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Abstract

This project investigatewater qualityand its impact on sdents of th&hlong Toei
Slumin Bangkok, Thailand by testing water samples from fire hydrants and vending
machinesn three slum sectorfesults confirmedontaminatedvater in vending
machinesuUtilizing observations and slum resident surveys, the &glorel slum
resi dent s o watetgealityerceptignsinteaviewswith slum leaders
clarified theirrole in vending machinenaintenanceTo combat water contamination in
the Khlong Toei Slum, the team developed a water vending machine naaiote
programand recommended an educational camptagmprove thes | u aufrent water
quality. This project serveas a steppingtone for future implementation of a drinking
water management model for the Khlong Toei Slum.
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Executive Summary

Introduction

Water is a vital element in human survival. However, 769 million people globally
lack access to water suitable for consump{idater.org, 2015)Drinking contaminated
water can lead to a multitude of negative health effects through the transmission of
pathogengFord, 1999)According to the Water Environment Ragtship in Asia
(WEPA), increasing population, economics, and the expansion of agriculture and
industry in Thailand are the major causes of determgyatater quality in various water
sources, such as groundwater and surface \(\tater Environment Partnership in Asia,
n.d.) TheKhlong Toei Slum in Bangkok, Thailand, with residents consuming water from
these sources of contaminated water, exempl.

Residents have lived in this slum for many years with low access to high quality
water.Whilewar ki ng t o buil d Khl o wagker§ o@viresident®Por t i n
originally settled in the aredfter the completion of the pqrthe Port Authority of
Thailand (PAT) took back the surrounding land, causing workers and their families to
become illegl squattersThe PAT signed landharing agreements in 1981 because they
could not evict all the residents living in the ar€aese agreements allowed the residents
to settle on specific areas of land near the port. Shortly after, the Metropolitan
Waterworks Authority (MWA) began to install water lines throughout the slum for those
who remained in the area. In an effort to obtain water suitable for consumption, residents
have installed water vending machines throughout the slum. However, the Duang Prateep
Foundation (DPF), a longtanding charity within the slum that promotes healthy living,
recently discovered the presence of bacteria in water from filters in its kindergartens and
became concerned about the water quality from the MWA and the water vending
machines.

The goal of this project was to address the problem of contaminated water in the
Khlong Toei Slum (Figure 1Pue to time limitationsthe team narrowed the research
field for this study to the following three sectors within the slum with the dfethe
Duang Prateep Foundation: Chum Chon Rim Khlong Phra Kra Nong (Sector 1), Chum
Chon Wat Klong Toei Nai (Sector 2), and Chum Chon Mhoo Baan Pattana Jed Sib Rai
(Sector 3). The project aimed to achieve the objectives of (1) establishing water testin
locations, (2) determining the potential presence of pathogens in the water, (3) learning
about the residentsdd water usage, (4) |l earni
current water quality issue, and (5) recommending a drinking watemge@eat model
to eliminate pathogenic contamination in the Khlong Toei Slum.
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. \‘:‘J f IRE
Figure 1: Water Contamination in the Khlong Toei Slum

Methodology

To achieve the project goal and objectivbsg, team conducted background
research andstablished the following methods: (1) obsedaily life in the slunf2) map
testing locations, (3) collect and test water from fire hydrants and water vending
machines, (4) interview sector leaders,g@vey residents, and (6) analyze ithgults.
Theteam added a supplemental method to trial a hygiene educational program in a DPF
schoolat the completion of the methods

Observations addressed all of the project objectives. During walk through of the
Khlong Toei Slum, the team noted and photographeduhent conditions of the
community and water networks, residents?o
machines and fire hydrants the team could collect water samples from.

Mapping water collection sites enabled the team to have records to ihi®rm
Duang Prateep Foundation about the water quality found at testing locations. The team
mapped the fire hydrant and water vending machines sample locations in each of the
three sectors. This method fulfilled the objective of establishing testing logation

Water testing helped the team determine the potential presence of pathogens in
the waterThe water tests focused on indicating only pathogens since pathogens can
cause the most detrimental health effects to humans compared to other contaminants. To
ted the quality of the water before and after water vending machine treatment, the team
chose to collect water from fire hydrants and water vending machines, respectively. The
team tested one fire hydrant and three water vending machines in each of the three
sectors. Fire hydrants are connected to the main line provided by the Metropolitan
Waterworks Authority and represent the water they supply to the slum. Guided by staff
from the DPF to each of the testing sites, the team began water testing by fidihgecor
the geographical location of each site. The team labeled the collection containers,
followed standard sterilizing, and collected water samples. Testing the water in the lab,
the team followed standard testing procedures, as taught by ProfessooSirirat
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Chul al ongkorndés Microbiol ogy Department, and
laboratory tests to determine pathogen contamination: presumptive, confirmed, and
completedBlodgett, 201).
Results from the interviews with sector leaders and surveys with residents helped
the team accomplish the objectives regarding
on the water quality. The team interviewed the leaders of the three sectodg tstamd
their role, obtain information on demographics and water management procedures, and
determine the best location and time to conduct surveys in each specific sector. The team
conducted thirty surveys within each of the three sectors of the Khlm&igSTum
studied.
To fulfill our last objective of recommending a sustainable drinking water
management model, the team analyzed results from observations, water testing,
interviews, and surveys.
After obtaining results frombservationsthe team discoved one of the biggest
problems in the slum was the lack of hygiene practices. Unhygienic behaviors can
contaminate safdrinking water. Therefore, as a supplemental method, the team
developed and conducted a trial hygiene education program for childréi3égThe
program targeted children since they are the most susceptible to the harmful effects of
consuming contaminated water and because they are, ultimately, the future of the Khlong
Toei Slum.

Results and Analysis

The team analyzed results from thegta collected by the methodsscribed above
and determined the impact of the results in the project

Observationsuch as the polluted water of the canal, and road defeciaaahthe
team to conclude that the Khlong Toei Sltasidents face a substamd quality of life
In addition, findingdirt in the nozzle on thevater vendingnachineand the overall
appearance of vending machirseggest thatvater vending machines daot receive
regular upkeep.

From the results obtained through water testing télam founavater from the
MWA, present in the fire hydrants, is free of pathogen contaminationHowever the
team identified pathogenic contamination in one out of nine vending machines (11% of
the tested machined)he tests conducted by the team, adbntified the presence of
pathogensbut other contaminants could exist conclusion, the team cannot deem the
water from the fire hydrants drinkable, but rather, free from pathogenic contamination.
However, the team has evidence tihat water from the vending machine,S;V1, which
tested positive for pathogenss undrinkable.

