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Recent global estimates indicate that 844 million people 

lack access to basic drinking water and 159 million 

people still collect drinking water directly from surface 

water sources that are subjected to contamination.
[1]

 

Consumption of unsafe drinking water is a significant 

health risk due to contamination with infectious agents, 

toxic chemicals, radiological substances, and metals, 

including arsenic. Arsenic is an element which dissolves 

easily in water and does not produce any odour or 

coloring of the water, thus posing a hidden threat to 

health in areas where water is not tested.
[2]

 Long-term 

exposure to arsenic at elevated levels from drinking-

water and food can cause cancer, neurological and skin 

problems.
[3]

 In geological hotspots around the world, 

arsenic is naturally present at high levels in groundwater 

and soil due to weathering processes of rocks and 

minerals. Globally, arsenic in groundwater threatens the 

health of over 100 million people, especially in South 

and East Asia where high levels of arsenic in the ground 

water and high population density coincide.
[4-6] 

Bangladesh and the West Bengal in India are known to 

be some of the most affected areas, and several studies 

have shown high levels of arsenic in wells associated 

with high prevalence of health issues in the 

population.
[7,8]

 In the Red River Delta of Northern 

Vietnam and Cambodia high levels of inorganic arsenic 

concentrations in drinking water have also been 

reported.
[9,10] 

 

To date, there is limited information in Myanmar with 

regards to prevalence of contaminated drinking water 

sources in rural areas. However, a few studies indicate 

that arsenic contamination in drinking water sources is 

an important public health issue also in this country. As 

early as the year 2000, the water and sanitation program 

implemented by 'Save the Children-United Kingdom' 

revealed high levels of arsenic contamination of 

groundwater in rural parts of the Ayeyarwady delta 

region. It is estimated that 2.5 million of Myanmar’s 51 

million population are potentially at risk of arsenic 

poisoning from drinking water sources.
[11]

 The highest 

arsenic contamination is found in river valleys and delta 

regions.
[12] 

A few studies in selected areas have found 

levels of arsenic in groundwater above the WHO 
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ABSTRACT 
 

In Myanmar an estimated 2.5 million people are at risk of arsenic poisoning from drinking water sources, 

especially ground water. The highest arsenic contamination is found in the delta region. Baseline investigations of 

the inhabitants’ primary sources of drinking water through face-to-face interviews and the level of arsenic 

contamination in wells were conducted. This cross-sectional study included 904 households in seven villages in 

Thabaung Township, Ayeyarwady region, Myanmar. Arsenic content was measured by field kit arsenator. In rainy 

season (June-September), half of the households reported rain water as one of the primary sources of drinking 

water. Among 181 tube wells, 123 wells (68%) were contaminated with arsenic >50 μg/L. In total 404 (45%) of the 

households used contaminated wells as their primary source of drinking water, affecting 1704 (44%) individuals. A 

large proportion of the households in the Thabaung region are at risk of arsenic poisoning through drinking water 

from contaminated tube wells.  
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permissible limit of 10ug/L in several locations in the 

Ayeyarwady delta region.
[13-15] 

 

These findings have led to basic public awareness and 

water treatment initiatives in some parts of the region.
[16]

 

However, in order to reduce wide-spread exposure to 

arsenic through ground water and provide safe and 

reliable water supply, installation of water treatment 

plants are necessary. A number of arsenic removal 

technologies are available to ensure safe drinking water 

for villages: household level arsenic removal filters, 

community-level water treatment plants, in-situ arsenic 

treatment, arsenic-safe dug wells and ponds and piped 

water supply schemes. At present, previous work in 

Bangladesh has demonstrated the challenges in providing 

low-cost safe water interventions for those at risk.
[7] 

 

Before an introduction of a culturally acceptable, feasible 

and cost-effective arsenic mitigation program, we aimed 

to collect baseline information about different sources of 

drinking water, seasonal variations and arsenic 

awareness in the region, as well as scope feasibility of 

different water treatment interventions. Therefore, this 

study aimed to a) investigate the primary sources of 

drinking water in rural households in arsenic 

contaminated area of the Ayeyarwady delta region and b) 

measure the prevalence of arsenic contaminated wells 

and the level of arsenic contamination. 

 

METHODS 

Study design 

This is a cross-sectional baseline study conducted in 

2016 to inform regional implementation of a water safety 

intervention program.  

 

Study area and study population 

The study area covered Thabaung Township in 

Ayeyarwady region, Myanmar targeting rural households 

in arsenic contaminated areas (Figure 1 and 2). Seven out 

of 398 villages of Thabaung Township were selected 

based upon their hard-to-reach in nature. A total of 904 

households in these villages were identified in these 

villages. All households in the selected villages agreed to 

participate and one eligible respondent of age 15-84 

years (either head of the household or the assigned 

member) was selected by the household as a household 

representative. 

