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ABSTRACT 
 

Aims: This paper uses a narrative, case study approach to illustrate water vulnerabilities 
associated with a remote, Karen Hill Tribe village in northwestern Thailand and discusses some of 
the measures taken to address these vulnerabilities. 
Place and Duration of Study:  Huai Pla Kong Village, Tak Province, Thailand; October, 2011-
November, 2013. 
Methodology:  A needs and vulnerability survey was administered to the head-of-household or 
spouse of 11 families in the village. The survey tool was a combination of closed and open-ended 
questions that provided basic information on demographics, drinking water, sanitation, health, and 
agricultural practices. Drinking water sources including wells, rainwater harvesting systems, a local 
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stream and a mountain spring were sampled in the rainy and dry seasons and analyzed for E. coli 
levels. Health care interventions were introduced, including a couple of day-long health clinics and 
the distribution of ceramic drinking water filters.  
Results:  Wells and the local stream generally were contaminated with E. coli, while the rainwater 
harvesting systems tended to have lower E. coli levels. The majority of families had a main source 
and secondary source for domestic water, which reduced vulnerability, although on average per 
capita water use was towards the low end of the global range. Families boiled their water about half 
the time before use, but only 2 of 11 families were able to link contaminated food or water to 
diarrhea. Most families had access to pour flush toilets or pit latrines, although 27% defecated in 
the open. Farmers noted that water availability for crop irrigation could be limited. Most farmers 
used pesticides on their crops and it was observed that pesticide handling practices were 
inadequate. The village practices traditional shifting or swidden agriculture and extensive 
deforestation was visible, which may negatively impact crop productivity and water quality, although 
farmers interviewed did not believe erosion was a concern. The introduction of a ceramic drinking 
water filter with one family improved the quality of their water and appeared to positively impact the 
health of the babies in the household. Ceramic filters subsequently were distributed to 7 additional 
families. Finally, a team of graduate students from the Asian Institute of Technology designed and 
costed a rainwater harvesting system and a wastewater collection and vertical flow wetland 
treatment system for the village. 
Conclusion:  The study successfully identified water vulnerabilities for the village, including limited 
availability for irrigation (and to a lesser extent, domestic use); bacterial contamination of well water 
sources; poorly managed use of pesticides; and clear-cutting of forest which produced high erosion 
potential. Some measures were developed to address these vulnerabilities, the most successful 
being the introduction of a ceramic drinking water filter to a study family. Shortcomings of the 
program included our lack of a more permanent presence in the village which reduced our capacity 
building opportunities that could address water vulnerabilities more fully. The headman of the 
village had limited interest in the initiatives, which meant progress was slow. A missed opportunity 
resulted from the recent political turmoil in Thailand which eliminated our access to the village and 
therefore no follow up on the 7 water filters or construction of a rainwater harvesting and sanitation 
system has been done to date. 
 

 
Keywords: Waterscape; water vulnerability; Karen Hill Tribe; sanitation; ceramic water filter; 

agricultural practices. 
 
1. INTRODUCTION  
 
Vulnerability assessment of both human and 
natural systems has received considerable 
attention and has become much refined over the 
past 15 years [1-9], with an important driver for 
some aspects of this research being the 
increasing concern about the potential impacts of 
climate change [8,10-15]. Cutter et al. [16] 
distinguish between vulnerability and resiliency, 
with vulnerability being “...the pre-event, inherent 
characteristics or qualities of social systems that 
create the potential for harm”, while resiliency 
refers to the capacity of the system to respond to 
a disturbance and resist the impact or recover 
from the damage of the disturbance [17-19]. 
Cutter et al. [16] suggest that resiliency for 
human systems also includes “…post-event, 
adaptive processes that facilitate the ability of the 
social system to re-organize, change, and learn 
in response to a threat.”, thereby making 
resiliency inherently different from vulnerability. 

Following Cutter’s distinction, our study contains 
elements of both vulnerability and resiliency, but 
the main focus here is vulnerability. Eiken and 
Luers [20] conclude that traditionally there have 
been three general approaches to conducting 
vulnerability research: i) risk-hazard; ii) political 
economy/political ecology; and iii) ecological 
resilience, although they also note more recently 
there has been some effort towards trying to 
integrate elements of these approaches. Our 
paper provides a case study of the vulnerabilities 
related to the waterscape that we identified for a 
Karen Hill Tribe village in Tak Province, 
northwest Thailand. As Cutter et al. [16] note, 
place-based studies are a common approach in 
vulnerability assessment and this village 
represents the intersection of some interesting 
and challenging social, political, economic, and 
environmental characteristics. We also see this 
work as documenting what can be considered 
“geographies of academic underrepresentation” 
with respect to certain ethnicities, regions, 



populations, and their everyday waterscape. The 
objective of this paper, then, is to provide an 
overview of the vulnerabilities that we identified 
as we worked in the village. We hope to illustrate 
some of the successes we had in identifying and 
addressing water-related vulnerabilities, but also 
to discuss some of the challenges and lost
opportunities, as part of a lessons learned. 
Surprising to us given our past research 
careers, the bulk of this paper relies on a political 
ecology framework in addressing questions of 
causation and social difference such as: Why a
particular populations vulnerable? How are they 
vulnerable? Who precisely is vulnerable? [20]. 
We also take some quasi-quantitative and design 
approaches in dealing with these questions. In 
this sense, perhaps we have moved a small step 
towards an integrative assessment approach to 

 
Fig. 1. Location of Huai Pla Kong Village (after Ka ren Human Rights Group, 2005, 

http://www.khrg.org/sites/default/files/khrg05f5.pd f
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waterscape discourse, assessment, and 
management.  
 
