡i) wba©viY Kie| mg Í̄ AskMÖnYKvix‡`i eqm 10 - 20 erm‡ii g‡a¨ n‡Z n‡e| Avcwb †h‡Kv‡bv GK `‡j GB eqm 
mxgvi gv‡S Av‡Qb|  
 
AskMÖnYKvixi wbKU †_‡K cÖZ¨vkv:  
Avcwb hw` Avgv‡`i G M‡elYvq AskMÖnY Ki‡Z ivwR nb Z‡e Avgv‡`i gvV M‡elYv Kgx© Avcbv‡K Avcbvi Lvevi cvwbi 
Drm mgyn, Lv`¨ MÖn‡Yi BwZnvm, Av_©mvgvwRK Ae¯’v BZ¨vw` wel‡qi Dci wKQy cÖkœ wRÁvmv Ki‡eb| GUv Ki‡Z GK N›Uvi 
gZ mgq jvM‡Z cv‡i| Avcbv‡K cÖvq GK N›Uv 30 wgwb‡Ui Rb¨ gZje nvmcvZv‡j Avm‡Z n‡e| nvmcvZv‡j GKRb 
cÖwk¶YcÖvß Wv³vi Avcbvi ^̄v¯’¨ m¤ú‡K© BwZnvm msMÖn Ges i³Pvc gvcv I dzmdz‡mi Kvh©KvwiZv mn kvixwiK cix¶v 
Ki‡eb| dzmdz‡mi Kvh©̈ KvwiZv cix¶v Kivi mgq c~‡e©i gZ Avcbv‡K GKwU b‡ji g‡a¨ Lye †Rv‡i duy w`‡Z n‡e †hgb K‡i 
†ejyb dzjv‡bv nq| Av‡m©wb‡Ki Rb¨ Pvgovq †Kv‡bv cwieZ©b n‡q‡Q wKbv ZvI cix¶v Kiv n‡e| hw` Pvgovq m‡›`nRbK 
†Kv‡bv cwieZ©b †`Lv hvq Zvn‡j H ’̄v‡bi Pvgovi Qwe †Zvjv n‡e hv‡Z Ab¨vb¨ Wv³viMY †`L‡Z cv‡i| Rxevby bv Qov‡bvi 
e¨vcv‡i mg Í̄ mZK©Zvg~jK e¨e ’̄v MÖnY c~e©K GKRb Wv³vi ev bvm© Avcbvi i‡³i Afy³ Ae¯’vq wPwbi cwigvb, i‡³ wmwm 
16 (dzmdz‡mi  †Kv‡li welv³Zv eySvi wb‡ ©̀kK) cwigvc Kivi Rb¨ Avcbvi kix‡ii wkiv †_‡K 5 wgt wjt (1 PvgP) cwigvb 
i³ msMÖn Ki‡eb| GKRb cÖwk¶Y cÖvß Wv³vi ev bvm© gy‡Li †Kvl (Buccal cells) msMÖn Kivi Rb¨ GKwU gy‡Li †mvqve 
(cyto brush) Øviv Avcbvi `yB Mv‡ji wfZ‡ii w`K †_‡K gy‡Li jvjv msMÖn Ki‡eb| Av‡m©wb‡Ki cwigvY gvcvi Rb¨ Ges 
gyÎ_jxi †Kvl (urothelial cell) msMÖ‡ni Rb¨ Avgiv Avcbv‡K 60 wgt wjt cÖmªve †`evi Rb¨ Aby‡iva Kie| gy‡Li †Kvl 
(Buccal cells) Ges gyÎ_jxi‡Kvl (urothelial cell)  DfqB  DNA ev eskvbyMwZ wba©vi‡bi ‡¶‡Î GB cq©šÍ †Kv‡bv 
cÖKvi cwieZ©b n‡q‡Q Zv cix¶v Kivi Rb¨|   
 
M‡elbvi SzwK Ges AskMÖn‡bi myweav: 
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GB M‡elbvq AskMÖn‡b SzwK LyeB mvgvb¨| GKRb AwfÁ Ges cÖwk¶YcÖvß wPwKrmK Avcbvi kvixwiK cix¶v Ges 
dzmdz‡mi  Kvh©¨KvwiZv cix¶v Ki‡eb| kvixwiK Ges dzmdz‡mi Kvh©¨KvwiZv cix¶vq Avcbvi †Kv‡bv AvNvZ jvM‡ebv| 
GKRb Wv³vi Øviv Avcbvi mvavib ^̄v ’̄̈  cix¶v Avcbvi Rb¨ g½jRbK n‡Z cv‡i| Rxevby bv Qov‡bvi e¨vcv‡i 
mZK©Zvg~jK e¨e¯’v MÖnY Kwiqv i³ msMÖn Kiv n‡e Ges G‡Z Avcwb mvgvb¨ e¨v_v Abyfe Ki‡Z cv‡ib| 

GB M‡elbvq AskªMÖn‡bi Rb¨ †Kvb mivmwi myweavw` †bB| gZje †m›Uv‡i hvZvqv‡Zi mg¯Í LiP Ges H w`‡bi gRyix 
‡jvKmvb  eve` 300 UvKv GB M‡elYvi c¶ †_‡K Avcbv‡K †`qv n‡e| gZje †m›Uv‡i A‡c¶vKvjxb mg‡q Avcbv‡K bv¯—
v Ges cvbxq †`Iqv n‡e| GB M‡elYvq AskMÖn‡Yi Rb¨ Avcbv‡K GKwU e¨v‡M cÖ‡qvRbxq wk¶vg~jK wRwblcÎ Dcnvi 
wnmv‡e †`Iqv n‡e|   
 
‡MvcbxqZv, bvgnxbZv Ges wek¦̄ —Zv : 
Avgviv Avcbv‡K Rvbv‡Z PvB ‡h, Avcbvi ¯^v¯’¨MZ cix¶vi djvdj mn Avcbvi Ges Avcbvi cwievi †_‡K msMªn Kiv 
†Kvb Z_¨ Ab¨ KvD‡K †`Iqv n‡e bv| ïa~ gvÎ G M‡elbvi M‡elKMY Ges bxwZ ch©v‡jvPbv KwgwU (B Avi wm) Gme Z_¨ 
‡`L‡Z cvi‡eb| GB M‡elYvq ‡Kvb KvMR-c‡Î Avcbvi bvg _vK‡e bv | cÖ‡Z¨K e¨w³i Rb¨ GKwU mvs‡KwZK b¤^i ‡`qv 
n‡e Ges bv‡gi e`‡j GB mvs†KwZK b¤^i e¨envi Kiv n‡e| Avcbvi bvg A_ev ‡Kv‡bv Z_¨ hv w`‡q Avcbv‡K mbv³ Kiv 
hvq Zvnv cÖKvk Kiv n‡e bv A_ev Ab¨ KvD‡K †`Iqv n‡e bv|  
 
fwel¨‡Z e¨envi‡hvM¨ Z_¨: 
G M‡elYvq msMÖn Kiv Z_¨ cvwb‡Z Av‡m©wbK ~̀l‡bi Øviv ¯^v‡¯’¨i Dci cÖfve m¤úwK©Z M‡elbvi Kv‡R fwel¨‡Z e¨envi 
Kiv †h‡Z cv‡i|  Z‡e ZL‡bv Avcbv‡K mbv³ Kiv hvq Ggb †Kvb Z_¨ Ab¨ KvD‡K †`Iqv n‡e bv|   
 
AskMÖnY bv Kivi Ges cÖZ¨vnvi Kivi AwaKvi:  
GB M‡elbvq AskMÖnb Avcbvi ‡¯^”Qvaxb| GUvi A_© GB †h Avcwb GB M‡elYvq AskMÖnY bvI Ki‡Z cv‡ib| Avcwb 
‡h‡Kv‡bv mgq GB M‡elbvq Ask MÖnY †_‡K weiZ _vK‡Z cv‡ib GgbwK hw`I Avcwb e‡j wQ‡jb †h Avcwb GUv‡Z 
AskMªnb Ki‡Z Pvb|Avcwb hvB wmÜvšÍ †bb bv †Kb Avcwb Ges Avcbvi cwiev‡ii Ab¨ m`m¨Mb AvB wm wW wW Avi we 
wPwKrmv †K› ª̀¸‡jv †_‡K GKB gv‡bi ‡mev cv‡eb| Avcwb †Kvb A¯^w¯— †eva K‡ib Ggb †Kv‡bv cÖ‡kœi DËi Avcbv‡K w`‡Z 
n‡e bv| Avcwb GB M‡elbvi e¨vcv‡i †h †Kvb cÖkœ Ki‡Z cv‡ib Ges Avgiv Lywk g‡b Gi DËi †`e| GB M‡elYv cÖm‡½ 
Avcwb hw` AviI wKQz Rvb‡Z Pvb Zvn‡j Wvt ‡gvt BDbym, GB M‡elYv Kv‡Ri cÖavb M‡elK (†gvevBj b¤̂i 
01713093872) A_ev Wvt †gvt Avj& dRj Lvb (†gvevBj b¤^i 017130024702) gZje nvmcvZvj Gi m‡½ †hvMv‡hvM 
Ki‡Z cv‡ib| Avcwb hw` g‡b K‡ib ‡h Avcbvi m‡½ †Kvb Ab¨vq AvPiY Kiv n‡q‡Q A_ev GB M‡elYvq †hvM`v‡bi d‡j 
Avcwb AvNvZcÖvß n‡q‡Qb Zvn‡j Avcwb Rbve Gm G mvjvg Lvb, mnKvix mgš^qKvix e¨e ’̄vcK, AvB wm wW wW Avi we 
cÖvwZôvwbK ch©v‡jvPbv †evW© Gi m‡½ †hvMv‡hvM Ki‡Z cv‡ib| Rbve mvjvg Lv‡bi m‡½ †hvMv‡hv‡Mi bv¤̂vi nj 02-
988494 (Awdm) A_ev 02-8860523-32 G·‡Ubkb 3206 A_ev †gvevBj bs - 01711428989| 
 
 
Avcbvi wK †Kvb cÖkœ Av‡Q?     nu¨v  bv 
Avcwb wK G M‡elYvq AskMÖn‡Yi Rb¨ m¤§Z Av‡Qb?  nu¨v  bv 
 
GLb Avgiv Avcbv‡K G M‡elYvq AskMÖn‡bi Rb¨ Avgš¿Y Rvbvw”Q | Avcwb hw` G M‡elYvq AskMÖnY Ki‡Z ivRx _v‡Kb 
Zvn‡j AbyMÖnc~e©K bx‡P wba©vwiZ ¯’v‡b Avcbvi ¯^v¶i A_ev evg nv‡Zi e„×v½ywji wUc w`b| 
 
 
 
ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ   ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ 
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AskMÖnbKvixi ^̄v¶i A_ev evg nv‡Zi e„×v½ywji wUc     ZvwiL 
 
ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ   ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ 
cÖavb M‡elK/cÖwZwbwai ¯^v¶i        ZvwiL 
 
 
(‡bvU: cÖavb M‡elK Gi cÖwZwbwai †¶‡Î c~Y©v½ bvg, c`ex Ges ¯^v¶i D‡j−L Ki‡Z n‡e|) 
 

 

Appendix-2b: Consent form (Bangla)(Pdf)  
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Appendix 3a: Parental main quenstionnair  
 

PARENTAL MAIN QUESTIONNAIRE 
 

CID: |___|___|___|___|___|___|___|___|___| 
 
 

RID: |___|___|___|___|___|___|___|___|___|___| 

Starting Time: |___|___| . |___|___| AM/PM                                            Date: |__|__|__|__|__|__| 
DD/MM/YY 
 
Respondent will be the primary caretaker (usually the mother) of the participant.  For questions with [child’s 
name], please insert the participant’s name when asking the question. 

Respondent’s relationship to participant:________________  
  
GLb Avwg wKQy mvavib cÖkœ wRÁvmv Kie--------------------- (mšÍv‡bi bvg)Õi Avi Avcbvi cwievi m¤ú‡K©| 
I am going to start by asking you some general questions about [child’s name] and your family. 
 
1.     _____________ (mšÍv‡bi bvg) eqm KZ? / What is [child’s name]’s age?     |___|___| Years 
     
(If the parent is not sure about participant’s birth date, ask the following questions.) 
 
2.  _____________ (mšÍv‡bi bvg) †Kvb K¬v‡m c‡o?     |___|___| 
2. Which grade school is [child’s name] in currently?  
       (“NA” means the child does not goes to school currently) 

          
3.      eo, †QvU wgwj‡q Avcbvi cwiev‡i †gvU KZRb GKB N‡i evm K‡ib?    |___|___|  
3.      How many family members live in your current house (include both children and adults)?  
 
