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Abstract 
This project investigated water quality and its impact on residents of the Khlong Toei 

Slum in Bangkok, Thailand by testing water samples from fire hydrants and vending 

machines in three slum sectors. Results confirmed contaminated water in vending 

machines. Utilizing observations and slum resident surveys, the team explored slum 

residentsô water usage and water quality perceptions. Interviews with slum leaders 

clarified their role in vending machine maintenance. To combat water contamination in 

the Khlong Toei Slum, the team developed a water vending machine maintenance 

program and recommended an educational campaign to improve the slumôs current water 

quality. This project serves as a stepping-stone 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 consumption (Water.org, 2015). Drinking contaminated 

water can lead to a multitude of negative health effects through the transmission of 

pathogens (Ford, 1999). 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 deteriorating water quality in various water 

sources, such as groundwater and surface water (Water Environment Partnership in Asia, 

n.d.). The Khlong Toei Slum in Bangkok, Thailand, with residents consuming water from 

these sources of contaminated water, exemplifies the worldôs drinking water crisis. 

Residents have lived in this slum for many years with low access to high quality 

water. While working to build Khlong Toeiôs Port in the 1960s, workers, now residents 

originally settled in the area. After the completion of the port, the Port Authority of 

Thailand (PAT) took back the surrounding land, causing workers and their families to 

become illegal squatters. The PAT signed land-sharing agreements in 1981 because they 

could not evict all the residents living in the area. These 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 long-standing 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 1). Due to time limitations, the team narrowed the research 

field for this study to the following three sectors within the slum with the help of the 

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 testing 

locations, (2) determining the potential presence of pathogens in the water, (3) learning 

about the residentsô water usage, (4) learning about the perceptions of the residents of the 

current water quality issue, and (5) recommending a drinking water management model 

to eliminate pathogenic contamination in the Khlong Toei Slum. 
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Figure 1: Water Contamination in the Khlong Toei Slum  

Methodology 
To achieve the project goal and objectives, the team conducted background 

research and established the following methods: (1) observe daily life in the slum (2) map 

testing locations, (3) collect and test water from fire hydrants and water vending 

machines, (4) interview sector leaders, (5) survey residents, and (6) analyze the results. 

The team added a supplemental method to trial a hygiene educational program in a DPF 

school at the completion of the methods. 

Observations addressed all of the project objectives. During walk through of the 

Khlong Toei Slum, the team noted and photographed the current conditions of the 

community and water networks, residentsô water usage and locations of water vending 

machines and fire hydrants the team could collect water samples from.  

Mapping water collection sites enabled the team to have records to inform the 

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 locations. 

Water testing helped the team determine the potential presence of pathogens in 

the water. The water tests focused on indicating only pathogens since pathogens can 

cause the most detrimental health effects to humans compared to other contaminants. To 

test 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 first recording 

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 Professor Sirirat of 
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Chulalongkornôs Microbiology Department, and performed the following three 

laboratory tests to determine pathogen contamination: presumptive, confirmed, and 

completed (Blodgett, 2010).  

Results from the interviews with sector leaders and surveys with residents helped 

the team accomplish the objectives regarding the residentsô water usage and perceptions 

on the water quality. The team interviewed the leaders of the three sectors to understand 

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 Khlong Toei Slum 

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 from observations, the team discovered one of the biggest 

problems in the slum was the lack of hygiene practices. Unhygienic behaviors can 

contaminate safe-drinking water. Therefore, as a supplemental method, the team 

developed and conducted a trial hygiene education program for children aged 3-6. The 

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 the data collected by the methods described above 

and determined the impact of the results in the project.  

Observations such as the polluted water of the canal, and road defecation, lead the 

team to conclude that the Khlong Toei Slum residents face a substandard quality of life. 

In addition, finding dirt in the nozzle on the water vending machine and the overall 

appearance of vending machines suggest that water vending machines do not receive 

regular upkeep.  

From the results obtained through water testing, the team found water from the 

MWA, present in the fire hydrants, is free of pathogen contamination. However, the 

team identified pathogenic contamination in one out of nine vending machines (11% of 

the tested machines). The tests conducted by the team, only identified the presence of 

pathogens, but other contaminants could exist. In conclusion, the team cannot deem the 

water from the fire hydrants drinkable, but rather, free from pathogenic contamination. 

However, the team has evidence that the water from the vending machine, S2V1, which 

tested positive for pathogens, is undrinkable . 

After analyzing the interviews conducted, the team learned residents do not 

require permission or approval to install a water vending machine, and 

maintenance of the machine is neither regulated nor enforced. As a result, the team 

recommends a water vending machine maintenance program. Also, discussion with 

various stakeholders suggests that even though sector leaders are not responsible for 

the water quality in the sector, they could be a resource for the implementation of a 

management model. Sector leaders represent an authority in the sector and respond to 

community complaints, however, they cannot force residents to follow their orders, 

therefore, the presence of a higher authority will be needed for the implementation of a 

maintenance program. 
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The analysis of surveys led the team to understand the residentsô water usage and 

perceptions of water quality. 42% of the residents drink water from in-home filters, 

and 23% from vending machines, therefore the team planned to recommend a water 

management model that targets both sources to benefit the largest number of residents 

from the solution. Residents choose their drinking water sources because they believe 

those provide the best quality of water. Analyzing the ways in which residents perceive 

the drinking water sources they selected as trustworthy, suggests the need to raise 

awareness about the potential risks in drinking from these sources if residents do not 

properly maintain systems, in-home filters and water vending machines. Furthermore, the 

presence of illness in 27% of the surveyed population raises concern because residents 

are getting sick for an unknown reason. Although symptoms of the sick residents are 

consistent with those that arise from pathogen contaminated water, the team cannot 

conclude residents get sick because of the quality of water because the symptoms listed 

are associated with many illnesses not related to water quality such as food poisoning, the 

common cold, dengue fever, etc. Also, realizing that 52% of the residents do not think 

water can make people sick, suggests that residents lack information regarding the 

negative health effects of consuming pathogenic contaminated water. Finally, only 9% of 

residents of the surveyed population that boil their water after consumption indicate 

residents of the Khlong Toei Slum do not understand the benefits of boiling water.  

After analyzing the results and conclusions, the team created three main 

deliverables: a water quality report, a community water evaluation, and a water 

management model. The water quality report developed by the team indicates whether or 

not pathogens are present in the samples of water collected and tested and if the samples 

passed or failed the three tests conducted. The team developed a community water 

evaluation to represent the water usage and perceptions of the residents of the three 

sectors of the slum. The water management model represents a way to address the 

current water quality situation in Khlong Toei. The model focuses on the importance of 

trial maintenance, and the implementation of a water vending machine maintenance 

model. 

In addition, the results of the trial hygiene program, suggest the effectiveness of 

the educational campaign conducted in the Duang Prateep Foundation Kindergarten on 

March 3
rd

, 2015. Therefore, the team will recommend the conduction of the hygiene 

educational program in other schools around the slum. 

Recommendations and Conclusions 
The project recommendations were informed by background research and the data 

we collected. They focus on improving the water quality in the Khlong Toei Slum by 

raising awareness of the current water quality issues, informing residents of point-of-use 

water treatment methods, implementing a water 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 throughout 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 educated on the water quality issue and presented with the 

teamôs water test results. Lastly, the Bangkok Metropolitan Administration should be 
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contacted to obtain their support in authorizing a water management system for the water 

vending machines. Together, the residents, 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, the team believes there would be a stronger effort to improve the 

water quality. 

Another recommendation of the team is to inform residents of point-of-use water 

treatment methods. Through surveys, the team discovered most of the residents use in-

home filters for 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 

cost of 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.  