After analyzing the interviews conducted, the team learesidents do not
require permission or approval to install a water vending machine, and
maintenance of the machine is nither regulated nor enforced As a resultthe team
recommenda water vending machine maintenance progralso, discussion with
various stakeholders suggestateven thougtsector leaders are not responsible for
the water quality in the sector they caild be a resource for the implementation of a
management modebector leaders represent an authority in the sector and respond to
community complaints, however, they cannot force residents to follow their orders,
therefore, th@aresence of a higher autlitgrwill be needed for the implementation of a
maintenance program.
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The analysis of surveys led the team to understande r esi dent s06 wat er
perceptions of water qualit$2% of the residents drink water from in-home filters,
and 23% from vending machines,therefore the teamplanned to recommend a water
management model that targets b&dlrces to benefihe largest number of residents
from the solution. Residents choose their drinking water sources becaubelibey
those provide the best dita of water. Analyzing the ways in which residents perceive
the drinking water sources they selected as trustworthy, suggestethéo raise
awareness about the potential risks in drinking from these sources if residents do not
properly maintain sysias, inrhome filters and water vending machinésrthermore, the
presence of illness in 27% of the surveyed populatiaises concern because residents
are getting sick for an unknown reason. Although symptoms of the sick residents are
consistent with thasthat arise from pathogen contaminated watertedu® cannot
conclude residents get sick because of the quality of water because the symptoms listed
are associated with many illnessed related to water quality such as food poisoning, the
common colddengue fever, etc. Also, realizing tf&% of the residents do not think
water can make people sicksuggests thaiesidents lack information regarding the
negative health effects of consuming pathogenic contaminated Wwatalty, only 9% of
residents d the surveyed population that boil their water after consumptionindicate
residents of the Khlong Toei Slum do not understand the benefits of boiling water.

After analyzingthe results and conclusions, the team created three main
deliverables: a water qlity report, a community water evaluation, and a water
management model. The water quality report developed by the team indibatbsr or
not pathogens are present in the samples of water collected and tested and if the samples
passed or failed the @ tests conducted@he team developed a community water
evaluation taepresent thewater usage and perceptions of the residents of the three
sectors of the slumThe water management model represents a way to address the
current water quality situatiom iKhlong Toei. The model focuses on thmortance of
trial maintenance, and the implementation of a water vending machine maintenance
model.

In addition, he results of thé&ial hygiene progransuggest theffectiveness of
the educational campaign cormtied in the Duang Prateep Foundation Kindergasten
March 39, 2015. Therefore, the team wilcommend the conduction of the hygiene
educational program in other schools around the slum.

Recommendations and Conclusions

The project recommendationgre irformed by background research and the data
we collected. Thefocus on improving the water quality in the Khlong Toei Slum by
raising awareness of the current water quality issues, informing residents ebfposet
water treatment methods, implementingater management model and a hygiene
education campaign for schools, and, lastly, implementing future research projects in the
Khlong Toei Slum.

The team recommended that the DPF initiate a campaign to raise awareness of the
contaminated water issue thighout the slum. Raising awareness throughout the
community addresses three parties. First, residents must be informed of the negative
health effects of consuming contaminated water. Second, water vending machine owners
and sector leaders should be edutate the water quality issue and presented with the
teamds water test results. Lastly, the Bangk
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contacted to obtain their support in authorizing a water management system for the water
vending machines. Togethergthesidents, water vending machine owners, sector leaders
and the Bangkok Metropolitan Administration, represent an influential population in the
Khlong Toei Slum. By making these parties aware of the current water conditions in the
Khlong Toei Slum, thesam believes there would be a stronger effort to improve the

water quality.

Another recommendation of the team is to inform residents of-pbinte water
treatment methods. Through surveys, the team discovered most of the residents use in
home filters fo their water sources. Since the team was unable to test the water from this
drinking source, the team recommends the DPF to distribute the pamphlet designed by
the team. The pamphlet informs residents of the types of filters used to clean water, the
costof purchasing and maintaining these filters, and the benefits of boiling drinking
water before consumption. These pamphlets may encourage residents to learn more about
how to keep themselves and their families safe from pathogenic contamination.

T h e & rea@mmiendation of a drinking water management model is primarily
to implement a water vending machine arthame filter maintenance program. The
team believes that through the implementation of our recommended drinking water
management model, the Khlomgei Slum could see drastic improvements in their
drinking water quality.

The team also recommends the DPF to implement a hygiene educational
campaign in all schools of the slum to teach children about water contamination through
unhygienic behaviors. Mated after the program the team conducted, the campaign
should focus on educating students about contaminants and how they affect people,
transmission of pathogens and how to properly eliminate pathogens by washing your
hands. Focusing on the educatioryofinger generations may have the greatest impact
because changing their habits can lead to a healthier lifestyle for the future.

The last recommendation of the team is for the DPF to continue future research
projects to address the limitations of this padj Future research should include testing
the water, based on Thai drinking standards, in all 27 sectors of the Khlong Toei Slum
from the MWA water network, imome filters, and water vending machines. This
recommendation would establish the drinkingevajuality in the Khlong Toei Slum and
identify all potential contaminants. Establishing this data would allow the DPF to
implement a water management model that effectively eliminates all contaminates and
distributes drinkable water for the residentshaf Khlong Toei Slum.

In conclusion, the goal of this project was to address the issue of contaminated
water in the Khlong Toei Slum and recommend a sustainable drinking water management
model to improve the quality of life for the residents. Water tegtiegtified water
patlbgen contamination in orveater vending machine, suggesting the potential
contamination of othauntestedrending machines. Surveys and interviews identified that
residents consume water from two main sources, water vending maatineshame
filters. Although the sample size collected from the interview and surveys might not
reflect the entire slum population, the results offer a starting point to launch a larger
social project. These recommendations will benefit not only residetite Khlong Toei
Slum, but could also benefit slums globallyifecsimilar a water quality issue.

XVi



v

A0AEO6UEUOMUA-T

(GO FsGOA R EHEOREAXA U U o E E u UresdliimaaE® A a ECo Ue |
LHeub oﬁcm@elalEMAw @Wmﬁa@m
e N

UOWEBE EefebiRareA HRAA ) E U
Am)peﬁaj ammma«m)mmaam@ammﬁa a e
6 o O i So0kte (e i BUAL (B ek
FE0) EPEEROR Bt ebisa 48l Wea oA LD1 A Earereaal i Etaraieasy 6 UT AURAAUE @6 |
AERH EBREee Do 1 IR BEGEA

XVii



XViii



(Gin | 2ChVERECRRGUNZGR U A 10 sai URAL RPN s

N A X

Lo 508 6 U 6BANI Béacterologigticad MAriuad) i E A ° A

o]
61 aoNTgak @W&%EuaeEoééﬁ@éﬁ

g

T E-ACAD dabiin
Ao De @MMMWWEEJ@B@MEEE@@C@C@A@

~
‘
] m
s

AL SN L7 ~  —A A s

yﬁJQCBEI Ly’aaﬂtbﬁ“ uam

RTINS
N N

ow ¥ O i1
- Asean s A = A

ya aeadsezmaa@dfam&a@aa Aecmy@ffm&ao

g el eaA speCaiGieeton aeadp | & e T E

7 &K A X

o~
] .
- N~ _ -

Ullcﬂm LﬁJ@;ﬁeﬁ?eéélAFLESU

L4 N
C) OJ
-,

A

XiX



~

~ -

~

-

N\ 7A saipeey NS 2es

N . ~ s
Sy Rz
~ o

s~

£‘

4 H
5 N ’
R : 2
< \
U N :
1 < ¢
K ”\ \
1@ A X t
) € :
R \ I
h \
§ p
: %
N H \
AIMI ‘

N

080T AFOA® 6 E

<

~

y

" <

¢ K < &
2 b N

: . 2

N , H

2 {

& : :

; ) ,

| .

Iz 2 H

<5 h

¢ ¢ s

X :
& _

~

A

IA s

v

~ -

~

i)

-
o\ g oA

A

A=A s~

~.

