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ROJECT SUMMARY: Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. Describe concisely the experimental design and research methods for achieving the objectives. This description  will serve as a succinct and precise and accurate description of the proposed research is required. This summary must be understandable and interpretable when removed from the main application. ( TYPE TEXT WITHIN THE SPACE PROVIDED).

Principal Investigator: Mahfuzar Rahman
Project Name: Arsenic in tube well water and health consequences, phase 2
Continued activities 2003-2006: understanding the dynamics of arsenic exposure, arsenic-related diseases and the shift to arsenic-free drinking water

Total Budget         US$ 705,800

Beginning Date      15/08/2003                            Ending Date 14/08/2006


The aims of earlier approved, ongoing research project entitled “Arsenic in tube well water and health consequences” (2001-015) include screening of the entire 220,000 populations under the Health and Demographic Surveillance System (HDSS) of Matlab for arsenic-induced skin lesions, measuring of arsenic concentrations in all 15,000 tube wells, and initiate mitigation activities in the entire Matlab area in collaboration with BRAC. An arsenic database has been added to the Matlab HDSS that includes geographical coordinates, age and depth, and arsenic concentrations of all tube wells. In these databases information on individuals’ skin lesions and their water consumption pattern over the years have been added. The competence of field workers, study physicians, laboratory staff, mitigation team etc has been systematically built during the project. 

In this proposed study, to be conducted during 2003-2006, we would like to follow up some issues addressed in the earlier study, specifically assess variations in arsenic exposure through tube well water in terms of seasonal variations and time trends of arsenic concentration in tube wells, variations due to differences in the behaviour in the collection, storage and use of water; assess reversibility of the arsenic-induced skin lesions when shifting to arsenic-free water; and further study the mitigation process, especially through ethnographic perspectives on water and mitigation options, equity in the shift to arsenic-free water, safety in the use of surface water as an alternative, and costs for the various options used. We would also address some new issues such as assess contribution of rice to arsenic exposure, arsenic exposure in young children, and study health effects of arsenic contaminated water, particularly the occurrences of chronic obstructive pulmonary disease, diabetes, and psycho-motor development of young children.

As a part of the earlier study (during 2001-2003), arsenic concentration has been measured in a sub-sample of 600 randomly selected tube wells from the Matlab area three times each year (in March, July and November), and we propose to continue the activity for another three years. We would invite individuals found to have arsenic-induced skin lesions in the earlier study (2001-2003) for a follow-up clinical evaluation to assess reversibility of their skin lesions and collection of urine samples for determining current level of arsenic. There is an ongoing study (2000-013) for screening of pulmonary tuberculosis that has identified five hundred individuals (cases) with chronic cough. We would include them in our study and select another five hundred age-and sex-matched referents from the HDSS. These cases and referents will be clinically examined at home visits with an emphasis on assessment of their respiratory status and smoking habits. There is another ongoing study that screens individuals for diabetes and impaired glucose tolerance. We would include 140 of these individuals with glucosuria and/or impaired glucose tolerance and randomly select two age-and sex-matched referents per case from HDSS database. Arsenic exposure information will be obtained from the database of the earlier project (2001-2003). Another study (2002-031) involves a cohort of pregnant women and their infants in Matlab. We propose to follow this cohort of 2,500 infants to determine their exposure to arsenic, by assaying their urine samples for arsenic, at their 1 and 2 years of age. As a part of the earlier study BRAC has initiated various mitigation options and are implementing them. Study has also been initiated during the period 2001-2003 on an ethnographic perspective on water, water use, and arsenic in water that would continue to investigate the mitigation process, and community involvement. We propose a follow up study to assess changes in drinking water habits, cost-effectiveness and equity in the distribution of the different mitigation options, and safety of the alternative water sources.

The results on health effects of arsenic will help estimate disease burden and would have direct relevance to arsenic-related programmes in Bangladesh and in other countries. The experiences from the mitigation process would be very important in finding a cost-effective solution to the widespread problem of arsenic contaminated drinking water in Bangladesh
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DESCRIPTION OF THE RESEARCH PROJECT

The research project entitled “Arsenic in tube well water and health consequences” in Matlab was initiated in June 2001 (protocol no. 2001-015), which would end in mid-August 2003. We propose to continue some activities of this project in the proposed phase-2 of the protocol (#2003-023). The components from the phase-1 that would be continued of  phase-2 study are follows: - 
1. Examine seasonal variation and time trends of arsenic concentration in tube wells, 

2. Examine variations of individual arsenic exposure through tube well water, and variations due to different water storage and use patterns

3. Explore the contribution of rice to arsenic exposure,

4. Assess reversibility of arsenic-induced skin lesions when shifting to arsenic-free water 

The proposed phase-2 study would also incorporate some new components. The hypotheses and amis of the new components are as follows:-

Hypotheses to be tested
We hypothesize that individuals in households with higher (>50(g/L) dose-time levels of arsenic exposure have had a higher morbidity of chronic obstructive lung diseases (especially Chronic Cough, impaired glucose tolerance, and impaired psychomotor development of young children as compared to those with acceptable limit (<50(g/L) of arsenic concentration in drinking water.

The aims of the new components are as follows:  

5. To investigate effects of arsenic contaminated water on the occurrence of chronic obstructive pulmonary disease, diabetes mellitus, psycho-motor development of young children 

6. To assess arsenic exposure of young children

7. To study the effectiveness, acceptability, and equity issues of mitigation options

8. To determine cost-effectiveness of different mitigation options, averted costs of illness from provider as well as household perspectives for both illness and treatment. 

Background of the Project including Preliminary Observations 


Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific references. Describe logically how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. Provide scientific validity of the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives. (DO NOT EXCEED 5 PAGES, USE CONTINUATION SHEETS).

                                                                                                                                                                                          

Introduction

A major proportion of tube wells for drinking water in Bangladesh are contaminated with arsenic (British Geological Survey 2001, Smith 2000). Experiences from other countries indicate that the consequences of this exposure will be extensive and include excess incidence and mortality in cancers and cardio-vascular diseases.  However, the knowledge base is weak on the weight of this new burden of diseases and on the speed by which it develops. Little is known about the reproductive health consequences, and about the possible aggravating role of the widespread malnutrition in Bangladesh on arsenic-induced health effects.

A project entitle “Arsenic in tube well water and health consequences” in Matlab was initiated in June 2001. Its fieldwork has progressed well and will be completed in the end of July 2003. An intensive period of analysis is underway, and the first dissemination workshop is planned for December 2003. 

The general objective of the project “Arsenic in tube well water and health consequences” is to establish a strong epidemiologic platform for research on arsenic exposure through drinking water, and its effect on the occurrences of arsenic skin lesions, reproductive outcomes and adult mortality; and modifications of the effects by nutritional status, and effects of interventions to change to alternative water sources of drinking water. This collaborative project between BRAC, ICDDR, B and institutions in Sweden benefits from ICDDR, B’s HDSS covering 142 villages in Matlab, Bangladesh. The HDSS contains demographic information, reproductive outcomes, health information, nutritional and health data as well as a linked geographic information system. This area is heavily affected by the arsenic contamination of drinking water. 

The project aimed to answers the following questions:

1. Who develop arsenic induced skin lesions and what are the risks at different exposure levels? Are there gender differences in the risk to develop skin lesion at a given dose level and duration of exposure to arsenic contaminated water? 
This would be done through analysis of current exposure (as a proxy for exposure levels over time) and duration of exposure (from water consumption history reinforced by already collected data in the HDSS databases) to the arsenic contaminated water in relation to the presence of skin lesions. Concentration of arsenic in all 15,000 tube wells, information on individuals’ sources of water used for drinking, and results of screening for arsenic-related skin lesions in the entire population into a data base would help establish the dose-response relationship between doses of arsenic and development of arsenic skin lesions and to evaluate the risk for developing arsenic-related skin changes (melanosis, keratosis, leucomelanosis and hyperkeratosis) for a given dose and duration of arsenic exposure. 

2. Are individuals with general malnutrition and/or micronutrient deficiencies at greater risk of developing skin lesion than those who are better nourished? 

A case-referent analysis of the modification by current nutritional status on the risk to develop arsenic-induced skin lesions is nested into the study. Individuals with arsenic skin lesions are selected as cases and invited to further examination in the Matlab health facilities, and two referents without arsenic skin lesions are randomly selected from the HDSS databases and invited for examination. Nutritional status of cases and referents is assessed by anthropometry, and blood sampled for nutritional biochemistry. Urine samples from cases and referents are analyzed for determining total inorganic arsenic and arsenic methylation patterns (reflecting the current exposure). These data will be used to assess whether the individual susceptibility to skin lesions is higher for those with signs of protein energy malnutrition and micronutrient deficiencies compared to individuals with normal nutritional status.

3. Has the arsenic exposure resulted in excess number of miscarriages, stillbirths and neonatal deaths in the past? 

An analysis will be performed to assess the relationship between current level of exposure and the duration exposure with reproductive events, such as spontaneous abortions, still births and early neonatal deaths during the last three years (1997-2000). Information on reproductive events is available in the HDSS database. This approach will enable testing the hypothesis that women who report consumption of water from arsenic contaminated tube wells with higher arsenic contamination during the previous pregnancies have had a higher rate of negative pregnancy outcome, i.e. miscarriages, stillbirths and early neonatal deaths. 

4. Has the arsenic exposure already resulted in excess deaths in cancer and cardio-vascular diseases? 

An analysis will be performed to assess the effect of arsenic exposure on overall adult mortality during the last five years (1995-2000). Mortality information including cause of death is available in the HDSS database, and this study will specifically focus on deaths from cardio-vascular diseases and cancer during the last 5 years. This will allow testing of the hypothesis that individuals with higher dose-time levels of arsenic exposure have higher rates of death from cardiovascular diseases and cancers compared to those with low arsenic concentration in drinking water. 

5. What are the experiences of the village-based arsenic mitigation activity carried out so far as an integrated part of the project?
BRAC, a Bangladesh NGO, is responsible for the arsenic mitigation component. At the initial stage of identification of a tube well with unacceptable arsenic concentration people using water for drinking from that source would be advised of use water for drinking and cooking from an alternate safe source e.g. arsenic-free tube wells in the neighborhood. In discussion and education of the community, and in discussion and close collaboration with them this would be followed by promotion of alternative sources of safe drinking water e.g. treated surface water, rainwater harvesting, and treated arsenic-contaminated ground water. 