RESIDENCE HISTORY  
 
(Keep inserting the years, house and water source numbers as you ask the following questions in the time log 
boxes on the loose sheet.  Staple the sheet at the end of the interview. This is to work out the historical 
drinking and cooking water exposure throughout the participant’s life time.  The detailed questions are on 
the following pages.) 
 
 
                                                 
 

1.      ____________ (mšÍv‡bi bvg) †Kvb mv‡j R‡b¥wQj?    
 
 (Insert the year on the line above, at the spot noted by YOB of the child) 
      

2.      (mšÍv‡bi bvg) Rb¥vevi ci †_‡K wK GB evwo‡ZB Av‡Qb? 
2.       Have you been  staying  in the same house since our last visit?  Yes   Go to page 2. 
           / No   
 

3.    _____________ ((mšÍv‡bi bvg) Rb¥vevi ci KZ¸wj evwo‡Z †_‡K‡Qb? (6 gvm A_ev AwaK)  
|___|___| 
3.       How many houses have you lived in since our last visit(6 months or more)? 
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RESIDENTIAL WATER HISTORY - CURRENT HOUSE, CURRENT SOURCE 
SECTION H1T1 

 
1a  ‡Kvb mv‡j GB evwo‡Z cÖ_g Avmv n‡qwQj?      |___|___|___|___| 
1a . In what year did you move into your current house (house #1)? 
 

1b. ____________ (mšÍv‡bi bvg) eqm ZLb KZwQj?      |___|___| eQi 
   (How old was [child’s name] then?)  
           (“xx” means the child was not born) 

 
1c  (mšÍv‡bi bvg)GB evwo‡Z _vKvKvjxb cvwbi RvqMvi †Kvb cwieZ©b n‡q‡Q?  
1c.               Was there any change in your water source while you lived in your current house?       Yes  

                                               No 
 Go to Q 1e    

1d. KZevi cvwbi RvqMv cwieZ©b n‡q‡Q?  (How many changes were there in your water source?)   |___|___|  
              Here 00 means no change in water source. 01 means she had two water sources (T1 & T2). 
 
1e.    Avcwb wK GLb LvIqv I ivbœvi Rb¨ GKwU bvwK GKvwaK RvqMv †_‡K cvwb Av‡bb?  
1e.  Do you currently get water for drinking and cooking from just one source or more than one source (check)? 
 
            gvÎ GKwU  (Just one)        
              G‡Ki †ekx  (More than one)    Go to 
Q.2 
 
1f.    cvwbi RvqMv wK? †Kv_v †_‡K cvwb Av‡bb? (Kj bv cvZ Kz‡qv bv cyKzi bv UvBg Kj?) 
1f.   i)  What is the water source? 

________________________________________________________________________________________________ 
  

(Probe: What is it?  For example, which tubewell, pond, supply water? What is the location?)   
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 

.  
v) Name of the tubewell owner    …………………………………………………………… 

 
2.     KZ¸‡jv RvqMv †_‡K GLb cvwb Av‡bb?  (How many sources now?)   |___|___| 
     
3.    me cvwbi RvqMv¸‡jv ejyb Avi †Kv_v †_‡K KZfvM cvwb LvIqv I ivbœvi Rb¨ †bIqv nq Zvi cwigvY ejyb?  
.     Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtain from each of these 

sources.   
 

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for 
each source and make sure the proportions add to one for all the sources combined.) 

  
3a.            i)  Avcbv‡`i †ewkifvM mgq †Kv_v †_‡K LvIqv I ivbœvi Rb¨ cvwb Av‡bb?  

i) What is the primary source of drinking and cooking water?      _________________________  
 ii) HLvb †_‡K †gU KZfvM cvwb e¨envi K‡ib?  

ii) What is the proportion of water you use from this source?                     <1/4,    1/4,    1/2,    3/4,    >3/4 
 



102 
 

ii) Sample collected     Y      /      N  iii) Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tube well owner    …………………………………………………………… 

 
 
3b.  i) Avcbv‡`i wØZxq cvwbi RvqMv wK?  
 i) What is the second source of drinking and cooking water?   ________________________   
 ii)  HLvb †_‡K wK cwigvY cvwb e¨envi K‡ib?  

ii) What is the proportion of water you use from this source?       <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii) Sample collected     Y      /      N  iii) Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
3c.  i) Avcbv‡`i cvwbi Z…Zxq RvqMv wK?  
 i) What is the third source of drinking and cooking water?     _______________________ 
 ii) HLvb †_‡K wK cwigvY cvwb e¨envi K‡ib?  

ii) What is the proportion of water you use from this source?     <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii) Sample collected     Y      /      N  iii) Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
3d. i)  Avcbv‡`i PZz_ cvwbi © RvqMv wK?  

i) What is the fourth source of drinking and cooking water?       _______________________           
 ii) HLvb †_‡K wK fvM cwigvY cvwb e¨venvi K‡ib?  

ii) What is the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
hw` eZ©gvb evwo‡Z _vKv Ae¯’vq cvwbi Dr†mi cwieZ©b nq Zvn‡j 4-5 bs cvZv c~iY Ki“b| eZ©gvb evwo‡Z _vKv Ae ’̄vq 
hw` Av‡iv cvwbi Dr†mi cwieZ©‡bi nq Zvn‡j AwZwi³ 4-5 bs cvZv mshy³ K‡i c~iY Ki“b|  
 
hw` AskMÖnYKvix R‡b¥i ci †_‡K ïay gvÎ eZ©gvb evwo‡ZB evm K‡i _v‡K, Zvn‡j 12 bs cvZv c~iY Ki“b|  
hw` AskMÖnYKvix eZ©gvb evwoi Av‡M Ab¨ evox‡Z evm K‡i _v‡K, Zvn‡j 6-7 bs cvZv c~iY Ki“b| AskMÖnYKvixi 
cÖwZevi evwo cwieZ©‡bi Rb¨ AwZwi³ 8-9 bs cvZv mshy³ Ki“b|  (†hgb-  H3T1, H4T1…… ) 
 
If there was a CHANGE in the water source at the CURRENT HOUSE while the participant lived in current 
house, fill out pages 4-5. Insert a copy of pages 4-5 for EACH ADDITIONAL CHANGE in water source at 
the CURRENT HOUSE, going back in time. Fill in the water source number at the top of the page, H1T2, 
H1T3 etc.  
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If participant has ONLY LIVED IN THE CURRENT HOUSE since he/she was born, go to page 12. 
 
If participant has lived in a PREVIOUS HOUSE before the current house, fill out pages 6-7. If there was a 
CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in current house, fill out 
pages 4-5.Insert a copy of pages 8-9 for EACH ADDITIONAL HOUSE the participant has lived in, going 
back in time. Fill in the house number at the top of the page, H3T1, H4T1 etc.  

RESIDENTIAL WATER HISTORY – CURRENT HOUSE, CHANGE IN WATER SOURCESECTION 
H1T  

Note: Insert a copy of pages 4-5 for EACH CHANGE in water source at CURRENT HOUSE, going back in 
time. Fill in source number at the top of the page, H1T2, H1T3 etc. 
 
1a.   KZ ermi Av‡M GB H1T LvIqv I ivbœvi cvwbi RvqMv e`j K‡iwQ‡jb?         
1a.  How many years ago did the change in drinking and cooking water source occur at your current house?   
|___|___| eQi      
            
1b.   ‡Kvb mv‡j GB  LvIqv I ivbœvi cvwbi RvqMv e`j K‡iwQj?     
1b. In what year did this change in drinking and cooking water source occur?                
 |___|___|___|___|  
 
1c.   hLb cvwbi RvqMv e`j n‡qwQj ZLb -------------- (mšÍv‡bi bvg)Õi eqm KZ wQj? 
1c. How old was [child’s name] when the change occurred?                     
 |___|___| eQi 
 (Note: If there is a discrepancy in Q1, please clarify it with the interviewee.) 
2a.    ______(Answer 1a) eQi Av‡M Avcbviv hLb LvIqv I ivbœvi Rb¨ cvwbi RvqMv e`j K‡iwQ‡jb ZLb wK GKUv 
RvqMv †_‡K cvwb Avb‡Zb bv GKvwaK RvqMv †_‡K cvwb Avb‡Zb?  

2a.  Before the change, did you get water for drinking and cooking from just one source or more than one source 
(check)?    gvÎ GKwU (Just one)           G‡Ki †ekx (More than one)  Go to Q.3    
               

2b.    i)  LvIqv I ivbœvi Rb¨ cvwbi RvqMv wK wQj? †Kv_v †_‡K cvwb †LZ? (Kj bv cvZ Kz‡qv bv cyKzi bv UvBg Kj) 
 
2b.   i)  What was the water source for drinking and cooking? 
 _______________________________________________________________________________ 
 

(Probe: What is it?  For example, which tubewell, pond, supply water? What is the location?)   
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 

.   
v) Name of the tubewell owner    …………………………………………………………… 
 

3.     KZ¸‡jv RvqMv †_‡K LvIqv I ivbœvi Rb¨ cvwb Avb‡Zb?   (How many sources?) |___|___| 
 
4.    Hme cvwbi RvqMv¸‡jv †Kv_vq wQj Avi †Kv_v †_‡K KZ fvM cvwb e¨envi Kiv nZ Zvi cwigvY ejyb? 
4.     Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of 

these sources.   
 

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for 
each source and make sure the proportions add to one for all the sources combined.) 
 

4a.  i) Avcbv‡`i †ekxifvM mgq †Kv_v †_‡K LvIqv I ivbœvi Rb¨ cvwb Avb‡Zb?  
 i) What was the primary source of drinking and cooking water?           
_________________________  
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 ii) HLvb †_‡K †gvU KZfvM cvwb e¨envi Kiv nZ?  
ii) What was the proportion of water you use from this source?     <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 

.   
v) Name of the tubewell owner    …………………………………………………………… 

 

4b.  i) ahpnhfvr ivüyIz phinr jhzgh ik iCl?  
i) What was the second source of drinking and cooking water?    

 _____________________________   

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
4c.  i) Avcbv‡`i cvwbi RvqMv wK wQj?  
 i) What was the third source of drinking and cooking water?    
 ______________________________  
 ii) HLvb †_‡K †gvU KZfvM cvwb e¨envi Kiv nZ?  

ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
4d. i)  Avcbv‡`i cvwbi RvqMv wK wQj?  

i) What was the fourth source of drinking and cooking water?    
 ______________________________ 
 ii) HLvb †_‡K †gvU KZfvM cvwb e¨envi Kiv nZ?  

ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
 

 
eZ©gvb evwo‡Z _vKv Ae ’̄vq hw` Av‡iv cvwbi Dr†mi cwieZ©‡bi nq Zvn‡j AwZwi³ 4-5 bs cvZv mshy³ K‡i c~iY 
Ki“b| (‡hgb-HIT3, HIT4) 
hw` AskMÖnYKvix R‡b¥i ci †_‡K ïaygvÎ eZ©gvb evwo‡ZB evm K‡i _v‡K, Zvn‡j 12 bs cvZv c~iY Ki“b|  
 
hw` AskMÖnYKvix eZ©gvb evwoi Av‡M Ab¨ evwo‡Z evm K‡i _v‡K , Zvn‡j 6-7 bs cvZv c~iY Ki“b| AskMÖnYKvix 
cÖwZevi evwo cwieZ©‡bi Rb¨ AwZwi³ 8-9 bs cvZv mshy³ Ki“b| (†hgb-HIT3, HIT4……) 
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Insert a copy of pages 4-5 for EACH ADDITIONAL CHANGE in water source at the CURRENT HOUSE, 
going back in time. Fill in the water source number at the top of the page, H1T3, H1T4 etc.  
 
If participant has ONLY LIVED IN THE CURRENT HOUSE since he/she was born, go to page 12. 

 
If participant has lived in a PREVIOUS HOUSE before the current house, fill out pages 6-7. For EACH 
ADDITIONAL CHANGE in water source at the PREVIOUS HOUSE fill out pages 8-9. Insert a copy of 
pages 8-9 for EACH ADDITIONAL CHANGE in water source at the PREVIOUS HOUSE, going back in 
time. Fill in the water source number at the top of the page, H2T3, H2T4 etc. For EACH ADDITIONAL 
HOUSE the participant has lived in, going back in time. Fill in the house number at the top of the page, 
H3T1, H4T1 etc.  
 