2. BACKGROUND TO THE STUDY
 
Huai Pla Kong village, the site for this study, is 
located in Tak Province, Thailand, about 430 km 
northwest of Bangkok and 60 km from Mae Sot, 
the nearest city (Fig. 1). The last 8 km to reach 
the village are over a single lane dirt trail, making 
the village quite remote. Furthermore, the village 
is only 300 m from the Moei River that separates 
Thailand and Myanmar. The village has an 
estimated population of 568, primarily Karen Hill 
Tribe people, with most of the older population 
originally coming from Myanmar. The village is 
not a formal refugee camp but because of the 
proximity to Myanmar, security is strictly 
maintained by the Thai military and 
limited.  
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The political ecology of this area is complex. 
Certainly, the history of the conflict between the 
Karen people and the central government of 
Myanmar has been well documented [21,22], 
although as noted by Thawnghmung [22], “not all 
Karen share similar grievances and political 
aspirations.” The diversity of aspirations and 
ideas on Karen identity similarly is explored by 
Kuroiwa and Verkuyten [23]. The Karen National 
Union (KNU) has been in conflict with the central 
Myanmar government since shortly after the 
country’s independence from Britain in 1948,  but 
it was not until the mid-1980’s when the 
Myanmar army offences were extended into the 
rainy season, that Thailand started to see an 
increased influx of Karen people fleeing their 
homes [24]. Since then, there have been varying 
waves of refugees, precipitated by differing 
military campaigns and internal protests [24].  
The Thai government currently hosts the 
refugees, primarily Karen, in nine temporary 
shelters (camps) along the border with Myanmar 
(http://www.unhcr.org/pages/49e489646.html). 
Understandably, it is difficult to get an exact 
count on the number of refugees in these camps, 
with the United Nations High Commissioner for 
Refugees (UNHCR) estimating 124,400 by the 
end of 2014, while other estimates are higher, at 
more than 140,000 
(http://www.karen.org.au/karen_refugees.htm). 
As an added complexity, the Royal Government 
of Thailand does not officially recognize the 
Karen people as refugees, but as temporarily 
displaced people. It has only been since 2005 
that Thailand began allowing third countries to 
receive people from the camps who were legally 
registered as refugees by the UNHCR [24].    
Since that time, more than 55,000 Karen people 
have been resettled, primarily in the U.S., 
Canada, Australia, but also in Finland, Great 
Britain, Ireland, the Netherlands, New Zealand, 
Norway and Sweden 
(https://www.unhcr.or.th/about/thailand).  In 
addition, the UNHCR recognizes 506,000 
“stateless” people (many who are Karen) living      
in Thailand. These are people who may                  
have been born in Thailand but do not have Thai 
(or Myanmar) citizenship. Many of the                  
people living in Huai Pla Kong village are 
stateless. 
 
The UNHCR has limited direct involvement with 
the temporary shelters, but there are numerous 
NGOs that operate in these areas to provide 
housing materials, food, necessities, and 
education. Although this may be debated as a 

positive or negative, we believe one of the first 
vulnerabilities for villages like Huai Pla Kong is 
that they are not a temporary shelter and 
therefore do not receive the focus or the 
resources that the shelters receive, yet 
movement and migration is controlled. Unlike the 
lowland rural northern Thailand communities 
documented by Rigg and Salamanca [25], that 
are increasing their mobility and pursuing off-
farm, non-agricultural livelihood opportunities as 
a means of coping with vulnerability, these 
options are much less available to the large 
majority of people living in villages like Huai Pla 
Kong. 
 
The Karen refugee and stateless person situation 
certainly provides a layer of complexity to the 
interactions with the Thai host communities [26-
28], but there are other social interactions that 
also need to be considered. Wittayapak [29], for 
example, explores the relationship between 
lowland Thais and those occupying highland 
areas: “Hill people are perceived to be nomads, 
animists, uncivilsed, stateless, and shifting 
cultivators.”, which would suggest the potential 
for an imbalance of power relations that can 
make Hill Tribes more vulnerable. In fact, 
Crooker [30] states the argument even more 
strongly “In recent decades, Thai elites have 
ecologically marginalized Hill Tribe farmers in 
Northern Thailand. A region-wide population 
boom has fueled a ‘land grab’ by the elites and 
forced Hill Tribe farmers to live on less land with 
few off-farm options.” Tipraqsa and 
Schreinemachers [31] have countered with their 
survey of 240 mostly Karen households in 
Chiang Mai province that showed them to be 
well-integrated into markets and this could be an 
important direction for policy-makers. There also 
is ongoing debate about the relative impact of 
swidden farming on the environment [e.g. 32-34], 
but some have noted that swidden, practiced 
along traditional lines, will have less of an 
environmental impact than replacement,              
mono-culture cropping and dry weather farming 
[34-36].  
 
Against this complex social and environmental 
background, our team initially was invited to the 
village by the Thai military to evaluate options for 
increasing access to potable water, with specific 
thoughts of increasing the number of wells. This 
background serves to begin answering the 
questions Who precisely is vulnerable? How are 
they vulnerable? Why are particular populations 
vulnerable?  
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3. METHODOLOGY 
 
This study is somewhat unusual in that it evolved 
organically. The authors formed the core of the 
study team and as we became more familiar with 
the village, the actors, and the issues, we 
collectively and continually re-assessed priorities 
for action, based on new understandings and 
resources (both human and financial) available. 
For example, at various points in the study, we 
recruited and paid a small honorarium to two 
Karen/Burmese/Thai/English speaking local 
college students to help conduct the needs 
(vulnerability) survey. An established Burmese 
doctor voluntarily conducted one of the health 
clinics, while a team of three Thai military doctors 
voluntarily operated the second health clinic. A 
class of graduate engineering students from the 
Asian Institute of Technology (AIT), Pathumthani, 
Thailand, conducted fieldwork and developed 
design scenarios for improved drinking water and 
sanitation systems. Because of the organic 
nature of the study that was powered essentially 
through volunteerism, this Methodology section 
is structured chronologically to reflect the 
evolution of efforts. 
 
3.1 E. coli  Analysis of Source Waters 
 
In assessing the suitability of digging more wells 
to supply potable water, a first priority was to 
investigate the quality of the existing wells. Water 
samples were collected from wells (Fig. 2) and 
also a large concrete water storage tank (Fig. 3) 
that services the community and local Buddhist 
monastery upon a first reconnaissance visit to 
the village, 8 October 2011. This sample period 

represents the rainy season and because of 
challenges driving the 8 km dirt trail to the village 
during this period, sampling was repeated only 
once more for the rainy season, October, 2012. 
Sampling was done in the wells during the dry 
season in March, 2012; December, 2012; June, 
2013; and November, 2013.  
 

 
 

Fig. 2. Sampling wells in the village. Note the 
concrete apron base is exposed. Well rings 

were fully cemented, but no wells had covers 

 

 
 

Fig. 3. Concrete water storage tank for the communi ty and Buddhist monastery 
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During the first reconnaissance visit it became 
clear that the village used other source waters, in 
addition to the wells, including water from a 
mountain top spring that was piped to the large 
concrete storage tank, rainwater harvesting, and 
a small stream running through the village. 
These sources also were variously sampled on 
the dry season dates between March, 2012 and 
November, 2013.  
 
Sample analysis for E. coli was done using the 
Coliscan Easygel system from Micrology Labs 
(http://www.micrologylabs.com/Home), Goshen, 
IN. Briefly, the community bucket at each well or 
rainwater harvesting system was rinsed three 
times with the source water before final collection 
of a sample to be analyzed. A new, sealed, 
sterile plastic pipette was used to withdraw 1 mL 
of sample from the bucket and the sample                      
was dispensed into the Coliscan Easygel growth 
medium contained within individual plastic                     
vials. The spring water and river water were 
collected directly using a sterile plastic                    
pipette. Each growth medium vial was gently 
swirled to distribute the inoculum and then 
placed on ice in the field. The medium/inoculum 
mix was plated either at a staging area in the 
field, or in the hotel at Mae Sot, depending on the 
travel conditions at the time. The poured samples 
were incubated at room temperature for 48 hours 
and all purple colonies were then counted as              
E. coli. In a comparison between Coliscan tests 
and standard membrane filtration (done at a                    
New York State Health Department certified                     
lab), Irvine et al. [37] reported a correlation                     
of 0.98 (n=21) over a range of 0 to 120,000 
cfu/100 mL. This system has been used 
successfully in other locations in Southeast Asia 
[38,39,41,42]. 
 