51y 261 AR ol EUA EBE 226

Ans

0

~

AOA

~

Ay

s~
N

AN

N\ ZA A

Nwﬁ

o~

. ~
AP Laane

~

e

~ A ~—
o .

N\

auEyo@gBRai

XX



GOEAOAYU-E0O@CO aﬂ@ﬂﬁmﬁﬁéﬁ&me @06 EAeafi A

R et ”i&ﬁ@ﬁa o um Nfeipy
afnapyeeddad ot

A~

7 ~ A . P AN s
v A, < 8 2y n \ e oA

P TR T I

~o A S .
a@xﬁ@de&mﬁEﬂﬁw (3% %@m

\ e = A XM N A

I l m@s !.N..I I E \~

XXi



1 Introduction

Access to water fit for human consumption is an essential component for the
health and livelihood of all peop(&rey, Grey, & Sadoff, 2007However, more than 3.4
million people worldwide die each year from substandard water quality. Studies by the
Environmental Health Persgteves claim that contaminated water can negatively affect
the health of communities by transmitting pathogens such as bacteria, protozoa, and
viruses(Ford, 1999)Poor sanitation methods contaminate water through these harmful
pathogens contained in untreated domestic sewage and solid hazeadtas
(Wiwanitkit & Suwansaksri, 2008 According to the Water Environment Partnership in
Asia WEPA), increasing population, economics, and the expansion of agriculture and
industry in Thailand are the major causes of deteriorated water quality in variwus wa
sources, such as grouadd surface water

In 2013, the Thai Ministry of Interior installl water vending machines in four
provinces of Bangkok to improve the quality of lite its inhabitantgAsian News
Monitor, 2013) Following the initiative of the Thai Ministry dhterior, slumdwellers of
Khlong Toeiinstalled water vending machines. Similarly, the Duang Prateep Foundation
(DPF), the sponsor of this project, installedter filtration systems in schools throughout
the Khlong Toei Slum to provide safe sources of drinking water for the children.
However, the DPF recently verifigdrough water testing, the presence of pathogen
contamination in the water filtration systeofsschools, and deemed the water
undrinkable. This in turn, raised concerns of the DPF about the quality of water from the
water vending machines installed around the slum. Some residents of this community
depend on these sources for their drinking wateipbtential water contamination may
negatively affect the people. To tackle the health issues that arise from the consumption
of pathogenic contaminated water, this project investigated and compared the water
guality from the main water line through fingdrants and water vending machines to
identify the presence of pathogen indicators in three sectors of the Khlong Toei Slum.
The project recommends a sustainable water management model for the DPF with hopes
that, if implemented, could improve the commuyié6s dr i nki ng water.

Recommending a water management model for the Khlong Toei Slum required
obtaininginformation regarding water quality, water usage of stiwellers, and
residentsd perception about watergemcual i ty.
water contamination and the use of water sources throughout the slum. These topics
represent gaps in prior research asidlglished the foundation of thpsoject. To help fill
those gaps, the team tested water samples taken from three sectossumttze
determine whether pathogenic contamination exists in the water. Furthermore, research
helped the team understand where stiwellers collect drinking water, the reasons for
choosing those sotes ofdrinking water, and the different ways they gslected water
from vending machines, ihome taps, and communal taps. Although in past years
various teams have performed different projects in the Khlong Toei Slum, none have
addressed the poor water quality in the community.

The goal of this project veato recommend a water management model to assist
theDPFin improving the quality of life for residents in the Khlong Toei Slum. The
objectives of the project were to establgitertesting locationsjetermine the potential



presene of pathogens in theater,learnaboti t he r es i d dearh@bsuttheat er us
perceptions of the residents thre current water issues, artommend a water
management model to i mprove the current wate
conduct observations, map watesting locations, collect and test water, interview sector
leaders, survey sludwellers, and assess results. With the completion of the previously
stated methods, the team held a formal presentation at the DPF headquarters to spark a
dialogue between dtaholders and the residents regarding the quality of the drinking
water. Also, the team conducted an educational campaigrhool teaching children
aged 36 about the importance of safe hygiene practices. The culmination of these
methods led to the pradtion of a water quality report that presented the results of the
water testing, a community water evaluation expressing the residents perception on the
current drinking water quality and additionally, a recommendation for a water vending
machine maintemace program, the encouragement of poifatise water treatment
methods, and an educational campaign for school children focused on proper hand
washing.
Thispr oj ect explores Khlong Toei 6s | and ten
water pathogen contamitian, and water management models. First, the team introduced
the land tenure issues that have challenged the community in obtaining drinking water.
Second, the team traced the water from the Chao Phraya River to the Khlong Toei Slum
to establish how wates distributed to the residents. Third, the team discusses pathogens
regulated by thé&nited State€nvironmental Protection Agency (S. EPA) that could
potentially contaminatthe water in the comunity. Lastly,the team introduces water
management motethatthe DPF may implemend improve the currerdrinking water
guality in the Khlong Toei Slum. This project serves as a cornerstone for future
establishment of a water management rehabilitation program for the Khlong Toei Slum
and could serve as aigaline for drinking water development in slums globally. This
report details the project ingnevadatg sanalysssefear c h a
data collectiomresults, and finally, recommendations that could contribute to
improvement of the cuent drinking water quality in the Khlong Toei Slum.



2 Background

2.1 Khlong Toei Slum

Bangkok,known as the thriving urban center of Thailand, is also home to
thousands of impoverished residents living in makeshift shanties in the Khlong Toei
Slum. Boreering central Bangkok, as seen in Figurg, 2he Khlong Toei Slum resides
on a network of partially paved roads and wooden boardwalks coveringnteedeep
beds of swamplan(Elliott, 2003)

Figure 2- 1:The hlong Toei Slum Bordering the City Life of Thailand (London & London, 2013)

The Khlong Toei am, known for its higkdensity population, falls within the
United Nations6é slum definition. A slum
temporary settlement, which is commonly defined by the lack of one or more of the
following four amenitiegPokhariyal, 2005; UNHabitat, 2008)

1. Housing infrastructure resistant to extreme climate conditions
2. Access to drintible and affordable water in a sufficient amount
3. Access to sanitation facilities such as a private or public toilet shared with a
reasonable number of people, and
4. Presence of medi cal and social facil
The Khlong Toei #im may face a water quality issue that relates to the lack of the
second and third amenities described above.

In Khlong Toei, residents receive limited recognition from public authorities. As a

consequence, basic utilities such as water and electraty lacked behind municipal

t



standard¢Angel & Boonyabancha, 183 Lack of land tenure is @nof the slum

resi dent 0 sobstdes inh obtainingtdrinkablé water. Subsections of 2.1
introduce the Duang Prateep Foundatand discuss the history of three sectors of the
Khlong Toei Slum and land tenure issueattaffect utility implementation.