The teamôs recommendation of a drinking water management model is primarily 

to implement a water vending machine and in-home filter maintenance program. The 

team believes that through the implementation of our recommended drinking water 

management model, the Khlong Toei 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. Modeled 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 education of younger 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 project. 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, in-home filters, and water vending machines. This 

recommendation would establish the drinking water quality 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 residents of the 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 testing identified water 

pathogen contamination in one water vending machine, suggesting the potential 

contamination of other untested vending machines. Surveys and interviews identified that 

residents consume water from two main sources, water vending machines and in-home 

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 residents in the Khlong Toei 

Slum, but could also benefit slums globally facing similar a water quality issue. 
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äóãÈóÚÊÛòÛã¬î 

ÛØÚČó 
ÚČĈóÿÜĆÚÜòÉÉòãëČóÅòÎĂÚÂóäÕČóäÈËöèõÖÃîÈâÚùêã°  ĂÚÜòÉÉùÛòÚÜäñËóÂäÉČóÚèÚ 769 æ­óÚÅÚØòćèāæÂ ÂČóæòÈ

ÜäñëÛÜòÎìóÃóÕĀÅæÚÚČĈóÕøćâØöćâöÅùÔáóß ÿÚøćîÈÉóÂÂóäÜÚÿÜøĈîÚÃîÈëõćÈëÂÜäÂÖ¬óÈą āÕãÿÊßóñîã¬óÈãõćÈ ÂóäÜÚÿÜøĈîÚ
ÃîÈÿËøĈîāäÅØöćëóâóä×ë¬ÈÝæÂäñØÛÖ¬îÝú­ÛäõāáÅ âöäóãÈóÚÉóÂîÈÅ°Âä WEPA è¬óÕ­èãÂóäÿßõćâÃ÷ĈÚÃîÈÉČóÚèÚÜäñËóÂä, 
ÅèóâÂ­óèìÚ­óØóÈÿØÅāÚāæãö, ĀæñÂóäÃãóãÖòèÃîÈÿéäêÑÂõÉĂÚÜäñÿØéăØã îóØõÿË¬Ú ÙùäÂõÉÿÂêÖäÂääâ Āæñ
îùÖëóìÂääâ ÚòÛÿÜĆÚëóÿìÖùìæòÂØöćë¬ÈÝæÂäñØÛÖ¬îÅùÔáóßÚČĈó  ĀæñËùâËÚĀîîòÕÅæîÈÿÖãÿÜĆÚìÚ÷ćÈĂÚìæóãËùâËÚ Øöć
ÂČóæòÈăÕ­ÝæÂäñØÛÿË¬ÚÚöĈ 

Ýú­îãú¬îóéòãĂÚËùâËÚĀîîòÕÅæîÈÿÖãÜäñëÛÜòÎìóÂóäÛäõāáÅÚČĈóÕøćâØöćăâ¬ăÕ­ÅùÔáóßâóÿÜĆÚÿèæóÚóÚ ÚòÛÖòĈÈĀÖ¬
Ë¬èÈßùØÙéòÂäóË 2503 ÂóäØ¬óÿäøîăÕ­ÿÜõÕäòÛëâòÅäĀäÈÈóÚĂÚÂóäëä­óÈØ¬óÿäøî Ì÷ćÈĀäÈÈóÚë¬èÚĂìÎ¬ăÕ­ÖòĈÈ×õćÚÑóÚØöćîãú¬
îóéòãÛäõÿèÔÚöĈÉÚÂäñØòćÈÂóäëä­óÈØ¬óÿäøîÚòĈÚÿëäĆÉëâÛúäÔ° ÂóäØ¬óÿäøîÉ÷ÈăÕ­ã÷ÕßøĈÚØöćÅøÚ ØČóĂì­Âóäîãú¬îóéòãÛäõÿèÔÚöĈ
ÂæóãÿÜĆÚÂóäæñÿâõÕÂÏìâóãāÕãÜäõãóã   ÿÚøćîÈÉóÂÂóäØ¬óÿäøîăâ¬ëóâóä×ã­óãÜäñËóÂäÉČóÚèÚâóÂîîÂÉóÂßøĈÚØöćăÕ­  É÷È
ăÕ­âöÂóäæÈÚóâëòÎÎóĀÛ¬ÈØöćÕõÚĂì­ĀÂ¬Ýú­îãú¬îóéòãĂÚÜößùØÙéòÂäóË 2524  ìæòÈÉóÂÚòĈÚăâ¬ÚóÚ ÂäâÜäñÜóÉ÷ÈăÕ­ÿÃ­óâó
ÖõÕÖòĈÈØ¬îÚČĈóÜäñÜóĂì­ĀÂ¬Ýú­îãú¬îóéòãĂÚËùâËÚÚöĈ  îã¬óÈăäÂĆÖóâ âúæÚõÙõÕèÈÜäñØöÜăÕ­ÖäñìÚòÂ×÷ÈÅùÔáóßÚČĈóÕøćâÚČĈóĂË­
ÃîÈËùâËÚĀîîòÕÅæîÈÿÖã É÷ÈØČóÂóäÖäèÉëîÛÅùÔáóßÃîÈÚČĈóØöćĂË­ĂÚāäÈÿäöãÚîÚùÛóæ ĀæñßÛè¬óâöÂóäÜÚÿÜøĈîÚÃîÈ
ÿËøĈîāäÅĂÚÚČĈóÉóÂÿÅäøćîÈÂäîÈÚČĈóĂÚāäÈÿäöãÚ  ë¬ÈÝæĂì­ØóÈâúæÚõÙõð ÖäñìÚòÂ×÷ÈÅùÔáóßÚČĈóØöćâóÉóÂÂäâÜäñÜóĀæñÖú­
ÂÕÚČĈóìãîÕÿìäöãÎØöćâöîãú¬ĂÚËùâËÚ 

āÅäÈÂóäÚöĈâöÉùÕâù¬ÈìâóãØöćÉñëä­óÈÅèóâÖäñìÚòÂĂì­Ýú­ÅÚäòÛØäóÛ×÷ÈÜòÎìóÂóäÜÚÿÜøĈîÚÃîÈÚČĈóÕøćâĂÚËùâËÚ
ĀîîòÕÅæîÈÿÖã ĀÖ¬ÿÚøćîÈÉóÂÃîÛÿÃÖĂÚÂóäÕČóÿÚõÚÈóÚâöÉČóÂòÕĂÚÕ­óÚÿèæóĀæñë×óÚØöć ØóÈÝú­ÉòÕØČóāÅäÈÂóäÉ÷ÈăÕ­ØČó
ÂóäÿæøîÂÖäèÉëîÛÅùÔáóßÚČĈóÉóÂ 3 ÿÃÖã¬îãĂÚËùâËÚ ăÕ­ĀÂ¬ ËùâËÚäõâÅæîÈßäñāÃÚÈ (ßøĈÚØöć1), ËùâËÚèòÕÅæîÈÿÖã
ĂÚ (ßøĈÚØöć2), ĀæñËùâËÚìâú¬Û­óÚßòÓÚó 70ăä¬ (ßøĈÚØöć3) Ì÷ćÈÂóäØöćÉñØČóĂì­ÉùÕâù¬ÈìâóãÚöĈÿÜĆÚÝæëČóÿäĆÉ ÿäóÉČóÿÜĆÚÖ­îÈÛääæù
èòÖ×ùÜäñëÈÅ°ã¬îãÕòÈÚöĈ  1.ÿæøîÂë×óÚØöćÿÂĆÛÖòèîã¬óÈÚČĈó  2.ÖäèÉëîÛÿËøĈîāäÅØöćÜÚÿÜøĈîÚĂÚÚČĈóÕøćâ  3.ÿÃ­óĂÉ×÷ÈÂóäĂË­ÚČĈóĂÚ
ËöèõÖÜäñÉČóèòÚÃîÈÝú­îãú¬îóéòã  4.ÿäöãÚäú­ĀæñÿÃ­óĂÉĂÚÜòÎìóÚČĈóÕøćâÉóÂâùââîÈÃîÈÝú­îãú¬îóéòãĀæñ 5.ÿëÚîĀÚñĀÚèØóÈ
ÂóäÉòÕÂóäÚČĈóÕøćâÿßøćîæÕÜòÎìóÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ 
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äúÜØöć 1: ÂóäÜÚÿÜøĈîÚÃîÈÚČĈóĂÚËùâËÚĀîîòÕÅæîÈÿÖã 

ÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚ 
ÿßøćîÛääæùÿÜ­óìâóãĀæñèòÖ×ùÜäñëÈÅ°ÃîÈāÅäÈÂóä ØóÈÝú­ÉòÕØČóâöÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚÕòÈÚöĈ  
1. ëČóäèÉÂóäĂË­ËöèõÖÜäñÉČóèòÚÃîÈÝú­îãú¬îóéòãĂÚËùâËÚ  
2. ÿæøîÂĀæñØČóĀÝÚØöćÖČóĀìÚ¬ÈØöćÿÂĆÛÖòèîã¬óÈÚČĈó  
3.ÿÂĆÛĀæñÖäèÉëîÛÖòèîã¬óÈÚČĈóÉóÂìòèÉ¬óãÚČĈóÕòÛÿßæõÈĀæñÖú­ÂÕÚČĈóìãîÕÿìäöãÎ  
4.ëòâáóêÔ°ÜäñÙóÚËùâËÚã¬îã  
5.ëîÛ×óâÃ­îâúæÂóäĂË­ÚČĈóÃîÈÝú­îãú¬îóéòãĂÚËùâËÚ āÕãÂóäØČóĀÛÛëîÛ×óâ  
6.äèÛäèâĀæñèõÿÅäóñì°Ã­îâúæ  
ÚîÂÉóÂÚöĈÿßøćîÿÜĆÚÂóäÿäöãÚäú­×÷ÈëùÃæòÂêÔñØöćÕöÖ¬îÖÚÿîÈ  Ýú­ÉòÕØČóāÅäÈÂóäÉ÷ÈăÕ­ÉòÕØČóÂóäÿäöãÚÂóäëîÚ

ÿÂöćãèÂòÛëùÃîÚóâòãĂì­ĀÂ¬āäÈÿäöãÚØöćîãú¬áóãĂÖ­ÂóäÕúĀæÃîÈâúæÚõÙõÕèÈÜäñØöÜ ĂÚĀÖ¬æñÃòĈÚÖîÚÂóäÕČóÿÚõÚÈóÚâöÝææòßÙ°
ØöćÅóÕìèòÈÕòÈÖ¬îăÜÚöĈ 

ÂóäæÈëČóäèÉßøĈÚØöćÉñË¬èãĂì­ØóÈÝú­ÉòÕØČóÿÃ­óĂÉ×÷ÈÜòÎìóØöćÿÂõÕÃ÷ĈÚĂÚËùâËÚăÕ­ÕöãõćÈÃ÷ĈÚ āÕãäñìè¬óÈÂóäÿÕõÚ
ëČóäèÉÚòĈÚÉñâöÂóäÉÕÛòÚØ÷ÂĀæñ×¬óãáóßë×óÚÂóäÔ°ÜòÉÉùÛòÚĂÚËùâËÚ äñÛÛØ¬îÜäñÜó ÂóäĂË­ÚČĈóÃîÈÝú­îãú¬îóéòãĀæñ
ë×óÚØöćØöćÖõÕÖòĈÈìòèÉ¬óãÚČĈóÕòÛÿßæõÈäèâ×÷ÈÖú­ÂÕÚČĈóìãîÕÿìäöãÎ 

ÂóäØČóĀÝÚØöćÖČóĀìÚ¬ÈØöćÿÂĆÛÖòèîã¬óÈÚČĈóÉñË¬èãĂì­ëóâóä×ÚČóÝæÂóäÖäèÉÅùÔáóßÚČĈóăÜë¬ÈâîÛĂì­ĀÂ¬ØóÈ
âúæÚõÙõÿßøćîăÕ­ØäóÛ×÷ÈÅùÔáóßÃîÈÚČĈóØöćÖäèÉßÛĂÚĀÖ¬æñßøćÚØöć 

ÂóäÿÂĆÛĀæñÖäèÉëîÛÖòèîã¬óÈÚČĈó Ýú­ÉòÕØČóăÕ­âù¬ÈÿÚ­ÚÖäèÉëîÛÿÊßóñÿËøĈîāäÅØöćÜÚÿÜøĈîÚĂÚÚČĈóÕøćâØöćëóâóä×
ë¬ÈÝæÿëöãÖ¬îâÚùêã° āÕãăÕ­ÿÂĆÛÖòèîã¬óÈÚČĈóÉóÂìòèÉ¬óãÚČĈóÕòÛÿßæõÈ Ì÷ćÈÿÜĆÚÖòèîã¬óÈÃîÈÚČĈóÜäñÜóÂ¬îÚÝ¬óÚÿÃ­óäñÛÛÂäîÈ
ÃîÈÖú­ÂÕÚČĈó ĀæñÉóÂÖú­ÂÕÚČĈóìãîÕÿìäöãÎÌ÷ćÈÿÜĆÚÖòèîã¬óÈÃîÈÚČĈóÜäñÜóØöćÝ¬óÚÂóäÂäîÈĀæ­è Ì÷ćÈăÕ­âöÂóäØÕëîÛÚČĈóÉóÂ
ìòèÉ¬óãÚČĈóÜäñÜóÕòÛÿßæõÈ 1 ìòè Āæñ Öú­ÂÕÚČĈóìãîÕÿìäöãÎ 3 ÿÅäøćîÈ ĂÚĀÖ¬æñÿÃÖã¬îã 3 ÿÃÖ āÕãäñìè¬óÈÂóäÿÂĆÛ
Öòèîã¬óÈÚòĈÚØóÈÅÔñÝú­ÉòÕØČóăÕ­äòÛÅèóâä¬èââøîÉóÂâúæÚõÙõÕèÈÜäñØöÜ ĂÚÂóäĀÚñÚČóÿë­ÚØóÈĀæñäñÛù×÷ÈĀìæ¬ÈÖòèîã¬óÈ
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Ö¬óÈą Ì÷ćÈÅÔñÝú­ÉòÕØČóăÕ­ØČóÂóäÛòÚØ÷ÂÖČóĀìÚ¬ÈÃîÈë×óÚØöćÿÂĆÛÖòèîã¬óÈÂ¬îÚ ÉóÂÚòĈÚÉ÷ÈÛòÚØ÷ÂËøćîØöćÃèÕÿÂĆÛÖòèîã¬óÈ 
Āæ­èÉ÷ÈÿÂĆÛÖòèîã¬óÈÖóâèõÙöâóÖäÑóÚ BAM (Bacteriological Analytical Manual)ÃîÈîÈÅ°ÂóäîóìóäĀæñãóÉóÂÜäñÿØé
ëìäòÑîÿâäõÂó āÕãăÕ­é÷ÂêóâóÉóÂ äé.Õä.éõäõäòÖÚ° ÿä¬ÈßõßòÓÚ° ÅÔñÉùæËöèèõØãó ÉùíóæÈÂäÔ°âìóèõØãóæòã ÿßøćîäîÂóä
ÖäèÉëîÛìóÿËøĈîāäÅĂÚì­îÈÜÏõÛòÖõÂóäÖ¬îăÜ 