 

Data collection method  

In January 2016, nineteen trained interviewers 

administered structured interviews by using pre-tested 

and modified questionnaires. It consisted of 3 

components: household information, household 

members’ demographics and information about drinking 

water sources. The interviews were conducted in 

Myanmar language and each interview lasted for 7 to 10 

minutes. Each household was assigned a unique ID 

number.  

 

 

 
Figure (1): Map of Myanmar.

[17] 
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Figure (2): Map of Ayeyarwady Region.

[18] 

 

Water sampling method 

In 2016 January, all tube wells from the seven villages of 

Thabaung Township were listed, coded with geo-location 

and assigned a unique ID number. Before collecting the 

water samples, all tube well owners provided their 

informed consent. Each tube well was first pumped 20 

times with the handle. The collection bottles were rinsed 

with tube well water about three times, before the 

samples were collected in the bottle. Arsenic content was 

analyzed immediately using a Digital Arsenic Test Kit 

capable of analyzing arsenic levels between 2 and 

100μg/L (Wagtech Palintest, Model WAG-WE1050 

Arsenator System). The results were provided to the 

villagers directly after measurement. 

 

Data management and statistical analysis 

Data entry, data validation, range and consistency checks 

were done using EPI DATA version 3.2.
[19]

 Data were 

analyzed using SPSS 16 for Windows.
[20]

 For the data 

collected from the household survey, we calculated 

means with standard deviations for age, duration of stay 

in the village, number of household members, and 

proportions for sex, education level and type of drinking 

water source. 

 

Ethical considerations 

The research team sought permission from the regional, 

township and village authorities. Informed consent was 

taken from all participants. Privacy, confidentiality and 

anonymity issues were strictly observed during the 

household interviews. Ethical clearance certificate was 

granted by the Ethics Review Committee, Department of 

Medical Research, Ministry of Health and Sports, 

Myanmar. (Ethical Document No. 

Ethic/DMR/2015/123E/2017) 

 

RESULTS 
 

Study population characteristics  

Table 1 presents the village characteristics. A total 

number of 904 households had a total of 3,846 household 

members. Htanzinhla village was the largest village with 

257 households and the smallest was Shankwin village 

with 42 households. In total, there were 181 wells used 

by these households. 

 

In this study, 67% of the total populations were 15-64 

years old. 17% of the populations were under 15 years 

old and only 6% of the population was above 65 years 

old. The male to female ratio was 1:1.1. Regarding the 

education level of the household members interviewed, 

43% of the population had finished primary school level 

(10 years). 15% were illiterate or had basic literacy. 

When exploring the occupation of heads of the 

household, 31% were farmers and 39% were manual 

laborers. Over 90% of the villagers were native to the 

region and 90% did not report any sickness during the 

study period. 
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Table 1: Characteristics of study villages, Thabaung Township, 2016. 
 

Study villages 
Characteristics of study villages 

Number of households Household members Number of wells 

Htanzinhla 257 1,063 41 

Yaylegyi 188 743 41 

Thayattaw 143 571 27 

Latechaung 98 511 25 

Dale-et 91 367 12 

Konetangyi 85 394 18 

Shankwin 42 197 17 

Total 904 3,846 181 

 

Drinking water  

There were seasonal variations in primary source of 

drinking water. During hot and cool seasons, ground 

water was the primary source of drinking water more 

often than during the rainy season. In the rainy season, 

six out of ten used ground water compared to eight out of 

ten in the hot and cool seasons (table 2). Half of the 

villagers used conserved rainwater as one of their 

primary sources of drinking water in rainy season, 

although a majority still also used ground water, 

reportedly out of convenience and easy accessibility. 

One in four households used surface water (rivers and 

ponds) as primary source of drinking water during hot 

and cold season, while only one in six used surface water 

during rainy season. 

 

Table 2: Seasonal variations by primary source of drinking water in study households in seven villages, 

Thabaung Township, 2016. 
 