Methods and preliminary results of the previous study

Fieldworks of the previous study includes screening of the entire 220,000 population, excluding children <6 years of age (age limit due to the latency before skin lesions develop), of HDSS for arsenic-induced skin lesions, determining arsenic contamination in all 15,000 tube wells, and initiate mitigation activities in the entire area. Individuals with skin lesions and randomly selected referents (approximately 2 per case) are invited to Matlab health facilities for further examinations. An arsenic database including geographical coordinates, age and depth, and arsenic concentration of all tube wells has been added to the Matlab HDSS. In these databases information on individuals’ skin lesions and their water consumption patterns over the years have been incorporated. The competence of field workers, study physicians, laboratory staff, mitigation team has been systematically built during the project period, and new equipment have been procured for ICDDR,B laboratory. The strong links with Swedish institutions has been used to build and strengthen capabilities to manage all phases of the arsenic project, and a strong collaboration has also been established between ICDDR, B and BRAC in Bangladesh, and the Department of Metals and Health, Karolinska Institute and International Maternal and Child Health, Uppsala University in Sweden.

Table 1. Field activities for skin lesions (Up to June 2003)

	 Total population
	Listed in HDSS 
	Non-eligible 
	Eligible population
	Interviewed and screened

	220,000
	187,696
	21,588
	153,955
	143,371


Clinical activities and  selection of cases and controls

Selection of cases. Trained field staff screened all individuals >5 years of age in the Matlab HDSS area. Those with suspected skin lesions were referred to the closest ICDDR,B sub-centre for confirmation by study physicians (male and female). Individual with confirmed melanosis or leucomelanosis on hands, feet or trunk and/or keratosis or hyperkeratosis on hands or soles were regarded as a case.  

Selection of controls. Controls were randomly selected from the HDSS data bases (>5 years of age) and were invited to the closest ICDDR, B sub-centre for clinical examination and interview. The controls are selected in the following way. We estimated the prevalence of skin lesions to be 0.5 % in the study population (this level is confirmed during the first months of the study). A random sample of 1% population (i.e. 2000 individuals) was selected by a computer routine linked to the population database, excluding individuals <6 years. The selection as a “control” was marked on the pre-printed study forms used in the field. If a selected control had arsenic-induced skin lesions she/he was re-classified as a case (expected to occur for 0.5% of the selected controls). The study physician has confirmed 6 referents to be cases.

Clinical activities. Study physicians further examine individuals with suspected arsenic-related skin lesions for confirming diagnosis and additional investigations. Photographs of the skin lesions were taken under standardized conditions and used for validation by an expert panel. Anthropometric measurements (weight and height) were performed, and blood sampled for hemoglobin assessment by HemoCue( and for relevant micronutrients. The cases were carefully examined to exclude skin cancer, blood pressures were measured (increased risk of hypertension when exposed to arsenic), urine tested for glucose and protein (also increased risk for diabetes), and assessments were done for peripheral vascular disease and peripheral neuropathy. For patients with arsenic-related diseases requiring proper treatment referral routines were established and they were referred to an appropriate facility (e.g. skin cancers to BSMMU, diabetes to Chandpur Diabetic Hospital).  

Table 2. Referral of individuals from field to clinics and results of the screening of skin lesions (referred to study physicians, confirmed cases) up to June 2003. 

	Cases/Controls
	Referred from field
	Attended the clinic
	Absentees
	Confirm Cases

	Cases
	1554
	1428
	126
	426

	Controls
	1611
	1400
	211
	6*


* Indicates confirmed cases in control population

Table 3. Urine arsenic level of 964 (cases and controls in the table adds to 968!) cases and controls (analyzed at Karolinska Institute, Stockholm)

	Total, N=964
	Cases, N=221

As (g/L
	Controls, N= 747

As (g/L

	Min
	2
	2

	Max
	2243
	1726


Arsenic concentrations in tube well water

In total 6,434 tube wells have been investigated till March 2003, and arsenic concentration in the water has been assessed by Merck screening test and water taken for arsenic analysis by the new Shimadzu AAS in the laboratory in Dhaka (procured with WHO funds). 

Table 4. Arsenic concentration in tube well water

	Arsenic concentration in water (µg/L)
	Per cent
	Cumulative per cent

	0
	24.4
	24.4

	≈ 10
	6.4
	30.8

	≈ 25
	3.1
	33.9

	≈ 50
	3.9
	37.8

	≈ 100
	7.3
	45.1

	100-500
	29.4
	74.5

	≈ 500
	22.6
	97.1

	>500
	2.9
	100.0


In summary, one quarter (24.4%) tube wells had no contamination, 66% of the tube wells had an arsenic concentration of 50µg/L or higher, and nearly one-quarter (22.6%) of the wells had concentrations of   500 µg/L or higher. 

Mitigation Component

Background

BRAC is collaborating with ICDDR, B and is implementing the mitigation components of the project in Matlab Upazila. 

Objectives

The aim of the mitigation component is to provide safe drinking water options in arsenic affected areas in Matlab through a process that actively involved the community (villagers). In order to provide safe water options, BRAC initiated increased access and use of arsenic free drinking water among arsenic affected communities, improve capacities /technical skills of masons for the construction and installation of alternative water supply technologies, and improve capacity of the caretakers for the necessary operation and maintenance of the installed/constructed water supply technologies. 
Mitigation process
Community meetings were organized in the villages before and after testing of tube well water. Village Arsenic Mitigation Committees were formed and the post-testing meetings were held to inform the Committee and the villagers about arsenic problem in their area and to discuss mitigation options. Priority was given to villages with a high prevalence of contaminated tube wells. BRAC is responsible for the mitigation and their staff visits each village on a regular basis to assist in all phases of the mitigation work. BRAC has also initiated People’s Theatre for delivering messages and initiate discussion with the community partners regarding arsenic mitigation. Once a tube well is identified to contain high level of arsenic that is marked red and BRAC is immediately covering the people using water from that particular tube well and advising them that they should not to use water from that tube well for drinking purposes but could use that for other purposes such as bathing. People are also advised to use water from a safe tube well, if available in their community, for drinking purposes. BRAC is providing this mitigation education and providing mitigation options for safe water to this community. Since March 2003, 6434 tubewells have been tested and BRAC proceeded with mitigation option to those communities, and will cover the entire Matlab HDSS area by January 2004. 

Awareness development

The arsenic problem is new in Bangladesh. Awareness and motivation on arsenic issues are done in two ways. First, efforts are made to make people understand that arsenic is a poison. Second, people are advised that they should procure safe water at their own effort and cost. A combination of approaches such as staging popular theatre, meetings, organizing workshops, and showing video are being used in raising awareness about the problem of arsenic contamination and the consequences of drinking arsenic contaminated water. Village meetings, school meetings, and meetings with the local elected bodies are also conducted to inform people about the arsenic issues. To design a communication campaign workshops are conducted where representatives of different stakeholders participate. By providing these services the awareness level of the community has increases significantly.

Mitigation options
Installation and assessment of safe water options are major activities of the project. The main options promoted are: treatment of surface water with community-based Pond Sand Filter (PSF) and home-based Bishuddhya filter; collection of rainwater in Rain Water Harvesters (RWH); and treatment of arsenic contaminated groundwater with home-based three-pitcher filters, Alcan filters, Safi filters. It may be noted that the options installed in Matlab are based on BRAC’s previous experience of providing alternative safe water options to other arsenic exposed populations of the country. These options are being assessed on several criteria: arsenic removal capacity, installation and running costs, ease of implementation, operations and maintenance, continuity and flow of supply, susceptibility to bacteriological contamination, and acceptability to the community.

Table 5: Safe water options distributed in Matlab till June 2003.

	Type of Option
	Safe water options
	Achieved options
	Beneficiaries, 

N= families

	Household-based
	Three pitcher filter
	100
	99

	
	Alcan filter
	168
	168

	
	Safi filter
	24
	24

	
	Bishudhha filter
	 66
	66

	
	Rainwater harvester (RWH)
	51
	51

	
	
	
	

	Community-based
	Pond sand filter (PSF)
	13
	1300 (100/PSF)

	Total
	
	422
	1609


Accessibility to safe water options 

All options have their own strengths and limitations, and none of them is as easy as fetching tube well water. The PSF was originally designed to serve 200 families; however, consequent to distance to be traveled for fetching water only about 100-120 families could be served by a PSF. Currently, PSFs are the most popular option in Matlab since people in this area are traditionally habituated to use surface water for both drinking and cooking purposes. Presence of iron in tubewell water is also another major reason for using surface water. The next popular options, according to the villagers, are RWH and the Alcan filters. The only drawback of the Alcan filter is that it needs replacement of media every two years, costing Tk=600. Excluding this factor, community acceptability and technical viability of this option are high. To overcome this problem the implementing bodies are providing small earthen saving pots with Alcan filters and advising the users to deposit at least one Taka (Tk=1) every day to enable the family to replace media at the end of its usage period.  

The following table describes preference and accessibility of the safe water mitigation options developed by BRAC. The matrix shows ratings of each of these factors on a scale of 1 to 5. The maximum possible rating is 45 and a higher rating indicates more potential. In this matrix, PSF got highest potential followed by RWH and Alcan filter.

Table 6. Matrix to assess preference and accessibility of safe water options provided to the community

	
	PSF
	RWH 
	Alcan filter
	3-pitcher filter
	Bishuddhya filter
	Safi filter

	Initial Cost
	1
	2
	2
	5
	3
	2

	Running Costs
	4
	5
	1
	3
	4
	3

	Ease of implementation
	3
	3
	4
	2
	4
	2

	Technical effectiveness
	4
	3
	5
	4
	4
	1

	Maintenance requirement 
	4
	4
	3
	2
	3
	1

	Monitoring required?
	4
	3
	2
	1
	2
	1

	Continuity of supply
	4
	2
	5
	4
	4
	2

	Susceptibility to bacteriological contamination
	3
	4
	4
	2
	2
	3

	Social acceptability
	5
	4
	4
	2
	2
	1

	Total
	32
	30
	30
	25
	28
	16


Safe water for exposed population

The total number of exposed families in blocks A, B, and C is 10,719, and 5,986 (56%) of them are currently getting safe water (including green marked tubewells). 

Table 7. Coverage of the exposed population by safe water options in areas where tube wells has already been tested.

	Population

(Families)
	Total exposed families
	Families getting water from green marked tube wells; n (%)
	Families getting water from alternative options; n (%)
	Total families coverage; n (%)
	Families remain to be covered; n (%) 

	76,580 (15,315)
	10,719
	4,377 (41)*
	1,609 (15)
	5,986 (56)
	4,733 (44)


*Three families share one tubewell 

Recent survey indicated increase in the number of shared families from 3 to 7. Increasing access and use of arsenic free water by affected families in one of the aims of the project, and the indicators show that most of the exposed families are making efforts to collect water from various safe water sources, primarily from the green marked tubewells. Till date BRAC has covered 5986 families, and the process is ongoing and it is expected that all families would be covered by January 2004. The arsenic mitigation is one of the components of the proposed study, which will be completed by 2006.