2.1.1 The Duang Prateep Foundation

The Duang Prateep Foundation (DPF), the sponsor of this project, is a non
governmental organization based in Bangkok, Thailand. Established in 1978 by Mrs.
Prateep Ungsongtham Hata, thission of this organization is to provide aid to the
Khlong Toei Slum in three major areas. The first area is education to youth in
impoverished communities. The second is to provide guidance in vocational studies and
craftsmanship. Lastly, the Duang R Foundation aspires to stimulate healthy living
within communitiegHata,2010) The Foundation, operating for about thisix years to
date, is now working on over twenty projects to help change the lives of people living in
the Khlong Toei SlunfDuang Prateep Foundation, 2014)

2.1.2History of Sectors in the Khlong Toei Slum

rri gated by canals since the 18th century
AVenice of the East o dygBodryn29l2yBordehingthd t he 19t h
Chao Phraya River, Khlong Toei 6s name origin
(Elliott, 2003) Th e wkblong fi s Thawhiftomd Aceantathe name of t |
that ran along the side of the waterw@dyg\ino, 2006)

The Khlong Toei Slum community consists of 26 sectors in total. The Duang
Prateep Foundation narrowed t hmmCluaRmds r esea
Khlong Phra Kra Nong, (Sector 1), Chum Chon Wat Klong Toei Nai (Sector 2), and
Chum Chon Mhoo Baan Pattana Jed Sib Rai (Sector 3). The team chose these sectors,
with the help of the DPF, based on their distribution throughout the Khlong Lmei S
Figure 22 is a map of the Khlong Toei Slum that locates the three sectors the team
studied. The purple, green, and pink blocks represent Sectors 1, 2 and 3, respectively.
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Figure 2- 2: Sectors in the Khlong Toei Slum

ThePort Authority of Thailand (PAT) owned the area of Sector 1, Chum Chon
Rim Khlong Phra Kra Nongyntil the Port handed the land over to the Tanning Leather



Organization for construction of factory. Approximately 2,500 employees working for

the organizatn rented the area. In 2007, a royal decree abolished the tanning business

and gave the land to the Quartermaster Department Royal Thai(Asey2011)a

governmental pillar associated with logistiggmy, 2015) According to the sector

leaderMr. Chaichayun Chaengcharoaome of the former residents of this sector

moved away after thenaing business ceased operatidhe current population of 1,036

residens consists of newcomers and former workers that remained after the factory shut

down(Refer to Appendix-2 f or t he teambs interview with s
The establishment of sector 2, Chum Chon Wat Khlong Toei Nai, began in 1919.

Residents looking fgobs near the port initially settled into this sector, which was dwne

by the PAT. According to the sect@ader, Mr. Punya Silaluk, the old canal in this sector

is the reason for the community being named Khlong Toei. The area used to be a marsh

that beame immensely overcrowded with residents until there was no longer any free

space. At the time of establishment, there were no paved streets or buiagtme,

residents built houses and market places, tightly packed togeti®91, there was a

great fire that wiped out the whole sector due to the dense concentration of building and

shacks inside the slum. After the incident, the community reconstructed and has been

making improvements since, forming Chum Chon Wat Khlong Toei Nai to what it is

today (Securities, 2007 Currently, there are around 1,600 residentsigjun 425

households (Refer to AppendixdXorthet e amés I nt er @adeedy. wi t h sect c
In 1994, former residents of Chum Chon Lot 12 established sector 3, Chum Chon

Mhoo Baan Jed Sib Rai. According to the sector leader, Mr. Thongkum Saekow, the Port

Authority of Thailand and the National Housing Authority helped establish this sector

after the port requested to reclaim the Lot 12 area. Initially, when the Port Authority of

Thailand attempted to evict residents living in Lot 12, the residents protstdion. As

a result, the port decided to help establish a new sector for the residents of Lot 12, now

known as Chum Chon Mhoo Baan Pattana Jed Sil§Seaurities, 2007)Sector 3 is

currently home to around 9,000 residents living in 1,183 households (Refer to Appendix

J6 for t he t etlasedcioséadens). Hale 21 sbows ancomparison of

demographic data in each of the three sectors.
Table 2- 1: Comparison of Demographic Data of the Three Khlong Toei Sectors

Name Area Total Families Households| Community
Population Committee

Chum Chon | 0.054 square 1,036 people 230 houses 14 people
Rim Khlong kilometers
Phra Kha
Nong
Chum Chon 0.0192 1,600people| 400 300 houses 9 people
Wat Khlong square
Toei Nai kilometers
Chum Chon | 0.113 square 9,000peoge | 2,000 1,183 25 people
Mhoo Baan kilometers houses
Pattan Jed Sib
Rai




The three sectors in the slum experienced different historical events, but all three
experienced land tenure issues and the lack of proper utility implementation with the
government. The Khlong Toei Slum, covering a 123ase kilometer area, consists of
over 100 thousand migranf@uang Prateep Foundation, 201Most residents of the
Khlong Toei Slum do not own rights to the land they live on and therefore face eviction
everyday(Asian Coalition for Housing Rights, 2003)

2.13 Disputed Land Tenure Issues in Utilimplementation

Slumdwellers in the Khlong Toei Slum, including residents of the three sectors
that are the focus of this project, general/l
have secur ¢Asiandnstitlte bf @achnolayy 20Q8)herefore, residents own
houses but do not own the property where their homes reside. Lack of secure land tenure
is an issue because under no land tenure contract, the Thai government is not responsible
for providing basic utilities. Thus, many slum conmmties lack basic falities such as
water supply owaste removal.

Eviction is not a feasible option for the Thai government due to the large slum
population. To aid in land tenure issues, the Thai government signedharidg
agreements. In 1981, tikort Authority of Thailand signed a land sharing agreement with
residents of the Khlong Toei SlufAngel & Boonyabancha, 1988 the land sharing
agreements, the sludwellers living on government property had to condense their
housing into a smaller section of the disputed area so that the government could use the
rest of the land for city developmgiitacione, 2005)According to a representative from
the Duang Prateep Foundation, under the-Erating agreement, the residents have
permission to live on thehd owned by the Port Authority oiever, the Port Authority
has the right to eut the esidents at any momentnge the residents legally live in the
Khlong Toei District, the government had to supply the residents with water. In 1982,
shortly after the signing of the land sharing agreement, the Metropolitan Waterworks
Authority (MWA) established a water network throughout the slum.

2.2 Water in the Khlong Toei Slum

Water is a vital aspect in sustaining life and in the Khlong Toei Slum water is
used not only for drinking. Residents use water for cooking, cleaning dishes, showering,
and for so much more. The supply of drinkable water is crucial. While the Khlong Toei
Slum residents have access to water, there are doubts in the quality of the water
distributed to the residents. This section discusses the transmission of water into the
Khlong Toei Slum from the intake of raw water from the Chao Phraya River to the
consumption of water by residents of the Khlong Toei Slum.

