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of human exposure to arsenicosis. Myanmar is also affected by arsenic

Avrticle History

contamination, mainly in Ayeyarwady Division. This study aims to observe ~ Received:

. . . . 15-Jul-2024
and compare the arsenic concentration of wells in the Kyanggone region
with the WHO and Myanmar National Drinking Water Quality Standards Revised:
(MNDWQS). MNDWQ standards. Also, this study focuses on statics 13-Aug-2024
results of the public awareness dealing with arsenic. Some of the wells in
the Kyanggone region were tested to investigate the arsenic concentration. Re-revised:
Survey data were collected from 138 people using the survey data collection 18-Sep-2024
method to know the current association of arsenic with the public in the
Kyanggone region. The collected data were analysed using Statistical Accepted:
Package for Social Science (SPSS) software. This paper provides the results ~ 20-Sep-2024
of arsenic-contaminated wells and public knowledge on arsenic and arsenic- Published:
contaminated drinking water. This study showed that knowledge and 30-Sep-262 4

information about arsenic are still needed to know the reality and more
training must be made to have more awareness of public arsenic. Also, it is
claimed that a suitable, economical, and effective treatment method must
be applied to prevent the public lives from arsenic poisoning.

Keywords: Arsenic contamination, Groundwater, Arsenicosis, Public awareness, WHO
standards, MNDWQ standards, SPSS analysis, Arsenic poisoning prevention.

How to Cite: Maung, S. A., Rehman, I. U., Samad, A., & Ullah, K. (2024). Analysis and assessment
of ground water from Kyanggone region, Myanmar for arsenic contamination. Natural and Applied
Sciences International Journal (NASIJ), 5(2), 81-94. https://doi.org/10.47264/idea.nasij/5.2.6

Copyright: © 2024 The Author(s), published by IDEA PUBLISHERS (IDEA Publishers Group).

License: This is an Open Access manuscript published under the Creative Commons Attribution 4.0
(CC BY 4.0) International License (http://creativecommons.org/licenses/by/4.0/).

(oMo "



https://www.ideapublishers.org/index.php/nasij
http://creativecommons.org/licenses/by/4.0/

Analysis and assessment of ground water ... S. A. Maung et al.

1. Introduction

Arsenic groundwater contamination is a global health crisis, affecting millions of people
worldwide, particularly in rural regions where safe drinking water is scarce. Life on our planet
can’t be lived without sufficient water. Arsenic is one of the most widespread heavy metals,
which makes it one of the most alarming from both an environmental and a human health point
of view. It is also one of the most dangerous (Falkenmark et al., 2019; Sankhla et al., 2018).
Geological formations high in arsenic can leak arsenic into the groundwater (Hu et al., 2005).
Certain minerals and rocks, such as arsenopyrite and pyrite, can contribute to increased levels
of arsenic in water (Ahoulé et al., 2015). Arsenic contamination of water sources is possible in
certain regions due to human activities such as mining and industrial operations (Akhtar et al.,
2021). Additionally, arsenic-containing herbicides and fertilizers may contribute to this
problem (Raab et al., 2007). It is well known that the groundwater in some parts of the globe
has naturally elevated concentrations of arsenic (Kim et al., 2011). In some regions of
Bangladesh, West Bengal (India), and Southeast Asia, for instance, the presence of excessive
arsenic concentrations in the drinking water has been a serious cause for worry concerning the
public’s health (Rahman et al., 2009). The element arsenic has five possible oxidation states:
3,0, 3, and 5. Arsenic may be found in the earth’s crust in various forms, the most common of
which are arsenic sulphide, metal arsenate, and arsenide. When it is found in water, it is most
likely in the form of arsenate, which has an oxidation state of 5, if the water also contains
oxygen. In reducing circumstances (200 mV), however, it is more likely to be present as
arsenide, which has an oxidation state of 3, according to IPCS (2001) (Jiang et al., 2013).

For ages, people have been aware of the acute toxicity of arsenic when it is present in high
amounts. Long-term exposure to even extremely low arsenic concentrations has been shown to
have a significant negative impact on health, and this association was not recognized as having
such a negative impact until quite recently. It is now well acknowledged that drinking water is
the primary route through which humans take in arsenic in its most poisonous (inorganic) form.
Even in high quantities, arsenic in water does not result in any discernible alteration to the
water’s flavour, odour, or visual appearance (Smith & Steinmaus, 2011). The sections of our
body that are immediately exposed to natural and artificial sources of arsenic include the
digestive system, the respiratory tract, and the skin. Less than 97% of people are exposed to
arsenic when they consume contaminated food or water via their mouths (Martinez, 2006).
Because of this, the presence of arsenic in drinking water might be difficult to detect if the
necessary analytical procedures are not carried out (Smith & Steinmaus, 2011).