 

ESIDENTIAL WATER HISTORY – PREVIOUS HOUSE, LAST SOURCE                                   

  SECTION H2T1 

1a.  by_mhn we bhiRr ahfg __________________  [s@yhfnr nhm] fkhYhz Yhky?  
1a.  Before your current house where did [child’s name] live?  (Check with the record) 
  
 _________________________________________________________________________________________________________ 

1b. fkhn shfl we bhiRfy (H2) p/Ym ahsh HfziCl?      
1b. In what year did you move into your previous house (house #2)?       
|___|___|___|___| 
 

1c  we bhiRfy YhkhkhlIn phinr jhzghr fkhn pirby_n HfzfC?   
1c. Was there any change in your water source while you lived in your previous house (house#2)?  H]~h  / Yes 

 nh    / No  Go to Q 1e   
                                            

1d. kybhr phinr jhzgh pirby_n HfzfC? (How many changes were there in your water source?)   |___|___| 
 

1e.   _____________________  [s@yhfnr nhm]  ahfgr W bhiRfy ik wkth nh wkhiVk jhzgh fYfk phin Khozh o rh»hr 
jn] b]bHhr   krfyn?    
1e. At  the previous house, did you get water for drinking and cooking from just one source or more than one source (check)? 

           mhá wkit (Just one)           
 wfkr fbSI (More than one)  Go to Q.2 

1f. kyivn Vfr W phin (H2T1) b]bHhr kfrfCn?    |___|___| bCr  (year)  /  mhs  (month) 
1f. How long did you use that water? 
 

1g.    i) Khozh o rh»hr phinr jhzgh (H2T1) ik iCl o fkhYh fYfk phin ahnh Hy? (kl nh phy k[fzh nh p[k[r, nh 
them kl?)  
1g.   i) What was the water source?  ____________________________________________________________________________ 
 

(Probe: What is it?  For example, which tubewell, pond, supply water? What is the location?)   
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 
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2.     Khozh o rh»hr phinr jhzgh kyåflh iCl? (How many sources?)   |___|___| 
 

3.    sb phinr jhzgh g[flh fkhYhz iCl bl[n ahr fkhYh fYfk ky Bhg phin ahnh Hy yhr pirmh> bl[n? 
3.     Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of 

these sources.   
(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for 
each source and make sure the proportions add to one for all the sources combined.) 

 
3a.  i) W ahfgr bhiRfy ahpnhfvr fbSIrBhg smz fkhYh fYfk Khozh o rh»hr jn] phin ahnfyn ? 

i) What was the primarysource of drinking and cooking water?   _________________________  
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?     <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii)  Sample collected     Y      /      N iii)  Sample code number____________ 
  
iv)  Location or TW ID # ……………………………………………………………… 
 
v) Name of the tubewell owner    ………………………………………………………… 

 
 

3b.  i) yKn oKhnkhr ivüyIz phinr jhzgh ik iCl?  
i) What was the second source of drinking and cooking water?    ___________________________   

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N  iii)  Sample code ber____________ 
 
iv)  Location or TW ID # ……………………………………………………………… 
 
v) Name of the tubewell owner    ………………………………………………………… 

 

3c.  i) yKn oKhnkhr ahpnhfvr phinr yéyIz jhzgh ik iCl?   
i) What was the third source of drinking and cooking water?   

 ______________________________  
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /     N iii)  Sample code number____________ 
 
iv)  Location or TW ID #……………………………………………………………… 
 
v) Name of the tubewell owner    ………………………………………………………… 

 

3d. i)  yKn oKhnkhr ahpnhfvr cy[_Y phinr jhzgh ik iCl ?  
i) What was the fourth source of drinking and cooking water?   

 ______________________________ 
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N iii)  Sample code number____________ 
 
iv)  Location or TW ID # ……………………………………………………………… 
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v) Name of the tube well owner …………………………………………………………… 

ZZiv by_mhn bhiRfy Yhkh abÆhz phinr uQfsr pirby_n Hz yhHfl 4-5 n} phyh p{r> kr[n. by_mhn bhiRfy Yhkh abÆhz 
Ziv ahfrh phinr uQfsr pirby_fnr Hz yhHfl aiyir| 4-5 n} phyh s}Z[| kfr p{r> kr[n. ( fZmn- H1T2, 
H1T3…… ) 
 
Ziv a}Sg/HnkhrI by_mhn bhiRr ahfg an] bhRIfy bhs kfr Yhfk, yhHfl 6-7 n} phyh p{r> kr[n. a}Sg/HnkhrIr p/iybhr 
bhiR pirby_fnr jn] aiyir| 8-9 n} phyh s}Z[| kr[n. ( fZmn- H3T1, H4T1…… ) 
 
If there was a CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in 
previous house, fill out pages 8-9. Insert a copy of pages 8-9 for EACH ADDITIONAL CHANGE in water 
source at the PREVIOUS HOUSE, going back in time. Fill in the water source number at the top of the page, 
H2T2, H2T3 etc.  

 
If participant has lived in another house before the PREVIOUS HOUSE, fill out pages 10-11,  Insert a copy of 
pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back in time. Fill in the 
house number at the top of the page, H4T1, H5T1 etc.  
 

RESIDENTIAL WATER HISTORY – PREVIOUS HOUSE, CHANGE IN WATER SOURCE  SECTION 
H2T  

If there was a CHANGE in the water source at the PREVIOUS HOUSE while the participant lived in 
previous house, fill out pages 8-9. Insert a copy of pages 8-9 for EACH ADDITIONAL CHANGE in water 
source at the PREVIOUS HOUSE, going back in time. Fill in the water source number at the top of the page, 
H2T2, H3T3 etc. 
 
1a.   KZ ermi Av‡M GB H1T LvIqv I ivbœvi cvwbi RvqMv e`j K‡iwQ‡jb?         
1a.  How many years ago did the change in drinking and cooking water source occur at your current house?   
|___|___| eQi      
            

1b.   ‡Kvb mv‡j GB  LvIqv I ivbœvi cvwbi RvqMv e`j K‡iwQj?     
1b. In what year did this change in drinking and cooking water source occur?                
 |___|___|___|___|  
 
1c.   hLb cvwbi RvqMv e`j n‡qwQj ZLb -------------- (mšÍv‡bi bvg)Õi eqm KZ wQj? 
1c. How old was [child’s name] when the change occurred?                     
 |___|___| eQi 
 (Note: If there is a discrepancy in Q1, please clarify it with the interviewee.) 
2a.    ______(Answer 1a) eQi Av‡M Avcbviv hLb LvIqv I ivbœvi Rb¨ cvwbi RvqMv e`j K‡iwQ‡jb ZLb wK GKUv 
RvqMv †_‡K cvwb Avb‡Zb bv GKvwaK RvqMv †_‡K cvwb Avb‡Zb?  
2a.  Before the change, did you get water for drinking and cooking from just one source or more than one source (check)? 

   gvÎ GKwU (Just one)           G‡Ki †ekx (More than one)  Go to Q.3    
               

2b.    i)  LvIqv I ivbœvi Rb¨ cvwbi RvqMv wK wQj? †Kv_v †_‡K cvwb †LZ? (Kj bv cvZ Kz‡qv bv cyKzi bv UvBg Kj) 
 
2b.   i)  What was the water source for drinking and cooking? 
 _______________________________________________________________________________ 
 

(Probe: What is it?  For example, which tubewell, pond, supply water? What is the location?)   
 

ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
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iv)  Location or TW ID # …………………………………………………………………… 
.   

v) Name of the tubewell owner    …………………………………………………………… 
 

3.     KZ¸‡jv RvqMv †_‡K LvIqv I ivbœvi Rb¨ cvwb Avb‡Zb?   (How many sources?) |___|___| 
 
4.    Hme cvwbi RvqMv¸‡jv †Kv_vq wQj Avi †Kv_v †_‡K KZ fvM cvwb e¨envi Kiv nZ Zvi cwigvY ejyb? 
4.     Please tell me the location of all your water sources, and how much of your drinking and cooking water you obtained from each of 

these sources.   
 

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for 
each source and make sure the proportions add to one for all the sources combined.) 
 

4a.  i) Avcbv‡`i †ekxifvM mgq †Kv_v †_‡K LvIqv I ivbœvi Rb¨ cvwb Avb‡Zb?  
 i) What was the primary source of drinking and cooking water?           
_________________________  
 ii) HLvb †_‡K †gvU KZfvM cvwb e¨envi Kiv nZ?  

ii) What was the proportion of water you use from this source?     <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 

 
 

v) Name of the tubewell owner    ………………………………………………………… 
 
 
 

3b.  i) yKn oKhnkhr ivüyIz phinr jhzgh ik iCl?  
i) What was the second source of drinking and cooking water?    ___________________________   

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N  iii)  Sample code ber____________ 
 
iv)  Location or TW ID # ……………………………………………………………… 
 
v) Name of the tubewell owner    ………………………………………………………… 

 

3c.  i) yKn oKhnkhr ahpnhfvr phinr yéyIz jhzgh ik iCl?   
i) What was the third source of drinking and cooking water?   

 ______________________________  
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /     N iii)  Sample code number____________ 
 
iv)  Location or TW ID #……………………………………………………………… 
 
v) Name of the tubewell owner    ………………………………………………………… 

 

3d. i)  yKn oKhnkhr ahpnhfvr cy[_Y phinr jhzgh ik iCl ?  
i) What was the fourth source of drinking and cooking water?   

 ______________________________ 
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy? 
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ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 

ii)  Sample collected     Y      /      N iii)  Sample code number____________ 
 
iv)  Location or TW ID # ……………………………………………………………… 
 
v) Name of the tube well owner …………………………………………………………… 

 
 
 
 

ZZiv a}Sg/HnkhrI by_mhn bhiRr ahfg an] bhRIfy bhs kfr Yhfk, yhHfl 6-7 n} phyh p{r> kr[n. a}Sg/HnkhrIr p/iybhr 
bhiR pirby_fnr jn] aiyir| 8-9 n} phyh s}Z[| kr[n. ( fZmn- H3T1, H4T1…… ) 
 

 
If participant has lived in another house before the PREVIOUS HOUSE fill out pages 10-11, Insert a copy of 
pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back in time. Fill in the 
house number at the top of the page, H4T1, H5T1 etc.  
 
 
 
 
 
 
 

RESIDENTIAL WATER HISTORY – ANY PREVIOUS HOUSE, LAST SOURCE   

SECTION H T1 
Note: Insert a copy of pages 10-11 for EACH ADDITIONAL HOUSE the participant has lived in, going back 
in time. Fill in the house number at the top of the page, H3T1, H4T1 etc.  
 

1a. ahfgr bhiRr ahfg __________________  [s@yhfnr nhm] fkhYhz Yhky?  
1a   Before the last house where did [child’s name] live?  (Check with the record) 
  
 _________________________________________________________________________________________________________ 
 

1b. fkhn shfl W bhiRfy p/Ym igfziCl?      |___|___|___|___| 
1b . In what year did you move into that house (house #3, house#4 etc.)? 
 

1c  we bhiRfy YhkhkhlIn phinr jhzghr  fkhn pirby_n HfzfC?   
1c. Was there any change in your water source while you lived in that house (house #3, house #4 etc)?  H]~h / Yes  nh     / No  
Go to Q1e 
                                              

1d.   ahfgr ahfgr bhiRfy YhkhkhlIn ahpnhfvr kybhr Khozh o rh»hr jn] phinr jhzgh bvl HfziCl? 
1d .  How many changes in drinking water sources occurred while at that house?   |___|___|    
 

1e.   phinr jhzgh bvl krhr ahfg Khozh o rh»hr jn] ik wkth kl fYfk phin ahnh Hy nh wkhiVk kl fYfk phin 
ahnh Hy ? 

1e.  After the last change in water source in that house, did you get water for drinking and cooking from just one source or more than one 
source (check)? 

        mhá wkit (Just one)           
               wfkr fbSI   (More than one)   Go to Q 2  

 

1f.  i) Khozh o rh»hr jn] phinr jhzgh ik iCl? (What was the water source?)  _____________   
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(Probe: What was it? For example, which tubewell, pond, supply water? What was the location?) 

 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 
  

2. Khozh o rh»hr jn] kyåflh phinr jhzgh iCl? (How many sources? )    |___|___| 
 

3.    sb phinr jhzgh g[flh fkhYhz iCl bl[n ahr fkhYh fYfk ky Bhg phin Khozh o rh»hr jn] ahnh Hy yhr 
pirmh> bl[n? 

3.     Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.   
 

(Note: Identify each source so that it can be located. Write in the location. Circle the proportion for 
each source and make sure the proportions add to one for all the sources combined.) 