Ã­îâúæØöćăÕ­ÉóÂÂóäëòâáóêÔ°ÜäñÙóÚËùâËÚĀæñÉóÂÂóäØČóĀÛÛëîÛ×óâÂòÛÝú­îãú¬îóéòãØČóĂì­ØäóÛ×÷ÈÂóäĂË­
ÚČĈóĂÚËöèõÖÜäñÉČóèòÚĀæñÅèóâÿÃ­óĂÉ×÷ÈÅùÔáóßÚČĈóÃîÈÝú­îãú¬îóéòã āÕãØóÈÝú­ÉòÕØČóăÕ­ÉòÕØČóĀÛÛëîÛ×óâ (ƙƖ ÊÛòÛÖ¬î
ìÚ÷ćÈÿÃÖã¬îã) ÿßøćîØČóÂóäëòâáóêÔ°ÜäñÙóÚËùâËÚĀæñÝú­îãú¬îóéòãĂÚÿÃÖã¬îãØòĈÈ  3ÿÃÖ  ÿßøćîØäóÛ×÷ÈÛØÛóØÃîÈ
ÜäñÙóÚËùâËÚ  ÉČóÚèÚÜäñËóÂäĂÚĀÖ¬æñÿÃÖ   Āìæ¬ÈØöćâóÃîÈÚČĈóÕøćâÚČĈóĂË­ĂÚĀÖ¬æñÅäòèÿäøîÚ  äèâ×÷ÈĀÝÚÂóäÉòÕÂóä
ÚČĈóÃîÈËùâËÚ  

ÿßøćîØöćÉñÛääæùèòÖ×ùÜäñëÈÅ°ëùÕØ­óã  ØóÈÅÔñÝú­ÉòÕØČóăÕ­ØČóÂóäèõÿÅäóñì°Ã­îâúæØöćăÕ­âóÉóÂóäæÈëČóäèÉßøĈÚØöć 
ÂóäÖäèÉëîÛÖòèîã¬óÈÚČĈó ÂóäëòâáóêÔ°ĀæñÂóäØČóĀÛÛëîÛ×óâÿßøćîÚČóăÜëú¬ĀÚèØóÈÂóäÚČóÿëÚîĀÝÚÂóäÉòÕÂóäÚČĈó
ÕøćâĂÚËùâËÚîã¬óÈâöÜäñëõØÙõáóß 

îÚ÷ćÈ ÉóÂÃ­îâúæØöćăÕ­ÉóÂÂóäæÈëČóäèÉßøĈÚØöć ØóÈÝú­ÉòÕØČóãòÈßÛ×÷ÈÜòÎìóëČóÅòÎîã¬óÈìÚ÷ćÈĂÚËùâËÚ ÚòćÚÅøîÂóä
ÃóÕëùÃîÚóâòãØöćÕö Ì÷ćÈëóâóä×ÿÜĆÚë¬èÚØöćØČóĂì­ÿÂõÕÂóäÜÚÿÜøĈîÚÃîÈÚČĈóÕøćâĂÚËùâËÚ ÕòÈÚòĈÚ ØóÈÝú­ÉòÕØČóÉ÷ÈăÕ­ØČóÂóä
ÿäöãÚÂóäëîÚÿÂöćãèÂòÛëùÃîÚóâòãØöćÕöĂì­ĀÂ¬ÿÕĆÂĂÚËùâËÚîóãùäñìè¬óÈ 3-6Üö āÕãâù¬ÈÿÚ­ÚØöćÿÕĆÂ ÿßäóñè¬óÿÜĆÚÂæù¬âÜäñËóÂä
ØöćăÕ­äòÛÝæÂäñØÛâóÂØöćëùÕÉóÂÂóäÕøćâÚČĈóØöćăâ¬ëñîóÕ ĀæñîöÂØòĈÈãòÈÿÜĆÚÂČóæòÈëČóÅòÎÖ¬îăÜĂÚîÚóÅÖÿâøćîÿÖõÛāÖÃ÷ĈÚ 

ÝææòßÙ°ĀæñÂóäèõÿÅäóñì° 
ÉóÂÝæÂóäÕČóÿÚõÚÈóÚÖóâÃòĈÚÖîÚØöćÂæ¬óèăÜÃ­óÈÖ­Ú ÂóäæÈßøĈÚØöćëČóäèÉĂÚËùâËÚßÛè¬óáóãĂÚËùâËÚâöÃãñ

ĀæñëõćÈëÂÜäÂîãú¬āÕãäîÛ äèâ×÷ÈØóÈÿÕõÚØöćÿÖĆâăÜÕ­èãëõćÈÜÐõÂúæ  âöÚČĈóÃòÈÿÖĆâăÜÕ­èãÂæõćÚÿìâĆÚ  ĀæñÖú­ÂÕÚČĈóìãîÕ
ÿìäöãÎâöëáóßÿëøćîâāØäâ  âöëõćÈëÂÜäÂÿÂóñîãú¬ØöćìòèÉ¬óãÚČĈóÉóÂÖú­ÂÕÚČĈóìãîÕÿìäöãÎ ĀëÕÈĂì­ÿìĆÚè¬óÖú­ÂÕÚČĈóìãîÕ
ÿìäöãÎë¬èÚĂìÎ¬ăâ¬ăÕ­äòÛÂóäÕúĀæäòÂêóîã¬óÈëâČćóÿëâî Ì÷ćÈØóÈÅÔñÝú­ÉòÕØČóëóâóä×ëäùÜăÕ­è¬ó ËùâËÚĀîîòÕÅæîÈÿÖã
ÚòĈÚÂČóæòÈÜäñëÛÜòÎìóÅèóâÿÜĆÚîãú¬Øöćăâ¬×úÂëùÃæòÂêÔñ 

ÉóÂÂóäÖäèÉëîÛëõćÈÜÚÿÜøĈîÚØöćîãú¬ĂÚÚČĈóÖòèîã¬óÈ  ØóÈÅÔñÝú­ÉòÕØČóßÛè¬óÚČĈóÉóÂÂäâÜäñÜóØöćâóÉóÂìòèÉ¬óã
ÚČĈóÕòÛÿßæõÈÚòĈÚ ÜäóéÉóÂÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ĀÖ¬ÚČĈóÉóÂÖú­ÂÕÚČĈóìãîÕÿìäöãÎ ßÛè¬óâö 1 ÿÅäøćîÈÉóÂ 9  ÿÅäøćîÈ (ÅõÕ
ÿÜĆÚä­îãæñ 11) ØöćßÛÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ  āÕãØóÈÝú­ÉòÕØČóăÕ­ÖòĈÈÃ­îëòÚÚõêÑóÚè¬óîóÉâöÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ
ĂÚÖú­ÂÕÚČĈóìãîÕÿìäöãÎÿÅäøćîÈîøćÚą Øöćăâ¬ăÕ­ØČóÂóäÖäèÉëîÛîöÂÕ­èã  Ì÷ćÈăâ¬ÜæîÕáòãÖ¬îÂóäÛäõāáÅîã¬óÈĀÚ¬ÚîÚ ë¬èÚ
ØóÈÚČĈóÜäñÜóÉóÂìòèÕòÛÿßæõÈÿÜĆÚÚČĈóØöćÜäóéÉóÂÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ĀÖ¬ãòÈăâ¬ëóâóä×äñÛùĀÚ¬ËòÕăÕ­è¬óÜæîÕáòã
ëČóìäòÛÂóäÛäõāáÅìäøîăâ¬ ÿßäóñîóÉâöëóäÜÚÿÜøĈîÚËÚõÕîøćÚØöćØóÈÝú­ÉòÕØČóăâ¬ăÕ­ØČóÂóäÖäèÉëîÛÿÚøćîÈÉóÂÃ­îÉČóÂòÕĂÚ
ÃîÛÿÃÖÂóäÕČóÿÚõÚÂóä 