3.2 Ceramic Filter Intervention 
 
During a site visit in August, 2012, the team was 
introduced to a young mother with twin girls, 
approximately 6 months of age. Both girls were 
suffering from severe diarrhea and fever. The 
mother was struggling with a remittance of 500 
baht (~15 USD, 2015) per month from her 
husband who was working elsewhere. The team 
took the twins to the hospital in Mae Ramat (23 
km from Huai Pla Kong and slightly less than half 
way between Huai Pla Kong and Mae Sot) and 
purchased medicine, food (including eggs and 
milk), and a mosquito net. Back at Huai Pla Kong 
the team also provided demonstrations on basic 
washing and bathing the babies to improve 
sanitary conditions. The demonstrations attracted 

a considerable crowd. As a follow-up, in October, 
2012, the team provided the mother with a 
ceramic drinking water filter produced by 
Resource Development International – 
Cambodia (RDIC, http://www.rdic.org/), a group 
with whom we have worked for a number of 
years previously in Cambodia, and whose filters 
have been shown to be effective [43]. Follow-up 
visits were conducted to assess the effectiveness 
of the filter, including analysis of the filtered water 
using the Coliscan Easygel system, per the 
methodology described in the previous section 
(Fig.  4).  
 

 
 

Fig. 4. Sampling the water from the ceramic 
filter for E. coli  analysis 

 
3.3 Needs (and Vulnerability) Survey 
 
Based on our observations from a number of 
visits to the village, and following a team meeting 
in September, 2012, it was decided to better 
gauge the needs of the village through a field 
survey. The survey was drafted and 
subsequently administered on 7 December 2012. 
While the team could speak English, Thai and 
Burmese, two additional translators (college 
students) who were capable of speaking Karen, 
Burmese, Thai, and English were provided a 
small honorarium to help with the survey. The 
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survey tool was a combination of closed and 
open-ended questions that provided basic 
information on demographics, drinking water, 
sanitation, health, and agricultural practices. 
Because there is a Thai government primary 
school in the village, we asked the deputy 
headman to provide a list of families with school-
aged children (primary and secondary), with the 
intention of identifying issues that might be 
addressed through the school curriculum. The list 
was given to a village girl who acted as a guide 
to family homes. The survey was administered to 
the head-of-household or spouse of 11 families. 
Before the start of each interview, we read a 
language-appropriate statement about the 
objectives of the survey, that the information 
would help us to form a plan to provide more 
effective education and support community-
based action, and that the information would only 
be viewed by the study team, was confidential, 
and could not be used to identify any individual. 
All who were surveyed voluntarily agreed to be 
interviewed. 
 
3.4 Design of an Integrated Sanitation 

and Rainwater Harvesting System 
 
Each year, Drs. Thammarat Koottatep and Kim 
Irvine collaboratively offer a graduate class in 
wastewater and collection system design at AIT. 
One of the course requirements is to conduct a 
field-based design project and in July, 2013 the 
class traveled to the village to identify the 
engineering design options for village sanitation 
and drinking water, to collect source-water 
samples for E. coli analysis, and to review the 
operation of the ceramic drinking water filter. 

 3.5 Health Clinics 
 
Early in the project (September, 2012), the team 
arranged for a Burmese doctor to spend a day in 
the village to consult on health issues. After a 
team meeting on 17 August 2013, and based on 
the results of the Needs Survey, it was confirmed 
that three Thai military doctors would volunteer to 
do a free one day health clinic at the village on 
23 November 2013, including distribution of non-
prescription, basic medicines. Malaria is of 
concern in the village and a malaria education 
and response team has been established, 
consisting of members of the village and trained 
by a local doctor. 
 
4. RESULTS 
 
4.1 E. coli  Analysis of Source Waters 
 
The results of the E. coli analysis for source 
waters are presented in Tables 1 and 2. WHO 
drinking water standards for E. coli are 0 cfu/100 
mL. Of the well samples collected in the dry 
season, only 4 met the WHO guideline, although 
the geometric mean was not extraordinarily high 
at 32 cfu/100 mL. The quality of harvested 
rainwater generally was quite good, but there is 
some concern about the quality of source-water 
from the stream in the village. It is a small 
sample size and care must be exercised in 
interpreting results, but it seems that E. coli 
levels in wells and the mountain spring water 
may be lower in the rainy season as compared to 
the dry season. This may be the result of dilution 
associated with the greater abundance of water 
in the rainy season. 

 
Table 1. Dry season E. coli results *, 5 dates, October 2011 – November 2013 

 
Wells (n=15)  Rainwater 

harvest 
(n=2) 

Mountain 
spring 
Source (n=1) 

Large tank 
at temple 
(n=1) 

Small stream 
(Upstream of 
village)(n=1) 

Small stream 
(In village 
(n=2) 

Geometric 
mean 

Range Range    Range 

32 0-7,880 0-100 300 300 2,200 2,800-8,320 
*All results expressed in cfu/100 mL 

 
Table 2.  Rainy season E. coli  results *, October 2011 and 2012 

 
Wells (n=5)  Rainwater 

Harvest (n=3) 
Mountain Spring 
Source (n=1) 

Large Tank at Temple 
(n=2) 

Geometric 
Mean 

Range Range  Range 

0.28 0-80 0-120 0 0-50 
*All results expressed in cfu/100 mL 
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4.2 Needs (and Vulnerability) Survey 
 
4.2.1 Socio-economic characteristics  
 
Socio-economic information elicited from the 
survey respondents is summarized in Table 3. 
The average number of people per household in 
the survey was 6 and extended families were 
common. While the sample size of 11 families is 
small, given the size of the households, we 
expect our results represent 12% of the village 
population. Of the 11 families interviewed, 5 
identified themselves as “farmers”, although one 
of the families did not own the land they farmed 
and therefore did not respond to some of the 
agricultural questions. More than half of the 
families (6) spoke only Karen. Although all 
families spoke Karen, the other 5 families also 
spoke Thai and 2 families could speak                   

Burmese in addition to Karen and Thai. It could 
be argued that those families who spoke only 
Karen have a lower level of resiliency since their 
ability to interact with mainstream Thai society is 
impacted by a language barrier. Many of the 
children in the surveyed families were not of 
school age yet and in our general observations 
we were struck by how many young children 
lived in the village. In fact, many of the mothers 
appeared quite young themselves. One 7-year 
old girl and one 10-year old girl (two different 
families) were the only school aged children 
identified that did not attend school. Most of the 
children from the surveyed families attended the 
local village school, although at least one family 
sent their children to the Mae La Refugee Camp. 
Children going to school beyond primary              
level generally board in a larger town in the 
province.  

 
Table 3.  Socio-economic characteristics of the surveyed fami lies 

 
Family 
I.D. 