2.2.1 Water Utility Network Serviced to Khlong Toei

The Khlong Toei district receives water throwmttistributionnework by the
Metropolitan Waterworks Authority. The MWA, a state enterprise under the Thai
Ministry of Interior, is responsible for clean, disinfected water production, transmission,
and distribution to people living in three provinces: Bangkok, NonthamariSamut
Prakan. The Bangkhen Water Treatment Plant (Bangkhen WTP) serves as the center for
water filtration and transmission for the city. The MWA follows the World Health
Organization (WHO) standards to control its water quality, ensuring that thetveatied
is drinkable(Metropolitan Waterworks Authority, 2010)



Figure 23 shows the path of water traveling from the Chao Phraya River to
Khlong Toei. The water process encompasses six steps: raw water extraction,
clarification, filtration, water storage, transmission, andithstion. The water network
starts in the Chao Phraya River where the Sam Lae Pumping Station takes raw water,
meaning untreated, into the East Canal until it reaches the Bangkhen WTP. The water
pumping stations transport raw water through the influemratlao the clarification
section. The clarified effluent channel then delivers the water to rapid sand/anthracite
coal filters. Water storages, called reservoirs, collect filtered water. To meet the MWA
drinking water standards, the water receives dospestlime and chlorine, disinfecting
substances. Pumping stations transmit and distribute the treated water from the Bangkhen
WTP to the majority of MWA customers through water tunnels and conduits.
Transmission Pumping Station No. 2, which is part efflast Pumping Stations,
distributes water to many pumping stations including the Khlong Toei Distribution
Pumping Station (Khlong Toei DPS). Once in Khlong Toei, water reaches the customers
through the MWA branch offices of the distritletropolitan Waterworks Authority,

2010)

Water Treatment and
Transmissions Systems

v

Untreated or Raw Water
Sources

v

Chao Phraya River

v

Samlae Untreated Water
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Plant

!
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\
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v

Customers

Figure 2- 3: Route of Water from Chao Phraya River to Bankhen Water Treatment Plant  (Metropolitan
Waterworks Authority, 2010)



Water enters the slum community through main pipelines that are located along
the streets of the slum. From these pipelifeesl residents connect smaller pipes to the
MWA meters, bringing water to their households. Before the water gets into their
residences, it passes through a water meter owned by the MWA, which measures the
amount of water each household consumes on @hhydrasis. The MWA is responsible
for the quality of the water before the meter, giving homeowners responsibility for the
water that enters their houses. According to DPF, damaged underground pipelines and
leakage lead to poor water quality. Followingstassumption, lack of maintenance of in
home pipes may result in poor quality water, exposing %lwmllers to contaminated
water on a daily basis. Figure4? presented below, serves as an example of a water
meter connected to a main pipe in the KhlongiT®lum.

2.2.2 InHome Filters
According to the results of the surveys the team conducted during this
investigation, 42% of the surveyed residents udwsime filtration systemas their main
source of drinking water. The-tmome filters link to the residential pipelines that are
attached to the MWA meterAccording to sector leader dum-dwellers buy irhome
filters from different c¢omp aadfféerigpromosonad es men t
to buy filters on a monthly payment plan. Consequently, even though the price of filters
is high, roughly 3,000, residents can afford the payment and accept the promotion.
Examples ofiftration systems used in Khlong Toei and in ildrad include: 3
purifier filter, Air Filter 4 Filter, Sistema, and ef@pg water treatment. Figure®
displays the filters used in the Khlong Toei Slum, and the filters these systems are
composed of.



3 Purifier Filter eSpring

*Polypropylene filter *Carbon filter
*Resin filter e Ultraviolet Filter
*Carbon block filter

Air Filter 4 Filter = \ Sistema

*Polypropylene filter 4 “4] * Ulrtrafiltration
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Figure 2-5: Filtrati on Systems in the Khlong Toei Slum and Thailand

The process of filtration aims to treat and ensure safe water for consumers and
each filter treats for specific contaminantgater filtration removes suspended impurities
or recovers solids by passing througubstances such as cloth, paper, porous porcelain or
a layer of charcoal or safffiltering, 2015) There are different types of filters for each
type of conaminant. Filtration systems include a combination of filters to address more
than one type of contamination. Tabl@ 2shows specific filters, their functions and the

recommended maintenance.
Table 2- 2: Specific Filters and The ir Main Functions

Filters Function Maintenance (KP Thai
e —————— _______Vending, 2014)
Sediment Filter Sediment filters reduce Check every 2 months. If dirt

sediments, solid materials that | found,replace filter.
settle at the bottom of liquid, of &
certain micron size from the
water(LennTech, 2015)

Polypropylene Filter Polypropylene Filter (PP)
separates ptcles from liquid
(Raihan Bin Abdul Rashid, 2012

Granular Activated Carbon Granular Activated Carbon filter§ Replace every-8 months.
Filter make use of activatezhrbon to
absorb different harmful
chemicals. Activated carbon is
carbon engineered to have more
of an electrepositive charge to
better attract chemicals and othe
impurities(Home Plus Water,

2015)
lon Exchange Resin Filter The ion exchange resin takeeth | Caution exchange resins need t
advantage of positive and replace every 7 yearAnion

negative charge inside the filter,| exchange resins need to replace
cation and anion resins, to attraq every 4 year¢W.S. Miller, 2009)
the contaminants such as
inorganics components and hea
metal contents such as Lead,




Carbon Block Filter

Ultraviolet Filtration

Cadmium, Copper, ei{®ure,
2010)

Although similar to the Granular
Activated Carbon filter, Carbon
Block filters are more effective
because the filter consists of a
powdered block that is so dense
that water travels through it
slowly. The longer the water is if
contact with carbon, the more
impurities the carbon can catch
(The Water Page, 2012)

The properties of Ultraviolet ligh
destroy pathogens by attacking
the microorgani

Replace annually, or everyl®
months, or when water has an
unpleasant odor.

Replace bulbs annually. Replact
guartz sleeve when broken. The
guartz sleeve should be cleaneg

limiting the ability of the
pathogen to reprodu¢dPEC
Water Systems, 2014)
Membrane filtration filters out Replace every-2 years. When
debris and particles by a special the flow of water is not normal,
porous membrane. Only certain| replace filter.

particles, depending dhe
characteristic of the membrane,
are small enough to pass throug
the pores of this special
membrane, while the membrane
holds back large particles
(Mountain Empire Community
College, n.d.)

several times per year (outside
only) (Home Plus Water, 2014)

Membrane Filtration

Ultrafiltration Ultrafiltration has a high removal
rate to filter out protozoa,

bacteria, and viruses. It is not as
useful in removing certain kinds

of chemicalgPrevention, 2012)

Filtration systems vary according to the contaminants present in the water. Most
of the filtration systems trap particles to ensure clarity in the water, but not all systems
kill microorganisms and bacter{flatural Resources Defense Coun2006)

2.2.3Water Vending Machines

In 2013, the Thai Ministry of Interior installed water vending machines
throughout Bangkok to improve the quality of life of the people (Asian News Monitor,
2013). According to the Duang Prateep Foundation, many hddsehdhe Khlong Toei
Slum, mimicking the strategy of the Thai Ministry of Interior, installed water vending
machines for public use to help overcome the risks of being exposed to contaminated
drinking water. Homeowners purchase the water vending madomexsighly 30,000
and profit from community use of the water vending machine. Users bring their own
containers and can fill them at the water vending machine. The price of the water from
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water vending machines id per liter of water. The water vendingachines intake
water through the homeowner's pipegjch are connected to the MWA water network
pipelines, and the water travels into the water vending machine through an interior
filtration system to improve the quality of water.

During water collectin in the Khlong Toei Slum, the team noted the presence of
an abmdance of water vending machibends. Several water vending machine brands
include Siam Water, Ozone Pli3;Fresh and PG Water. Figuresalisplays these four
vending machines.

Figure 2- 6: Water Vending Machines in the Khlong Toei Slum

The water filtration system of a water vending machine is composedlople
stage: afour stage prdiltration, reverse osmosis, and a two stage {itisation system.

The prefiltration system consists of two screen filters, which are a sediment filter and a
carbon filter. Reverse osmosis is the process in which water travels through a membrane
filter (National Sanitation Foundation, 201%he poststage filtration system consists of

a carbon block filter and a UV sterilizer. The water pumps through the vending machine
and dispenses at a flow rate 8.5 gallons per minutd.able 23 in the previous section
shows the purpose and maintenance of each of the filters found in water vending
machines including sediment filters, carbon block filters, membrane filters and UV
sterilizers.