 

Primary sources* of drinking water reported by study households (N=904) 

Ground water Surface water Rain water 

Well 

Season
  Private wells Public wells Brick-lined wells River Pond Rain water conservation 

Hot season 

(Feb-May) 
444 (49%) 128 (14%) 147 (16%) 102 (11%) 132 (15%) 5 (1%) 

Rainy season 

(Jun-Sep) 
375 (41%) 76 (8%) 76 (8%) 52 (6%) 89 (10%) 492 (54%) 

Cool season 

(Oct-Jan) 
444 (49%) 135 (15%) 141 (16%) 97 (11%) 142 (16%) 5 (1%) 

Any season 506 (56%) 144 (16%) 160 (18%) 117 (13%) 149 (16%) 492 (54%) 

*Two primary sources possible, row percentages do not add up to 100% 

 

Arsenic levels in ground water 

Two thirds of the wells were contaminated by arsenic 

levels above 50μg/L. The highest proportion of 

contaminated wells (89%) was found in Konetangyi 

village and the lowest was reported from Dale-et village 

(42%). There was no association between tube well 

depth and arsenic level, except that the shallowest wells 

<20m all had very low arsenic levels (figure 3). 

 

Table 3: Prevalence and use of arsenic contaminated tube wells in seven villages, Thabaung Township, 2016. 
 

Villages 

Tube 

Wells 

(N) 

Tube wells with 

As>50μg/L N (%) 

Use of contaminated wells (As >50μg/L) as primary  

source of drinking water (any season) 

Households (%) Individuals (%) 

Htanzinhla 41 32 (78%) 174 (68%) 736 (69%) 

Yaylegyi 41 18 (44%) 70 (37%) 280 (38%) 

Thayattaw 27 21 (78%) 74 (52%) 307 (54%) 

Latechaung 25 19 (76%) 9 (9%) 39 (8%) 

Dale-et 12 5 (42%) 43 (47%) 167 (46%) 

Konetangyi 18 16 (89%) 8 (9%) 42 (11%) 

Shankwin 17 12 (71%) 26 (62%) 133 (68%) 

Total 181 123 (68%) 404 (45%) 1704 (44%) 
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Figure 3: Depth of tubewell vs. Arsenic level in tube wells. 

 

DISCUSSION 
 

Main results 

In this study of tube wells in the Ayeyarwady region, 

Myanmar we found that seven out of ten wells (68%) 

were contaminated with arsenic levels exceeding 50μg/L. 

In some villages as many as nine out of ten wells in use, 

were contaminated. In total 45% of the households (44% 

of the individuals) used a contaminated well as one of 

their primary sources of drinking water. Arsenic level 

was not associated to well depth, except for very shallow 

wells (<20m depth) where arsenic levels were very low. 

 

Although half the population in this area drank rainwater 

during the rainy season, tube wells was the most 

commonly used source of drinking water irrespective of 

season. The study found that nearly 90% of households 

used public wells in summer and 53% of households 

used public wells in the rainy season. In this study, most 

of the respondents were farmers with seasonal odd jobs 

and they had difficulties to keep enough containers for 

drinking water storage in the hot season which may be 

one of the reasons of high use of public wells in summer.  

 

LIMITATIONS 
 

We studied all the wells in the selected township. We 

had a 100% participation rate among households and 

thus the numbers in this study are a correct 

representation of the actual conditions in these 

townships. We also used a validated method to assess 

arsenic levels in water from the wells. We used a 

standardized protocol for testing and equipment with 

high accuracy.  

 

As we do not know the actual water consumption of the 

households and individuals from each source, this study 

can only give an indication of likely exposure based on 

reported water source use and water source 

contamination. Furthermore, as we only interviewed one 

member from each household the results for arsenic 

awareness may not be representative for the whole 

household.  

 

Interpretation 

Thabaung is located in Ayeyarwady delta region in 

which the groundwater arsenic level is known to be high. 

This study builds on a previous study by Tun et al in 

2003 in Thabaung Township, which found that 37% of 

tube wells were contaminated with arsenic levels in 

excess of 50μg/L.
[15]

 With comparable sampling 

strategies in both studies, we found almost double the 

proportion of wells that had high arsenic levels. 

Although this could imply that arsenic levels are getting 

worse over time, and urgent action needs to be taken, it 

also highlights the difficulties in estimating the size of 

the population at risk. As with our study, previous 

studies in the region have demonstrated wide variability 

in arsenic levels between wells.
[13,15]

 even within the 

same geographical area. This provides a challenge in 

determining true prevalence in arsenic exposure risk in 

the population, as well as determining which non-

sampled areas are most at risk, and more work needs to 

be done in establishing the factors that cause high arsenic 

levels in this region.  

 

Our study highlighted the variability of drinking sources 

depending on season. This presents its own challenges 

when establishing safe water supplies in remote areas. In 

Myanmar, the hot season (summer) is usually linked to 

water shortages,
[7]

 as ponds and rainwater are scarce. 