 

3a i) W ahfgr bhiRfy (H___T1) ahpnhfvr fbSIrBhg smZ fkhYh fYfk Khozh o rh»hr jn] phin ahnfyn ? 
i) What was the first source of drinking and cooking water?        ___________________________ 

  
ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy?  
ii)What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
 
v) Name of the tubewell owner    …………………………………………………………… 

 
 

3b. i) yKn oKhnkhr ivüyIz phinr jhzgh (H___T1) ik iCl? 
i) What was the second source of drinking and cooking water?   _____________________ 

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 

 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 

 
 

iv)  Location or TW ID # …………………………………………………………………… 
.  

v) Name of the tubewell owner    …………………………………………………………… 

 
3c. i) yKn oKhnkhr ahpnhfvr phinr yéyIz jhzgh (H___T1) ik iCl?  

i) What was the third source of drinking and cooking water?   _____________________ 

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 

.  
v) Name of the tubewell owner    …………………………………………………………… 
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3d. i) yKn oKhnkhr ahpnhfvr cy[_Y phinr jhzgh (H___T1) ik iCl?  
i) What was the fourth source of drinking and cooking water?   _____________________ 

ii) WKhn fYfk fmht ky Bhg phin b]bHhr krh Hy? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
  
iv)  Location or TW ID # …………………………………………………………………… 

. v) Name of the tubewell owner    …………………………………………………………… 
 

  
we bhiRfy Yhkh abÆhz Ziv ahfrh phinr uQfsr pirby_fnr Hz yhHfl aiyir| 10-11 n} phyh s}Z[| kfr p{r> kr[n. ( 
fZmn- H2T2, H2T3…… ) 
Ziv a}Sg/HnkhrI jf@mr pr fYfk ahr fkhn bhiR pirby_n kfr nh Yhfk, yhHfl 12 nQ phyh p{r> kr[n. 
 
 
 
If there was a CHANGE in the water source at the HOUSE before the previous one,. Insert a copy of pages 8-
9 for EACH ADDITIONAL CHANGE in water source at that HOUSE, going back in time. Fill in the house 
and water source number at the top of the page, H3T2, H3T3, etc.  

 
If participant has NOT LIVED IN ANY OTHER PREVIOUS HOUSES since he/she was born, go to page 12. 
 
 
 
 
 
 
ENVIRONMENTAL TOBACCO SMOKE 
 
wKn p/^nåil HfêC _____________ (s@yhfnr nhm)’  r mh, bhbh o aiBBhbkfvr V{mphn s*p_fk. 
Now, I will ask some questions about smoking habits of [child’s name]’s parents or guardians. 

1.       _______ [s@yhfnr nhm] ’  r  mh (bh vhiv /  miHlh aiBBhbk) ik kKfnh V{mphn kfrfCn? 
1.     Has [child’s name]’s mother (or grandmother / female guardian) ever smoked?  H]~h  / Yes  GO TO Q.2a 
               nh  /  No  GO TO Q.5 
 

2a.     _____________________  [s@yhfnr nhm] ’  r  mh (bh vhiv / miHlh ghij_fzn) shVhr>y ik Vrfnr V{mphn   
2a. What does she usually smoke?  ibiR /bidi  isghfrt - bhjhfrr /manufactured cigarettes 
       isghfrt - Hhfy bhnhn /hand rolled cigarettes 
         an] /other ___________________ 
 
2b.       _____________________  [s@yhfnr nhm] ’  r  mh (bh vhiv / miHlh aiBBhbk) ik wKn bhiRr fByfr isghfrt bh ibiR 

V[mphn kfrn? 
2b.    Does [child’s name]’s mother (or grandmother/ female guardian) currently smoke cigarettes or bidi inside the 

house?  
 H]~h  / Yes  GO TO Q.2c 

          nh  /  No  GO TO Q.3a 
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2c.     _____________________  [s@yhfnr nhm] ’  r  mh (bh vhiv / miHlh aiBBhbk) wk ivfn shVhr>y bhiRr fByfr k’th ibiR 
bh isghfrt V{mphn kfrn ?       

2c. About how many cigarettes does [child’s name]’s mother (or grandmother/ female guardian) smoke each day 
inside the  house?        |___|___| number of bidi/cigarettes 

          
3a.     _____________________   
3a.               H]~h  /Yes  

GO TO Q.3b 
  nh  / No  GO TO Q.4a 

3b.     _____________________  3b.          
             
                 |___|___|  number of bidi/cigarettes 

 

4a.      _____________________  [s@yhfnr nhm]’r p/Ym ph~c bCr bzs pZ_@y ik ahpin (bh vhiv /  miHlh aiBBhbk) bhiRr 
fByfr  ibiR bh  

isghfrt V{mphn krfyn?       
4a.                H]~h  

/Yes  GO TO Q.4b 
  nh  / No  GO TO Q.5 

 

4b.     yKn ahpin  _____________________  [s@yhfnr nhm] or mh (bh vhiv /  miHlh aiBBhbk) wk ivfn bhiRr fByfr kth 
isghfrt bh ibiR V{mphn kry?       

4b.   
        |___|___|_number of bidi/cigarettes 
             

5.        ______  [s@yhfnr nhm] ’  r  bhbh, vhvh  bh pirbhfrr an] p[r[A  ik kKfnh V{mphn kfrfCn? 
5.   Has [child’s name]’s father (or grandfather/any other male member of the family) ever smoked?  
        H]~h  /Yes  GO TO Q.6a 
       nh  / No  GO TO Q.9 
 

6a.     _____________________  [s@yhfnr nhm] ’  r bhbh, vhvh  bh ____________________shVhr>y ik Vrfnr V{mphn krfyn?  
6a. What does he usually smoke? 
     ibiR /bidi  isghfrt - bhjhfrr /manufactured cigarettes 
     isghfrt - Hhfy bhnhn /hand rolled cigarettes    an] /other ___________________ 
       
6b.    _____________________  [s@yhfnr nhm] ’  r  bhbh, vhvh  bh ____________________ ik wKn bhiRr fByfr isghfrt bh ibiR 

V[mphn kfrn? 
6b.    Does [child’s name]’s father (or grandfather/any other male member of the family) currently smoke cigarettes 
or bidi inside  
        the house?  

 H]~h  /Yes  GO TO Q.6c 
       nh  / No  GO TO Q.7a 
 

6c.   _____________________  [s@yhfnr nhm]’r  bhbh, vhvh  bh ____________________ bhiRr fByfr wk ivfn shVhr>y k’th 
isghfrt bh ibiR V{mphn kfrn? 

6c. About how many cigarettes does [child’s name]’s father (or grandfather/any other male member of the family) 
smoke each  
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 day inside the house? 
(Circle) the number of bidi/cigarettes:  1-5   ;    6-10  ;    >10  ;  >20 ;  

>other_______ 
           
7a.    _____________________  [s@yhfnr nhm]  mhfzr fpft Yhkfy or bhbh, vhvh  bh _________________ ik bhiRr fByfr 
isghfrt bh ibiR V{mphn kry? 
7a.                              

 H]~h  /Yes  GO TO Q.7b 
                        nh  / No  GO TO Q.8a 
7b.   _____________________  [s@yhfnr nhm]  fpft Yhkfy or bhbh, vhvh  bh ____________________ bhiRr fByfr ivfn 

shVhr>y k’th isghfrt bh ibiR V{mphn kry? 
7b.       
     
    (Circle) the number of bidi/cigarettes:  1-5  ;    6-10  ;   >10 ;   >20 ;   >other______ 

8a.         _____________________  [s@yhfnr nhm] ’ r p/Ym ph~c bCr bzs pZ_@y ik or bhbh, vhvh  bh ____________________ 
bhiRr fByfr  isghfrt bh ibiR V{mphn kry?       
 

8a.               H]~h  
/Yes  GO TO Q.8b 

 nh  / No  GO TO Q.9 
 
8b.      _____________________  [s@yhfnr nhm]’ r  p/Ym ph~c bCr bzs pZ_@y ik or  bhbh, vhvh  bh ____________________ 

bhiRr fByfr  k’th isghfrt bh ibiR V{mphn kry?  
8b.      
   

      (Circle) the number of cigarettes/bidi:  1-5   ;    6-10    ;    >10    >20   >other_______ 
      

9a.  bhiRfy sb imilfz an]hn] kzjn b]i| bhiRr fByfr isghfrt bh ibiR V{mphn kfr?   
  

9a.    How many other people living in the house currently smoke cigarettes inside the house?|___|___| jn b]i| 
/people           
 
9b.  _____________________  [s@yhfnr nhm]  fpft Yhkfy pirbhfr an]hn] kzjn b]i| bhiRr fByfr isghfrt bh ibiR V{mphn 
kry?  
9b.                
                    |___|___|  jn b]i| /people 
9c.     _____________________  [s@yhfnr nhm] ’  r p/Ym ph~c bCr bzs pZ_@y pirbhfr an]hn] kzjn b]i| bhiRr fByfr 
isghfrt bh ibiR V{mphn kry?  
 
9c.                
                      |___|___|  jn b]i| /people 
INDOOR BIOMASS COMBUSTION 
 
wKn ikC[ p/^n krb ahpnhhr bhiRfy rh»h krhr un[n bh c[lh s*p_fk. 
I would like to ask you some questions the stove you use here in this house and about method cooking. 
 
1. bhiRfy ik Vrfnr un[n bh c[lh b]bHhr Hz? (What type of stove is used in the household?) 
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 iynft eftr (fKhlh)  / Open fire (e.g. three stones)   c[lh (icmin ChRh) / Traditional chulha, no chimney 

 c[lh (icmin Z[|) /  Improved chulha, with chimney g]hs  / fkrisn  / ibv]{Q   f*thB / Gas/kero/electric stove 
 

2. un[n bh f*thB fkhYhz ? (Where is the stove located?)    

 bhefr bh ahDhkh / Outdoors (Go to Q. 4)  afV_k-bhefr bh afV_k-Dhkh   / Semi-enclosed(Go to Q. 4) 

  ahlhvh rh»hGr / Separate kitchen    bsbhr Gfr  /  In living area 
 

3a. rh»h Ziv Gfrr fByr krh Hz fsKhfn jhnhlh ahfC?  
3a. IF INDOORS:  Is there a window in the cooking area?      

                 nh ikC[ fne / None  S[V{ wkth / One only  v[fth bh fbSI / Two or more 
 
 
 

3b. rh»h Ziv Gfrr fByr krh Hz fsKhfn ik fkhn P[fth ahfC?  
3b. IF INDOORS:  Is there any vent(s) in the cooking area?      

 nh ikC[ fne / None   H~]h / Yes  

4. ahpnhr  rh»hr c[lhfy p/Vhny ik Vrfnr j ühlhnI b]bHhr Hz?  / What type of fuel is used with the stove? 

 khT / Firewood    fShkhfnh phyh Ss] fZmn ibchil bh khfTr g[fRh / Crop residue (like straw) or wood 
chips 

    gedh / Dungcakes    khTkzlh / Charcoal  g]hs / LPG 

  kzlh / Coal    fkrisn / Kerosene  ibv{]Q / Electricity 

    phtKiR /  fshlh  

5. _____________________  [s@yhfnr nhm] ivfn shVhr> ky smz rh»hGfr khthz ? 
5. How much time does [child’s name] spend in the kitchen during a normal day?                                      |___|___|.|___|___|  
G@th  / hours 
     

6. shVhr>y ivfn kybhr rh»h krh Hz (skhflr nh*yh sH)? 

6. How many meals, including breakfast, are cooked per day in your family?                                  |___|___| Khbhr  /  
meals 
 

7.              by_mhn j ühlhnIr ahfg ik Vrfnr j=ühlhnI b]bHhr Hy?     
7.              What fuel did you use before the current type of fuel?     _____________________ 
 

wwKn ikC[ p/̂ n krb ik Vrfnr un[n bh c[lh b]bHhr Hy ZKn _____________________  [s@yhfnr nhm] jf@miCl . 
Now I will ask you some questions about the stove you used when [child’s name] was born. 
 