Safe water for identified patients 

The priority of the earlier project was to provide safe water to people who have already been affected with visible skin lesions. The BRAC field staffs have visited identified patients several times for safe water coverage with a minimum cost. Of the 426 confirmed cases, safe water was ensured for 409 cases (8 patients out migrated, 1 left for Saudi Arabia and 3 died) and the rest 5 are in the process of getting safe water. The current source of safe drinking and cooking water of these individuals is presented in the table below. It needs to be mentioned that patients covered under the green marked tubewell do not necessarily own these tubewells; some are sharing these tubewells with their neighbors. BRAC staff repeatedly visit these patients to take alternative safe water options and trying to motivate them getting safe water. Almost 89% of the patients collect cooking water from pond/river, which is a common practice in the study areas as well as in some other parts of rural Bangladesh. Nine patients were observed to collect water from deep tube wells re-installed in the areas where there is no arsenic. This technique has been observed to becoming increasingly popular among relatively well-off families. 

Table 8. Sources of drinking and cooking water of the patients with skin lesions

	Water source
	Total drinking, n
	Total cooking, n

	Three Pitcher
	7
	0

	Alcan filter 
	92
	0

	Safi filter
	1
	0

	Bishudhya filter
	30
	0

	Rain Water Harvesting
	2
	1

	Ponds Sands Filter
	8
	0

	Green tube wells
	202
	34

	Boiling pond/river water
	58
	293

	Re-installed tube wells to greater depths
	9
	2

	Total
	409
	


Villages with high arsenic level 

For provision of safe water, the next priority was given to the villages where 50% or more of the tube wells were arsenic contaminated. Within the village, poor families were prioritized to receive home-based options. The community-based options are constructed in the places where most of the tubewells are contaminated. Apart from providing mitigation options, based on government-approved criterions mentioned above, BRAC is also considering the following criteria. Using GIS map of the villages, efforts are made to target areas where concentration of red marked tubwells are more densely located than other areas. It would then be possible to maximize coverage of safe water options as well as prioritize families with higher levels of exposure (e.g.100-500(g/L or above) in providing safe water coverage.

Ensuring safe water activities

Optimal use of the local resources is the driving force in implementing the project. Village women with limited education are trained in creating awareness in their localities, and on different safe water options and monitoring their use in Matlab upazila. Self-reporting by the people are used in assessing their use of various safe water options. A group of local masons are trained to manufacture different options. It has been decided that none of the alternative options distributed under the project would be absolutely free of cost. Community or individual (in the case of household-based option) will contribute at least 20% of the total cost of any option. Monitoring of the quality of water treated by different technologies has been introduced and given utmost priority in the project. A monthly water quality-monitoring plan has been developed for checking both arsenic and bacterial contamination in treated water. Field-testing kits are used to check arsenic concentration in treated water while bacterial contamination is tested at the Environmental Microbiology Laboratory of ICDDR, B. Communities are paying at least 20% of the total cost of any option selected by them. None of the options are free for the community, which imparts the sense of ownership and promote sustained use of the options provided. However, the implementing bodies are experiencing difficulties in collecting the 20% contribution from the villagers. Several visits are needed to motivate them collecting the community contributions. Many villagers still believe that the options will be distributed free at some point, and are waiting for that time to come. It is envisaged that reduction of this contribution e.g. to 10% - 5% of the total cost, adjusting for the socio economic condition of the individuals, could help in faster implementation of the mitigation activities in the near future. It needs to be mentioned that exceptions are made in offering the safe options to individuals who already have manifest arsenic-induced disease e.g. skin lesions; safe options are provided free of costs to those who are unable to pay their share of contribution (20% of the total cost).

Conceptual framework and rationale of the proposed study

The ongoing study in Matlab is a multidisciplinary, action-oriented research on health effects of arsenic-contaminated drinking water, and the processes of finding effective alternative, arsenic-free water sources– often surface water or rain water. However, the shift to surface water may potentially expose the individual to pathogens affecting health, especially diarrhoeal diseases. 


[image: image1]
The ground water, obtained from tube wells, is not only used for domestic purposes but also for irrigation of the paddy fields. This could potentially give a substantial contribution to the total arsenic exposure of the individual through arsenic contamination of rice. The figure above provides an overview of the associations and process that we intend to further study in the continuation of the project. 

We are providing below the rationale for continued studies of the exposure to arsenic, the mitigation processes and the health effects.

Rationale for continued studies of arsenic exposure
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Note: The component of the earlier-approved, ongoing study is shown in light fonts, and components of the proposed study are shown in darker fonts.

In the ongoing study, analyses of arsenic in water and urine from individuals who drink the water (in Matlab) have shown marked variations in their ratio. The findings indicate that measurement of arsenic in the tube well water might not provide an accurate indication of the individual exposure. There may be several reasons for this discrepancy e.g. use of other water sources by the individuals, types of diet, contribution from arsenic-contaminated food. Similarly, the management, storage and use of the water might influence the exposure e.g. through iron-arsenic precipitation in a storage container.

Rationale for continued studies of health effects


[image: image3]
Note: The component of the earlier-approved, ongoing study is shown in light fonts, and components of the proposed study are shown in darker fonts.

During the project period of earlier study (2001-2003) we identified several hundred people with arsenic-induced skin lesions. The appropriate treatment for arsenic-induced skin lesions is a shift to arsenic-free drinking water. However, it is not known if cessation of arsenic intake results in a disappearance or reduction of these skin changes. A better understanding of the potential reversibility is needed from a clinical as well as a public health point of view. Under the proposed study, we would measure exposure on the individual level by assaying their urine to judge if the exposure has ceased. 

There is considerable variation in the individual susceptibility to arsenic exposure through drinking water. Inorganic arsenic is methylated in the body via alternating reduction of pentavalent arsenic to trivalent and addition of methyl groups from S-adenosylmethionine (NRC 2001). The main products, monomethylarsonic acid (MMAV) and dimethylarsinic acid (DMAV), are readily ex​creted in urine, and more efficient methylation is shown to result in a faster overall excretion of arsenic (Vahter 2000; 2002). However, highly toxic reduced forms of the methylated metabo​lites, MMAIII and DMAIII, may be formed (Aposhian et al 2000; Mandal et al 2001). There is substantial variation among individuals, and among some population groups in the fraction of methylated metabolites of arsenic in urine. Age, sex, nutrition and genetic factors might be contributory factors for these variations. It seems that most of the variations is related to the formation of MMA. Reported urinary MMA data range from a few percent in indigenous people in northern Argentina and Chile to 25-30% in Taiwan (Vahter et al, 2002). Among individuals, the percentage of MMA might vary by 30-folds, whereas that of DMA often varies only by 2-folds. Several studies have observed high level of MMA to be associated with increased prevalence of various health effects or to be a marker of toxicity. The variations in the rate of excretion may be related to variations in the rate of metabolism of arsenic, which in turn may be related to susceptibility to various health effects. Therefore, it is essential to evaluate the metabolite pattern, not only the exposure levels, and we would like to address this in this proposed study.

Few studies have observed increased toxicity of arsenic in malnourished populations. In an arsenic-exposed population in West Bengal, body weight was negatively associated with the occurrence of keratosis (Guha Mazumder et al. 1998). In Taiwan the vascular effects (blackfoot-disease) were associated with under nourishment (high intake of sweet potatoes, low in​take of rice and vegetables) (Chen et al. 1988). In Taiwan, a low serum (-carotene concentration was associated with a higher prevalence of arsenic-related skin-cancer (Hsueh et al. 1997) and ischemic heart disease (Hsueh et al. 1998). In animals, a low intake of protein, choline or methionine has been shown to be associated with reduced methylation and markedly increased tissue retention of arsenic (Vahter and Marafante, 1987). Zinc has been suggested to influence arsenic toxicity (NRC, 1999) and mice fed a selenium-deficient diet showed a slower elimination of arsenic than the selenium-sufficient mice (Kenyon et al. 1997). Additionally, dietary supplementation of selenium was found to pre​vent cytotoxic effects of arsenic mice in vivo (Biswas et al, 1999). Since a deficiency in folate and vitamin B12 might lead to decreased levels of S-adenosyl methyltransferase (Newman 1999), it might also result in decreased methylation of arsenic. Indeed, folic acid was found to protect mouse embryo fibroblasts against cytotoxicity of arsenic (Ruan et al. 2000).
Possible role of chronic ingestion of arsenic in the genesis of chronic lung disease has recently been suggested. In a cohort of residents of Antofagasta, Chile exposed to drinking water containing 800(g/L of arsenic 39% of 144 subjects with ‘abnormal skin pigmentation’ complained of chronic cough compared to 3% of 36 subjects with normal skin (Borgono et al., 1977). In autopsies of 5 children from the same region with an antecedent history of cutaneous arsenicosis and post mortem findings of extensive (non-pulmonary) vascular disease, two of the subjects were noted to have chronic bronchitis, mild bronchiectasis and mild diffuse interstitial fibrosis of lung (Rosenberg, 1974). In West Bengal, symptoms of chronic lung disease were present in 89/156 (57%) patients of chronic arsenic toxicity caused by drinking of arsenic-contaminated water (Guha Mazumder et al., 1998). From a cross-sectional survey of 7,683 participants exposed to high levels of arsenic in water (≥500µg/L) at the time of the survey were identified and individuals with normal skin and low concentration of arsenic in water (< 500 (g/L) were used as the referent group. Individuals with skin lesions had an age-adjusted odds ratio for cough, crepitations and shortness of breath of 7.8, 9.6 and 23.2 respectively for women and 5, 6.9 and 3.7 respectively for men (Guha Mazumder et al., 2000). In Bangladesh, the effect on the respiratory system was studied in 218 individuals (94 exposed to arsenic concentrations of 136-1000 (g/L and 124 controls), most of whom were non-smokers (Milton et al., 2001). The crude overall prevalence ratios (or risk) for chronic bronchitis in exposed subjects was 2.9 (95% CI, 1.6-5.4) and for chronic coughs was 2.9 (95% CI 1.5-5.4). However the mechanism to this suspected effect of arsenic on lungs is still unclear. It is interesting to note that many of the established lung carcinogens also cause non-malignant lung diseases such as smoking, asbestos, and silica. An interesting caracteristic of arsenic is that it seems to increase both malignant and non-malignant respiratory diseases following ingestion. An ongoing tuberculosis project in Matlab (Protocol No:2000-013 is screening adolescents and adults (>15 years of age) for chronic cough. This screening mechanism may be used to get an entry point to study the association between arsenic exposure (measured in the arsenic project) and chronic lung symptoms with limited extra costs. 