In order to safeguard the general population’s health, several nations have set regulatory
limitations for the amount of arsenic that may be found in drinking water (Bosch et al., 2016;
WHO, 2022). These limitations are subject to change on a country-by-country basis. For
instance, the World Health Organization (WHO) suggests that the acceptable level of arsenic
in drinking water should not exceed 10 micrograms per litre (mg/L) or parts per billion (ppb)
(Smith et al., 2002; Uddin et al., 2021; Frisbie & Mitchell, 2022). The WHO has set the
maximum allowable amount of arsenic in drinking water at 10 micrograms per litre (10 ppb).
Ingesting water that has a concentration of arsenic that is higher than the allowable threshold
of 50 g/l or ppb, parts per billion (the recommended national standard for Myanmar), may lead
to major skin and vascular problems, as well as various forms of cancer (Chiew et al., 2009;
Mahanta et al., 2016; Altowayti et al., 2021; Khan et al., 2023; Islam, 2023). Water treatment
procedures such as filtration, coagulation, and adsorption are used in regions where arsenic
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concentrations are found to be dangerously high. This is done in an effort to eliminate or
significantly lower arsenic levels. It is crucial to do routine monitoring of the water quality in
order to identify regions with high arsenic concentrations and then take the necessary
precautions to reduce the associated dangers (Sonone, 2020).

Therefore, this research study aims to observe and compare the arsenic concentration of wells
in Kyanggone region with World Health Organisation (WHO) and Myanmar National
Drinking Water Quality Standards (MNDWQS). MNDWQS are used to determine public
awareness of arsenic and to analyse the survey data using Statistical Package for Social Science
(SPSS) software.

2. Scopes of the study area

Several villages in Kyanggone township of Ayeyarwady region (Figure 1), which occupy the
delta region of the Ayeyarwady river were selected to investigate in this study. Arsenic
concentration data of wells in this region were collected and compared with WHO standards
and MNDWQS. A probability random sampling method was applied to take the survey. A total
of 138 persons from Kyanggone Township were interviewed to collect survey data sheets and
analyse them using the Statistical Package for Social Science (SPSS) software.

Figure 1: Arsenic concentration in Kyaunggon region
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3. Contamination of arsenic in the study area

Arsenic contamination of groundwater is one of the naturally occurring problems in Myanmar.
Lower Ayeyarwady region was highly affected by arsenic contamination in Myanmar. The
highest arsenic-affected townships in Ayeyarwady Division are Kyonpyaw, Kyanggone,
Pantanaw, Hinthada, and Zulun townships. Based on a field survey, the arsenic concentrations
in most of the wells of Kyanggone Township were higher than WHO standards of 10 ppb and
Myanmar National Drinking Water Quality Standards (MNDWQS). Arsenic exposes the
public in this township in many different ways. Although Kyanggone township is one of the
regions that are highly affected by arsenic, most of the people in this township still need to
know and have information about arsenic and reality.

For this study, groundwater samples were collected from a tube well at Kyanggone Township,
located in Ayeyarwady Division. Ideally, a laboratory infrastructure should be established at
ISO TECH laboratory within a few hours, actually 24 hours of being taken. This study’s
sampling points of this raw water are different wells from Kyanggone region in Ayeyarwady
Division as shown in Figure 2. Before collecting the sample, the groundwater is pumped at
least 15 minutes’ drive. After that, the tap was opened, and the water from the sample source
was left at a fast flow rate of approximately 15 minutes. Finally, the bottle cap is tightened up
and it is made to ensure that there was no leaking. The raw water is then tested at the 1SO
TECH laboratory. The laboratory results of groundwater samples are tabulated below:

Figure 2: Arsenic concentration in Kyaunggon region
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According to the results, samples 1, 2, 4, 10, 13 and 14 are higher than those of WHO and
MNDWQS. Samples 3, 5. 7 and 11 are higher than WHO but lower than MNDWQS.
Furthermore, samples 6, 8, 9, and 11 are lower than WHO and MNDWQS.
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4. Survey data collection

The preparation of the survey questionnaires (see appendix) and the selection of the survey
sampling method were foundational steps in this study. The development of the questionnaire
was carefully designed to capture essential information on both the arsenic concentration in the
local groundwater and the public’s awareness regarding arsenic contamination. A systematic
sampling method was employed to ensure that the data collected was representative, targeting
key demographic groups within the Kyanggone region. Subsequently, a field survey was
conducted, and data was collected directly from the study area. During this phase, the research
team visited a selection of wells across the region, tested water samples for arsenic
concentration, and simultaneously distributed questionnaires to 138 individuals, ensuring a
diverse range of respondents from different socio-economic backgrounds.