8. ZKn _____________________  [s@yhfnr nhm] jf@miCl yKn ik Vrfnr un[n bh c[lh b]bHhr Hy?  
8. What type of stove was used in the household when [child’s name] was born?     

 
 iynft eftr (fKhlh)  / Open fire (e.g. three stones)   c[lh (icmin ChRh) / Traditional chulha, no chimney 

  c[lh (icmin Z[|) /  Improved chulha, with chimney  g]hs  / fkrisn  / ibv]{Q   f*thB / Gas/kero/electric stove 
 

9. ZKn _____________________  [s@yhfnr nhm] jf@miCl yKn un[n bh f*thB fkhYhz iCl ? 
9. Where was the stove located when [child’s name] was born?    
  

  bhefr bh ahDhkh / Outdoors(Go to Q. 11)   afV_k-bhefr bh afV_k-Dhkh   / Semi-enclosed(Go to 
Q. 11) 

  ahlhvh rh»hGr / Separate kitchen    bsbhr Gfr  /  In living area 
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10. rh»h Ziv Gfrr fByr krh Hz fsKhfn jhnhlh bh fkhn P[fth ahfC?  
10.  IF INDOORS:  Is there a window or vent in the cooking area?  
     

 nh ikC[ fne / None   S{V[ wkth / One only   v[fthr bh fbSI / Two or more 

11. yKn  rh»h un[n bh c[lhfy ik Vrfnr j ühlhnI b]bHhr Hy?  / What type of fuel was used with the stove?  
    

 khT / Firewood    fShkhfnh phyh Ss] fZmn ibchil bh khfTr g[fRh / Crop residue (like straw) or wood 
chips 

    gedh / Dungcakes     khTkzlh / Charcoal  g]hs / LPG                   phtKiR /  fshlh   
  kzlh / Coal    fkrisn / Kerosene  ibv{]Q / Electricity 

12. _____________________  [s@yhfnr nhm]’ r p/Ym wk bCr bzs pZ_@y shVhr> ivfn ky smz rh»h Gfr (mhfzr 
shfY) khthy?  
12. How much time did [child’s name] spend in the kitchen (with her mother) during a normal day when he/she was an infant (less than 1 

year old)?           

 |___|___|.|___|___| G@th  / hours 
 

13. _____________________  [s@yhfnr nhm]’ r fpft Yhkfy or mh ivfn rh»h Gfr ky smz khthy?  
13.          How much time did (child’s name) mother spend in the kitchen during a normal day when she was pregnant with [child’s  name]?     
  
                                                                                                                                                               
|___|___|.|___|___| G@th  / hours                                                                                                                        

 
 
 
SOCIO-DEMOGRAPHIC CHARACTERISTICS 
 
 

wKn ikC[ p/^n krb ahpnhr flKh pRh, bhiRr ikC[ ijins pá s*p_fk. 
I will now ask you questions about your level of education, some of the items you might have in your house and some features of your house. 
 

1.       ahpin kyv{r flKh pRh kfrfCn ? 
1. What is the highest level of education you have attained?      

 
 No education         Primary (KG to class 5)   _________________ 
 Secondary (6 to 10) __________________   Madrasa   _________________ 

 
 Higher Secondary    Vocational/Technical Institute 

          Polytechnic     Bachelor Degree 
          Masters Degree    Other _________________ 
 

2.       ahpnhr Gfrr p/Vhn b]i| fs sfbh_êc fkhn *yr abiV pfRfCn ? 
2. What is the highest level of education attained by the head of your household?      

 
 No education         Primary (KG to class 5)   _________________   
 Secondary (6 to 10) __________________   Madrasa   _________________ 

 
 Higher Secondary    Vocational/Technical Institute 

          Polytechnic     Bachelor Degree 
          Masters Degree    Other _________________ 
 
3.          ahpnhr s@yhn fZ Gfr bhs kfr yh ikfsr FyrI? 
3.         What is the building material of the house the child lives in? 
     

  concrete/brick  (Pucca)       mud/tin/thatched hut (Kacha) 
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  combination of high quality and low quality materials (Semi-pucca)  tin(concrete floor) 
 

4. ahpnhr bhiRfy kth r[m ahfC, rh»h Gr, phzKhnh, g[vhm ChRh ? 
4.  How many rooms are there in the house the child lives in (not including kitchen, toilets, storage)? 
            |___|___| rooms 
 

5. _____________________  [s@yhfnr nhm] fZ bhiRfy jf@miCl fse bhiRit fkmn iCl ? 
5.  What was the building material of the house the child was born in? 
     

  concrete/brick  (Pucca)       mud/thatched hut/ tin (Kacha) 
  combination of high quality and low quality materials (Semi-pucca)  tin (concrete floor) 
 

6. _____________________  [s@yhfnr nhm] fZ bhiRfy jf@miCl fse bhiRfy kth r[m iCl, rh»h Gr, phzKhnh, g[vhm ChRh ? 
6.  How many rooms were there in the house the child was born in (not including kitchen, toilets, storage)? 

|___|___| rooms  
 
 
 
Ending time: |___|___| . |___|___| AM/PM  
 
Name of the interviewer:  _________________________________ 
 
 
Signature of the interviewer: ____________________________________ 
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Appendix-3b: Parental main questionnaire (Pdf) 
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Appendix 4a: Child Main questionnaire 
 

 
School/Madrasa Water History 

 
                                CID: |___|___|___|___|___|___|___|___|___| 

 
       RID: |___|___|___|___|___|___|___|___|___|___| 

 
Starting Time:    |___|___| . |___|___|  AM/PM                            Date:   |__|__|__|__|__|__| DD/MM/YY 
                          
SCHOOL/MADRASA HISTORY 

 
GLb Avwg ‡Zvgvi ¯‹zj/ gv ª̀vmvi m¤ú‡K© wKQy cÖkœ Kie|  
Now, we would like to ask you about your school/madrasa.  
 
1.  Zzwg wK eZ©gv‡b ¯‹z‡j/ gv ª̀vmvq hvI? 
1.      Do you go to school (currently)? 
 
  n¨v, eZ©gv‡b ¯‹z‡j / gv ª̀vmvq hvq Go to Q 3. 
  bv, eZ©gv‡b ¯‹z‡j / gv ª̀vmvq hvq bv Go to Q 2. 
  KL‡bv ¯‹z‡j / gv ª̀vmvq hvqwb  Go to Page 11. 
 
2.      ‡Kvb K¬vm ch©šÍ c‡owQ‡j?       |___|___| 
2.      In which class did you read? 
 

 
3. Zzwg KL‡bv evwoi evB‡i †_‡K Kgc‡¶ Qq gvm ¯‹z‡j / gv ª̀vmvq †MQ? 
3.  Have you gone to school/madrasa outside your house for at least 6 months? 

 n¨v /Yes                bv / No   

 
4. Zzwg †Kvb †Kvb ¯‹z‡j / gv ª̀vmvq c‡oQ, eZ©gvb †_‡K ïi“ K‡i G‡Kev‡i cÖ_g †h ¯‹z‡j / gv ª̀vmvq c‡oQ Zvi bvg e‡jv 
4. Please tell me what school/madrasas you attended, starting from the current school/madrasa and going back in 
time. 
 
Note: List the school/madrasas in the table on the next page. Only identify major changes of location. Start 
with the most recent, and move back in time to the earliest. Use as many lines as needed.  
  
Note: After filling out the table, complete School/Madrasa Water Source History section for each 
school/madrasa and each water source, starting with the most recent.  Numbering of the following pages is as 
follows:   
 
Current school/madrasa, current water source:   Section S1T1 
Current school/madrasa, second to last water source:  Section S1T2 
Current school/madrasa, third to last water source:  Section S1T3, etc. 
Prior to current school/madrasa, final water source:  Section S2T1 
Prior to current school/madrasa, second to last water source: Section S2T2, etc. 
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School/Madrasa Water History 
 
  
¯‹z‡ji Kvh©‡¶Î (eZ©gvb †_‡K ïi“) 
School/madrasa Activity 
 
Note: Start with most recent 
school/madrasa. 

‡Kvb erm‡i GB 
¯‹z‡j †Zvgvi hvIqv 
ïi“ n‡qwQj? 
In what year did you 
start this 
school/madrasa? 

†Kvb erm‡i GB 
¯‹z‡j †Zvgvq hvIqv 
†kl n‡qwQj? 
In what year did you 
stop attending this 
school/madrasa? 

ïi“ Kivi 
mgq 
†Zvgvi 
KZ eqm 
wQj?What 
was your age 
when you 
started 
attending? 

‡kl Kivi 
mgq 
†Zvgvi 
KZ eqm 
wQj 
What was 
your age 
when you 
stopped 
attending? 

‡Zvgvi eZ©gvb ¯‹z‡ji bvg wK? (What is your current school/madrasa?) 
S1)  ¯‹zj/gv ª̀mv i  bvg (Name of School/madrasa1) 
____________________________________ 
 

 
 
|___|___|___|___| 

 
 
|___|___|___|___| 

 
 
|___|___| 

 
 
|___|___| 

Gi Av‡M †Kvb ¯‹z‡j †h‡Z? (What school/madrasa did you attend before that?) 

S2)  ¯‹zj/gv ª̀mv i  bvg (Name of School/madrasa 2)  
______________________________________ 
 

 
 
|___|___|___|___| 

 
 
|___|___|___|___| 

 
 
|___|___| 

 
 
|___|___| 

H ¯‹z‡ji Av‡M †Kvb ¯‹z‡j †h‡Z? (What school/madrasa did you attend before ________________________(fill in with School/madrasa 
#2)? 
S3)  ¯‹zj/gv ª̀mv i  bvg (Name of School/madrasa 3)  
______________________________________ 
 
 

 
 
|___|___|___|___| 

 
 
|___|___|___|___| 

 
 
|___|___| 

 
 
|___|___| 

Zvi Av‡M †Kvb ¯‹z‡j †h‡Z? (What school/madrasa did you attend before ________________________(fill in with School/madrasa #3)? 

S4)  ¯‹zj/gv ª̀mv i  bvg (Name of School/madrasa 3)  
  _____________________________________ 
 
 

 
 
|___|___|___|___| 

 
 
|___|___|___|___| 

 
 
|___|___| 

 
 
|___|___| 

 
 
 
 
 
SCHOOL/MADRASA WATER SOURCE HISTORY--CURRENT SCHOOL/MADRASA 
CURRENT SOURCE                                     S1T1 
1.   ¯‹z‡ji ev gv`ªvmvi bs  (School/madrasa number from Page 2): _______________________________________ 
 
2.  Zzwg ¯‹zj ev gv`ªvmvq †h cvwb LvI me wK evwo †_‡K wb‡q hvI?  
2. Do you take all your water from home to your current school/madrasa? 
      n¨v/Yes  Go to Page 7.  

 bv / No Go to Q 3     
 ¯‹z‡j cvwb Lvq bv / Does not take water at school  Go to Page 7 

 

3.   ¯‹z‡ji ev gv ª̀vmvi wVKvbv wK?  
3. What is the address of the school/madrasa? 

     evwoi bvg (Name of the house)       _____________________________________ 
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(Nearest landmark)        _____________________________________ 

   MÖvg (Village)         _____________________________________ 
 
4a. ¯‹z‡j Zzwg wK GKwU gvÎ Drm †_‡K cvwb LvI bvwK GKvwaK Drm †_‡K cvwb LvI?  
4a.   In school/madrasa, do you get drinking water from just one source or more than one 
source (check)?    
     gvÎ GKwU  (Just one)     G‡Ki †ekx  (More than one)   Go to Q 4c   
                             
4b.    i)  cvwbi Drm wK? †Kv_v †_‡K cvwb LvI? (Kj bv cvZ Kz‡qv bv cyKzi bv UvBg Kj?) 
4b.   i)  What is the water source?      ______________________ 
 
(Probe: What is it?  For example, which tubewell, pond? What is the location?)   
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
 or  Name of the tube well owner ………………………………………………………… 
 
4c.     KZ¸‡jv Drm ‡_‡K cvwb LvI?       |___| 
4c. (How many sources?)        
 
5.    me cvwbi Drm ¸‡jv †Kv_vq e‡jv Avi †Kv_vq †_‡K KZ fvM cvwb LvI, Zvi cwigvY e‡jv?  
5.     Please tell me the location of all your water sources, and how much of your drinking water you obtain from 
each of these sources.   
Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each 
source and make sure the proportions add to one for all the sources combined. 
 
5a.             i)  Zzwg me‡P‡q †ekx cvwb †Kvb Drm †_‡K LvI?  
i) What is the primary source of drinking water?    _________________________  
  
ii) GB cvwbi Drm †_‡K KZ cwigvY cvwb LvIqv nq?  
  ii) What is the proportion of water you use from this source?  <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
v) Location……………………………………………………………………………… 
or  Name of the tubewell owner ………………………………………………………… 
 
5b.  i) Zzwg wØZxqZ †Kvb Drm †_‡K cvwb LvI?  
5b. i) What is the second source of drinking water? _____________________________   
  
ii) H Drm †_‡K wK cwigvY cvwb LvIqv nq?  
ii) What is the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
v) Location……………………………………………………………………………   
or  Name of the tubewell owner       …………………………………………………… 
 
5c.  i) ‡Zvgvi Z…Zxq cvwbi Drm wK?  
ii) What is the third source of drinking water?)______________________________  
  
ii) GB cvwbi Drm †_‡K KZ cwigvY cvwb LvIqv nq?  
ii) What is the proportion of water you use from this source? <1/4,    1/4,    1/2,    3/4,    >3/4 
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iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
v) Location……………………………………………………………………………… 
 ……............................................................................................................................... 
 