The epidemiological evidence in south-western Taiwan (Lai et al 1994) and Bangladesh (Rahman et al 1998, Rahman et al 1999) suggesting a causal association between well water containing inorganic arsenic and occurrence of diabetes mellitus points to the need for further examine the relationship between exposure to arsenic and development of diabetes mellitus. Skin lesions and diabetes mellitus or glucosuria, are largely independent effects of exposure to arsenic, although glucosuria was also found to be independently association with skin lesions (Rahman et al 1999). Currently at least 20 out of 130 million population in Bangladesh are exposed to > 50(g/L. of arsenic in drinking water. Given this frequency of exposure and the excess risk for diabetes mellitus a fair proportion of the future diabetic burden in Bangladesh could be attributed to arsenic. A separate study on glucose intolerance and diabetes is planned to be implemented in Matlab. By nesting an arsenic component into that study, possible association between arsenic exposure and diabetes may be studied with limited additional costs.

In another SAREC-supported study (2002-029), arsenic exposure during pregnancy and its health effects on foetus and the infant are being studied (a sub study in the Maternal and Infant Nutrition Interventions in Matlab, MINIMat study). Arsenic easily crosses the placenta causing extensive foetal exposure (Concha et al, 1998a). During the second part of 2003, this cohort of infants would approach 1 year of age, when the relative protection by the arsenic-free breast milk would gradually be replaced by water intake from varying sources and safety. Although exposure to arsenic via drinking water implies life-long exposure beginning in early childhood, there are essentially no data on the effects of arsenic on early human growth and development. In the proposed study we would like to follow these infants and collect their urine sample to assess if and to what extent they are exposed to arsenic through drinking water. Additionally, we would follow growth of these children and their psychomotor development. 

The developing child is particularly susceptible to environmental insult, because development is a highly integrated process in which high rates of proliferation and extensive differentiation are coordinated with each other and with programmed cell death. While breast-feeding protects against exposure to arsenic to some extent (Concha et al, 1998b; Watanabe et al, 2003), children exposed via drinking water might be at higher risk because of high water intake in relation to body weight and higher susceptibility. Children 3-15 years of age in Argentina had highly elevated concentrations of arsenic in blood and urine, slightly higher than the mothers (Concha et al, 1998c). In addition, the children had more inorganic arsenic and less DMA in urine than their mothers, which might indicate that children are more susceptible to arsenic induced toxicity than adults. This is also indicated in an early occurrence of arsenic poisoning in 12,000 infants who were given contaminated formula (ingestion of 1.3-3.6 mg As/day for a few months), which resulted in intoxication in hundreds of infants with 130 deaths (WHO, 1981). Thus, there is an obvious need to study effects of arsenic on early development.

In a few previous studies, arsenic-induced hyperpigmentation and hyperkeratosis have been observed in young children (Zaldivar et al, 1977; Cebrian et al, 1983; Chowdhury et al, 2000; Watanabe et al 2003); however, there is a lack of systematic studies to provide dose-response data. Recent studies of arsenic-exposed children in Bangladesh, aged 4-15 years, suggests an effect on growth (Watanabe et al, 2003), but a firm conclusion could not be drawn due to small sample size. A small study in Mexico examined the effects of chronic exposure to arsenic, lead, and malnutrition on neuropsychological development in children, using the Wechsler Intelligence Scale for Children, Revised Version, for Mexico (Calderon et al, 2001). Children in one village were exposed to 63µg As/g creatinine in urine and 89 µg Pb/L blood (41 children), and those in another village to 40 µg As/g creatinine in urine and 97 µg Pb/L blood (39 children). After controlling for significant potential confounders, the results suggested that exposure to arsenic and chronic malnutrition could have an influence on verbal abilities and long-term memory, while lead exposure, even at low levels, could affect the attention process. Additionally, studies on rats showed behavioral effects in the form of increased or decreased locomotor activity and learning deficits in a delayed alternation task following pre- and postnatal exposure (Rodriguez et al, 2002). Otherwise, experimental studies have mainly addressed effects of arsenic on embryotoxicity and teratogenicity at fairly high doses (Nemec et al, 1998; DeSesso, 2001; Wlodarczyk et al, 2001; Belles et al, 2002). It should be noted that most experimental animals are less sensitive to arsenic toxicity than humans, and their arsenic metabolism are quite different (Vahter, 1999). Thus, absence of effects in animal experiments does not ensure low toxicity in humans. In conclusion, little is known about effects of arsenic during childhood and adolescence, and extensive foetal and childhood exposure to arsenic. 

Rationale for study of the mitigation process



Note: The component of the earlier-approved, ongoing study is shown in light fonts, and components of the proposed study are shown in darker fonts.A shift to alternative arsenic-free water sources may potentially imply a shift to pathogen-contaminated water, especially when surface water e.g. pond water will be used, but also in harvesting rainwater. Under the ongoing study water samples from new drinking water sources are cultured as an important intermediate step, but monitoring of the incidence of diarrhoeal diseases, particularly in vulnerable groups such as infants and children, is also needed. The Matlab HDSS includes monitoring of diarrhoeal diseases in all under-five children, and the proposed study would use this information to assess if shifting to alternative water sources is associated with increased risk for diarrhoea.

Costs are different for various mitigation options, which also have different levels of efficiency in terms of providing arsenic free water. Selection of particular options would also depend on the costs (fixed and variable costs both to the provider and clients), efficiency, and its impact on disease prevention. Which of the the various options would be cost-effective and most equitable in preventing future disease remains to be known..In the proposed study we would aim to fill in some of these gaps in information, as we would estimate the costs of different mitigation options and their efficiency (cost per unit of arsenic free water).  We would also study the distribution of problem (to study the red tubewell in the community) in the community, and study distribution of the red tube wells by people of different economic status in a community. Additionally, we would study use of various mitigation options by economic status of people in the community. To measure effectiveness in terms of disease prevention, we would quantify illnesses averted in a population by different mitigation options, and estimate direct costs of treatment of diseases, indirect costs on households, combining costs and benefits of prevention, and finally the costs per case of arsenic related illness averted by various mitigation options. 

Research Design and Methods


Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project. Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific aims. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and unambiguous assessment of the project. (DO NOT EXCEED TEN PAGES, USE CONTINUATION SHEETS). 


The earlier approved, ongoing study that will end in mid-August 2003 and our proposed study, which will have some new component but will also continue some of the activities of the ongoing study are/will be conducted in Matlab, where ICDDR, B maintains a Health and Demographic Sur​veillance System (HDSS) in 142 villages and a 220,000 population. Situated near the Meghna river, the ground is highly affected by the sedimentation process of arsenic laden soil. These areas in Bangladesh show the highest arsenic concentrations in tube wells (British Geological Survey, 2001). The fraction of the Matlab population who get their drinking water from  tube wells increased from 55% in 1982 to 95% in 1996 (HDSS database information). 

The Matlab HDSS records births, deaths, in- and out-migrations, marriage, pregnancies, pregnancy outcomes and selected maternal and child health information.  Community health research workers (CHRW) update information on a monthly basis. In addition, socio-economic data are collected by periodic surveys. A geographic information system (GIS) is a part of the HDSS, and includes spatial information on households, tube wells, health facilities etc. Arsenic-related information collected under ongoing studies are being added to these databases. 

ICDDR, B has a central health facility in Matlab that receives 15,000 patients per year and supports clinical and public health research in the area. In addition, there are four sub-centers, which provide primary health care and support research studies. BRAC, a Bangladeshi NGO, runs several activities in the area and collaborates with ICDDR, B in the arsenic mitigation part of the research projects. 

Methods and procedures

A. Exposure to arsenic

Methods for each of the aims listed are described under the same headings 

1. Continuation of activity of an ongoing protocol (Arsenic in tubewell water and health consequences; 2001-015): examine the seasonal variations and time-trends of arsenic concentration in tube wells

This would be a continuation of one of the activities of the ongoing study. Out of the total 15,000 tube wells in the HDSS area, a sub-sample of 600 tube wells has been randomly selected. The arsenic concentration of these 600 tube wells has been assayed 3 times per year (March, July and November) under the ongoing project to end in mid-August 2003. This is proposed to continue in the forthcoming protocol during three years from August 2003. This will allow us to examine the time-trend and seasonal variations in arsenic concentration in these tubewells. We shall use the same methodology for water collection, transportation, laboratory procedure and techniques of the ongoing study (RRC 2001-015). 600 tubewells arsenic concentration over 5 years data would be linked with the geographical coordinates and depth which will allow us examining time-trend and seasonal variation in arsenic concentration.   

Water is pumped (30 strokes) from the tube wells after which two 20 cc Merck Eurolab Scintillation vials, marked with the tube well ID (containing information on number, village and bari), are filled and transported to Matlab laboratory. Water samples are frozen for later transportation to Dhaka for arsenic assay using GF-AAS on a Shimadzu Model AA-6800 in the laboratory of ICDDR,B. Standard curves are prepared from As2O5 (Merck) solution in M HCL (0,5,10,25,50,75,100,150 ng As). HNO3 will be Aristar Grade, Standard will be spectophotometric grade and other reagents will be A/R grade. For quality control purposes, randomly selected samples from the batches will also be analyzed at the Division of Metals and Health, Karolinska Institute, Stockholm.

2. Examine the variations of individual arsenic exposure through tube well water and variations in different storage pattern (2001-015).

This will be done through ethnographic approach and follow-up survey. The purpose of the ethnographic component and the water use survey (see below regarding study of the mitigation process) are to identify the characteristic patterns of collection, storage and use of tube well water. This information will be used during drinking water history and the follow-up survey by where the individual exposure is assessed. Analyses under the ongoing protocol revealed marked variations in the ratio between urine arsenic and water arsenic. Several factors may play a role in this discrepancy, and under the proposed study we would make efforts to explore them, specifically to understand the relationship between management, storage and use of the water to exposure e.g. iron-arsenic precipitation while water is stored in a container. In certain circumstances e.g. when arsenic-contaminated water is stored in a “Kolshi” or a bucket, its arsenic concentration has been observed to reduce significantly. In such situations the arsenic concentration in water is reduced through the process of passive sedimentation that settles and removes suspended particles (arsenic flocculates in this case) when water remain stands still.  Flocculation is the agglomeration of suspended and colloidal (size range 5.10-6 - 2.10-4 mm) matter in water. The flocks have a mass density (specific weight) higher than that of water and thus settle to the bottom of the container. 