ìæòÈÉóÂèõÿÅäóñì°Ã­îâúæØöćăÕ­äòÛÉóÂÂóäëòâáóêÔ°ÜäñÙóÚËùâËÚã¬îã  ØóÈÅÔñÝú­ÉòÕØČóßÛè¬óÂóäÖõÕÖòĈÈÖú­ÂÕ
ÚČĈóìãîÕÿìäöãÎáóãĂÚËùâËÚëóâóä×ØČóăÕ­ÿæãāÕãăâ¬ÉČóÿÜĆÚÖ­îÈÃîîÚùÎóÖÖ¬îìÚ¬èãÈóÚĂÕą  Āæñăâ¬âöÂÏÃ­îÛòÈÅòÛ
ĂÚÂóäÛČóäùÈäòÂêóÖú­ÂÕÚČĈóîã¬óÈëâČćóÿëâî äèâØòĈÈÜäñÙóÚËùâËÚăâ¬âöë¬èÚĂÚÂóääòÛÝõÕËîÛ×÷ÈÅùÔáóßÚČĈóĂÚÿÃÖã¬îã
ÃîÈÖÚ ÿè­ÚĀÖ¬ÉñâöÝú­îãú¬îóéòãä­îÈÿäöãÚÜòÎìó ×÷ÈÉñÿÃ­óăÜÕČóÿÚõÚÂóäăÕ­ ĀÖ¬Éñăâ¬âöëóâóä×ÛòÈÅòÛĂì­Ýú­îãú¬îóéòãÜÐõÛòÖõ



 xx 

ÖóâÅČóëòćÈăÕ­āÕãËîÛÙääâ ÕòÈÚòĈÚØóÈÝú­ÉòÕØČóÌ÷ćÈÿæĆÈÿìĆÚ×÷ÈÃîÛÿÃÖÂóäØČóÈóÚÃîÈÜäñÙóÚËùâËÚØöćÅ¬îÚÃ­óÈÉČóÂòÕ É÷È
ăÕ­ÉñÃîÅèóâä¬èââøîÉóÂÛùÅÅæØöćâöÖČóĀìÚ¬ÈØöćëúÈÂè¬óâóëÚòÛëÚùÚĀæñë¬ÈÿëäõâÂóäÛČóäùÈäòÂêóÖú­ÂÕÚČĈóìãîÕÿìäöãÎ 

ÂóäèõÿÅäóñì°Ã­îâúæØöćăÕ­ÉóÂØČóĀÛÛëîÛ×óâØČóĂì­ØóÈÝú­ÉòÕØČóØäóÛ×÷ÈèõÙöÂóäĂË­ÚČĈóĂÚËöèõÖÜäñÉČóèòÚĀæñ
ÅèóâÿÃ­óĂÉĂÚÅùÔáóßÃîÈÚČĈóÃîÈÝú­îãú¬îóéòã āÕãßÛè¬ó ä­îãæñ 42 ÃîÈÝú­îãú¬îóéòãÕøćâÚČĈóÉóÂÿÅäøćîÈÂäîÈÚČĈóáóãĂÚÛ­óÚ 
Āæñ ä­îãæñ 23ÃîÈÝú­îãú¬îóéòã ÕøćâÚČĈóÉóÂÖú­ÂÕÚČĈóìãîÕÿìäöãÎ ÕòÈÚòĈÚØóÈÝú­ÉòÕØČóÉ÷ÈÉñâù¬ÈÿÚ­ÚØöćÉñÿëÚîĀÚñĀÝÚÂóä
ÉòÕÂóäÚČĈóÕøćâĀæñÂóäëä­óÈÅèóâÖäñìÚòÂ×÷ÈÂóäÛČóäùÈäòÂêóăÜØöćëîÈĀìæ¬ÈÚČĈóÕøćâÚöĈ ÿßäóñÝú­îóéòãë¬èÚĂìÎ¬ÿæøîÂĂË­
ÿÚøćîÈÉóÂÿËøćîâòćÚĂÚÅùÔáóßÃîÈÚČĈóÕøćâØöćăÕ­äòÛ  

ä­îãæñ 27ÃîÈÝú­îãú¬îóéòãăÕ­ÿÅãâöîóÂóäÿÉĆÛÜ¬èãØöćÿÂöćãèÃ­îÈÂòÛÂóäÛäõāáÅÚČĈóÕøćâØöćâöÿËøĈîāäÅ ÿË¬Ú îóìóäÿÜĆÚ
ßõê ăÃ­ìèòÕ ăÃ­ÿæøîÕîîÂ ÿÜĆÚÖ­Ú ĀÖ¬ØóÈÝú­ÉòÕØČóăâ¬ëóâóä×ëäùÜăÕ­è¬óîóÂóäÖ¬óÈą ÿìæ¬óÚöĈÿÜĆÚÝæāÕãÖäÈÉóÂÂóäÕøćâÚČĈó 
ÿßäóñãòÈâöîöÂìæóãÜòÉÉòãØöćëóâóä×Â¬îĂì­ÿÂõÕîóÂóäÿìæ¬óÚöĈÿË¬ÚÂòÚ  

ä­îãæñ 52ÃîÈÝú­îãú¬îóéòãÉČóÚèÚâöÅèóâÿÃ­óĂÉè¬ó ÚČĈóÕøćâăâ¬ëóâóä×âöÝæØČóĂì­ÿÂõÕîóÂóäÿÉĆÛÜ¬èãăÕ­ Ì÷ćÈ
ìâóã×÷È Ýú­îãú¬îóéòããòÈÃóÕÅèóâäú­ÿÂöćãèÂòÛÝæÿëöãÉóÂÂóäÛäõāáÅÚČĈóÕøćâØöćâöÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ 

Āæñ âöÿßöãÈä­îãæñ 9 ÃîÈÝú­îãú¬îóéòãÖ­âÚČĈóÂ¬îÚÚČóăÜÛäõāáÅ Ì÷ćÈØČóĂì­ØäóÛè¬ó Ýú­îãú¬îóéòãë¬èÚĂìÎ¬ăâ¬ØäóÛ
×÷ÈÜäñāãËÚ°ĂÚÂóäÖ­âÚČĈó 

ìæòÈÉóÂÂóäèõÿÅäóñì°ĀæñëäùÜÝæ ØóÈÝú­ÉòÕØČóăÕ­ÿæøîÂØöćÉñë¬ÈâîÛÃ­îâúæØöćëČóÅòÎĂì­ØóÈâúæÚõÙõĀÛ¬ÈÿÜĆÚ 3ë¬èÚ
ìæòÂ ăÕ­ĀÂ¬ äóãÈóÚÝæÂóäèõÿÅäóñì°ÃîÈÖòèîã¬óÈÚČĈóÌ÷ćÈÉñĀëÕÈÝæÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅĂÚÖòèîã¬óÈÚČĈóØöćßÛ äóãÈóÚ
ÂóäÜäñÿâõÚÂóäĂË­ÚČĈóĀæñÅèóâÿÃ­óĂÉĂÚÅùÔáóßÚČĈóÌ÷ćÈĀëÕÈ×÷ÈáóßäèâÃîÈÝú­îãú¬îóéòãØöćâöÖ¬îÂóäĂË­ÚČĈó ĀæñĀÝÚÂóä
ÉòÕÂóäĂÚîÚóÅÖÌ÷ćÈĀëÕÈ×÷Èë×óÚÂóäÔ°ÃîÈÅùÔáóßÚČĈóĂÚÜòÉÉùÛòÚĀæñÉñë¬ÈÿëäõâÂóäØÕæîÈäñÛÛÂóäÛČóäùÈäòÂêóÖú­
ÂÕÚČĈóìãîÕÿìäöãÎ 

îöÂØòĈÈØóÈÝú­ÉòÕØČóãòÈăÕ­ØČóāÅäÈÂóääÔäÈÅ°ë¬ÈÿëäõâëùÃîÚóâòãØöćÕöĂì­ĀÂ¬ÿãóèËÚĂÚāäÈÿäöãÚØöćîãú¬áóãĂÚÂóä
ÕúĀæÃîÈâúæÚõÙõÕèÈÜäñØöÜ Ô èòÚØöć 3 âöÚóÅâ ß.é. 2558 ÿßøćîĂì­ÿÜĆÚĀÚèØóÈĂÚÂóäÿÝãĀßä¬Åèóâäú­ĀÂ¬āäÈÿäöãÚîøćÚą
Ö¬îăÜĂÚËùâËÚ 

Ã­îÿëÚîĀÚñĀæñÛØëäùÜ 
ÉóÂÃ­îâúæĀæñÈóÚèõÉòãØöćØóÈÅÔñÝú­ÉòÕØČóăÕ­é÷ÂêóâóØČóĂì­âöÂóäâù¬ÈÿÚ­ÚăÜĂÚÕ­óÚÂóäßòÓÚóÅùÔáóßÚČĈóĂÚ