 
5d.  i) ‡Zvgvi cy[_Y cvwbi Drm wK?  
ii) What is the fourth source of drinking water?)______________________________  
  
ii) GB cvwbi Drm †_‡K KZ cwigvY cvwb LvIqv nq?  
ii) What is the proportion of water you use from this source? <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
v) Location……………………………………………………………………………… 
 ……............................................................................................................................... 
 
prbiy_ p/f^nr uäfr ‘H]h’ ik}bh ‘nh’ uär vho.  
Please answer the next question with a “yes” or “no”. 
 

6.  we by_mhn  *k[fl pRhkhlIn fyhmhr Khbhr phinr uQsr ik fkhn bvl HfziCl?  
Was there any change in your drinking water source while you attended your current school/madrasa?   
 

 H]~h / Yes  Fill out pages 5-6 IF THERE WAS A CHANGE  in the water source at the CURRENT 
SCHOOL/MADRASA while the participant attended current school/madrasa. Insert a copy of pages 5-6 for 
EACH ADDITIONAL CHANGE in water source at the CURRENT SCHOOL/MADRASA, going back in 
time. Fill in the water source number on the upper right corner, S1T2, S1T3 etc.  
 

 nh  /  No    If the participant has ONLY ONE SCHOOL/MADRASA listed on  
page 2, go to page 11. 
   
If participant has MORE THAN ONE SCHOOL/MADRASA listed on page 2, fill out pages 7-8. Insert a copy 
of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in the 
school/madrasa number on the upper right corner, S2T1, S3T1 etc.  
 
 
 
 
 
 
SCHOOL/MADRASA WATER HISTORY – CURRENT SCHOOL/MADRASA, CHANGE IN WATER 

SOURCE      S1T                   (Fill in source number) 
        
Note: Insert a copy of pages 5-6 for EACH CHANGE in water source at the CURRENT 
SCHOOL/MADRASA, going back in time. Fill in source number on the top of the page. 
1a.  we by_mhn *k[fl  YhkhkhlIn fyhmhr phinr uQs ky bhr bvl HfzfC?   
1a. How many changes in drinking water sources occurred while at your current school/madrasa?    
 ___________ 
  

1b.   fkhn bQsr y[im we prbi_y phinr uQs bvl kfrC?      
1b. In what year did the change in drinking water source occur?                ___________ 
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1c.   yKn fyhmhr bzs ky iCl?  
1c.  How old were you then?                          ___________ Years   
 
Note:  If there is a discrepancy in Q1, please clarify it with the participant. 
 

2a. *k[fl phinr uQs bvl Hbhr ahfg,  y[im ik wkit mhá uQs fYfk phinfKfy nh wkhiVk uQs fYfk phinfKfy? 
2a.  Before the change in water source, did you get drinking water from just one source or more than one source 
(check)?       mhá wkit (Just one)       Go to Q.2b 

   wfkr fbSI (More than one)   Go to Q.2c  
 

2b.    i)  phinr uQs ik iCl? fkhYh fYfk phinfKfy? (kl nh phy k[fzh nh p[k[r, nh them kl?)  
2b.   i)  What was the water source?                                
(Probe: What is it?  For example, which tubewell, pond? What is the location?)  ___________________ 
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

2c.     kyåflh uQs fYfk phinfKfy? (How many sources?)         ___________________ 
 

3.    sb phinr uQs g[flh fkhYhz bflh ahr fkhYhr fYfk ky Bhg phinfKfy yhr pirmh> bflh? 
3.     Please tell me the location of all your water sources, and how much of your drinking water you obtained 
from each of these sources.   
 
Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each 
source and make sure the proportions add to one for all the sources combined. 
 
3a.             i)  fyhmhr p/Ym phinr uQs ik?  
i) What was the first source of drinking water?_________________________  

 ii) we phinr uQs fYfk ky pirmh> phinfKfy?  
ii) What was the proportion of water you use from this source?  <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

3b.  i) fyhmhr ivüyIz phinr uQs ik?  
i) What was the second source of drinking water? _____________________________   
 ii) we phinr uQs fYfk ky pirmh> phinfKfy Hz?  
ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or Name of the tubewell owner……………………………………………………………… 
 

3c.  i) fyhmhr yéyIz phinr uQs ik?   
i) What was the third source of drinking water?______________________________  
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ii) we phinr uQs fYfk ky pirmh> phin Khozh Hz?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

3d. i)  fyhmhr cy[_Y phinr uQs ik?  
i) What was the fourth source of drinking water?    ______________________________ 

ii) we phinr uQs fYfk ky pirmh> phin Khozh Hz?  
ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

4.  prbiy_ p/f^nr uäfr ‘H]h’ ik}bh ‘nh’ uär vho . we bä_mhn  *k[fl fyhmhr Khbhr phinr uQsr ik ahr 
fkhn bvl HfziCl?  
4. Was there any other change in your drinking water source while you attended your current school/madrasa? 
 

 H]~h / Yes   Insert a copy of pages 5-6 for EACH ADDITIONAL CHANGE in water source at the 
CURRENT SCHOOL/MADRASA, going back in time. Fill in the water source number on the upper right 
corner, S1T2, S1T3 etc.  
 

 nh  /  No      If the participant has ONLY ONE SCHOOL/MADRASA listed on page 2, go to  page 11. 
   
If participant has MORE THAN ONE SCHOOL/MADRASA listed on page 2, fill out pages 7-8. Insert a copy 
of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in the 
school/madrasa number on the upper right corner, S2T1, S3T1 etc.  
 
 
 
 
 
SCHOOL/MADRASA WATER SOURCE HISTORY – PREVIOUS SCHOOL/MADRASAS,  

LAST SOURCE    Section S T1 (Fill in school/madrasa number)  
       
 
Note: Insert a copy of pages 7-8 for EACH SCHOOL/MADRASA listed, going back in time. Fill in the 
school/madrasa number on the top of the page. 
     

1.   *k[flr n} (School/madrasa number from Page 2): ___________________________________________________________ 
 
 

2.  y[im ahfgr *k[fl Zh phinfKfy sb ik bhiRr fYfk infz fZfy?  
2. Did you take all your water from home to your previous school/madrasa?) 
                                                 H]~h /Yes  Go to Q 6. (instructions)  

                                                 nh / No Go to Q.3 
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                                                 *k[fl phin Khz in/ Did not take water at school  Go to Q 6. . (instructions)  

                                *k[flr iTkhnh ik iCl?  
3. What is the address of the school/madrasa? phrh    (Para)       ______________________________________________ 

               fph*t aiPs  (Post office)  _____________________________________ 

           g/hm      (Village)      _____________________________________ 
 
 
4a. W *k[fl  y[im ik wkit mhá uQs fYfk phinfKfy nh wkhiVk uQs fYfk phinfKfy? 
4a.   In that school/madrasa, did you get drinking water from just one source or more than one source (check)?    

 mhá wkit      (Just one)    Go to Q.4b 
  wfkr fbSI  (More than one)  Go to Q.4c   

                             
4b.    i) phinr uQs ik iCl? fkhYh fYfk phinfKfy? (kl nh phy k[fzh nh p[k[r, nh them kl?)  
4b.   i) What was the water source?        ______________________ 
 
(Probe: What is it?  For example, which tubewell, pond? What is the location?)   
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
 
or Name of the tubewell owner    …………………………………………………………… 

                   ………………………………………………………………………………………… 

4c.     kyåflh uQs fYfk phinfKfy?  
4c. How many sources?        ___________________ 
 

5.    sb phinr uQs g[flh fkhYhz iCl bflh ahr fkhYhr fYfk ky Bhg phinfKfy yhr pirmh> bflh? 
5.     Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.   
 
Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each 
source and make sure the proportions add to one for all the sources combined. 
5a.             i)  fyhmhr p/Ym phinr uQs ik?  
i) What was the first source of drinking water?    _________________________  

 ii) we phinr uQs fYfk ky pirmh> phin Khozh Hy?  
 
ii) What was the proportion of water you use from this source?     <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
v) Location……………………………………………………………………………… 
 
 
Name of the tubewell owner……………………………………………………………… 
 

5b.  i) fyhmhr ivüyIz phinr uQs ik?  
i) What was the second source of drinking water?    _____________________________   
 ii) we phinr uQs fYfk ky pirmh> phin Khozh Hy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
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or  Name of the tubewell owner……………………………………………………………… 
 

5c.  i) fyhmhr yéyIz phinr uQs ik?   
i) What was the third source of drinking water?    ______________________________  
ii) we phinr uQs fYfk ky pirmh> phin Khozh Hy?  
ii) What was the proportion of water you use from this source?   <1/4,    1/4,    1/2,    3/4,    >3/4 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
Name of the tubewell owner……………………………………………………………… 
 

5d. i)  fyhmhr cy[_Y phinr uQs ik?  
i) What was the fourth source of drinking water?    ______________________________ 

ii) we phinr uQs fYfk ky pirmh> phin Khozh Hz? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 
 

prbiy_ p/f^nr uäfr ‘H]h’ ik}bh ‘nh’ uär vho .  
Please answer the next question with a “yes” or “no”. 
 

6.  ZKn y[im ______________  *k[fl fZfy yKn fyhmhr Khbhr phinr uQsr ik ahr bvl HfziCl?  
Was there any change in your drinking water source while you attended?  _____________(fill in the appropriate school/madrasa number)? 
 

  H]~h / Yes  Fill out pages 9-10 IF THERE WAS A CHANGE  in the water source at the PREVIOUS 
SCHOOL/MADRASA while the participant attended that school/madrasa. Insert a copy of pages 9-10 for 
EACH ADDITIONAL CHANGE in water source at the PREVIOUS SCHOOL/MADRASA, going back in 
time. Fill in the school/madrasa and water source number on the upper right corner, S2T2, S2T3 etc.  
 

  nh  /  No        If the participant does not have any more school/madrasas listed on page 2, go to page 11. 
   
Insert a copy of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in 
the school/madrasa number on the upper right corner, S2T1, S3T1 etc.  
 
 
 
 
 
 
 
 
 
SCHOOL/MADRASA WATER HISTORY – PREVIOUS SCHOOL/MADRASAS, CHANGE IN  

WATER SOURCE                                 SECTION S T      (Fill in school/madrasa source number) 
        
Note: Insert a copy of pages 9-10 for EACH CHANGE in water source at the PREVIOUS 
SCHOOL/MADRASA, going back in time. Fill in school/madrasa number and source number on the top of 
the page. 
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1a.  __________________ *k[fl  YhkhkhlIn fyhmhr phinr uQs ky bhr bvl HfzfC?  ___________  
1a. How many changes in drinking water sources occurred while at school/madrasa #_______ (fill in appropriate school/madrasa 
number)?    
  

1b.   fkhn bQsr y[im prbi_y phinr uQs bvl kfrC?       
1b. In what year did the change in drinking water source occur?           ___________          

1c.   yKn fyhmhr bzs ky iCl? How old were you then?            ___________  Years 
                              
Note:  If there is a discrepancy in Q1, please clarify it with the participant. 
 

2a. W *k[fl  y[im ik wkit mhá uQs fYfk phinfKfy nh wkhiVk uQs fYfk phinfKfy? 
2a.   In that school/madrasa, did you get drinking water from just one source or more than one source (check)?    

 mhá wkit      (Just one)    Go to Q2b 
   wfkr fbSI  (More than one)   Go to Q2c   

                             
2b.    i) phinr uQs ik iCl? fkhYh fYfk phinfKfy? (kl nh phy k[fzh nh p[k[r, nh them kl?)  
2b.   i) What was the water source?         ______________________ 
 
(Probe: What is it?  For example, which tubewell, pond? What is the location?)   
 
ii)  Sample collected     Y      /      N  iii)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

2c.     kyåflh uQs fYfk phinfKfy? (How many sources?)    ___________________ 
 

3.    sb phinr uQs g[flh fkhYhz iCl bflh ahr fkhYhr fYfk ky Bhg phinfKfy yhr pirmh> bflh? 
3.     Please tell me the location of all your water sources, and how much of your drinking water you obtained from each of these sources.   
 