Trained field teams constituted of a female and a male field research assistants (FRA) performs follow up survey in the entire study population to collect information on current water source, water use pattern (e.g. water taken directly from the tubewell, water taken after storing in a container). There will be a maximum of six such teams for the proposed study. The following data from the Matlab HDSS databases will be used for probing and will be printed on data collection form (if applicable). Drinking water information has been collected through surveys in 1974, 1984, 1996 and 2002 (using tube well as source of drinking water or not). This longitudinally collected information is used for validation in the interview, and will also be used in the computer analyses to further check consistency and accuracy of the collected information. Each tube well in the study area has an identity as well as GPS coordinates. The current drinking water source will be linked to the water history information to the corresponding tube wells. Recent observations of BRAC in Sonargaon Thana suggested possible removal of almost 70% of both iron and arsenic by passive sedimentation, eventually reducing arsenic concentration in drinking water leading to reduced arsenic exposure to the individuals. Testing of this possibility, which could be of immense importance in arsenic mitigation, require observation of different water consumption practices (e.g. drinking directly from the tube wells and after its storage in a container for some time) requires a large number of samples for achieving a valid conclusion on the efficacy of storage in reducing arsenic exposure. Tube wells in Matlab contain high levels of iron (like many other parts of Bangladesh). However, if stored tubewells water contains high arsenic, then BRAC will provide mitigation options to those households. The arsenic mitigation is one of the components of the proposed study, which will be completed by 2006.  To understand more about iron-arsenic precipitation, we would collect water from different households and analyze them to assess variations in the arsenic content of water collected directly from the tube wells and collected after storage in a container. Through random selection of the households and survey we should be able to capture information on different water usage patterns. Three hundred tube wells will be selected based on their iron and arsenic concentration in water. Considering the iron and arsenic concentration, three different categories (100 in each group) of tubewells will be selected: high, medium and low (>500, 50-500 and <50(g/L). Water will be tested both for arsenic and iron using atomic absorption spectrometry (AAS), pH and conductivity at the Nutrition Biochemistry Laboratory of ICDDR, B. 
3. New component: assessment of arsenic exposure through rice with irrigated and contaminated water. 

An inventory of deep tube wells used for irrigation of rice in the area has been initiated. We would test a sub-sample of these tube wells (total number is not yet known, but for arsenic content (initially a maximum of 100 such tube wells) will be used. During the follow up survey of the proposed study, households will be categorized and selected on the use of tube well and pond water for cooking as well as on the basis of their arsenic concentration measured under the ongoing study. The water content of arsenic will be assessed as described above, and corresponding soil samples from the paddy fields, the plant, and cooked rice will be assayed for arsenic content. After the initial exploratory phase and analysis of initial date, we would further develop this component. 

Assessment of individual exposure to arsenic: Individuals identified 571 cases to have arsenic-induced skin lesions under the ongoing project (in 2001-2003), and approximately 200 randomly selected referents (irrespective of age and sex) who were found to have been using water with high arsenic content (>500(g/L) in their drinking water will be invited to a follow-up visit that will include urine samples for arsenic assessment. This information will tell us to what extent a shift to arsenic free water has taken place, (see below). 

Individuals with skin lesions and the referents (as described in the above paragraph) will be asked to provide a spot urine sample in Papyrus urine cups at the clinic examination for reassessment of exposure. Urine samples will be transferred to Merck Eurolab Scintillation vials and frozen for later shipment to Karolinska Institutet, Stockholm for assay. Total inorganic arsenic in urine will be assessed and adjusted to the specific weight or the conventional specific gravity of the urine. The laboratory will be blinded with regards to identification number as well as classification by “case” and “control”. Total inorganic arsenic metabolites in urine will be assessed and adjusted to the specific weight or the conventional specific gravity of the urine. The concentration of arsenic and its metabolites in urine will be measured by hydride generation atomic fluorescent spectroscopy (HG-AFS) at the Division of Metal and Health, Karolinska Institute, Sweden. Expertise to analyse arsenic metabolites is limited at ICDDR, B, but a laboratory staff from ICDDR, B is currently being trained at Karolinska Institute for transfer of these techniques to Centre’s laboratory. We are hopeful that it might be possible to perform parts of these tests at ICDDR, B during the project period.
B. Measurements of health effects

1. Continuation of the activity of the ongoing project (2001-2003) to investigate reversibility of the arsenic-induced skin lesions when shifting to arsenic-free water: -

The 571individuals with arsenic-induced skin lesions identified in the ongoing project (2001-2003) will be invited for clinical reassessment at ICDDR.B subcentres in Matlab. The reversibility of skin lesion will be assessed clinically, and digital photographs of the lesions would be taken for blinded assessment. Study physician will examine skin lesion once under the proposed protocol exactly 18 months after the original examination, an would also thoroughly re-examine (e.g. left or right foot soles or both for any skin changes, trunk for back of the trunk for any skin changes the respondents gum, buccal mucous or tongue) for any skin changes.

Digital photographs of the skin lesion will also be taken under standardized conditions, which would be used for assessing changes in either direction. At least 4 photographs of 4 different sites e.g. both palms, both soles, front of the trunk and back of the trunk would be taken under the following conditions:

1. Distance from the object should be at least 50 cm

2. Background of the exposure should be sky blue color

3. Photographs will be taken inside using a flashlight

4.  RID is used  in a measuring scale during taking a snap

5. Always use a measuring scale to detect the extent of lesion

The height of the camera stand should be 75 cm during taking of photo of front and back of the trunk and 65 cm in case of both palm and 45 cm in case of both soles. An experienced dermatologist will participate in the assessment of changes. Information on the individuals’ perceptions about changes in the skin lesions would be obtained during the interviewing, and used while analyzing changes in the appearance of the earlier observed skin lesions. The detail of the digital photograph protocol has been described in the ongoing protocol (RRC 2001-015). Recently published data from West Bengal (Haque R, et al 2003) indicate that the accuracy digital photograph in comparing skin lesions is 87%.   

Urine samples of these individuals (cases and referents) will be collected, stored, shipped and analyzed as described in a forgoing (RRC 2001-015)

2. New components in the proposed study:  investigate effects by arsenic contaminated water, especially the occurrence of chronic obstructive pulmonary disease, diabetes mellitus, and psycho-motor development of young children:

2.1 Chronic lung symptoms: The objectives of an ongoing study [The epidemiology and surveillance of multi-drug resistance Mycobacterium tuberculosis and assessment of directly observed therapy short course (DOTS) programme in selected areas of Bangladesh, Protocol No. 2000-013], conducted in Matlab HDSS area (the same area of our proposed study) and Dhaka city, are to understand the epidemiology of tuberculosis, its drug susceptibility patterns and to identify risk factors for the development and transmission of tuberculosis. This study identifies individuals aged >15 years with chronic cough. We propose to link our proposed study with the Matlab HDSS part of the tuberculosis study under which a Community Health Worker makes monthly visit of the intervention area to identify individuals aged 15 and older with symptoms of cough for >3 weeks (as screening for pulmonary tuberculosis). A separate group of specially trained Health Workers make follow up home visit, applies a written informed consent, and collects detailed history of illnesses (cough with or without purulent sputum, history of haemoptysis, fever, chest pain, any recent loss of body weight etc.) and sociodemographic data as well as information about previous treatment for tuberculosis (if any), contact with tuberculosis patients and BCG vaccination status. The field workers refer all of these suspected cases to the Matlab THC for testing sputum for AFB and chest X ray. This study will provide updated information in terms of incidence, prevalence, seasonality and drug susceptibility patterns of tuberculosis. It is expected that after evaluation of potential risk factors it would be possible to identify intervention strategies against tuberculosis. This would help the policy makers to establish future guidelines for the control of tuberculosis in Bangladesh.

Our proposed study would be nested into the above-mentioned study on tuberculsosis. We would invite and select, up on their consent, 500 individuals with chronic cough and another 500 age-and sex-matched referents selected from the HDSS databases. This sample size is based on an α error of 5% and a ß error of 20%, and a 25% exposure of the population to high arsenic concentration in drinking water (500 µg/L or above) with an estimated odds ratio of 1.5. Study physician will examine the participants during a home visits with an emphasis on respiratory status (crepitations, peak expiratory flow), and nutritional status (height, weight). Further, smoking habits will be assessed using questionnaire. Exposure information for cases and controls will be based on measurements of current arsenic concentration in tube wells, and history of time periods of use of the current and previous drinking water sources (based on surveys 1974, 1984, 1996 and 2002; using tube well as source of drinking water or not). We have chosen a case control design required for longitudinal study to test our hypothesis.

2.2 Impaired glucose tolerance. This new component of our proposed study would be nested on another study to be initiated soon (Prenatal or peri-pubertal exposure to Bangladesh famine (1974–75): association with blood pressure, glucose tolerance, lipid profile, and coronary heart disease among young, Protocol No. 2002-033). We would use information on glucosuria and/or impaired glucose tolerance of individuals aged >30 years from that study that has a cross-sectional design to assess the relationship between exposure to extreme nutritional deprivation during fetal life or peripubertal period caused by famine, and blood pressure, fasting glucose and insulin concentrations, response to glucose challenge (glucose tolerance test), lipid profile, and risk factors for or evidence of CHD during early adulthood in some historical cohorts in Matlab. Birth cohorts and peripubertal cohorts, exposed to famine during 1974-’75 (including timing of such exposure) and non-exposed controls will be identified from the records available in the DSS/HDSS database. Required number of subjects from each cohort will be randomly selected. In addition to the measurement of major outcome variables, data will also be collected on demographic, socioeconomic and household characteristics, lifestyle variables, parental history of blood pressure, diabetes, CHD, current nutritional status, and dietary intakes. This study will provide valuable insights into the effect under nutrition during fetal or peripubertal life for adult chronic disease in this population and will have profound implications for health and nutrition intervention programs as well as health care services in Bangladesh and developing countries at large. 

In our proposed study we would select individuals identified to have diabetes or glucosuria or impaired glucose tolerance as cases, and would randomly select two age-and sex-matched referents for each case from HDSS database. Totally 140 cases and 280 referents will be selected, based on a sample size estimation where α error is 5%, ß error is 20%, and exposure in population to high arsenic concentration in drinking water (500 µg/L or above) is 25%, and the possibility to show an odds ratio of 2.0 (122 cases and 244 referents needed, rounded up to allow for non-participation).  Exposure information for cases and controls will be determined from current arsenic concentrations in the tube wells, and interviews on time periods of use of current and previous drinking water sources (based on surveys 1974, 1984, 1996 and 2002; using tube well as source of drinking water or not). Additional information will be obtained from HDSS and arsenic database. The case-control design is chosen because this is appropriate to test our hypothesis that requires a longitudinal study design. 