Main occupation 
of household 
member 
interviewed 

Number of 
people in 
household 

Languages 
spoken in 
household 

Do school-aged 
children in the 
household regularly 
attend school? 

If children 
attend school, 
what school? 

1 Unemployed, but 
used to work in 
Bangkok 

3 Karen (only) Children not of school 
age 

 

2 Husband works 
construction in 
Bangkok 

9 Karen (only) 3 children left at home 
who go 

Village school 

3 Husband is a 
laborer 

5 Karen (only) 1 boy (age 8) does; 1 
girl (age 10) does not 

Village school 

4 Laborer 4 Karen, 
some Thai, 
some 
Burmese 

Children not of school 
age 

 

5 Laborer 4 Karen, 
some Thai 

Children not of school 
age 

 

6 Laborer 7 Karen, Thai None in school  
7 Farmer 6 Karen, Thai, 

Burmese 
3 of 4 children are; 
fourth is not of school 
age 

Village school 
and Mae La 
refugee camp 

8 Farmer 8 Karen (only) All 4 attend Village school 
9 Farmer 9 Karen (only) Children not of school 

age 
 

10 Farmer 6 Karen (only) Boys (age 10 and 14) 
attend; girl (age 7) 
does not, nor does 
baby 

Village school 

11 Farmer 5 Karen, Thai Children not of school 
age 
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4.2.2 Household water use  
 
The majority of families surveyed had a main 
source and a secondary source for household 
water: 
 

Main source   Secondary source  
Well (5 families)  Piped (3 families) 
River (4 families) Well (3 families) 
Piped (1 family)  River (1 family) 
Rainwater (1 family) None (4 families) 

 
It could be noted that the piped water often was 
not available the entire year, as the mountain 
spring feeding the large concrete tank generally 
dries up between April and late June.  
 
All but 1 family boiled their water before use, with 
an average frequency of 3.3 on the Likert Scale 
question, which meant they boiled about half the 
time (1=almost never; 3=around half the time; 
5=always, or almost always). The mean volume 
of water used per household each day was 43 L 
and all families said they always had enough 
water. According to the U.N., humans need a 
minimum of 2 L per day to survive 
(http://www.unwater.org/downloads/Water_facts_
and_trends.pdf). The average daily per capita 
consumption in the surveyed households (mean 
number of household members/mean volume of 
water used) is 7.2 L (for all uses combined). This 
use rate certainly is at the low end of data 
available globally. The correlation between the 
volume of water used per household and number 
of people per household is 0.49, which is 
significantly different from 0 at α=0.2 in a two-
tailed test. Most (10 of 11) families stored their 
water, usually in a plastic container, and all but 2 
families covered their storage vessel. 
 
4.2.3 Agricultural practices  
 
Crops grown included rice, corn, long bean, and 
yellow bean. The fields generally are located 
some distance from the village – typically 2.5-3 
km away. Because one farmer does not own his 
own land he did not respond to the farming 
questions. Of the 4 households that responded, 3 
must irrigate frequently and all pump the water 
from a local stream. When asked if they had 
enough water for farming, the answers ranged 
from never to always. The reason for the 
variability in answers should be investigated 
further and while there generally seems to be 
enough water available to meet domestic needs, 
water available for agriculture may be a different 
story and one worth pursuing further. 

Three of the 4 responding families use pesticides 
in their farming practice, with 1 of the 3 reporting 
feeling sick after applying the pesticides. On a 
separate visit date (with the AIT students), 
laborers were observed mixing pesticides (with 
no personal protective equipment) in the same 
stream area as children were swimming and 
there was a strong odor of pesticide in the field 
areas outside of the village (Figs. 5-6). The 
laborers left a number of used pesticide 
containers on the bank of the stream and 
Paraquat was one of the herbicides identified as 
being used. Paraquat commonly is used as a 
herbicide throughout the world and the U.S. 
Centers for Disease Control 
(http://emergency.cdc.gov/agent/paraquat/basics
/facts.asp) note that because of potential health 
impacts, application in the U.S. is restricted to 
licensed applicators. Health impacts can include 
heart, kidney, and liver failure, and when 
ingested or inhaled, lung scarring, although it 
does not appear paraquat is carcinogenic 
(http://emergency.cdc.gov/agent/paraquat/basics
/facts.asp; 
https://www.federalregister.gov/articles/2014/10/
29/2014-25592/paraquat-dichloride-pesticide-
tolerance).  There still is some uncertainty, but a 
link has been reported between Paraquat and 
Parkinson’s Disease [44] and it also appears the 
herbicide can negatively impact fish [45]. The 
pathways for health impacts from pesticides 
include inhalation, diffusion through the skin or 
direct ingestion during application, through 
consumption of vegetables treated with the 
pesticides, or through consumption of surface or 
groundwater contaminated during the mixing 
process or from field runoff. We had plans to 
analyze water sources and vegetables for the 
presence of pesticides, but this was one of the 
opportunities lost, as discussed below. Therefore, 
while we directly observed mishandling of 
pesticides which can lead to health impacts, we 
were unable to confirm water contamination 
through testing and our observations can only 
indicate the possibility of water contamination. 
 
While 2 of 4 farmers reported observing “mud” in 
the stream and correctly believed it “came from 
the soil” the other 2 farmers were not sure where 
the “mud” in the stream came from. Furthermore, 
3 of 4 farmers did not believe high levels of mud 
in the stream were an indication of potential 
problems for their crops, while the fourth farmer 
was not sure. Field observation showed that 
swidden agriculture still is practiced in the area 
and levels of deforestation may be of concern 
(Figs. 7-8). Certainly, the slope steepness with 
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respect to soil loss may result in declining 
agricultural productivity and off-farm impacts. 
Collectively, the results suggest we should 
investigate ways to improve farmer 
understanding of water and soil conservation and 
sustainable agriculture practices. 
 
4.2.4 Sanitation  
 
Most of the households interviewed had access 
either to a pour-flush toilet (64%) or a pit latrine 
(9%), although 27% defecated in the open/in a 
stream. It is not clear if this is the same stream 
used as a source-water for drinking. The mean 

distance from pit latrine to well, as identified for 
the specific households, was 315 m (n=7), with a 
range of 100-500 m. The WHO minimum 
suggested distance between pit latrine and 
drinking water source is 30 m, so the surveyed 
families seem to meet this guideline. However, 
the steep slopes of the village, combined with the 
number of pigs tied under homes, and the 
presence of E. coli in well samples, suggest 
there may be more rapid percolation and 
downslope movement than desired and this 
issue should be examined through a more 
thorough survey of all latrine and well locations in 
the village. 