Note: Identify each source so that it can be located. Write in the location. Circle the proportion for each 
source and make sure the proportions add to one for all the sources combined. 
 
3a.             i)  fyhmhr p/Ym phinr uQs ik iCl ?  
i) What was the first source of drinking water?    _________________________  

 ii) we phinr uQs fYfk ky pirmh> phin fKfy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

3b.  i) fyhmhr ivüyIz phinr uQs ik iCl?  
i) What was the second source of drinking water?     _____________________________   
 ii) we phinr uQs fYfk ky pirmh> phin Kfy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

3c.  i) fyhmhr yéyIz phinr uQs ik iCl ?   
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i) What was the third source of drinking water?    ______________________________  
ii) we phinr uQs fYfk ky pirmh> phin fKfy?  
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 

3d. i)  fyhmhr cy[_Y phinr uQs ik iCl ?  
i) What was the fourth source of drinking water?    ______________________________ 

ii) we phinr uQs fYfk ky pirmh> phin phin fKfy?? 
ii) What was the proportion of water you use from this source?    <1/4,    1/4,    1/2,    3/4,    >3/4 
 
iii) Sample collected     Y      /      N  iv)  Sample code number____________ 
iv)  Location or TW ID # …………………………………………………………………… 
  
or  Name of the tubewell owner……………………………………………………………… 
 
 

4. prbiy_ p/f^nr uäfr ‘H]h’ ik}bh ‘nh’ uär vho . ZKn y[im ______________  *k[fl fZfy yKn fyhmhr Khbhr 
phinr uQsr ik ahr bvl HfziCl?  
4. Was there any other change in your drinking water source while you attended ______________ (fill in the appropriate school/madrasa 
number)? 
 

 H]~h / Yes   Insert a copy of pages 9-10 for EACH ADDITIONAL CHANGE in water source at the 
PREVIOUS SCHOOL/MADRASA, going back in time. Fill in the school/madrasa number and water source 
number on the upper right corner, S2T2, S2T3 etc.  
 

 nh  /  No     If the participant does not have any more school/madrasas listed on page 2, go to page 11. 
   
Insert a copy of pages 7-8 for EACH ADDITIONAL SCHOOL/MADRASA listed, going back in time. Fill in 
the school/madrasa number on the upper right corner, S2T1, S3T1 etc.  
 
 
 
 
 
 

ACTIVE SMOKING 
 
 
    GLb cÖkœ¸wj n‡”Q †Zvgvi a~gcvb m¤ú©‡K| 
Now, I will ask some questions about your smoking habits. 
                    
 
3a.  Zzwg wK GLb wmMv‡iU ev wewo LvI?        n¨v /Yes  

 3a.     Do you smoke cigarettes or bidi?    bv / No  Skip Q 3b and 3c 
 
3b.  Zzwg mvavibZ wK a~gcvb Ki? 

3b.  What do you usually smoke?    wewo (bidi) 

         wmMv‡iU (manufactured cigarettes) 
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3c.  Zzwg w`‡b KqUv wmMv‡iU LvI? 
3c. About how many cigarettes do you smoke each day?      |___|___|  
 
          
 
 
Ending time: |___|___| . |___|___| AM/PM  
 
 
Signature of the interviewer: _______________________________    
       
 
Interviewer Code: |___|___| 
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Appendix-4b: Child main questionnaire   
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Appendix-5a: Respiratory Health Questionnaire  
 

 
RESPIRATORY HEALTH QUESTIONNAIRE 

 
 
Starting Time: |___|___|. |___|___|  AM/PM               Date: |__|__|__|__|__|__| DD/MM/YY 
 
Respondent’s relationship to participant:________________               CID: |___|___|___|___|___|___|___|___|___| 

 
RID: |___|___|___|___|___|___|___|___|___|___| 

 
 
1. GLb Avwg wKQy cÖkœ wRÁvmv Kie _________________(mš—v‡bi bvg)Õi KL‡bv Kvwk n‡q‡Q wK bv ‡m m¤ú‡K© |  
1.      Now I would like to ask a few questions about any coughing [child’s name] might have experienced. 

 
1a.   MZ ev‡iv gv‡m,  _____________  (mš—v‡bi bvg) Õi wK mw`©i Kvi‡b ey†K Kd Rgv ev  Kvwki m‡½ Kd †ei n‡qwQj?   
1a.      In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) when he/she had a 

cold?        

 nu¨v /Yes  

                     bv / No  
  
1b. MZ ev‡iv gv‡m  _____________  (mš—v‡bi bvg) wK mw ©̀ Qvov ey‡K Kd Rgv ev Kvwki m‡½ Kd †ei n‡q‡Q ?       
1b. In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) when he/she did not 

have a cold?                             
 nu¨v / Yes  

                 bv  / No  GO TO Q.2 
 
1c.  MZ ev‡iv gv‡m , _____________  (mš—v‡bi bvg) wK mßv‡ni †ekxifvM w`b (mßv‡n 4 ev AwaK w`b) GKbvMv‡i 3 

gvm, ey‡K Kd Rgv ev Kvwki m‡½ Kd †ei n‡q‡Q ?              
1c. In the last 12 months, has [child’s name] usually seemed congested in the chest or coughed up phlegm (mucus) on most days (4 or 

more days a week) for as much as 3 months of the year? 

                    nu¨v / Yes  
                bv / No  GO TO Q.2 

 
1d.     KZ eQi G iKg n‡q‡Q ?  For how many years has this happened?                |___|___| eQi  (Years) 
  
2.    MZ ev‡iv gv‡m , _____________  (mš—v‡bi bvg) iv‡Î †ejvq wK mw ©̀ Qvov ïK‡bv Kvwk n‡q‡Q ?      
2.  In the last 12 months, has [child’s name] had a dry cough at night, apart from a cough associated with a cold or chest infection? 
 

         nu¨v /Yes  
 

                    bv / No  
Wheezing 
 
3. GLb wKQy cÖkœ wRÁvmv Kie _____________  (mš—v‡bi bvg) ey‡K †Kvb mvuB mvuB/ cb cb kã ev  GKUy‡Z nuvwc‡q 

hvIqvi AwfÁZvi m¤ú‡K©| 
3.  I would like to ask some questions about any wheezing or breathlessness [child’s name] may have ever experienced. 
 
 
3a.     _____________ (mš—v‡bi bvg) wK AZx‡Z / Rxe‡b  KLbI wb:k¦vm †bevi mgq ey‡Ki g‡a¨ mvuB mvuB/ cb cb kã ev wkm 

†`evi gZ kã n‡q‡Q ? 
3a. Has [child’s name] ever had wheezing or whistling in the chest at any time in the past? 
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             nu¨v /Yes  

                    bv / No   

3b.     MZ ev‡iv gv‡m _____________  (mš—v‡bi bvg) wK KLbI wb:k¦vm †bevi mgq ey‡Ki g‡a¨ mvuB mvuB/ cb cb kã ev 
wkm †`evi gZ kã n‡q‡Q ? 

3b. Has [child’s name] had wheezing or whistling in the chest in the last 12 months? 

                          nu¨v /Yes                

 bv / No    GO TO Q. 4a  
 
 
 
 
3c.     mvuB mvuB/ cb cb kã_____________ (mš—v‡bi bvg) MZ ev‡iv gv‡m, KZevi n‡q‡Q ?  
 
3c. How many attacks of wheezing has [child’s name] had in the last 12 months? 
 

   1 eviI bv   (None)    1 †_‡K 3 evi   (1 to 3) 
  4 †_‡K 12 evi  (4 to 12)   12 ev†ii AwaK  (More than 12) 

 
3d.     MZ ev‡iv gv‡m , GB mvuB mvuB/ cb cb k‡ãi Rb¨, _____________ (mš—v‡bi bvg) gvS ivwÎ‡Z M‡o KZevi Nyg †f‡½ 

†hZ ?  
3d. In the last 12 months, how often, on average, has [child’s name]’s sleep been disturbed due to wheezing? 
  

               KLbB bv     (Never)   

   mßv‡n GKiv‡Îi Kg  (Less than one night per week) 
             mßv‡n GKivÎ/ AwaK  (One or more nights per week) 
 

3e.     MZ ev‡iv gv‡m ,  wbk¦v‡mi GB mvuB mvuB/ cb cb kã Lye †ekx nevi Rb¨, _____________ (mš—v‡bi bvg)Õ i wK KLbI 
Ggb n‡q‡Q †h GKUv ev ỳ‡Uv k‡ãi gv‡S wbk¦vm †bevi Rb¨ _vg‡Z n‡q‡Q ?  

 
3e. In the last 12 months, has wheezing ever been severe enough to limit [child’s name]’s speech to only one or two words at a time 

between breaths? 

                       nu¨v /Yes  

                 bv / No  
 

3f.     MZ ev‡iv gv‡m ,   _____________ (mš—v‡bi bvg) wK Ö̀yZ nvUv ev mvaviY †Ljvayjvi c‡i KLbI wK ey‡K mvuB mvuB kã 
n‡q‡Q ?   

3f. In the last 12 months, has [child’s name]’s chest sounded wheezy during or after exercise?  
 

                       nu¨v /Yes  

                 bv / No  
 

3g.     MZ ev‡iv gv‡m ,  _____________ (mš—v‡bi bvg) wK  `ÖyZ nvUv ev mvaviY †Ljvayjv bv K‡iI KLbI wK ey‡K wbk¦v‡mi 
GB mvuB mvuB kã n‡q‡Q ?   

3g. In the last 12 months, has [child’s name]’s chest sounded wheezy when he/she had not taken exercise? 
 

                       nu¨v /Yes  

                 bv / No  
 
 

3h. MZ ev‡iv gv‡m,  _____________ (mš—v‡bi bvg)Õ i wK mw ©̀ ev mw`,© Kvwk R¡‡ii m‡½ ey‡K  mvuB mvuB kã ev wkm †`Iqvi 
gZb kã n‡qwQj ?  

3h. In the last 12 months, has [child’s name] had wheezing or whistling in the chest when he/she had a cold or flu? 
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                      nu¨v /Yes  

                bv / No  
 

3i.     MZ ev‡iv gv‡m,  _____________ (mš—v‡bi bvg)Õ i wK mw`© ev mw ©̀, Kvwk R¡i Qvov  ey‡K mvuB mvuB kã ev wkm †`Iqvi 
gZb AvIqvR n‡qwQj ? 

3i. In the last 12 months, has [child’s name] had wheezing or whistling in the chest when he/she did not have a cold or flu? 
 

 nu¨v /Yes  

                    bv / No                   
 
 
 
 
 
 
 
 
 
 
 
3j.     MZ ev‡iv gv‡m,  _____________ (mš—v‡bi bvg)Õ i wK‡mi Rb¨ mvuB mvuB kã †e‡owQj ?  (Cross all that apply). 
 