2.3 Assessment of exposure in young children
Assessment of arsenic exposure in children and psychomotor development: The above-mentioned study (Protocol No. 2002-029) is assessing arsenic exposure of women during pregnancy, and growth and development of their foetus and young infants up to 7 months of age. Due to the universally common breast feeding and the low concentration of arsenic in breast milk infants and young children are not likely to be exposed to significant amounts of arsenic in drinking water until late infancy. Under the proposed study, we intend to collect urine samples of this cohort of 2,500 children for arsenic assessment when they are 18 months of age.

2.4 Assessment of child growth and psychomotor development. An ongoing, SAREC-supported study (The Bangladesh arsenic calamity and reproduction: Does arsenic contamination of drinking water result in fetal wastage, intrauterine growth retardation, neonatal deaths and impaired cognitive development, and to what extent can nutrition intervention reduce the risk? Protocol No. 2002-029) is following a cohort of pregnant women, and their infants up to 7 months of age. In our proposed study, we would continue to follow these infants to their exposure to drinking water (RRC 2002-031) Exposure to arsenic will be assessed through assay of urine samples for arsenic as described above. We would measure weight and length (height from 18 months) of these children at 12, 15, 18, 21 and 24 months using standardized procedures. Under the ongoing projects, trained field workers will are assessing milestones of development monthly from 3 to 7 months of age, and trained study staff performs One-Step Means-End Support Test according to Willat at 7 months. The Bayley subscale for psychomotor development (Johnson, 1996) is included at 7 months along with a modified version of Bayley and Wolke’s behavior ratings. Motor development milestones at 12, 15 and 18 months (according to the recent WHO growth reference study), and Bayley Scales of Infant Development, behavior ratings and MacArthur language inventory at 18 months.

Laboratory-based studies and a few population-based, mainly ecological, studies suggest that arsenic exposure might seriously affect pregnancy outcome, i.e., increased rate of pregnancy wastage (mis​carriages, stillbirths), higher risk of early neonatal deaths, impaired intra-uterine growth, higher proportion of low birth weight and impaired cognitive development in infancy. The overall objectives of the SAREC-supported project are to determine if and to what extent the current widespread ingestion of arsenic-contaminated tube-well water in Bangladesh could affect the reproductive outcomes, particularly fetal wastage (including early miscarriage), intrauterine growth, neonatal mortality and psycho-motor development in infancy. The protocol will also examine if food and/or micronutrients supplementation during pregnancy could lead to more efficient metabolism of arsenic (methylation) resulting in reduction in potential toxic effects. 

One of the objectives of the MINIMat infant follow up project (Title: Combined intervention to promote maternal and infant health: effects over a pregnancy cycle and on child 0-24 months; 2002-031) is to study the interaction between food and/or micronutrient supplementation, initiated early and later during the pregnancy, and the outcomes of their infants in terms of weight and length, motor milestone and cognitive development, enhanced lymphoid tissue development and post-natal immune development, and morbidity. In our proposed study, we would like to assess if and to what extent exposure of women to arsenic through their drinking water during pregnancy, affects motor and cognitive development of their infants. Trained psychologists will assess infants’ problem solving capacity using the “two means-end one step problem-solving test “, Willats test (Willats P, 1998) at 7 months. The test involves pulling a cloth to retrieve a toy placed on the table. Infants at 7 months begin to use intentional means-end behavior to solve the problem. They pull the cloth instead of playing with it, maintain fixation on the toy at the far end, and retrieve it. They will also assess the psychomotor development and behavior of these infants by using Bayley’s psychomotor scale (Bayley N, 1993) and a modified version of Bayley & Wolke behavior ratings (Wolke D, 1990) at 7 and 18 months. This test includes vocalization, co-operation with test procedure, activity level, emotional tone and response to examiner. These scales have been used before in Bangladesh and showed good inter-observer reliability.
At 18 months the psychomotor development will be assessed by Bayley scale of infant development II (Bayley N, 1993). The two sub-scales are mental and psychomotor development indices. Good inter-observer reliability has been obtained when the test previously was used in Bangladesh. These assessments will be performed at the Matlab sub-centres and the female testers will be unaware of intervention groups. Field assistants will collect information about the child’s situation at home, using a modified version of Betty Caldwell’s home inventory, which was modified for Bangladesh in a previous study by this research group. The observation will be made at 12 and 18 months. Children’s ability to understand and use the language will be assessed by a modified version of the MacArthur’s communicative development inventory. The inventory will be translated, piloted and field tested before start of fieldwork. Inter-observer reliability will be assessed. The assessment will be done at 12 and 18 months.

C. Following the mitigation process

1. Continuation of the activity of the earlier approved ongoing protocol (Protocol No 2001-015) further study the mitigation process, especially through an ethnographic perspective including mitigation options and their effectiveness, acceptability, equity issues

An Ethnography Approach: In the proposed study, we would collect data using focus group discussion and in-depth interviews. In addition to village mapping, wealth ranking and matrix ranking. Matrix ranking is the way to find out the reasons why villagers make choices. Their reasons for selecting a particular credit source or health service, their income generating preferences, cultivation practice preferences. The ranking provides the justification for their choices), timeline, participant observation techniques will be applied to gather information. The first phase will be conducted to document the process of implementation of the mitigation options, the nature of the participation by villagers, and socioeconomic characteristics of the participants. Attempts will also be made to identify factors such as the role of taste of water in determining water usage, practical issues regarding access to water, handling of water and use of drinking water and perceptions regarding water, health and disease, as well as attitudes regarding skin problems and to what extent those are perceived as related to water. The second phase will also look into the attitudes of villagers towards different mitigation options and their use. The barriers in accessing and using the mitigation options, especially by the poorer segment of the population will be identified.

Follow-up survey of change in drinking water habits: Trained field teams with male and female field research assistants (FRA) perform in the entire study population for follow-up survey regarding current water source, water use pattern (water taking directly from the tube well, water taking after storing in a container). There will be a maximum of 6 teams (each consisting of one male FRA and one female FRA). The following data from the Matlab HDSS databases will be used for probing and are printed on the form (if applicable). Drinking water information obtained through surveys 1974, 1984, 1996 and 2002 (using tube well as source of drinking water or not). Thus, this longitudinally obtained information is used for validation in the interview, and will also be used in the computer analyses to further check consistency and accuracy of the information obtained. All tube wells have an identity as well as GPS coordinates. The current drinking water source will be linked to the water history information to the corresponding tube wells.  Based on the earlier collected information on source of drinking water a follow-up household survey will be performed with start in the second half of 2003. The data collection will make it possible to describe the arsenic content of the drinking water sources for all individuals and households. The interview will include the change in water source, if applicable, experiences of the mitigation process, and other important issues that the ethnographic formative research suggests to be included. Additional, directed open interviews and questionnaire-based data collections may be needed to assess specific aspects for the different mitigation options.

2. New activity (2003-2006): study the cost effectiveness of different options, averted costs of illness including provider and household costs of both illness and treatment: -. 
Cost, effectiveness and equity in the distribution of the different mitigation options: BRAC has developed and implemented various mitigation options e.g. Pond Sand Filter (PSF), Rain Water Harvest (RWH), Safi Filter, Three-pitcher Filter, Dug Well, Home-based surface water filter, Arsenic Removal Plant (Sidko Plant), Tube-well Filter and Activated-Alumina Filter. We would assess costs of different mitigation options including fixed cost (cost of production) and variable costs (running costs, costs for replacement of instruments/equipments/utensil). A household survey will be linked to estimate any additional client costs and cost per unit of arsenic free water. We will use an existing epidemiological model to quantify the efficiency of different mitigation options in terms of number of averted arsenic related illnesses for each of the mitigation option (WHO 2000). To quantify the efficacy of mitigation, we would use a simulation model that uses probability to estimate the disease progression of population exposed to arsenic (would provide an estimate of potential cases of illness in our study cohort). The model will further be used to modify the exposure parameters using information from different mitigation options to estimate the number of various types of arsenic related cases.  To estimate the averted costs of illness, a questionnaire will be administered to measure provider as well as household costs for both illness and treatment. Provider costs will include direct medical costs and household costs will include both medical costs and productivity losses due to morbidity and deaths associated with illnesses. We would measure the equity in the distribution of the mitigation program by combining GIS mapping of red tube-wells and illness profiles (to select a sample of household with highest burden of arsenic infliction) and then utilize BRAC’s information on distribution of mitigation options to correlate burden of arsenic contamination to mitigation in our data set. This will be linked to information on the socio-economic status of the households.
Safety of the alternative water sources: Water quality of all alternative safe water options (filters, rain water harvesting tanks etc) will be monitored by taking bacteriological samples. Any unacceptable findings of contamination will be reported back to the field for action. BRAC staff makes regular visits to the villages to monitor the operations and maintenance of the systems. The Matlab HDSS includes a routine, monthly collection of information on diarrhoea in under-five children. Thus, all households with children under 5 years of age are characterized as to occurrence of diarrhoea, and the current drinking water sources will also be known from the previously collected information and the follow-up surveys. This information will be used to assess if any of the alternative water sources using surface water or rainwater leads to an increased incidence of diarrhoeal diseases.

Facilities Available


Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support. Point out the laboratory facilities and major equipment that will be required for the study. For field studies, describe the field area including its size, population, and means of communications. (TYPE WITHIN THE PROVIDED SPACE).  


Matlab Health Research Centre’s (MHRC) infrastructures is presented in the text above. These facilities are unique and make this project possible. The Health and Demographic Surveillance System (HDSS) will provide many required information. A strong research team has been established with strong competence in epidemiology, arsenic epidemiology, clinical nutrition, reproductive epidemiology and nutrition biochemistry. Excellent partnership has been developed with BRAC in the area of arsenic mitigation, with Professor Marie Vahter (Karolinska Institute) in arsenic biochemistry, and with Professor Gunnar Jacks (Land and Water Resources, Royal Institute of Technology, Sweden) in arsenic hydrochemistry. ICDDR, B’s biochemistry laboratory has already procured an AAS equipment for arsenic analysis (only total arsenic), and procurement of another AAS equipment would considerably increase the capacity.

The subcentres are well communicated with MHRC. It is about 2½ hours journey from MHRC to the headquarters of ICRRD, B in Dhaka. Three -70ºC and twelve -20ºC freezers are available in the sub-centres and MHRC, and Dhaka for storage of biological samples along with other freezers. There are two standby generators to ensure constant supply of electricity for quality storage of biological samples. 

Data Analysis


Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals. Specify what statistical software packages will be used and if the study is blinded,  when the code will be opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. (TYPE WITHIN THE PROVIDED SPACE).