If working properly, water vending machingisould deliver filtered, purified
water. Yet, according to Thailandbds Health L
vending machines in Bangkok meet water quality standatusNation, 2011) In the
case of the water vending machines in the Khlong Toei Slum, it is unknown whether the
dispersed water is meeting Thai drinking standards determined by the Water
Environment Partnership in Asia (WEPA). Water vending machines redtere f
replacement depending on each filter, which could range from every three to six
months. In the case of water vending machines in the Khlong Toei Slum, the team does
not knowif the water vending machines receive maintenance regutainyhether the
machines are malfunctioning. Moreover, the Duang Prateep Foundation tested the water
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from filtration systems in schools and found bacterial contamination. Consequently, DPF
believes the water from vending machines may be contaminated as well, leading to
diarrhea and other wateelated diseases

2.3 Negative Impacts of Pathogenic Water Contamination

A water contaminans defined as a physical, chemical, or biological factor that
affects the quality of watéfGoel, 2006)see Figure Z. A biological factor that
commonly contaminates water is a water pathogen.

v . 3 . = ’\ : ‘ o 5. 2
N < e - . e - ."‘,- o~ 'y v
Figure 2- 7: Water Contamination in the Khlong Toei SI um

The Environmental Protection Agency (EPA) regulates four pathogens in
drinking water: cryptosporidium, giardia lamblia, legionella, and enterovird#beugh
there are other contaminants watfect the quality of watemal can lead to health
effectsfor people, this project focused on pathogenic contaminated drinking water. The
team chose to narrow the research to pathogen contamination due to the likelihood of
their prevalence in the slum conditions. Additionally, pathogenic contaminants have the
potential to cause a multitude of serious watdated diseases. When pathogens such as
bacteria, protozoa, and viruses are present in drinking water, people consuming these
contaminants may suffer ailments such as diarrhea, amoebiasis, typhoid, cholera,
giardiasis, and dracunculiagiBord, 1999)Some of these diseases are fatal while other
diseases cause severe side effects to pedpkesection explores the EPA regulated
water pathogens of cryptosporidium, giardia lamblia, legionella, and enteroviruses, their
health effects, sources of contaation, treatment, and prevatite measures.

2.3.1 Cryptosporidium

Cryptosporidium, also known as Crypto, is a microscopic parasite that lives in the
intestines of infected humans or animals. Crypto exists in food, soil, water, or surfaces
that have beemicontact with contaminated human or animal s{Geinter for Disease
Control Prevention, 2011The most common athods of transmission are through
drinking water and recreational water sources, such as swimming pools, which have been
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infected with the feces of contaminated humans or anif@Galster for Disease Control
Prevention, 2011)

Cryptosporidium causes most figastrointest
waterborne diseases, | eading tal Apvaitrea yf omr n
Ai mmunocompetent individual so. For 1 mmunocon
lead to dehydration due to chronic diarrijdanter & Nichols, 2002)Other symptoms
are nausea, vomiting, fever, and weight I@snter for Disease Control Prenmen,
2011)Devel oping countriesd citizens and travel
infection due to poor water treatment methods and food sanitation prgCiergsr for
Disease Control Prevention, 2011)

In contrast with other parasites, crypto is resistant to chemical treatments due to
its outer shell. Crypto stops being infectious through heat treatmemis boiling,
therefore sterilized and pasteurized products do not pose threats to human health
(Snelling et al., 2006)t can also be removddom drinking water through several
filtration methods. Practicing good hygiene reduces the risk of contracting Crypto
infection. Therefore, people can prevent Crypto by minimizing contact with human and
animal feces, as well as washing hands with soapd@econds after using the restroom,
preparing or eating food, and changing diag€enter for Disease Controté¥ention,

2011)

2.3.2 Giardia Lamblia

Gi ar di a L a mbdeliedaprotomaniparasite in thg de@iardia that
causes gast r o(Centerefam FoodhSaduritycanddeblictHealth, 20The
genus Giardia develops in twtages: cysts and trophozoiigenters for Disease Control
and Prevention, 2012According to the CDC, cysts thrive in water and are able to
survive for several months in a cold environm@enters for Disease Control and
Prevention, 2012)The traasmission of cysts occurs directly through consuming
contaminated water, food, and surfaces as well as through contact with those infected
(Centers for Disease Control and Prevention, 2012)

When consumed, the small intestine releases trophozoitegHfeoimgested cyst.
The trophozoites reproduce and eventually create more cysts. The life cycle of Giardia
concludes with the newly formed cysts being released from the body through excretion.
The process causes symptoms such as hives, diarrhea, stommactapsea, vomiting,
and dehydratiofCenters for Disease Control and Prevention, 2012)

Direct treatments for water contaminated with Giardia include boiling and
filtration systemgPearson, 2007Yo deter Giardia, homeowners may use filters with
one or more of the following specifications: (1) Reverse osmosis, (2) Absolute pore size
of 1 micron or smaller, (3) Tested and certified by NSF Standard 53 for cyst removal or,
(4) Tested and certified by NSF Standard 53 for cyst redug@fienters for Disease
Control and Prevention [CDC], 2012Jhe CDC encourages healthy hygiene, such as
washing hands and cleaning comnyamsed surfaces in both public and private areas to
prevent giardigCenters for Disease Control and Prevention, 2012)

2.3.3 Legionella

The bacteridegionellais an aerobic bacteria that exists in the environment, most
commonly in fresh, salt, and fadle wate(United States Environmental Protection
Agency, 2000)Legionella in water poses health risks if the bacteria are present in
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aerosolized form and then inhal@dhited States Environmental Protection Agency,
2000 Somesy st ems t hat pose these risks include |
and n e b(Unitad States £rvironmental Protection Agency, 200Jnsmission to
people often occurs through contact with the environment rather than through contact
with other peopléUnited States Environmental Protection Agency, 2000)

Nearly everyone is potentially susceptible to infection from Legionella. Through
the inhalation of the bacteria, Legionella can result in Legionnaires diseash,isvi
type of pneumoni@United States Environmental Protection Agency, 208@jnptoms
of Legionnaires disease include cough, shortness of breath, high fever, muscle aches and
headaches. Typically, the infected person will display symptoms two to fourteen days
after being exposed to the bactdf@dC, 2015) Individuals with weakened immune
systems are more prone to become seriously ill when infected with Legionella such as
hospital patients ahpeople taking immunosuppressive medicati®hsted States
Environmental Protection Agency, 2000)

Legionnaires disease requires antibiotic treatment with drugs that kill inaiater
the body. Successful treatment of Legionnaires disease is obtainable, however patients
often require hospitalizatiofCDC, 2015) Proper maintenance of water systems,
including drinking water systems, can prevent the proliferation of Legioft&De&,
2015) It can also be prevent#arough filtration systems such as UV light sterilization or
point of use treatment methofdnited States Environmental Protection Agency, 2000)

2.3.4 Enteroviruses

Enterovirugs are one of the most common viruses found in huf@Gergers for
Disease Control and Prevention, 2013Rgsearchers have identified 64 enterovirus
serotypes, which infect huma(alacios & Oberste, 20Q5)hese viruses can combat
the conditions of the gastrointestinal tract
3-5 @Rajtar, Majek, Polanski, & PolBacewicz, 2008)Transmission of enteroviruses
occurs through contaminated water, surfaces/objects, and&maters for Disease
Control and Prevention, 20138)hey also flourish in both salt and freshwater
environmentgRajtar et al., 2008)Untreated water sources such as drinking water,
groundwater, rivers and seas can contain enterovi(Bsgmr et al., 2008 Epidemics of
enterovirus infections are typically waterborne, posing a high risk to human health in
populations throughout the world.