ËùâËÚĀîîòÕÅæîÈÿÖãāÕãÂóäëä­óÈÅèóâÖäñìÚòÂ×÷ÈÜòÎìóÃîÈÅùÔáóßÚČĈóĂÚÜòÉÉùÛòÚ ÂóäĂì­Åèóâäú­ÿÂöćãèÂòÛÂóä
ÜäòÛÜäùÈÅùÔáóßÚČĈóÕ­èãÖÚÿîÈ ÂóäÉòÕÂóäĀÝÚÂóäÛČóäùÈäòÂêóÖú­ÂÕÚČĈóìãîÕÿìäöãÎĀæñÿÅäøćîÈÂäîÈÚČĈóĂÚÅäòèÿäøîÚ 
ĀæñÂóäë¬ÈÿëäõâëùÃæòÂêÔñĂì­ĀÂ¬āäÈÿäöãÚĂÚËùâËÚ  

ØóÈÅÔñÝú­ÉòÕØČóăÕ­ÿëÚîĀÚñØóÈâúæÙõÚõÿßøćîä¬èââøîĂÚÂóäëä­óÈÅèóâÖäñìÚòÂĂì­ĀÂ¬Ýú­îãú¬îóéòã āÕãÜäñÂóä
ĀäÂ Ăì­Åèóâäú­ÿÂöćãèÂòÛÝæÿëöãÉóÂÂóäÕøćâÚČĈóØöćâöÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ÜäñÂóäØöćëîÈ Ăì­Åèóâäú­ĂÚÂóäÛČóäùÈäòÂêóÖú­
ÂÕÚČĈóìãîÕÿìäöãÎĀÂ¬ÿÉ­óÃîÈĀæñÜäñÙóÚËùâËÚ äèâ×÷ÈÂóäÚČóÿëÚîÝæÂóäÖäèÉëîÛÖòèîã¬óÈÚČĈó ÿßøćîÖîÂãČĈó×÷È
ÅèóâëČóÅòÎĂÚÂóäÕúĀæÿÅäøćîÈâøî ĀæñÜäñÂóäëùÕØ­óã ÿëÚîÃîÅèóâä¬èââøîÉóÂìÚ¬èãÈóÚÃîÈÿÃÖÂäùÈÿØßâìóÚÅäÿÃ­ó
âóË¬èãÿìæøîĂÚÂóäÖäèÉëîÛÅùÔáóßÃîÈÖú­ÂÕÚČĈóìãîÕÿìäöãÎ ØòĈÈÚöĈØóÈÅÔñÝú­ÉòÕØČóÿËøćîè¬ó Âóäëä­óÈÅèóâÖäñìÚòÂ
ÅäòĈÈÚöĈÉñëóâóä×ëä­óÈÂóäÖøćÚÖòèĂÚÂóäĀÂ­ăÃÜòÎìóÅùÔáóßÚČĈóÕøćâáóãĂÚËùâËÚØöćâöÜäñëõØÙõáóß 



 xxi 

ØóÈÅÔñÝú­ÉòÕØČóãòÈăÕ­ÿëÚîĀÚèØóÈĀæñÅèóâäú­ĂÚÂóäÜäòÛÜäùÈÅùÔáóßÚČĈóĂì­ĀÂ¬Ýú­îãú¬îóéòã ÿÚøćîÈÉóÂÂóä
èõÿÅäóñì°ÝæĀÛÛëîÛ×óâĂÚËùâËÚ ßÛè¬óÝú­îãú¬îóéòãë¬èÚâóÂĂË­ÿÅäøćîÈÂäîÈÚČĈóĂÚÅäòèÿäøîÚ Ì÷ćÈÿäóăâ¬ëóâóä×ÿÃ­óăÜ
ÿÂĆÛÖòèîã¬óÈÚČĈóáóãĂÚĀÖ¬æñÅäòèÿäøîÚăÕ­ ÕòÈÚòĈÚ ØóÈÝú­ÉòÕØČóÉ÷ÈăÕ­ÉòÕØČóĀÝ¬ÚßòÛØöćĂì­Åèóâäú­ÿÂöćãèÂòÛÂóäÖ­âÚČĈóĀæñăë­
ÂäîÈÿßøćîĂì­ØóÈâúæÚõÙõÚČóăÜĀÉÂÉ¬óãĂÚËùâËÚ Ì÷ćÈÿÚøĈîìóÉñÅäîÛÅæùâ×÷ÈìÚ­óØöćÃîÈăë­ÂäîÈĀÖ¬æñËÚõÕ äóÅó 
äñãñÿèæóØöćÖ­îÈÂóäÂóäÛČóäùÈäòÂêó āÕãØóÈÝú­ÉòÕØČóìèòÈè¬óĀÝ¬ÚßòÛÿìæ¬óÚöĈÉñË¬èãĂì­Ýú­îãú¬îóéòãâöÅèóâÿÃ­óĂÉÿÂöćãèÂòÛëõćÈ
ÿìæ¬óÚöĈâóÂÃ÷ĈÚ ÿßøćîØöćÉñëóâóä×Ü­îÈÂòÚÖòèÿîÈăÕ­ÉóÂÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ 

ØóÈÅÔñÝú­ÉòÕØČóãòÈăÕ­ÿëÚîĀÚñâúæÚõÙõ×÷ÈÂóääÔäÈÅ°ë¬ÈÿëäõâëùÃæòÂêÔñØöćÕöĂì­ĀÂ¬āäÈÿäöãÚáóãĂÚËùâËÚ āÕã
ÂóäĂì­Åèóâäú­ĀÂ¬ÿÕĆÂÿÂöćãèÂòÛÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ÝæÂäñØÛÖ¬îëùÃáóß ÂóäÖõÕÖ¬îÃîÈÿËøĈîāäÅ ĀæñÂóäæ­óÈâøî
îã¬óÈ×úÂèõÙöÿßøćîÜ­îÈÂòÚÖÚÿîÈÉóÂÿËøĈîāäÅ āÕãØóÈÝú­ÉòÕØČóÉñâù¬ÈÿÚ­ÚăÜØöćÿÕĆÂ ÿßäóñè¬óâöĀÚèāÚ­âØöćÉñăÕ­äòÛÝæÂäñØÛ
ØóÈëùÃáóßØöćâóÂÂè¬ó îöÂØòĈÈ ÿÕĆÂãòÈÿÜĆÚîÚóÅÖØöćÉñÿÖõÛāÖÖ¬îăÜáóãĂÚËùâËÚîöÂÕ­èã 

Ã­îÿëÚîĀÚñëùÕØ­óãØöćÉñÿëÚîĀÂ¬ØóÈâúæÚõÙõÅøîÂóäëóÚÖ¬îāÅäÈÂóäÚöĈĂÚîÚóÅÖ āÕãØČóÂóäÖäèÉëîÛØöćâö
ÅèóâæñÿîöãÕÿßõćââóÂÃ÷ĈÚ ØòĈÈÂóäÖäèÉëîÛÖòèîã¬óÈÚČĈóØöćâöÂóäÜÚÿÜøĈîÚîøćÚąÖóââóÖäÑóÚÚČĈóÕøćâăØãáóãĂÚ 27ÿÃÖã¬îã
ĂÚËùâËÚĀîîòÕÅæîÈÿÖã ÉóÂØ¬îÜäñÜó ÿÅäøćîÈÂäîÈÚČĈóĂÚÅäòèÿäøîÚ ĀæñÖú­ÂÕÚČĈóìãîÕÿìäöãÎ Ì÷ćÈÉñØČóĂì­ØóÈâúæÚõÙõ
ëóâóä×ÕČóÿÚõÚĀÝÚÂóäÉòÕÂóäÚČĈóÕøćâăÕ­îã¬óÈâöÜäñëõØÙõáóßâóÂÃ÷ĈÚáóãĂÚîÚóÅÖ 