Once the field survey was completed, the raw data was organized and entered into Microsoft
Excel, creating a structured dataset that would facilitate the analysis process. This step included
data cleaning and verification to ensure accuracy and completeness. The next stage involved
analysing the compiled data using Statistical Package for the Social Sciences (SPSS) software.
Through SPSS, various statistical techniques were applied to evaluate trends, correlations, and
patterns in the data. This analysis provided valuable insights into both the levels of arsenic
contamination in the local wells and the awareness of the local population regarding the
associated health risks. The use of SPSS software allowed for a more comprehensive and
rigorous interpretation of the survey results, ensuring the reliability and validity of the study’s
findings.

5. Data analysis using SPSS

In this study, survey data are analysed by descriptive and inferential of hypothesis testing.
Descriptive statistics describes the data in simplified and communicative ways. Simplifying
ways are organizing and summarizing the data. Organizing and summarizing the data can be
done in three ways i.e., tabulation, graphically or numerically. The tabulation way can be used
for quantitative or qualitative data. The graphical description depends on the data type. For
qualitative data, bar graphs, pie charts, and Pareto charts. For quantitative data, the dot plots,
the stem and leaf display, and the histogram.

Hypothesis testing is a statistical technique administered to evaluate a hypothesis about a
population based on the sample data. For example, to evaluate the following hypothesis:
Education level of women has an impact on women’s autonomy. The hypothesis testing
procedure conducted in this study is as follows:

e Null hypothesis (HO): No impact; no association; no relation; no change; not increase;
not decrease (sense of equality).

e Alternative hypothesis (H1): Impact; association; relation; change; increase; decrease
(sense of inequality).

Test statistic:
e Critical value: p-value computed based on the observed data; and o (standard value)
equal to 5% (95% confident level) or 1% (99% confident level) or 0.1% (99.99%
confident level).
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e Decision rule: p-value < a, reject Ho and p-value > a, accept Ho.
e Decision and conclusion.

6. Results and discussion

6.1.  Descriptive statistic results

According to survey data analysis of questions 2 and 4 by SPSS based on 138 people in the
Kyanggone region, which is one of the regions with high arsenic concentration, about 66% of

people knew about dealing with arsenic. Results are shown in Figure 3 with a pie chart.

Figure 3: Pie chart of the public knowledge on arsenic
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Moreover, knowledge of arsenic and its impact was shared by the government, NGO,
community and local educated person. Some of them knew the facts from social media such as
Facebook and Instagram. The bar chart shown in Figure 4 was the analysis result of question
number 3.

Figure 4: Bar chart on frequency count of sharer
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From the analysis of questions 7, 9, and 12, almost all people depend on private wells for
drinking water, and about 22% of people use purified drinking water as their alternative source.
Furthermore, most people in this area use hand-dug wells rather than driven and drilled ones.
Suppose arsenic poisoning causes certain diseases such as vomiting, skeins’ lesions, skin
problems, and urinal diseases. It is clear that 55.4 percent of people in the study area had

NASIJ, 2024, 5(2), (6) Page | 86



Analysis and assessment of ground water ... S. A. Maung et al.

suffered some of these diseases in the past and now. Figure 5 shows the result of questions 11,
12, 13 and 14.

Figure 5: Types of diseases in percentages
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6.2.  Regression and hypothesis results

Regression analysis predicts how many units are changed in a dependent variable if there is
one-unit change in an independent variable. Regression analysis is made with multiple linear
regression models with multicollinearity. A person who lived a long-time in the study area
affects arsenic poisoning. There is a strong relation between time of living and diseases that
occur due to exposure of arsenic.

To investigate whether or not education level significantly affects arsenic poisoning causes,
one-way ANOVA F-test, one of the hypothesis tests, is used. According to the results From the
regression analysis, the public education level dramatically effects on the knowledge about
arsenic and its poisoning. Another hypothesis test, two-independent sample t-test, showed that
diseases of exposure are more intense in gardeners and farmers rather than government and
company officers.