These viruses lead to many human diseases and are responsible for apelpxima
10-15 million illnesses per year in the United Stgtésnters for Disease Control and
Prevention, 2013aj5ome strains of the virus are asymptomatic while others are
symptomatiqCenters for Disease Control and Prevention, 20I3apases include
fever, muscle aches, respiratory illness, cardiovascular diseases, meningitis, herpangina,
hand, foot, and mouth disease, paralysis, and encepl@gtigers for Disease Control
and Prevention, 2013a; United States Environmental Protection Agency, 2013)

Prevention of enteroviruses is possible, but these viruses dlerpadic to treat.
Researchers have not developed a vaccine but healthy habits canstéihe
spreading. The CDC encourages people to frequently wash their hands tind not
physically contacbthers sick with the viru€enters for Disease Control and Prevention,
2013b) Infected people often recoviegom their symptoms with little to no treatment
while others require hospitalization. Strains of the virus cannbstaihd types of water
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filters but can withstand some chemical treatmé@enters for Disease Control and
Prevention, 2013b)
Table 23 lists the four pathogens disgsed with a description of the pathogen,

transmission methods, health effects, preventative measures and treatment.
Table 2- 3: Water Pathogen Contamination

Cryptosporidium | Microscopic| Contaminated  Diarrhea Frequent Filtration
parasite | drinking and Nausea hand POU
recreational Vomiting washing | Pasteurizatior
water sources Fever
Giardia Lamblia | Protozoan | Contaminated  Diarrhea Frequent Filtration
parasite food, water, | Stomach pain hand
and surfaces| Vomiting washing
Dehydration
Cleaning
commonly
used surface;
Legionella Aerobic Contact with | Shortness of | Maintenance|  Filtration
bacteria | environment breath of filtration POU
Muscle aches
Cough
Enteroviruses Virus with | Contaminated Cardiovasculal  Frequent Chemical
64 drinking diseases hand
serotypes water Hand, foot, washing
mouth disease
Paralysis

2.4 Testing for Water Pathogen Indicators

Pathogenndicators are physical or chemical qualitieat reflect water pathogen
contamination when the presence is outside a specified limitatiated States
Environmental Protection Agency, 201Bjathogen indicators regulated thye EPA
include turbidity, total coliforms, and fecal coliforms. This sscivill provide
information regarding the description and linked health effects of the EPA regulated
pathogen indicators.

2.4.1 Pathogen Indicators

Pathogen indicators range in their origins, health effects to humans, and the
pathogens they indate. Thaable below, Table-2, outlines these qualities for each of
the EPA regulated water pathogen indicators.

15



Table 2- 4: Pathogen Indicators

Pathogen igi Health Effects Indicates for
Indicators

Turbidity | Viruses or Bacteria | Does not affect health but Bacteria,
attached to suspende| interferes disinfection process| Viruses, and
particles Parasites

Total Found in environment Ranges from no ill effects to | Pathogenic

Coliforms | (soil, vegetation, cramps and dirrhea and other | bacteria
animal waste, or gastrointestinal distresses
surface water

E.coli. Human and animal | Diarrhea, cramps, nausea, Fecal
waste headaches. More severe in coliforms
infants and people with
immunodeficiency

2.4.2 Water Testing

The United States Food @rug Administration (U.S. FDA) presents their
Bacteriological Analytical Manual (BAM) to the public, detailing information about
Apreferred | aboratory proc@®8&8wFoodanddrgr mi cr obi
Administration, 2015)This manual pvides instructions to determine pathogens present
in a wide range of food and beauty products. In 2000, the manual was published on the
U.S. FDA website, allowing worlavide access and unceasing ediisS. Food and Drug
Administration, 2015)The eas of protocolandevedt e vel opi ng Arapi d met h
results allows replication on water testifiyS. Food and Drug Administration, 2015)

The United States Public Health Service Drinking Water Standard developed the
Most Probable Number (MPNMethod in 1914Ashbolt, Grabow, & Snozzi, 2001)he
method involves three umds of tests called Presumpti@mpleted, and Confirmed.
Figure 28 displays prepad test tubes to condutie presumptivéest. Analysis of final
results of the tests performed should take place within setotiiours of initial tests.
Since the 193006s, sci amlyzewodandhatermonused t hi s
fecal and feal bacteria, or coliforms. Its use includes identifying all types of coliforms,
including E. coli(Ashbolt et al., 2001)MPN is known to be useful in identifying lower
concentréons of organisms, and allowing researchers to understand the growth units of
bacteria present in the medium being tested. MPN is an effective method of testing for
water pathogen indicators to assess water quality.
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Figure 2- 8: Prepared Test Tubes for Presumptive Test

2.5 Water Management Methods

A water management method is a system or procedure that manages, handles,
directs, or controls the use of water resources for safe drinking pufMeesgement,
n.d.) Efforts made globally by researchers and social scientists addressed the lack of
access to quality wet through the implementation of different water management
me t h o d s-of-usé (POU) wdter treatment technology has emerged as an approach
that empowers people and communities without access to safe water to improve water
quality by treating it in thé@ o maobsey, Stauber, Casanova, Brown, & Elliot, 2008)
According to the Department of Environmental Sciences and Engineering of North
California, the improvement of household drinking water at the point of use can lead to
i 3-4D% reductions in diarrheal dses e  (Solseystial., 2008The World Health
Organization (WHO) describes different methods of drinking water treatment at the point
of use in emergency situations or extreme conditions, such as those of slums. Some of the
recommended methods are boiling water, water filtration, and improved hygiene
prectices(Kayaga & Reed, 2011)

Worldwide, people use boiling as a peoftuse treatment methd&obsey et al.,
2008) Boiling water removes pathogens when properly executed. The steps to
effectively boil wder entail: bringinghe water to a boil for five ttwenty minutes, allow
the water to cool, store in a closed container, and finally refrigerate, if prefé/ozttl
Health Organization, 2012Boiling water is a simple poirdf-use water tratment
method which residents of the Khlong Toei Slum may achieve

Filtration is the process of cleansing water through the passage of a porous
medium which aims to provide clear, getadting, and contaminant free waférorld
Health Organizabn, 2012) There are different types of filters for different types of
contaminants, therefore, understanding the type of contaminants present in the water is
necessary in determining which filter to purchase. Theep@sof pathogens is common
in envionments similar to the Khlong Toei Slum, therefore filters that address
pathogenic contamination are necessary. According to the CDC and EPA, reverse
osmosis, ultrafiltration, and ultraviolet filtration are all recommended methods for
effective and safe neoval of pathogens such as crypto, giardia lamblia, and legionella
from drinking water(Prevention, 2012; United States Environmental Protection Agency,
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2000) Furthermore, filtration systems, includimghome filters and water vending
machines, require regular maintenance to perform effectively. Lack of filter maintenance
can result in a worsened quality of water by releasing bacteria back into the water. Each
filter has different guidelines indicaten Table 22 that explain how regularly the

cartridges need to be chandgthtural Resources Defense Council, 2068sidents

have implemented filtration in ¢hKhlong Toei Slum through ihome filters and water
vending machines, howey, without proper maintenangaint-of-use water treatment
method could be ineffective or cause contamination.