The investigators will review all questionnaires and data forms for accuracy, consistency and completeness, and then all data would be entered onto personal computers. Running and reviewing frequency distributions and cross-tabulations would perform periodical checks of computerized data. The HDSS has a series of data quality controls that will further ensure the completeness and correct identities of the information.

The information on arsenic concentration in tube wells over time will be analyzed as to spatial and seasonal variation, including geographical statistical techniques. Time trends will be assessed. 

The case-referent sub-sets of data will be analyzed for assessment of odds ratios in matched data sets. Adjustments for potential confounding factors will be made, and conditional logistic regression analyses will be performed to estimate the risk of having the condition (chronic long problems, impaired glucose tolerance) when exposed to a certain level of arsenic in drinking water.

Analyses will be based on concentrations of inorganic arsenic and its metabolites in urine and psychomotor development ratings and indices.  Exposure will be modeled against outcomes in order to assess dose-effect relationship, slopes and asymptotes. Dose-effect associations and interactions will be statistically evaluated by regression analyses with adjustments for potential confounders. The analysis plan for cost effectiveness involves costing of the different mitigation options (fixed and variable costs). The analysis plan for equity involves the distribution of the mitigation program combining GIS mapping of red tube-wells and illness profiles to correlate burden of arsenic contamination to mitigation options. 

The ethnographic information will be organized into pertinent categories and tabulated for frequency distributions. Important themes will be identified, and the ethnographic information will also be used when developing the survey instrument for the assessment of the mitigation process.

Ethical Assurance for Protection of Human Rights


Describe in the space provided the justifications for conducting this research in human subjects. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if there is any benefit or risk to each subject of the study.

This proposal has two components- continuation of some of the activities of ongoing project “Arsenic in tube well water and health consequences”(Protocol # 2001-015 at ICDDR, B), which has approval of the Ethical Review Committee (ERC) of ICDDR, B; and some new components e.g. testing of tube well water for time trend, further inspection of skin for arsenic skin lesions for reversibility, and urine arsenic analyses for child development. The urine sampling is not of immediate benefit to the participants, although the assessment of total arsenic will be useful for individuals in getting further advice to change to arsenic-free drinking water. Informed consent will be sought for all components of the proposed study that include human subjects, and participants will be free to refrain from participation totally or in part, and would also be able to withdraw consent any time during the study. The study is also linked to a mitigation activity, implemented by BRAC, a collaborator of our ongoing study as well as proposed study. Local communities are involved in the mitigation programme, and mitigation options are being offered to households and communities without any conditional links to the other study activities.

Use of Animals

Describe in the space provided the type and species of animal that will be used in the study. Justify with reasons the use of particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed procedures.


 This study will not involve the use of animals in any way.
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Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Mention if the project is linked to the Government of Bangladesh through a training programme.


The findings will be communicated to other actors and stakeholders involved with the arsenic catastrophe in Bangladesh. This will be done through reports (more popular as well as scientific reports) and through workshops with invited participants. One workshop is planned for the second half of 2003, another towards the end of the second phase of the project. The findings will also be communicated through a series of scientific papers in international journals, and international scientific meetings.

The results on health effects will have a direct influence on the assessment of the burden of diseases related to the arsenic catastrophe in Bangladesh and in other countries. Further, the experiences from the mitigation process may be important for the continued work in Bangladesh to find a solution to the widespread arsenic contamination of drinking water.

A narrative and a financial report will be submitted to SIDA every 6 months. After completion of the project (at 36 months) a final report will be submitted to donor within another 2 months.

Collaborative Arrangements


Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement between the applicant or his/her organization and the collaborating organization. (DO NOT EXCEED ONE PAGE)


ICDDR, B is the main applying institution for the continuation of this project 2003-2006, with Dr Mahfuzar Rahman as the principal investigator. BRAC continues to have the responsibility for the mitigation work, lead by Md. Jakariya. The arsenic biochemistry is collaborated and supervised by Division of Metals and Health at Karolinska Institute under the guidance of Professor Marie Vahter. Professor Lars Åke Persson, who initiated the project and served as principal investigator during 2001-2003 continues as co-principal investigator from his new position at International Maternal and Child Health, Uppsala University. Professor Gunnar Jacks provides the expertise in hydrochemistry and groundwater from the Division of Land and Water Resources at Royal Institute of Technology, Stockholm.

ICDDR, B

Mahfuzar Rahman is principal investigator and coordinates the project. He is an environmental epidemiologist, who wrote his PhD thesis on chronic health effects by arsenic exposure. Abbas Bhiuya is social scientist and head of the Poverty and Health Scientific Programme at ICDDR, B supervises the ethnographic components of the project. Dewan Samsul Alam is nutrition epidemiologist and collaborates in the sub-study on arsenic exposure and the risk for diabetes. Dr Jena Hamadini and Dr Fahmida Tofail from the Child Development Unit at ICDDR, B have the responsibility for the child development assessments, guided by the consultant, professor Sally Grantham McGregor from Institute of Child Health in London.  Md. Khalequzamman is epidemiologist and is responsible for the sub-study on chronic respiratory problems, Co-investigator Peter Kim Streatfield, is demographer and Head, Health and Demographic Surveillance Unit and supervises the links and integration of data to the Health and Demographic Surveillance System in Matlab.  Dr Md Yunus is Senior Scientist and Head, Matlab Health Research Centre with an overall coordinating role for projects in Matlab. Dr Beena Varghese is Head, Health Economic Unit and responsible for the cost-effectiveness analyses. MA Wahed, is Head, Nutrition Biochemistry Lab, Laboratory Sciences Division, and has the responsibility for the arsenic analyses at ICDDR, B.

BRAC

Md Jakariya coordinates the mitigation component and works as Environmental Coordinator, Research and Evaluation Division at BRAC. He is in the process of being registered as PhD student at Karolinska Institutet and Royal Institute of Technology.

Metals and Health, Karolinska Institute

Dr Marie Vahter is toxicologist, professor and Head of Division of Metals and Health, Institute of Environmental Medicine. She has the overall responsibility for the arsenic biochemistry in the project.  Laboratory technician Barbro Nermell is responsible for arsenic speciation at Metals and Health. Md. Jakariya from BRAC is in the process of being registered as a research student at this department with an affiliation to the department of Land and Water Resources, Royal Institute of Technology.

International Maternal and Child Health, Uppsala University

Dr Lars Ake Persson is professor and head of division. He was the principal investigator of the project 2001-2003 when working at ICCDR, B as Associate Director and Head of the Public Health Sciences Division. He continues as co-principal investigator and assists in coordinating the study. Dr Lotta Ekström PhD, participated in designing the studies and has the overall responsibility for the nutrition components. 

Land and Water Resources, Royal Institute of Technology

Dr Gunnar Jacks is professor and expert in the field of hydrochemistry and groundwater. He has the senior advisory role for the groundwater aspects of the project.   
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9. Rahman M, Söderkvist P, Rozell BL, Axelson O. Arsenic induced keratosis and squamous cell carcinoma. International Symposium Workshop on Epidemiology and Prevention of Cancer, November 2-5, 1998, Bangkok, Thailand. (Poster Presentation)
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12. Rahman M, Olav Axelson. Arsenic ingestion and health effects: Consequences of well water arsenic level more than 50(g/L. Abstract published at Fourth International Conference on Arsenic Exposure and Health Effects, 18-22 June 2000, San Diego, California, USA. (Poster Presentation) 

13. Rahman M, Milton AH, Olav Axelson. Arsenic in drinking water and skin lesions. Abstract published at Fourth International Conference on Arsenic Exposure and Health Effects, 18-22 June 2000, San Diego, California, USA. (Poster Presentation)
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Budget Justifications


Please provide one page statement justifying the budgeted amount for each major item.  Justify use of man power, major equipment, and laboratory services.


Time plan

	Activity
	Time period

	
	2003
	2004
	2005
	2006

	
	Jul-Sep
	Oct-Dec
	Jan-Mar
	Apr-Jun
	Jul-Sep
	Oct-Dec
	Jan-Mar
	Apr-Jun
	Jul-Sep
	Oct-Dec
	Jan-Mar
	Apr-Jun

	Seasonal water samples
	
	
	
	
	
	
	
	
	
	
	
	

	Exposure through rice
	
	
	
	
	
	
	
	
	
	
	
	

	Follow-up, skin lesions
	
	
	
	
	
	
	
	
	
	
	
	

	Exposure in children
	
	
	
	
	
	
	
	
	
	
	
	

	Cases, lung symptoms
	
	
	
	
	
	
	
	
	
	
	
	

	Cases, diabetes
	
	
	
	
	
	
	
	
	
	
	
	

	Child development
	
	
	
	
	
	
	
	
	
	
	
	

	Ethnographic approach
	
	
	
	
	
	
	
	
	
	
	
	

	Survey on water use
	
	
	
	
	
	
	
	
	
	
	
	

	Cost data
	
	
	
	
	
	
	
	
	
	
	
	

	Safety, water sources
	
	
	
	
	
	
	
	
	
	
	
	

	Project reporting
	
	
	
	
	
	
	
	
	
	
	
	

	Dissemination
	
	
	
	
	
	
	
	
	
	
	
	


Professional staff. Mahfuzar Rahman has initiated the study and is having the overall responsibility for the fieldwork and the later analytical work and write up. Abbas Bhiuya supervises the ethnographic components of the project. Dewan Samsul Alam is nutrition epidemiologist and collaborates in the sub-study on arsenic exposure and the risk for diabetes. Drs Jena Hamadini and Dr Fahmida Tofail is  responsibile for the child development assessments, Md. Khalequzamman is epidemiologist and is responsible for the sub-study on chronic respiratory problems, Co-investigator Peter Kim Streatfield, supervises the links and integration of data to the Health and Demographic Surveillance System in Matlab.  Dr Md Yunus is Senior Scientist and Head, Matlab Health Research Centre with an overall coordinating role for projects in Matlab. Dr Beena Varghese is responsible for the cost-effectiveness analyses. MA Wahed, is Head, Nutrition Biochemistry Lab, Laboratory Sciences Division, and has the responsibility for the arsenic analyses at ICDDR, B.

Field and laboratory staff. A lab technician in Matlab is handling the urine and water samples and the time allocated to this component is estimated at 24 months. A laboratory officer in Dhaka is designated for the analyses of urine samples and water samples are estimated at 24 months. 