 

 
 

Fig. 5. Mixing pesticides using the village stream water 
 

 
 

Fig. 6. Swimming after laborers mixing the pesticid e had departed 
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Fig. 7. Swidden agriculture in Huai Pla Kong 
 

 
 

Fig. 8. Bare fields and steep slopes 
 
The mean response on the Likert Scale question 
regarding frequency of washing hands after 
defecation was 3.8, which means the surveyed 
households regularly wash their hands, although 
5 families specifically noted that they do not have 
soap to wash with. The households that 
defecated in the open tended to wash their 
hands less frequently. We also need to 
determine generally where and how people wash 
their hands (e.g. whether they dip their hands 
into the water storage containers). 
 
4.2.5 Health Issues  
 
The frequency of visits to a doctor varied, but 
only 3 of the 11 households interviewed visited a 
doctor regularly and these households generally 

did so for the health of their babies. Most 
households did not see a doctor unless they 
were sick and a few households claimed that 
they had never seen a healthcare worker in the 
village. The healthcare workers and a doctor 
clearly were there the day we visited for the 
survey, but this raises a question regarding the 
level of effectiveness of the healthcare workers. 
Perhaps an outreach program can be 
implemented to improve this situation.  If they are 
sick, most households noted that they go to Mae 
Rahmat Hospital, although 3 households also 
went to the Mae La Refugee Camp as an 
alternative to Mae Rahmat. One household noted 
that transportation to Mae Rahmat was cost-
prohibitive, at 500 Baht (~15 USD, 2015), unless 
they were really sick.  
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A surprisingly high proportion (45%) of 
households said they never got diarrhea and               
of this group, 3 households primarily obtained 
their water from the stream and 2 obtained                     
it primarily from a well. This result does not 
provide a clear link between source and 
incidence of diarrhea, suggesting a more          
detailed analysis/data are needed. Misreporting 
of diarrheal incidence also may be a confounding 
factor, as discussed below. Only 2 of 11 
households were able to link contaminated                
food or water to diarrhea, so developing a                   
basic health and sanitation education program                
to be delivered at the school would be                  
useful. 
 
All but 2 households cook their fish, although it 
was noted that one husband ate fish raw. Since 
the village does not appear to simply ferment the 
fish, and provided the fish are cooked thoroughly, 
there appears to be limited risk for liver fluke 
infection. As part of the basic health and 
sanitation education program, a message could 
be included about the importance of thoroughly 
cooking fish to avoid liver fluke (parasite) 
infection that is common in northern and 
northeastern Thailand [46-49]. 
 
The majority (73%) of households do not drink 
milk, despite the number of small children, with 
most citing the cost of milk as being the 
prohibitive factor. All but one household indicated 
that they would be willing to try goat milk and a 
number of families were interested in raising 
goats for food and profit. 

All households used mosquito nets and generally 
were able to make the connection between 
mosquitos and malaria. We did not determine the 
average age of the nets or whether they were 
treated nets of some sort. Despite the apparent 
widespread use of mosquito nets, nearly half 
(45%) of the households had experienced 
malaria during the past year. 
 

4.3 Design of an Integrated Sanitation 
and Rainwater Harvesting System 

 
After visually examining satellite images and 
conducting a reconnaissance visit to the village, 
the first solution to water demand challenges 
proposed by the young graduate engineers from 
AIT was to design a solar powered pump system 
to draw water from the Moei River, only 300 m 
away. While this is a sustainable and efficient 
engineering approach that seems most 
reasonable, unfortunately the students soon 
learned that politics can be more important than 
engineering, and they had to abandon this idea 
due to security concerns of having a water intake 
on the border with Myanmar.  
 
As the students observed the village further, 
conducted water testing, and talked with villagers 
when possible, they soon made a connection 
between potable water and sanitation. This 
underscores the importance of “familiarisation” 
with a study area, as discussed by Ghosh [50]. 
The students understood that simply digging 
more wells may not be the solution to

 

 
 

Fig. 9.  Existing rainwater harvesting system for t he village school 
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provide greater access to  potable water due to 
the ongoing potential for contamination. As such, 
they developed a number of design scenarios, 
but favored two that would see construction of 
rainwater harvesting stations (an example of 
which was already is existence in the village,             
Fig. 9) together with a wastewater collection 

system connected to a constructed wetland for 
treatment. One of the favored designs took a 
centralized vertical flow constructed wetland 
approach, while the other was decentralized, with 
a number of smaller vertical flow wetlands to be 
constructed in a distributed way throughout the 
village (Fig. 10).  

 

 
 

 
 

 
 

Fig. 10. Example design of the centralized collecti on system and vertical flow (VF) constructed 
wetland treatment for wastewater; (a) shows the pla n view of the village with different collector 

areas and the main collection system; (b) provides an enlarged view of the individual house 
connections to the main collector system; and (c) i s a schematic of the system design 
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4.4 Health Clinic 
 
A total of 64 people attended the free health 
clinic on 23 November 2013. The ages of the 
patients ranged between 4 months and 78 years, 
with 31 of the patients being 9 and under. The 
most common complaints were cough, fever, 
skin rash, and some staph infections, although 3 
people (ages 28-44) complained of dizziness, 2 
children had apparent ringworm, 1 child was sent 
to hospital for suspected malaria, and two 
women saw the doctors because they were 
pregnant.  
 
5. DISCUSSION 
 
This study successfully identified geographies of 
water vulnerabilities for Huai Pla Kong village. 
Water demand for domestic use in the village 
was at the low end of U.N. standards but none of 
the surveyed families reported a shortage. 
Furthermore, most of the families had developed 
a strategy to increase resiliency as they generally 
had a primary and secondary source of domestic 
water.  Water availability for irrigation, on the 
other hand, was identified as a constraint to 
agriculture and therefore represents a 
vulnerability. Source-water quality for domestic 
purposes was variable. Some wells exhibited 
elevated E. coli levels (in the dry season only 4 
of 15 samples had levels of 0 cfu/100 mL) and 
the stream passing through the village also had 
high E. coli levels. Rainwater harvesting and the 
mountain spring seemed better options from a 
water quality perspective, although if the well 
water is to be used it should be filtered or boiled.  
 
A number of vulnerability issues are linked to 
water; health and waterborne disease being the 
most obvious. There is a need to improve basic 
sanitation and hygiene education, as only 2 of 11 
households were able to link contaminated food 
or water to diarrhea. Interestingly, however, only 
slightly more than half the families reported 
regular incidence of diarrhea. This unexpectedly 
low incidence may be an artifact of self-reporting 
and should be interpreted with caution [51-53]. 
For example, Sen [52] notes: “To take an 
extreme case, a person brought up in a 
community with a great many diseases and few 
medical facilities may be inclined to take certain 
symptoms as “normal” when they are clinically 
preventable.” It also is possible that there is 
confusion about the definition of diarrhea. The 
cost of travel to see a doctor was seen by some 
villagers surveyed as being prohibitive and most 
certainly preventative medicine is not viewed by 

many as practical. The free clinic offered in 
November, 2013 was attended by 11.3% of the 
village population, but some who had claimed 
doctors never came to the village did not attend 
the clinic. We believe that free health clinics run 
on a more regular basis would begin to attract 
more people and improve the overall health of 
the village.  
 