7. Conclusion

According to survey data analysis results, the people in rural areas didn’t know about the
knowledge and impact of arsenic. It is also concluded that people who know about arsenic use
purified drinking water instead of private wells for drinking purposes. And also, some of them
use slow sand filters to reduce arsenic water contamination from private wells. So, knowledge
and information about arsenic is still needed to know the reality. Moreover, arsenic poisoning
is higher among farmers and gardeners than government and company staff. The critical
finding was that more training about arsenic sharing its impact must be made in this area to
conquer the arsenic contamination problem. The significant finding of this study is that most
of the people in this region still use arsenic-contaminated water for various purposes. Thus, a
suitable, economical, and effective treatment method must be applied to protect the public lives
from arsenic poisoning.
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Appendix
ARSENIC SURVEY QUESTIONMNAIRES
Information Code
RESpONdEnt’'s COMR ......vveeieii s esrscsss s e s e ee s e s s ee s s ss s ss panmen e L]
DAE e L]
IPEBIVIBMET .. oosvessssssssssscem i ee s mm em s e s svns s sm s e s s m e s e s s s mmns -
Start Time(write 24 hrsystem) ..........oovvvivrsrr e s 1
Background Information
1. What is your name? (su35)
2. What is your age in completed years? (mo00%)
3. What is your date of birth? (ogicy )
4, What is your township? (cgcdep (§,405)
Demographic Information
5. What is your gender? (e3¢ mjrmen)
[ Male (erpee) [l Female (o)
6. What is your current marital status? (B8aconé §/ of)
7. Osingle (ogeged) 0 Married (#8scooéaS)
8. What is your occupation? (sscydmché)
ClGovernment (800§ cos:) O private (mpgclodaods)
[ own Business (uS& iyoraey) (] Dependent (§5)

] Other (30(g2¢) ( )
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9. To which standard have you studied? (sopSig:3g:ean upomapdamygt:)
O] High School (3c0050>4:) O Graduate (23.9)

00 Other (=[3>:) ( )

Environmental History and Health Issues
1. How long have you lived at your current address?

(®@9e46p90 6407 Mudsadecnnd §Gd)

2, What type of hose do you live in?

(000533819 c40703)
O own (BuSEa3) [ Apartment (wag:)
[ Loan (3B6¢2:) O Other (a(32:) ( )
3. Do you know about arsenic?
(ans0éigdmefrgplioBoon)
0 Yes (23cla0gd) O No (e234l)
4, Who inform you about arsenic?
(ans0:gdame(ogré:nd muSapmegafuoned)
[ Government (:2§:q) 0 NGO (medonndaag o)
[J Local educated people (35380563g) O Other (w{3) ( )

5. Do you know about the impact of arsenic?
(5081486, Brorjreog0’ Bevan)
[ Yes (330la0pd) O No (e234l)
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6. Do you have any course of trainings about arsenic?

(moaofyBjoctaosl comefp/astonfiecy ooclgieon)

[0 Yes (orabgeclaogd) 1 No (eoncbg:dl)
7. Who trained you?

(raopmgorad)

[0 Government (38:q) 0 NGO (mqdmadamg mepd:)

[J Local educated people (::38cdeag) [] Other (:f302) ( )
8. What Is your source of drinking water?

(canadeqed uSmegaed)

[ Municipal well (0p30dy coeocancq) 00 Private Well (333geqopé:)

[J River water ([gdeq) (] Rain water (§:cq)

O other (wf3>t) ()

9, If source of drinking water is a private well, what is the depth of well?
(canadeqm eqopéimeomadeéd optimgndmanudecnded)

10. If source of drinking water is a private well, was it tested for arsenic?
(canadeqm eqopéimeonaded mowéiydil edledesomoar)

[0 Yes (0desolaspd) O No (vodesord)

11. Do you have any alternative source of drinking water?

(oofgareanodeqqfloieqepfiocon)
0 Yes (§oloops) [ No (o))

12. Do you face any diseases?
(espolondppn? Sextcqefgé:fctoocr)
13. [ Yes (§folopd) ) No (wf)
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14. Do you face any diseases?

[maémcq:wﬂm&?ﬁ ﬁ:{:ﬂ::xux:l
01 es (§ekoaS) O N (ef)
15. Can | know your type of disease?
[chﬂanﬁ::am :ﬂc%qum::}
[ piarrhea {nﬁmc&p@&: UTyphoid l:aiatpﬁciﬂ.“:}
[ Dysentery :a&nﬁnﬁ@&h Oinfection l_ni:nrﬁnq:rﬂ]

[Cskeins Problems {wﬁmwr&ﬁ@&] [ Muscle cramps :@rﬁmrﬁ@&:

OHeight blood pressure (sag:of:)

O Tingling of finger or toes (¢[g/conbery3é:)
O other (ms(goe) (o)

16. Do you face any skin problems?

(meafgr{googoecy Soatageo0om)

[ Yes (3022q) O No (edeaqdl)
17. Is there any one of your family face any skin problems?

(Baompotecgodys Beegadgooqpdoncyqon Joon)

03 Yes (§ctopl) O No (efidl)

slgoprevioimognd marahiRempqrmagiontfoloruds
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