ëäùÜÿÜ­óìâóãÃîÈāÅäÈÂóäÅøîÂóäËöĈĀÉÈÜòÎìóÚČĈóÕøćâáóãĂÚËùâËÚĀîîòÕÅæîÈÿÖãĀæñÂóäÿëÚîĀÚñĀÚè
ØóÈÂóäÉòÕÂóäÅùÔáóßÚČĈóÕøćâîã¬óÈãòćÈãøÚ ÿßøćîØöćÉñãÂäñÕòÛÅùÔáóßËöèõÖÃîÈÝú­îãú¬îóéòã Ì÷ćÈÉóÂÝæÂóäÖäèÉëîÛÖòèîã¬óÈ
ÚČĈó ßÛè¬óâöÖú­ÂÕÚČĈóÛóÈÿÅäøćîÈØöćâöÂóäÜÚÿÜøĈîÚÃîÈÿËøĈîāäÅ ìâóãÅèóâè¬ó Öú­ÂÕÚČĈóÿÅäøćîÈîøćÚØöćăâ¬ăÕ­äòÛÂóäÖäèÉëîÛÂĆ
îóÉâöÂóäÜÚÿÜøĈîÚÿË¬ÚÂòÚ ĀæñÉóÂÝæÂóäèõÿÅäóñì°ĀÛÛëîÛ×óâĀæñÛØëòâáóêÔ°ßÛè¬ó Ýú­îãú¬îóéòãÚČóÚČĈóâóÉóÂëîÈ
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1 Introduction 
Access to water fit for human consumption is an essential component for the 

health and livelihood of all people (Grey, Grey, & Sadoff, 2007). However, more than 3.4 

million people worldwide die each year from substandard water quality. Studies by the 

Environmental Health Perspectives 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 hazardous wastes 

(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 various water 

sources, such as ground and surface water. 

In 2013, the Thai Ministry of Interior installed water vending machines in four 

provinces of Bangkok to improve the quality of life for its inhabitants (Asian News 

Monitor, 2013). Following the initiative of the Thai Ministry of Interior, slum-dwellers of 

Khlong Toei installed water vending machines. Similarly, the Duang Prateep Foundation 

(DPF), the sponsor of this project, installed water filtration systems in schools throughout 

the Khlong Toei Slum to provide safe sources of drinking water for the children. 

However, the DPF recently verified through water testing, the presence of pathogen 

contamination in the water filtration systems of schools, 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 water but potential 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 

quality from the main water line through fire hydrants 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 communityôs drinking water. 

Recommending a water management model for the Khlong Toei Slum required 

obtaining information regarding water quality, water usage of slum-dwellers, and 

residentsô perception about water quality. Important research topics include pathogenic 

water contamination and the use of water sources throughout the slum. These topics 

represent gaps in prior research and established the foundation of this project. To help fill 

those gaps, the team tested water samples taken from three sectors in the slum to 

determine whether pathogenic contamination exists in the water. Furthermore, research 

helped the team understand where slum-dwellers collect drinking water, the reasons for 

choosing those sources of drinking water, and the different ways they use collected water 

from vending machines, in-home 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 was to recommend a water management model to assist 

the DPF in improving the quality of life for residents in the Khlong Toei Slum. The 

objectives of the project were to establish water-testing locations, determine the potential 
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presence of pathogens in the water, learn about the residentôs water usage, learn about the 

perceptions of the residents on the current water issues, and recommend a water 

management model to improve the current water system. The teamôs approach was to 

conduct observations, map water testing locations, collect and test water, interview sector 

leaders, survey slum-dwellers, 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 stakeholders and the residents regarding the quality of the drinking 

water. Also, the team conducted an educational campaign at school- teaching children 

aged 3-6 about the importance of safe hygiene practices. The culmination of these 

methods led to the production 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 maintenance program, the encouragement of point-of-use water treatment 

methods, and an educational campaign for school children focused on proper hand 

washing.  

This project explores Khlong Toeiôs land tenure history and its water network, 

water pathogen contamination, 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 water is distributed to the residents. Third, the team discusses pathogens 

regulated by the United States Environmental Protection Agency (U.S. EPA) that could 

potentially contaminate the water in the community. Lastly, the team introduces water 

management models that the DPF may implement to improve the current drinking water 

quality 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 a guideline for drinking water development in slums globally. This 

report details the project teamôs research area, methods of obtaining new data, analysis of 

data collection results, and finally, recommendations that could contribute to 

improvement of the current drinking water quality in the Khlong Toei Slum. 
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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. Bordering central Bangkok, as seen in Figure 2-1, the Khlong Toei Slum resides 

on a network of partially paved roads and wooden boardwalks covering three-meter-deep 

beds of swampland (Elliott, 2003). 
 

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

The Khlong Toei Slum, known for its high-density population, falls within the 

United Nationsô slum definition. A slum is a heavily congested and often poorly built 

temporary settlement, which is commonly defined by the lack of one or more of the 

following four amenities (Pokhariyal, 2005; UN-Habitat, 2008): 

1. Housing infrastructure resistant to extreme climate conditions 

2. Access to drinkable 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 medical and social facilities that serve the communityôs needs. 

The Khlong Toei Slum 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 electricity have lacked behind municipal 
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standards (Angel & Boonyabancha, 1988). Lack of land tenure is one of the slum 

residentôs most critical obstacles in obtaining drinkable water. Subsections of 2.1 

introduce the Duang Prateep Foundation and discuss the history of three sectors of the 

Khlong Toei Slum and land tenure issues that affect 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, the mission 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 Prateep Foundation aspires to stimulate healthy living 

within communities (Hata, 2010). The Foundation, operating for about thirty-six years to 

date, is now working on over twenty projects to help change the lives of people living in 

the Khlong Toei Slum (Duang Prateep Foundation, 2014). 

2.1.2 History of Sectors in the Khlong Toei Slum 
Irrigated by canals since the 18th century, Bangkok became ñknown as the 

ñVenice of the Eastò during much of the 19th centuryò (Bodry, 2012). Bordering the 

Chao Phraya River, Khlong Toeiôs name originates from Bangkokôs canal history 

(Elliott, 2003). The word ñkhlongò is Thai for canal while ñtoeiò is the name of the trees 

that ran along the side of the waterways (DiNino, 2006). 

The Khlong Toei Slum community consists of 26 sectors in total. The Duang 

Prateep Foundation narrowed the teamôs research down to three sectors: Chom Chun 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 team chose these sectors, 

with the help of the DPF, based on their distribution throughout the Khlong Toei Slum. 

Figure 2-2 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. 

 
Figure 2- 2: Sectors in the Khlong Toei Slum  

The Port Authority of Thailand (PAT) owned the area of Sector 1, Chum Chon 

Rim Khlong Phra Kra Nong, until the Port handed the land over to the Tanning Leather 
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Organization for construction of a factory. Approximately 2,500 employees working for 

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

and gave the land to the Quartermaster Department Royal Thai Army (Tee, 2011), a 

governmental pillar associated with logistics (Army, 2015). According to the sector 

leader, Mr. Chaichayun Chaengcharoen, some of the former residents of this sector 

moved away after the tanning business ceased operation. The current population of 1,036 

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

down (Refer to Appendix J-2 for the teamôs interview with sector leader 1).  

The establishment of sector 2, Chum Chon Wat Khlong Toei Nai, began in 1919. 

Residents looking for jobs near the port initially settled into this sector, which was owned 

by the PAT. According to the sector leader, 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 became immensely overcrowded with residents until there was no longer any free 

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

residents built houses and market places, tightly packed together. In 1991, 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 residents living in 425 

households (Refer to Appendix J-4 for the teamôs interview with sector leader 2). 