Farming vulnerability issues also can be linked to 
water and health. Forest clearcutting, with the 
potential for excessive soil erosion, and poorly 
managed use of pesticides, were observed and 
photo documented. Farmers generally were not 
able to make the link between soil loss and loss 
of crop productivity, although such relationships 
have been established [54]. The observed poor 
pesticide handling and mixing practices, 
combined with reported dizziness in the needs 
and vulnerability survey (and in the health clinic), 
suggest an agricultural outreach program is 
warranted. 
 
In an open-ended final question “if there was one 
thing that could make your life better in the 
village, what would it be?” the leading responses 
were: training (leading to employment), 
health/medical care, clean water, and an interest 
in raising goats. Some of these responses are 
related to the vulnerabilities identified in the 
foregoing paragraphs. Interest in goats was 
related both to a health concern and it was seen 
as an opportunity for income. Goat-raising 
programs have been successfully implemented 
in other areas of Southeast Asia and Africa and 
rearing methodologies are documented [55]. 
Similarly, there was an interest in training that 
might lead to non-agricultural employment. This 
ideal is consistent with the trend in vulnerability 
coping strategies reported for areas in rural 
northern Thailand by Rigg and Salamanca [25], 
although it seems likely that the Huai Pla Kong 
village population would have more restricted 
mobility. 
 
We believe that our efforts resulted in some 
successes. Certainly, the ceramic filter 
intervention is a case in point and worth 
discussing further. In a follow up visit, 2 months 
after the ceramic filter had been provided to the 
mother of the twin girls, it was found that the E. 
coli level in the filtered water was 60 cfu/100 mL. 
It was determined that the filter had not been 
cleaned in those two months, so we took this as 
an educational opportunity and provided detailed 
demonstration and instructions for cleaning. After 
the filter was cleaned, the E. coli level registered 
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0 cfu/100 mL and a similar result was recorded 
again 6 months later. The mother commented 
that neighbors were now coming to borrow her 
water, that the twins were healthier, and that she 
would never again use raw well water. Our team 
subsequently distributed 7 ceramic filters at the 
23 November 2013 health clinic to 7 families 
identified through the needs and vulnerability 
survey. With no prior preparation (she was asked 
impromptu at the clinic), the mother of the                   
twin girls successfully demonstrated proper 
cleaning and maintenance procedures for the 
filters. 
 
The AIT graduate students produced a number 
of design options for drinking water and 
sustainable sanitation that could effectively 
address some of the water vulnerabilities in the 
village. Their estimated cost to construct 5 
rainwater harvesting tanks distributed throughout 
the village that would store 5,112,000L of water 
was 310,000 Thai Baht ($9,394 USD, 2015). The 
cost of the collection and constructed wetland 
treatment system was between 860,000 and 1.1 
million Thai Baht ($26,060-33,333 USD, 2015). 
 
In some areas, our program failed. Initially, it was 
not intended that the program would go beyond a 
feasibility study for additional wells. However, as 
the team saw need and new opportunities, plans 
evolved in an organic way, which created 
flexibility but also depended primarily on the 
good will of the team. There was no sustained 
presence in the village and for training and 
education purposes that was a clear negative. 
Ghosh [50] also noted the importance of 
“…continuous attachment of the research team 
with the community…”. It took several visits and 
meetings with both the Thai military personnel 
and the villagers before trust was gained and we 
were able to freely and confidently interact within 
the village, but we were pleased that this 
eventually occurred. While the deputy headman 
was helpful, the headman showed limited interest 
in our initiatives, which meant progress was 
slower than it might have been. We were unable 
to make strong contacts with the Thai school, so 
education initiatives did not develop. Clearly, a 
number of the identified vulnerabilities could be 
addressed through education programs. 
 
Perhaps the biggest disappoint was the 
opportunity lost. The National Institute of 
Education (NIE), Singapore, requires its majors 
to conduct an overseas final year project. A plan 
was in place for NIE students to carry out a 
number of studies in Huai Pla Kong in mid-

December, 2013. These studies included follow 
up assessment of the first ceramic water filter 
and the 7 new filters distributed in November, 
2013; field testing of a prototype UV treatment 
chamber for drinking water; infiltration and 
sediment erosion measurements; soil nutrient 
and textural analysis; combined satellite image 
and ground truthing assessment of changes in 
swidden patterns over the past decade; and 
additional testing of source-waters, including               
E. coli and nutrients. Unfortunately, due to the 
political turmoil in Bangkok, NIE canceled the 
field course 3 days before the scheduled 
departure. Because of heightened security 
following the installation of the military 
government in May, 2014, our team has not be 
able to get access to the village. The follow up to 
the use and performance of the ceramic filters is 
particularly important, as there have been mixed 
reports about successful household water 
treatment interventions without intensive trials 
[56-58] and Fiebelkorn et al. [59] note there is a 
paucity of work fully documenting point-of-use 
water interventions. We also were not able to 
follow up on plans to sample source water and 
vegetables for pesticide residue. 
 
6. CONCLUSION 
 
This paper took an integrated approach to 
assessing water vulnerability in the Huai Pla 
Kong village. The approach included elements of 
political ecology, field observation and photo 
documentation, surveys, and some quantitative 
information to characterize the village’s 
waterscape. This information was used to guide 
elements of engineering design for sustainable 
water and sanitation systems. Importantly, the 
paper provides insights on approaches, 
successes and failures in working with remote 
village communities in Thailand.  
 
We believe that our approach successfully 
addresses Walker’s [60] question, “where is the 
ecology in political ecology?”, although it might 
be argued that thematically we present more of a 
“politicized environment” study. We have 
examined the political ecology questions of “Who 
is vulnerable?” and illustrate Hill Tribe villages 
such as Huai Pla Kong, with a predominantly 
stateless population, do not receive support or 
resources from the international NGO community 
and are less mobile than those in lowland rural 
Thai communities. In looking at “How are they 
vulnerable?” we have shown that water quantity 
and water quality are connected issues impacted 
by the physical environment, agricultural and 
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social practices of the village area. Finally, a 
complex set of political, cultural, and economic 
factors are involved in considering “Why are they 
vulnerable?” Hill Tribes historically have been 
marginalized societies in Southeast Asia and this 
has been exacerbated by the unrest in Myanmar 
and their statelessness in Thailand. Huai Pla 
Kong is a remote community whose population 
has restrictions on movement and limited access 
to health care, education, and economic 
opportunities. 
 
ACKNOWLEDGEMENTS 
 
Thanks to Jaruwat Watanatanachart, Mov 
Chimeng, Rawintra Eamrat, and Rieke Winter, 
graduate students at AIT for their study and 
design work. 
 
DISCLAIMER 
 
SEAGA (Southeast Asian Geographers 
Association) International Conference 2014, 
Siem Reap, Cambodia (at Royal University of 
Phnom Penh), 25 - 28 November 2014. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. King D, MacGregor C. Using social 

indicators to measure community 
vulnerability to natural hazards. Australian 
Journal of Emergency Management. 2000; 
Spring:52-57. 