People in Myanmar usually use rainwater for drinking in 

the rainy season. When considering methods for arsenic 

free safe water such as rainwater harvesting, household 

arsenic removal filters and rural piped water supply, 

these variations must be taken into account.  

 

Our study demonstrated that very shallow wells show 

lower levels of arsenic than deeper wells, which was also 
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found in the 2014 study by van Geen et al.
[13]

 From this 

we conclude three possible ways of reducing arsenic 

exposure through drinking water; a) switching to non-

contaminated wells in the same area, b) exploring 

options for shallower wells and c) installing water 

treatment plans based on local seasonal drinking water 

practices. This has to go in conjunction with awareness 

programs, with more information than just reporting 

back results to well-users. The latter has shown not to 

work in previous studies, as only a minority can correctly 

recall the status of their well despite testing.
[13]

 By 

understanding the demographics and literacy levels of 

the local populations, our study provides a basis for 

developing effective arsenic awareness programs. 

Further work we conducted in this region looking at the 

health impact of potential arsenic exposure and impact of 

arsenic awareness programs in schools will be described 

in subsequent papers.  

 

Generalization 

This study was carried out in an area purposely selected 

because of previously known high levels of arsenic in 

ground water. Although levels were extremely high in 

some villages in the township, these levels are not 

uncommon in the Ayeyarwady area. However, even 

within this region there is high variability in arsenic 

levels, which limits generalization for the Ayeyarwady 

region as a whole or similar area bordering the Bay of 

Bengal. Water treatment programs should include 

methods to identify high-arsenic areas as well as 

increasing awareness and water safety.  

 

Information collected from the household surveys is 

specific to the villages studied but are likely to be 

representative of many similarly remote villages in the 

region.  

 

Implications 

The safety and accessibility of drinking water are major 

concerns throughout the world, and arsenic 

contamination of drinking water sources is a public 

health issue in Myanmar. As demonstrated in this study, 

arsenic awareness and treatment programs are 

challenging due to low literacy levels and high seasonal 

variation in water sources. Myanmar’s National Water 

Resources Committee (NWRC) has developed a 

National Water Policy since 2014 with a clear vision on 

sustainable water management.
[21]

 This study adds useful 

information that can help guide steps towards this vision.  

 

Conclusions  

In the studied townships most of the households were at 

risk of arsenic poisoning through drinking water from 

contaminated tube wells. In the context of low 

socioeconomic status, community arsenic filtration 

system, advice and awareness programs might promote 

health of the people residing in that area. 

 

 

 

ACKNOWLEDGEMENTS 
 

We would like to express our deepest appreciation to all 

those who provided us with the possibility to complete 

this research paper, and our special thanks to Dr. Theo 

Bodin, researcher and resident physician in occupational 

and environmental medicine at the Institute of 

Environmental Medicine (IMM), Karolinska Institutet, 

Sweden, for sharing his insights that greatly improved 

the manuscript. We would also like to give heartfelt 

thanks to Dr. Samantha Field at the Imperial College 

Healthcare NHS Trust, London, UK, for sharing her 

knowledge in preparation of the manuscript. We also 

thank to Daw Tin Tin Han, Daw Aye Thida Htun, Daw 

Thet Htet Aung, Daw Ohnmar Win, Daw Khin Moe Latt, 

staffs from Chemical Toxicology Research Division, 

Department of Medical Research, for their great effort 

throughout the research project. We are also grateful to 

Dr. Myint Thein Oo, former township medical officer of 

Thabaung Township, for his help to conduct the research 

project. Finally our special thanks to the villagers from 

the seven villages of Thabaung Township, for their kind 

help and cooperation to complete this research. We could 

not have done it without them.  

 

Authors contribution statement 

All the authors reviewed the different versions of the 

manuscript and approved this final version.  

 

Financial statement 

This study was financed by the Japanese International 

Cooperation Agency (JICA).  

 

Competing interests  

The authors declare no conflicts of interest.  

 

Ethics approval  

This study was conducted with the approval by the 

Ethics Review Committee, Department of Medical 

Research, Myanmar (Ethical Document No. 

Ethic/DMR/2015/123E/2017). 

 

REFERENCES 
 

1. World Health Organization, UNICEF. Progress on 

drinking water, sanitation and hygiene: 2017 update 

and SDG baselines [Internet]. World Health 

Organization; 2017 [cited 2019 May 14]. Available 

from: https://apps.who.int/iris/handle/10665/258617. 

2. Council NR. Arsenic in drinking water. National 

Academies Press, 1999.  

3. Pontius FW, Brown KG, Chen C-J. Health 

implications of arsenic in drinking water. 