Operating expenses Field activities will be performed in Matlab, where a research infrastructure is established. Only direct field costs relating to this study are included in the budget. Mitigation cost will be covered by BRAC cost. 
International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Cross-sectional survey)
Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
In Bangladesh, water of majority of the tube wells is contaminated with arsenic, the levels of which exceed the WHO recommended safe limits of 50 (g/L for Bangladesh. The arsenic content of water of some tube wells from all areas of the Matlab Surveillance System of ICDDR, B was tested in 1997 and 2002-3. It was found that water of over 3/4th of the tested tube wells contained arsenic in quantities exceeding the WHO-recommended safe limit. High level of arsenic in drinking water may cause many health problems including various types of skin lesions and cardiovascular diseases, and even cancers of skin and other organ. These health problems are more common in relatively younger males and in those suffering from protein energy malnutrition. 

We are conducting a research study. The main purposes of our study are to measure arsenic content of the current drinking water source, and re-examine earlier detected cases of skin lesions to check if their skin lesions have reversed/improved. Results of this study would help determine arsenic-related health problems and to find preventive measures against them.

We request for your permission to enroll you and your family members older than five years into our study.  

There is no risk involved in the process except interviewing.  You may decide not to participate in the study or parts of the study, and may also withdraw from the study at any time without affecting any service provided to you and to your family members by the Matlab Centre. You may or may not get any direct benefit by participating in this study; however, the information obtained is likely to help protect the society from arsenic toxicity.

We assure you that all information obtained from you and your family members would be kept strictly confidential, and none other than the investigators of this study would have an access to the information. 

If you are willing your and your family members’ participation in the study, please indicate that by putting your signature or left thumb impression in the specified space below.

Thank you for your cooperation.


Signature of Interviewer

Signature /thumb impression of the 


Signature of Witness

 



participant or guardian of the participant



Date:



Date:





Date:

International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Cases for further examination)

Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
Thank you for participating in this research study and coming today to the clinic. Let us remind you about the purpose of this study in case you do not remember.

The purpose of this research study is to understand if and to what extent, arsenic-contaminated drinking water has resulted in adverse health effects, especially skin lesions in the population. We will also study if other factors such as general health and nutritional status help protect people against the arsenic toxicity. Such information will be useful for prevention of arsenic-related health problems in Bangladesh. 

Our recent investigation showed that the tube well water in your area contains high amount of arsenic. In the previous examination at our clinic we found you/your family member to have skin lesions. If you agree your/ your family members’ continued participation in the study, a medical doctor will re-examine your/your family members’ general health, measure blood pressures, and further examine the skin lesions. We will take pictures of the skin lesions using a camera, as we did in the earlier study, for final diagnosis by an external expert. We will also collect a small amount of urine (5 ml; about one teaspoonful) from you/your family member to determining presence of arsenic. If you/your family member have arsenic-related disease(s) that require proper treatment, we will refer you to appropriate health care facilities.

We assure you that we shall strictly maintain confidentiality of the information we collect from you.  All records from this study at the Matlab Hospital or the Dhaka Offices of ICDDR, B will be kept under lock and key and only the researchers responsible for this study will have access to the information. The study records will not have your personal identification, and we would use a code number instead.

Your participation in our study is voluntary. You may decide not to participate in the study, and also to withdraw from the study at any time without affecting any of the services offered to you and your family members by the Matlab Centre. You may ask any question about this study and I shall be happy to provide answer to them. If you have any problem or further question you may also contact your healthy care worker or Dr. Hafizur Rahman Chowdhury, at the Matlab Hospital of ICDDR, B or Dr Mahfuzar Rahman in Dhaka at the following phone number 9885155.

If you/ your family member is willing to participate in the study, please sign your name or give left thumb impression below.


Signature of Interviewer

Signature /thumb impression of the 


Signature of Witness

 



participant or guardian of the participant



Date:
______________

Date: ________________________







International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Chronic cough Cases for further examination)

Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
Thank you for participating in this research study. The purpose of this research study is to understand the possible role of chronic ingestion of arsenic in the development of chronic lung disease, which has recently been suggested. 

Very recently we have conducted a study and found that the tube well water in your area contains high amount of arsenic. In the recent interview by the TB surveillance project we found you to have cough for more than 21 days. Cough of such a long duration (chronic cough) is a consequence of ingestion of high amounts of arsenic over a long period. We would like to know if your cough is related to ingestion of arsenic. 

If you agree to participate in the study, a medical doctor will examine your respiratory status (will hear your chest with stethoscope, and perform a test to determine if your lung is functioning well), and determine your/your family members nutritional status by measuring body weight and height. 
We assure you that we shall strictly maintain confidentiality of the information we collect from you.  All records from this study at the Matlab Hospital or the Dhaka Offices of ICDDR, B will be kept under lock and key and only the researchers responsible for this study will have access to the information. The study records will not have your personal identification, and we would use a code number instead.

Your participation in our study is voluntary. You may decide not to participate in the study, and also to withdraw from the study at any time without affecting any of the services offered to you and your family members by the Centre. You may ask any question about this study and I shall be happy to provide answer to them. If you have any problem or further question you may also contact your health care worker or Dr. Hafizur Rahman Chowdhury, at the Matlab Hospital of ICDDR, B or Dr Mahfuzar Rahman in Dhaka at the following phone number 9885155.

If you/ your family member is willing to participate in the study, please sign your name or give left thumb impression below.


Signature of Interviewer

Signature /thumb impression of the 


Signature of Witness

 



participant or guardian of the participant



Date:
______________

Date: ________________________







International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Referent for further examination)

Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
Thank you for participating in this research study. The purpose of this research study is to understand the possible role of chronic ingestion of arsenic in the development of chronic lung disease, which has recently been suggested. 

Very recently we have conducted a study and found that the tube well water in your area contains high amount of arsenic. We have not found any chronic cough during your physical examination, but we would like to examine your general health and nutritional status for the purpose of our study; we will similarly examine general health and nutritional status of other people who have chronic cough for more than 21 days.

We request you to help us by participating in the study. We assure you that we shall strictly maintain confidentiality of the information we collect from you/your family members, and none other than the investigators of this study would have an access to the information. 

Your participation in our study is voluntary. You may decide not to participate in the study, and also to withdraw from the study at any time without affecting any of the services offered to you and your family members by the Centre. You may ask any question about this study and I shall be happy to provide answer to them. If you have any problem or further question you may also contact your health care worker or Dr. Hafizur Rahman Chowdhury, at the Matlab Hospital of ICDDR, B or Dr Mahfuzar Rahman in Dhaka at the following phone number 9885155.

If you are willing to participate in the study, please sign your name or give left thumb impression below.






Signature of Interviewer
Signature /thumb impression of the 
Signature of witness

 



participant or guardian of the participant



Date:



Date:





Date:

  International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Variation in exposure)
Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
In Bangladesh, water of majority of the tube wells is contaminated with arsenic, the levels of which exceed the WHO recommended safe limits of 50 (g/L for Bangladesh. The arsenic content of water of some tube wells from all areas of the Matlab Surveillance System of ICDDR, B was tested in 1997 and 2002-3. It was found that water of over 3/4th of the tested tube wells contained arsenic in quantities exceeding the WHO-recommended safe limit. High level of arsenic in drinking water may cause many health problems including various types of skin lesions and cardiovascular diseases, and even cancers of skin and other organ. These health problems are more common in relatively younger males and in those suffering from protein energy malnutrition. 

The purpose of this research study is to understand the variations of individual arsenic exposure through tube well water and variations in different storage pattern. 
This information will be used along with drinking water history and the follow-up survey data where the individual exposure is assessed. Analyses under the ongoing protocol revealed marked variations in the ratio between urine arsenic and water arsenic. Several factors may play a role in this discrepancy, and under the proposed study we would make efforts to explore them, specifically to understand the relationship between management, storage and use of the water to exposure e.g. iron-arsenic precipitation while water is stored in a container. 

We request your permission to collect and test your tubewell water.  There is no risk involved in the process.  You may decide not to participate in the study or parts of the study, and may also withdraw from the study at any time without affecting any service provided to you and to your family members by the Matlab Centre. You may or may not get any direct benefit by participating in this study; however, the information obtained is likely to help protect the society from arsenic toxicity.

We assure you that all information obtained from you would be kept strictly confidential, and none other than the investigators of this study would have an access to the information. 

If you are willing participation in the study, please indicate that by putting your signature or left thumb impression in the specified space below.

Thank you for your cooperation.


Signature of Interviewer

Signature /thumb impression of the 


Signature of Witness

 



participant or guardian of the participant



Date:



Date:





Date:

International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

(Exposure through rice)
Title of the Research Project: Arsenic in tube well water and health consequences; phase 2
Principal Investigator: Dr Mahfuzar Rahman
In Bangladesh, water of majority of the tube wells is contaminated with arsenic, the levels of which exceed the WHO recommended safe limits of 50 (g/L for Bangladesh. The arsenic content of water of some tube wells from all areas of the Matlab Surveillance System of ICDDR, B was tested in 1997 and 2002-3. It was found that water of over 3/4th of the tested tube wells contained arsenic in quantities exceeding the WHO-recommended safe limit. High level of arsenic in drinking water may cause many health problems including various types of skin lesions and cardiovascular diseases, and even cancers of skin and other organ. These health problems are more common in relatively younger males and in those suffering from protein energy malnutrition. 

We are conducting a research study. One of the main purposes of our study is to assess arsenic exposure through rice grown with irrigated water by deep tubewell.  An inventory of deep tube wells used for irrigation of rice in the area has been initiated. We would test a sub-sample of these tube wells. The water content of arsenic will be assessed and corresponding soil samples from the paddy fields, the plant, and cooked rice will be assayed for arsenic content. Results of this study would help determine arsenic-related health problems and to find preventive measures against them.

There is no risk involved in the process.  You may decide not to participate in the study or parts of the study, and may also withdraw from the study at any time without affecting any service provided to you and to your family members by the Matlab Centre. 

We assure you that all information obtained from you and your family members would be kept strictly confidential, and none other than the investigators of this study would have an access to the information. 

If you are willing your and your family members’ participation in the study, please indicate that by putting your signature or left thumb impression in the specified space below.

Thank you for your cooperation.


Signature of Interviewer

Signature /thumb impression of the 


Signature of Witness

 



participant or guardian of the participant



Date:



Date:





Date:

Check List


     After completing the protocol, please check that the  following selected items have been included.


1.  Face Sheet Included                            


2.  Approval of the Division Director on Face Sheet   




3.  Certification and Signature of  PI on Face Sheet, #9 and #10


4.  Table on Contents

5. Project Summary 


6.  Literature Cited


7. Biography of Investigators


8.  Ethical Assurance 


9.  Consent Forms 


10.  Detailed Budget 
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Are mitigation options based on community involvement, equitable, feasible, affordable and safe?
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Reversibility of skin lesions?


Increased risk for lung symptoms, diabetes?�Impaired child development?





Variation in susceptibility?
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