2. Cutter SL, Mitchell JT, Scott MS Revealing 
the vulnerability of people and places: A 
case study of Georgetown County, South 
Carolina. Annals of the Association of 
American Geographers. 2000;90(4):713-
737. 

3. Alcantara-Ayala I. Geomorphology, natural 
hazards, vulnerability and prevention of 
natural disasters in developing countries. 
Geomorphology. 2002;47:107-124. 

4. Cutter SL, Boruff BJ, Shirley WL. Social 
vulnerability to environmental hazards. 
Social Science Quarterly. 2003;84(2):242-
261. 

5. Luers AL, Lobell DB, Sklar LS, Addams CL, 
Matson PA. A method for quantifying 
vulnerability, applied to the agricultural 

system of the Yaqui Valley, Mexico. Global 
Environmental Change. 2003;13:255-267. 

6. Chakraborty J, Tobin GA, Montz BE. 
Population evacuation: Assessing spatial 
variability in geophysical risk and social 
vulnerability to natural hazards. Natural 
Hazards Review. 2005;6(1):23-33. 

7. Landphair J. “The forgotten people of New 
Orleans”: Community, vulnerability, and 
the Lower Ninth Ward. The Journal of 
American History. 2007;94(3):837-845. 

8. Lindner M, Maroschek M, Netherer S, 
Kremer A, Barbati A, Garcia-Gonzalo J, 
Seidl R, Delzon S, Corona P, Kolstrom M, 
Lexer MJ, Marchetti M. Climate change 
impacts, adaptive capacity, and 
vulnerability of European forest 
ecosystems. Forest Ecology and 
Management. 2010;259:698-709. 

9. De Lange HJ, Sala S, Vighi M, Faber JH. 
Ecological vulnerability in risk assessment 
– A review and perspectives. Science of 
the Total Environment. 2010;408:3871-
3879. 

10. Adger WN. Social vulnerability to climate 
change and extremes in coastal Vietnam. 
World Development. 1999;27(2):249-269. 

11. Kelly PM, Adger WN. Theory and practice 
in assessing vulnerability to climate 
change and facilitating adaptation. Climate 
Change. 2000;47:325-352. 

12. de Sherbinin A, Schiller A, Pulsipher A. 
The vulnerability of global cities to climate 
hazards. Environment and Urbanization. 
2007;19(1):39-64. 

13. McGranahan G, Balk D, Anderson B. The 
rising tide: Assessing the risks of climate 
change and human settlements in low 
elevation coastal zones. Environment and 
Urbanization. 2007;19(1):17-37. 

14. Hardoy J, Pandiella G. Urban poverty and 
vulnerability to climate change in Latin 
America. Environment & Urbanization. 
2009;21(1):203-224. 

15. Lankao PR, Qin H. Conceptualizing urban 
vulnerability to global climate and 
environmental change. Current Opinion in 
Environmental Sustainability. 2011;3:142-
149. 

16. Cutter SL, Barnes L, Berry M, Burton C, 
Evans E, Tate E, Webb J. A place-based 
model for understanding community 
resilience to natural disasters. Global 
Environmental Change. 2008;18:598-606. 

17. Klein RJT, Nicholls RJ, Thomalla F. 
Resilience to natural hazards: How useful 



 
 
 
 

Irvine et al.; JGEESI, 5(3): 1-19, 2016; Article no.JGEESI.23528 
 
 

 
17 

 

is this concept? Environmental Hazards. 
2003;5:35-45. 

18. Fiksel J. Sustainability and resilience: 
Towards a systems approach. 
Sustainability: Science, Practice, & Policy. 
2006;2(2):14-21.  

19. Chang C-H, Irvine KN. Climate change 
resilience and public education in 
response to hydrologic extremes in 
Singapore. British Journal of Environment 
and Climate Change. 2014;4(3):328-354. 

20. Eakin H, Luers AL. Assessing the 
vulnerability of social-environmental 
systems. Annual Review Environmental 
Resources. 2006;31:365-394. 

21. South A. Burma’s longest war: Anatomy of 
the Karen conflict. Transnational Institute: 
Amsterdam; 2011. 

22. Thawnghmung AM. The Karen revolution 
in Burma: Diverse voices, uncertain ends. 
East-West Center, Washington D.C; 2008. 

23. Kuroiwa Y, Verkuyten M. Narratives and 
the constitution of a common identity: The 
Karen in Burma. Identities: Global Studies 
in Culture and Power. 2008;15(4):391-412. 

24. Aberg IB. “When you cannot do anything, 
that's the greatest problem in life” Place 
and Identity, Power and Agency among 
Karen Refugees on the Thai-Burmese 
Border. Unpub. Master of Philosophy 
Thesis, Anthropology Department, 
University of Bergen; 2010. 

25. Rigg JD, Salamanca A. Managing risk and 
vulnerability in Asia: A (re)study from 
Thailand, 1982-83 and 2008. Asia Pacific 
Viewpoint. 2009;50(3):255-270. 

26. Brooks HK. Burmese refugees in Thailand: 
The provision of humanitarian relief to 
Karen refugees on the Thai-Burmese 
border. In Bolesta A, (ed.). Conflict and 
Displacement International Politics in the 
Developing World. 2004. Libra SC: Poland. 

27. Brees I. Burden or boon: The impact of 
Burmese refugees on Thailand. The 
Whitehead Journal of Diplomacy and 
International Relations. 2010;Winter/Spring: 
35-47. 

28. Kook LS. Borderland dynamics in Mae Sot, 
Thailand and the pursuit of the Bangkok 
dream and resettlement. Asian and Pacific 
Migration Journal. 2011;20(1):79-99. 

29. Wittayapak C. History and geography of 
identifications related to resource conflicts 
and ethnic violence in Northern Thailand. 

Asia Pacific Viewpoint. 2008;49(1):111-
127. 

30. Crooker CA. Ecological marginalization 
and hill tribe security in Northern Thailand. 
The Geographical Bulletin. 2007;48:15-40. 

31. Tipraqsa P. Schreinemachers P. 
Agricultural commercialization of Karen Hill 
tribes in northern Thailand. Agricultural 
Economics. 2009;40:43-53. 

32. Fox JM. How blaming ‘slash and burn’ 
farmers is deforesting mainland Southeast 
Asia. Asia Pacific Issues. Analysis from the 
East-West Center No. 47. Honolulu, HI. 

33. Rasul G, Thapa GB. Shifting cultivation in 
the mountains of South and Southeast 
Asia: Regional patterns and factors 
influencing the change. Land Degradation 
& Development. 2003;14:495-508. 

34. Forsyth T. Walker A. Forest guardians, 
forest destroyers, the politics of 
environmental knowledge in Northern 
Thailand. Silkworm Books, Chiang Mai; 
2008. 