3j. In the last 12 months, what has made [child’s name]’s wheezing worse? (Cross all that apply). 
 

 mvevb, †¯cÖ, Kvco ev evmb gvRvi mvevb / Soaps, sprays or detergents 

(Notes: Sprays include cleaning products, room freshners, insect killers & repellent, perfumes etc) 
    

 wmMv‡iU ev wewoi ayqv/ Cigarette or bidi smoke                         ayqv /  fumes 

 dz‡ji †iYy / Pollen                                                                      mw`© Kvwk / Colds or flu                                                               

  ayjv /  Dust                                                                                  AvenvIqv / Weather 

 Lvevi ev ‡Kvb cvbxq / Foods or drinks                     fv‡ei Av‡eM, D‡ËRbv / Emotion 

 D‡ji Kvco/ Wool clothing 

 Ab¨ wKQy / Other things (please list below)_______________________ 
 
 
Shortness of breath 
  
4a.      _____________ (mš—v‡bi bvg) wK Rxe‡b KLbI k¦vm cÖk¦v‡mi K‡ói Rb¨ Nyg †f‡½ ‡M‡Q ?  
4a. Has [child’s name] woken up with shortness of breath at any time in his/her life? 
 

  nu¨v /Yes  

                     bv / No  
 

4b.          _____________ (mš—v‡bi bvg) wK Rxe‡b KLbI ey‡K Pvc- Pvc fveÕ Gi Rb¨ gvS ivwÎ‡Z Nyg †f‡½ ‡M‡Q ?    
4b.           Has [child’s name] woken up with tightness of the chest at any time in his/her life? 
 

  nu¨v /Yes  

                     bv / No  
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4c.           _____________ (mš—v‡bi bvg) wK ZvovZvwo nuvU‡Z †M‡j ev GKUz DPuy‡Z DV‡Z †M‡j nuvwc‡q hvq ? 
4c. Does [child’s name] get shortness of breath walking fast or climbing up? 
 

  nu¨v /Yes  

                     bv / No  
 
 
4d.          _____________ (mš—v‡bi bvg) wK mgvb Rwg‡Z ev iv¯—vq mgeqmxq  ‡Q‡j‡g‡q‡`i m‡½ nuvU‡Z †M‡j  nuvwc‡q hvq ? 
4d. Does [child’s name] get shortness of breath walking with other children of his/her own age on level ground? 
 

  nu¨v /Yes  

                     bv / No  
 
4e.          _____________ (mš—v‡bi bvg) wK mvavib fv‡e mgvb Rwg‡Z ev iv¯—vq nuvUvi mgq wb:k¦vm wb‡Z `uvwo‡q c‡o ?   
4e. Does [child’s name] have to stop for breath when walking at his/her own pace on level ground? 
 

  nu¨v /Yes  

                                      bv / No  
 
 
 
 
Other illnesses 
 
5.            _____________ (mš—v‡bi bvg)Õi wK  †Kvbw`b GRgv / nuvcvwb ev Uvb wQj ?  
5. Has [child’s name] ever had asthma? 

   nu¨v /Yes  

                                       bv / No  
6a.              _____________ (mš—v‡bi bvg) †K †Kvb Wv³vi KLbI wK e‡j‡Q †h Ii wbD‡gvwbqv n‡q‡Q ? 
6a. Has [child’s name] ever been told by any doctor that he/she has pneumonia? 

           nu¨v  / Yes  

            bv  / No  GO TO Q. 7a 
 
6b.           _____________ (mš—v‡bi bvg) †K MZ ev‡iv gv‡m †Kvb Wv³vi wK e‡j‡Q †h Ii wbD‡gvwbqv n‡q‡Q ? 
6b. Has [child’s name] been told by the doctor that he/she has pneumonia in the past 12 months? 
 

   nu¨v /Yes  

                                       bv / No  
 
7a.            _____________ (mš—v‡bi bvg) †K †Kvb Wv³vi KLbI wK e‡j‡Q †h Ii wUwe ev h¶v n‡q‡Q ?  
7a. Has [child’s name] ever been told by the doctor that he/she has tuberculosis? 
 

         nu¨v  / Yes     

         bv  /  No  GO TO Q. 8 
 
7b.            _____________ (mš—v‡bi bvg) †K MZ ev‡iv gv‡m †Kvb Wv³vi wK e‡j‡Q †h Ii wUwe ev h¶v n‡q‡Q ? 
7b. Has [child’s name] been told by the doctor that he/she has tuberculosis in the past 12 months? 
 

   nu¨v /Yes  

 bv / No  
 

 



134 
 

8.          GLb wKQ~ cÖkœ Kie _____________ (mš—v‡bi bvg) mvavib ¯̂v ’̄¨ I cvwicvwk¦©K cwi‡ek m¤ú‡K© |  
8.    Now I would like to ask you some questions about [child’s name]’s general health and environment. 

 
9a.        _____________ (mš—v‡bi bvg) múÍv‡n KZevi AwaK kvixwiK cwikªg (†hgb KvV KvUv, wi·v Pvjv‡bv) ev †Ljvayjv (†hgb 

dzUej, wμ‡KU, †QvqvQ„wq, jy‡KvPyywi, muvZvi KvUv ev mvB‡Kj Pvjv‡bv) K‡i ?  
 
9b.   How many times a week does [child’s name] engage in vigorous physical activity (like chopping woods, pulling rickshaw etc.) and 

playing games like football/soccer, cricket, catching, I spy you, swimming, cycling etc.) 
 

       KLbB bv ev gv‡Smv‡S     (Never or occasionally)   

        mßv‡n GKevi ev ỳBevi   (Once or twice per week) 

                  mßv‡n wZbevi ev ‡ekx     (Three or more times a week) 
 
9c.        _____________ (mš—v‡bi bvg) hLb Ii gv‡qi / Avcbvi ‡c‡U wQj ZLb evwo‡Z wK GK ev G‡Ki †ekx †eovj wQj?  
9c. Did you have one or more cats in your home while the mother of [child’s name] was pregnant with [child’s name]? 
 

  nu¨v /Yes  

                                      bv / No  
 
9d.        _____________ (mš—v‡bi bvg)Õi  R‡›gi ci ‡_‡K GK eQi eqm ch©›Z evwo‡Z wK GK ev G‡Ki †ekx †eovj wQj ? 
9d. Did you have one or more cats in your home during the first year of [child’s name]’s life? 
 

     nu¨v /Yes  

                                      bv / No 
  
 
 
 
 

SKIN LESIONS 
 
THIS SECTION SHOULD ONLY BE COMPLETED AFTER THE PARTICIPANT HAS UNDERGONE THE MEDICAL 
EXAMINATION.   
Based on the results of that examination, if the participant has no skin lesions, skip this section. If the participant has indications of skin 
lesions, ask the mother the following questions. 
 
GLb wKQ~ cÖkœ Kie _____________________  (mš—v‡bi bvg)Õi kix‡ii wQUwQ‡U `vM m¤ú‡K© |  
I would like to ask you about [child’s name]’s skin pigmentations.  
 
1.      _____________________  (mš—v‡bi bvg)Õi kix‡ii wK †Kvb wQUwQ‡U `vM Av‡Q ? 
1. Does he/she have pigmentation anywhere on his/her body?  

  nu¨v /Yes  

                                           bv / No  (Go to Q.3)  
   
1a.      _____________________  (mš—v‡bi bvg)Õi kix‡ii cÖ_g †Kvb eQi †_‡K GB wQUwQ‡U `vM †`Lv w`‡q‡Q ?  
 
1a.  In which year did the pigmentation changes first appear on [child’s name] skin?           |___|___|___|___|  Year 
 
1b.     _____________________  (mš—v‡bi bvg)Õi kix‡ii †Kvb RvqMvq cÖ_g GBiKg `vM †`Lv w`‡qwQj (eY©bv `vI) ?  
 
1b.  Where on [child’s name]’s body did it first occur (describe)        ___________________________________ 
 
 
1c.     _____________________  (mš—v‡bi bvg)Õi ZLb eqm KZ wQj ?  
1c.   How old [child’s name] was then?                           |___|___| Years  
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2.     _____________________  (mš—v‡bi bvg) MZ ỳB erm‡i wK GB wQUwQ‡U `v†Mi †Kvb iKg cwieZ©b †`Lv †M‡Q ?  
2.   In the last two years, have [child’s name]’s pigmentation changes improved, worsened or stayed the same? 
 

        fv‡jvi w`‡K / improved    Lviv‡ci w`‡K / worsened   GKB iKg / stayed the same 

3.      _____________________  (mš—v‡bi bvg)Õi kix‡i wK †Kvb Pvgov k³ nevi j¶Y †`Lv †M‡Q ?  
3. Does he/she have thickening anywhere on his/her body?  

  nu¨v /Yes  

                                           bv / No  (Skip all other question) 
3a. ‡Kvb ermi _____________________  (mš—v‡bi bvg) Pvgov k³ nevi j¶Y †`Lv †M‡Q ?  
3a.  When did signs of skin thickening first appear (year)?      |___|___|___|___|  Year 
 
 
3b. ‡Kvb ermi _____________________  (mš—v‡bi bvg) Pvgov k³ n‡Z cÖ_g j¶¨ K‡i‡Qb ?  
3b.  When did you notice the skin thickening first (year)?                     |___|___|___|___|  Years 
  
3c. kix‡ii †Kvb RvqMvq _____________________  (mš—v‡bi bvg) cÖ_g Pvgov k³ n‡Z †`Lv †M‡Q ?  
3c.  Where on [child’s name]’s body did the thickening first occur (describe)?          

                KiZj (palms)          cv‡qi Zjvq  (soles) 
 
3d. ZLb ___________________  (mš—v‡bi bvg)Õi  eqm KZ wQj ?  

How old was [child’s name] then?                       |___|___|  Years 
 

 
 
 
Ending Time: |___|___| . |___|___|  AM/PM 
 
Interviewer Code:  |___|___|    
 
Interviewer Signature:_________________________                    
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CID: |___|___|___|___|___|___|___|___|___| 

 
RID: |___|___|___|___|___|___|___|___|___|___| 

 
1. Examination Information 
 
1a. Date of Exam                 |_ _|_ _|_ _|_ _|_ _|_ _|        
DD/MM/YY 
 
1b. Time of Exam (write in and circle AM/PM)              |___|___| . |___|___|  AM/PM 
 
2. Physical Development 
 
One team member to record two measurements each of height and weight. 
 
2a. Height (cm)     |____|____|____|.|____|
 1stMeasurement 
 

|____|____|____|.|____| 2nd 
Measurement 

 
2b. Weight (kg)     |____|____|. |____|  
 1stMeasurement 
 
       |____|____|. |____|   2nd 
Measurement      
 
3. Blood Pressure Measurement 
 
2a. Blood pressure (Systolic/Diastolic) mmg  |____|____|____|/|____|____|
 1stMeasurement 
        

|____|____|____|/|____|____| 2nd 
Measurement 

 
 
4.1. LUNG FUNCTION MEASUREMENTS  
 
Lung function measurements with spirometry. Primary parameters:  FEV1, FVC, 
FEV1/FVC, FEF25-75, FEF25-75/FVC, FEF75.   
 
The EasyOne model spirometer displays, saves and can output data to a printer or PC.  
The readings taken will be saved and printed out. 
 
4.1a. Spirometer Output Printed Out     Yes   No 
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4.1b. Number of Spirometry Attempts   |____| Runs 
 
4.2. Lung Symptoms and Signs 
 
4.2a. Lung Symptoms  
 Cough        Yes   No 
  

If yes, please 
specify________________________________________________________ 

 
Breathing difficulty      Yes   No 

  
If yes, please 

specify________________________________________________________ 
 

 
4.2b. Lung Signs   

Breath sound    Vesicular   Bronchial 
 Vesicular with prolonged expiration  Other added 

sound   (specify)___________________ 
  
4.3c. Additional Lung Symptom and Sign Observations (Specify) 
__________________________ 
 
4.4d. Any other physical/systemic findings?  
   

 Yes   No 

If “yes” please specify_________________________________________________________ 
 
5. Drug history 
 
5a. Is the [child’s name] taking any medication?     Yes   No 
 
5b. If yes, please specify_________________________________________________________ 
 
 
6. Skin Lesions OR Skin Changes 
 
6a. Does the participant show signs of hyperpigmentation, hypopigmentation, or both? 
 

 No Pigmentation Changes   Melanosis (Early Stage)   
 Hyperpigmentation   Hypopigmentation 
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 Both Occurring Side-by-Side 
 
6b. Location of the pigmentation change (mark or write in):  
  

 Chest/Torso    Back 
  Arms     Legs 
 
6c. How confident are you that [child’s name]’s pigmentation changes are arsenic-induced?  

 
 Definite     Probable 
 Possible     Not arsenic related 

 
6d. Does the participant show signs of keratoses on the palms or soles or both?         
  

 No Keratoses    Keratoses on Palms 
  Keratoses on Soles    Keratoses on Palms and Soles 
         
6e. If participant shows signs of keratoses:  Is it nodular, elevated or flat?    
  

 Nodular    Elevated   Flat 
 
6f. How confident are you that [child’s name]’s keratoses changes are arsenic-induced?   

 
 Definite     Probable  
 Possible     Not arsenic related 

 
6g. Photographs should be taken of suspected skin lesions. Were photographs taken of this 
participant? 

 
 Yes      No 

 
 
6h. If no, explain why photo could not be taken. 
 
7. Blood sample taken       Yes   No 
 
If no, please specify the reasons__________________________________________ 
 
8. Urine Sample 
 
Spot urine samples should be taken and frozen at sub-center. 
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8a. Was a spot void taken?              Yes   No 
 
8b. Total number of urine samples from this participant (circle or write in):     1   2   3  _____ 
 
8c. Time of sample (write in and circle AM/PM):    |___|___| . |___|___|  AM/PM 
 
8d. Was urine sample frozen?       Yes   No 
 
8e. Result of urinary protein test (circle):   0 (nil) 1+ 2+ 3+ 4+ 
 
8f. Result of urinary glucose test (write in):      _____ mg/L 
  
8g. Was blood observed in urine?       Yes   No 
 
 
Name of Physician_________________________Signature of 
Physician____________________ 
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Appendix-7: Article published on respiratory effects by early life Arsenic 
exposure observed in cohort phase-1  

 