Journal‐American Water Works Assoc, 1994; 86(9): 

52–63.  

4. Smedley PL, Kinniburgh DG. Source and behaviour 

of arsenic in natural waters. U N Synth Rep Arsen 

Drink Water World Health Organ Geneva Switz 

Httpwww Who 

Intwatersanitationhealthdwqarsenicun1 Pdf., 2001; 

1–61.  



www.wjpls.org 

 

48 

Khin et al.                                                                                        World Journal of Pharmaceutical and Life Sciences 

5. Ravenscroft P, Brammer H, Richards K. Arsenic 

pollution: a global synthesis. Vol. 28. John Wiley & 

Sons; 2009.  

6. Van Geen A. Environmental science: Arsenic meets 

dense populations. Nat Geosci, 2008; 1(8): 494.  

7. Khan MMH, Aklimunnessa K, Kabir M, Mori M. 

Determinants of drinking arsenic-contaminated 

tubewell water in Bangladesh. Health Policy Plan, 

2007; 22(5): 335–43.  

8. Mazumder DNG, Haque R, Ghosh N, De BK, Santra 

A, Chakraborty D, et al. Arsenic levels in drinking 

water and the prevalence of skin lesions in West 

Bengal, India. Int J Epidemiol, 1998; 27(5): 871–7.  

9. Berg M, Stengel C, Trang PTK, Viet PH, Sampson 

ML, Leng M, et al. Magnitude of arsenic pollution 

in the Mekong and Red River Deltas—Cambodia 

and Vietnam. Sci Total Environ. 2007; 372(2–3): 

413–25.  

10. Polya DA, Gault AG, Diebe N, Feldman P, 

Rosenboom JW, Gilligan E, et al. Arsenic hazard in 

shallow Cambodian groundwaters. Mineral Mag., 

2005; 69(5): 807–23.  

11. Caussy D. Normative role of WHO in mitigating 

health impacts of chronic arsenic exposure in the 

South-east Asia region. In: Arsenic Exposure and 

Health Effects V. Elsevier, 2003; 439–47.  

12. Yano Y, Ito K, Kodama A, Shiomori K, Tomomatsu 

S, Sezaki M, et al. Arsenic Polluted Groundwater 

and Its Countermeasures in the Middle Basin of the 

Ganges, Uttar Pradesh State, India. J Environ Prot., 

2012 Aug 21; 03: 856.  

13. Van Geen A, Win KH, Zaw T, Naing W, Mey JL, 

Mailloux B. Confirmation of elevated arsenic levels 

in groundwater of Myanmar. Sci Total Environ, 

2014; 478: 21–4.  

14. Bacquart T, Frisbie S, Mitchell E, Grigg L, Cole C, 

Small C, et al. Multiple inorganic toxic substances 

contaminating the groundwater of Myingyan 

Township, Myanmar: Arsenic, manganese, fluoride, 

iron, and uranium. Sci Total Environ, 2015 Jun 1; 

517: 232–45.  

15. Tun TN. Arsenic contamination of water sources in 

rural Myanmar, 2003;  

16. Myint O, Hla NH. Effectiveness of Health 

Education on Knowledge of Groundwater-dependent 

Rural Residents Regarding Arsenic-contaminated 

Water at Kyone Pyaw Township. Myanmar Health 

Sci Res J., 2017; 29(1): 44–50.  

17. Myanmar Information Management Unit. Myanmar 

country map [Internet]. Myanmar Information 

Management Unit; 2012 [cited 2019 May 14]. 

Available from: 

http://themimu.info/sites/themimu.info /files/ 

documents/ 

Country_Map_MIMU223v02_14Mar2012_A4.pdf. 

18. Myanmar Information Management Unit. 

Ayeyarwady Region, Myanmar [Internet]. Myanmar 

Information Management Unit; 2016 [cited 2019 

May 14]. Available from: http://themimu.info/sites/ 

themimu.info/files/ 

documents/Region_Map_Tsp_Ayeyarwady_MIMU

696v03_09Sep2016_ENG_A3.pdf. 

19. Christiansen T, Lauritsen J. EpiData - 

Comprehensive Data Management and Basic 

Statistical Analysis System. [Internet]. Odense 

Denmark, EpiData Association; 2010. Available 

from: Http://www.epidata.dk. 

20. Inc S. SPSS for Windows release 16. SPSS Inc. 

Chicago, IL, 2008.  

21. Meel P van, Leewis M, Tonneijck M, Leushuis M, 

Groot K de, Jongh I de, et al. Myanmar Integrated 

Water Resources Management, Strategic Study. 

RVO, Netherlands, 2014.  

 