35. Padoch C, Coffey K, Mertz O, Leisz SJ, 
Fox J, Wadley RL. The demise of swidden 
in Southeast Asia? Local realities and 
regional ambiguities. Geografisk Tidsskrift 
Danish Journal of Geography. 2007;107(1): 
29-41. 

36. Ziegler AD, Bruun TB, Guardiola-
Claramonte M, Giambelluca TW, 
Lawrence D, Nguyen TL. Environmental 
consequences of the demise in swidden 
cultivation in montane mainland Southeast 
Asia: Hydrology and geomorphology. 
Human Ecology. 2009;37:361-373. 

37. Irvine K, Rossi, MC, Vermette S, Bakert J, 
Kleinfelder K. Illicit discharge detection and 
elimination: Low cost options for source 
identification and trackdown in stormwater 
systems. Urban Water Journal. 2011;8(6): 
379-395. 

38. Krueger AM, Irvine KN, Prangkio C, 
Chaokasad, K, Sukontason K, Sukontason, 
KL, Ngern-klun R. Visualizing water quality 
trends in Chiang Mai rice paddies: 
Possible links between environment and 
health risks. Middle States Geographer. 
2004;37:1-8. 

39. Irvine KN, Sampson  M,  Visoth T, Yim M, 
Veasna K, Koottatep T, Rupp J. Spatial 
patterns of E. coli and detergents in the 
Boeng Cheung Ek treatment wetland, 
Phnom Penh, Cambodia. The 6th 
International Symposium on Southeast 



 
 
 
 

Irvine et al.; JGEESI, 5(3): 1-19, 2016; Article no.JGEESI.23528 
 
 

 
18 

 

Asia Water Environment. Bandung, 
Indonesia. 2008;78-81. 

40. Visoth T, Yim M, Vathna S, Irvine K, 
Koottatep T. Efficiency of Phnom Penh’s 
natural wetlands in treating wastewater 
discharges. Asian Journal of Water, 
Environment and Pollution. 2010;7(3):39-
48. 

41. Irvine K, Vermette S, Firuza BM. The 
“black waters” of Malaysia: Tracking water 
quality from the peat swamp forest to the 
sea. Sains Malaysiana. 2013;42(11):1539-
1548. 

42. Sovann C, Irvine KN, Suthipong S, Kok S, 
Chea E. Dynamic modeling to assess 
natural wetlands treatment of wastewater 
in Phnom Penh, Cambodia: Towards an 
eco-city planning tool. British Journal of 
Environment and Climate Change. 
2015;5(2):104-115. 

43. Brown J, Sobsey MD. Microbiological 
effectiveness of locally produced ceramic 
filters for drinking water treatment in 
Cambodia. Journal of Water and Health. 
2010;8(1):1-10. 
DOI: 10.2166/wh.2009.007 

44. Tanner CM, Kamel F, Ross GW, et al. 
Rotenone, paraquat, and parkinson’s 
disease. Environmental Health 
Perspectives. 2011;119(6):866-872. 

45. Ladipo MK, Doherty VF, Oyebadejo SA. 
Acute toxicity, behavioural changes and 
histopathological effect of paraquat 
dichloride on tissues of catfish (Clarias 
gariepinus). International Journal of 
Biology. 2011;3(2). 
DOI: 10.5539/ijb.v3n2p67 

46. Jongsuksuntigul P, Imsomboon T. 
Epidemiology of Opisthorchiasis and 
national control program in Thailand. 
Southeast Asian Journal of Tropical 
Medicine and Public Health. 1998;29(2): 
327-332. 

47. Sriamporn S, Pisani P, Suwanrungruang K, 
Kamsaard S, Parkin DM. Prevalence of 
Opisthorchis viverrini infection and 
incidence of cholangiocarcinoma in Khon 
Kaen, Northeast Thailand. Tropical 
Medicine and International Health. 2004; 
9(5):588-594. 

48. Sripa B. Concerted action is needed to 
tackle liver fluke infections in Asia. PLoS 
Neglected Tropical Diseases. 2008;2(5): 
e232. 

49. Ngoen-klan R, Sukontason K, Sukontason 
K. Epidemiology of liver fluke parasites in 
Southeast Asia. In: Irvine K, Murphy T, 
Vanchan V, Vermette S, editors. Water 
resources and development in Southeast 
Asia. Boston: Pearson Learning Solutions; 
2010. 

50. Ghosh D. Revisiting East Kolkata wetlands: 
Globality of the locals. Journal of 
Geography, Environment and Earth 
Science International. This volume. 

51. Talley NJ, Weaver AL, Zinxmeister AR, 
Melton LJ. Self-reported diarrhea: What 
does it mean? The American Journal of 
Gastroenterology. 1994;89(8):1160-1164. 

52. Sen A. Health perception versus 
observation self reported morbidity has 
severe limitations and can be extremely 
misleading. British Medical Journal.  
2002;324:860-861. 

53. Burgard SA, Chen PV. Challenges of 
health measurement in studies of health 
disparities. Social Science and Medicine. 
2014;106:143-150. 

54. Pimentel D, Harvey C, Resosudarmo P, 
Sinclair K, Kurz D, McNair M, Crist S, 
Shpritz L, Fitton L, Saffouri R, Blair R. 
Environmental and economic costs of soil 
erosion and conservation benefits. Science. 
1995;207:1117-1123. 

55. Sinn R. Raising goats for milk and meat. A 
Heifer Project International Training 
Course. Little Rock, AK; 1983. 

56. Arnold B, Arana B, Mausezahl D, Hubbard 
A, Colford JM. Evaluation of a pre-existing, 
3-year household water treatment and 
handwashing intervention in rural 
Guatemala. International Journal of 
Epidemiology. 2009;38:1651-1661. 

57. Loharikar A, Russo E, Sheth A, Menon M, 
Kudzala A, Tauzie B, Masuku HD, Ayers T, 
Hoekstra RM, Quick R. Long-term impact 
of integration of household water treatment 
and hygiene promotion with antenatal 
services and maternal water treatment and 
hygiene practices in Malawi. American 
Journal of Tropical Medicine and Hygiene. 
2013;88(2):267-274. 

58. Peletz R, Simuyandi M, Simunyama M, 
Sarenje K, Kelly P, Clasen T. Follow-up 
study to assess the use and performance 
of household filters in Zambia. American 
Journal of Tropical Medicine and Hygiene. 
2013;89(6):1190-1194. 



 
 
 
 

Irvine et al.; JGEESI, 5(3): 1-19, 2016; Article no.JGEESI.23528 
 
 

 
19 

 

59. Fiebelkorn AM, Person B, Quick RE, 
Vindigni SM, Jhung M, Bowen A, Riley                   
PL. Systematic review of behavior                 
change research on point-of-use water 
treatment interventions in countries 
categorized as low- to medium-

development on the human development 
index. Social Science & Medicine. 
2012;75(4):622-633. 

60. Walker PA. Political ecology: Where is the 
ecology? Progress in Human Geography. 
2005;29(1):73-82. 

_________________________________________________________________________________ 
© 2016 Irvine et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/13398 