The World Health Organization emphasizes that hygienic behaveesjaally
important as the supply of clean wafi§ayaga & Reed, 2011The benefits of poirof-
use water treatment systems can be lost due to contamination from poor i¥giamsa
& Reed, 2011)In relation to drinking water, hand washing is the most effective method
to preventing recontamination of safe drinking wat¥ashing hands before dealing with
drinking water is a simple precautionary measure that residents of the Khlong Toei Slum
could immediately implement.

Restricted by poverty, unsanitary living conditions, and deteriorating water
networks, residents of ¢hKhlong Toei Slum lack access to quality drinking water. Point
of-use water treatment methods offer fisaf e survi val |l evel suppl
from unsafe pol (WorldElahlth@eadnieation,201d)r conelission,
point-of-use water management methods could serves as viable options for residents of
the Khlong Toei Slum.

2.6 Summary of Background

Lack of access to water fit for human consumption negatively affects the health
and quality of life for those living in many slumommunities. The Khlong Toei Slum,
characterized by its higtlensity population, poverty, and land tenure issues, exemplifies
this situation. By researching the history of the slum, the water network that serves the
district, water pathogens and their icatiors, and water management methods, the team
better understood the current water situation and created methods to obtain missing
information.
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3 Methodology
This project addressed the socially important problem of contaminated water in
the Khlong Toei Sim through the following objectives: (1) to establish water testing
locations, (2) to determine if there are pathogens present in the water, (3) to learn about
the residentsé water usage, (4) to learn abo
current vater issues, and (5) to recommend a drinking water management model to
improve the current water system. Tabl& 8hows the three sectors that the Duang
Prateep Foundation specified for the team to study and FigRiiedicates the three

sectors in a mapf the Khlong Toei Slum.
Table 3- 1: Sector Names of Khlong Toei Slum

Sector Number \ Sector Name

1 Chom Chun Rim Klong Pra Kra Nong
2 Chum Chon Wat Khlong Toei Nai
3 Chum Chon Mhoo Bann Pattana Jhet Sip

The team designeal methodology, which included seven phases: observation,
mapping water collection locations, water collection, water testing, interview sector
leaders, survey residents, and analysis of results. At the completion of the methods, the
team added a supplemeahinethod of a trial hygiene education program in a DPF school.
Figure 31 outlines the scope of the methodology for the project. Appendix B includes a
Gantt chart detailing the timeline of the project. This chapter discusses these methods in
the context bthe project objectives.

Methods Objectives Deliverables

P—> Establish Water Testing

Mapping Water —_—_ Locations
Collection Locations

Determine Potential Presence of
Pathogens in the Water

Learn About the Residents

Water Usage
Learn About Perspectives of the
Residents on the Current Water

Interview Sector

I
11

Recommend a Water Management
Model to Improve the Current —
‘Water System

IHH Ig

Analysis of Results

Figure 3- 1: Methodology, Objectives and Deliverables
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3.1 Observation

Observations addressed all of the teamds
between the research presented in the backgrowaplestand the reality of water quality
and usage within the Khlong Toei Slum. Observing local gathering places identified
possible locations where surveys may have a high response rate. This allowed the team to
determine the most convenient place and fiongéhe residents to take surveys. The team
also used observations to determine the current conditions of the water networks, how the
residents used water, the location from which residents obtained their water, evidence of
poor sanitation, and the locati® of water vending machines and hydrants to use for
water sampling. The team made observations by taking severdafullisits to the three
sectors targeted in Khlong Toei, taking notes, and taking photos of the water network
including items such as waatmeters, broken pipes, and communal taps in the slum. The
observer also wrote the time, day, and sector location they took notes to consider if any of
these three factors change in comparison or affect daily habits of the community
members.Table 32 stows the specific time, date, and sector locations the team made

observations.
Table 3- 2: Slum Visits, Dates and Locations

Tuesday, January 13 3:00 pm | Sector 3
Wednesday, January 28, 2015 10:00 ar Sector 3
Thursday, January 29, 2015 2:00pm | Sector 1
Thursday, January 29, 2015 3:30 pm | Sector 2

Tuesday, February 3, 2015 1:30 pm | Sectors 1, 2, 3

3.2 Mapping Water Collection Locations

Mapping water collectio sites enabled the team to record locattorinform the
Duang Prateep Foundation about the watatitpuifound at testing site3he team
mapped the fire ldrant and water vending machis&mple locations in each of the three
sectors. The team chose to collect the water before and after ithnargh the filtration
systems in the water vending machines. The water collected from the fire hydrants is the
water that runs through the main pipelines throughout the Khlong Toei Slum before
going through the filtration systems in the vending machifleis. same water runs into
peopl ebs homes. The water taken from the ven
filtration, as described in Sectiori222

Smartphones have the capability of locating the geographical location using a
compass application. At dacollection site, the team used the compass application to
record the geographatcoordinates and developed coded labels to classify the water
samples taken from each location of the slum. With all inputted coordinates, Google
Maps generated a map disgleg all water testing site€reating detailed maps of the
testing locations accomplished our first objective to establish segeng locations.

3.3 Water Collection

Collecting water saples in the Khlong Toei Slum wasportant in testing the
water todetermine the potential presence of pathogens. If the team identified the
pathogen indicators of turbidity, total coliforms, fecal coliforms, and E. coli present in the
water, the team could better recommend a proper management system that can control the
pathogens found. The team ealted samples of 120 mL using twesterile collection
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containers provided to us by Associate Professor Ph.D. Sirirat Rengpipat of the
Department of Microbiology at Chulalongkorn University and collected the samples
folowng t he professoros guidelines.

The team obtained twelve sterile collection containersyshzelow in Figure 3
2, and used four of these containers in each of the three sectors. The team collected four
samples from each sector; three from vending machineé®ne from fire hydrants. The
team coded sector one, Chom Chun Rim Klong Pra Kra Nong, &g&hydrants were
labeled k, while water vending machines were labeladWs, and \4. Our team
repeated this coding procedure for sector two, Chom Chun WagK oei Nai, and
sector three, Chom Chun Moo Baan Pat Thana Jet Sip Rai. Faldb@®vs the exact
codes used for each collection location.

Figure 3- 2: Sterile Collection Containers

Table 3- 3: Khlong Toei Slum Water Collection Codes

Sector Number  Management Method

Water Vending Machine S;V;, SV, SV3
! Fire Hydrant SiFH

Water Vending Maching S,V,, SV, SV3
2 Fire Hydrant S,F

Water Vending Maching SV, Vo, SV3
3 Fire Hydrant SH

3.4 Water Testing
The team focused on indicating the pathog
detrimental health effects to humans. The four main indicators were turbidity, total
coliforms, Escherichia col(E.coli.), andEnterococcifecal coliform)(United States
Environmental Protection Agency, 2013he team brought collected water samples to
Chul al ongk or nléalsoratiery forrtesting. Thé amltpsted water samples
underwent three laboratory tests to determine pathogen contamination: presumption,
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