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 protested eviction. 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 Sib Rai (Securities, 2007).  Sector 3 is 

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

J-6 for the teamôs interview with sector leader 3). Table 2-1 shows a comparison 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 

Population 

Families Households Community 

Committee 

Chum Chon 

Rim Khlong 

Phra Kha 

Nong 

0.054 square 

kilometers 

1,036 people 370 230 houses 14 people 

Chum Chon 

Wat Khlong 

Toei Nai 

0.0192 

square 

kilometers 

1,600 people 400 300 houses 9 people 

Chum Chon 

Mhoo Baan 

Pattan Jed Sib 

Rai 

0.113 square 

kilometers 

9,000 people 2,000 1,183 

houses 

25 people 
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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 12.3 square kilometer area, consists of 

over 100 thousand migrants (Duang Prateep Foundation, 2014). Most 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). 

2.1.3 Disputed Land Tenure Issues in Utility Implementation 
Slum-dwellers in the Khlong Toei Slum, including residents of the three sectors 

that are the focus of this project, generally ñhave secure housing tenure, but many do not 

have secure land tenureò (Asian Institute of Technology, 2008). Therefore, 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 communities lack basic facilities such as 

water supply or waste 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 signed land-sharing 

agreements. In 1981, the Port Authority of Thailand signed a land sharing agreement with 

residents of the Khlong Toei Slum (Angel & Boonyabancha, 1988). In the land sharing 

agreements, the slum-dwellers 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 development (Pacione, 2005). According to a representative from 

the Duang Prateep Foundation, under the land-sharing agreement, the residents have 

permission to live on the land owned by the Port Authority. However, the Port Authority 

has the right to evict the residents at any moment. Since 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 through a distribution network 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, Nonthaburi and Samut 

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 the water treated 

is drinkable (Metropolitan Waterworks Authority, 2010). 
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Figure 2-3 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, and distribution. 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 influent channel to 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 doses of post-lime 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 of the East 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 district (Metropolitan Waterworks Authority, 

2010). 
 

 
Figure 2- 3: Route of Water from Chao Phraya River to Bankhen Water Treatment Plant (Metropolitan 

Waterworks Authority, 2010)  



 8 

Water enters the slum community through main pipelines that are located along 

the streets of the slum. From these pipelines, local 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 a monthly basis. 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. Following this assumption, lack of maintenance of in-

home pipes may result in poor quality water, exposing slum-dwellers to contaminated 

water on a daily basis. Figure 2-4, presented below, serves as an example of a water 

meter connected to a main pipe in the Khlong Toei Slum. 

 
Figure 2- 4: Water Meter in the Khlong Toei Slum  

2.2.2 In-Home Filters 
According to the results of the surveys the team conducted during this 

investigation, 42% of the surveyed residents use in-home filtration systems as their main 

source of drinking water. The in-home filters link to the residential pipelines that are 

attached to the MWA meters. According to sector leader 2, slum-dwellers buy in-home 

filters from different companiesô salesmen that walk around the area offering promotions 

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 of filtration systems used in Khlong Toei and in Thailand include: 3 

purifier filter, Air Filter 4 Filter, Sistema, and eSpring water treatment. Figure 2-5 

displays the filters used in the Khlong Toei Slum, and the filters these systems are 

composed of.  
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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 contaminants. Water filtration removes suspended impurities 

or recovers solids by passing through substances such as cloth, paper, porous porcelain or 

a layer of charcoal or sand (filtering, 2015). There are different types of filters for each 

type of contaminant. Filtration systems include a combination of filters to address more 

than one type of contamination. Table 2-2, shows specific filters, their functions and the 

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

Filters Function Maintenance (KP Thai 

Vending, 2014) 

Sediment Filter Sediment filters reduce 

sediments, solid materials that 

settle at the bottom of liquid, of a 

certain micron size from the 

water (LennTech, 2015). 

Check every 1-2 months. If dirt 

found, replace filter. 

Polypropylene Filter 

 

Polypropylene Filter (PP) 

separates particles from liquid 

(Raihan Bin Abdul Rashid, 2012) 

 

Granular Activated Carbon 

Filter  

Granular Activated Carbon filters 

make use of activated carbon to 

absorb different harmful 

chemicals. Activated carbon is 

carbon engineered to have more 

of an electro-positive charge to 

better attract chemicals and other 

impurities (Home Plus Water, 

2015). 

Replace every 6-8 months. 

Ion Exchange Resin Filter The ion exchange resin take the 

advantage of positive and 

negative charge inside the filter, 

cation and anion resins, to attract 

the contaminants such as 

inorganics components and heavy 

metal contents such as Lead, 

Caution exchange resins need to 

replace every 7 years. Anion 

exchange resins need to replace 

every 4 years (W.S. Miller, 2009) 
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Cadmium, Copper, etc (Pure, 

2010) 

Carbon Block Filter  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 in 

contact with carbon, the more 

impurities the carbon can catch 

(The Water Page, 2012) 

Replace annually, or every 8-12 

months, or when water has an 

unpleasant odor. 

Ultraviolet Filtration  The properties of Ultraviolet light 

destroy pathogens by attacking 

the microorganismôs DNA, thus 

limiting the ability of the 

pathogen to reproduce (APEC 

Water Systems, 2014) 

Replace bulbs annually. Replace 

quartz sleeve when broken. The 

quartz sleeve should be cleaned 

several times per year (outside 

only) (Home Plus Water, 2014) 

Membrane Filtration  Membrane filtration filters out 

debris and particles by a special 

porous membrane. Only certain 

particles, depending on the 

characteristic of the membrane, 

are small enough to pass through 

the pores of this special 

membrane, while the membrane 

holds back large particles 

(Mountain Empire Community 

College, n.d.) 

Replace every 1-2 years. When 

the flow of water is not normal, 

replace filter. 

Ultrafiltration  Ultrafiltration has a high removal 

rate to filter out protozoa, 

bacteria, and viruses. It is not as 

useful in removing certain kinds 

of chemicals (Prevention, 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 bacteria (Natural Resources Defense Council, 2006). 

2.2.3 Water 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 households in the 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 machines for roughly 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 is 1 per liter of water. The water vending machines intake 

water through the homeowner's pipes, which 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 collection in the Khlong Toei Slum, the team noted the presence of 

an abundance of water vending machine brands. Several water vending machine brands 

include Siam Water, Ozone Plus, D-Fresh and PG Water. Figure 2-6 displays 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 composed of multiple 

stages: a four stage pre-filtration, reverse osmosis, and a two stage post-filtration system. 

The pre-filtration 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, 2015). The post-stage 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 of 3-3.5 gallons per minute. Table 2-3 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 machines should deliver filtered, purified 

water. Yet, according to Thailandôs Health Department, only 70% of drinking water from 

vending machines in Bangkok meet water quality standards (The Nation, 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 require filter 

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 know if the water vending machines receive maintenance regularly, or whether 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 water-related diseases. 

2.3 Negative Impacts of Pathogenic Water Contamination 
A water contaminant is defined as a physical, chemical, or biological factor that 

affects the quality of water (Goel, 2006), see Figure 2-7. A biological factor that 

commonly contaminates water is a water pathogen.  

 
Figure 2- 7: Water Contamination in the Khlong Toei Sl um 

The Environmental Protection Agency (EPA) regulates four pathogens in 

drinking water: cryptosporidium, giardia lamblia, legionella, and enteroviruses. Although 

there are other contaminants wich affect the quality of water and can lead to health 

effects for 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 water-related 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 dracunculiasis (Ford, 1999). Some of these diseases are fatal while other 

diseases cause severe side effects to people. This section explores the EPA regulated 

water pathogens of cryptosporidium, giardia lamblia, legionella, and enteroviruses, their 

health effects, sources of contamination, treatment, and preventative 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 been in contact with contaminated human or animal stool (Center for Disease 

Control Prevention, 2011). The most common methods 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 animals (Center for Disease Control 

Prevention, 2011). 

Cryptosporidium causes most ñgastrointestinal parasite infectionsò, and 

waterborne diseases, leading to ñwatery or mucous diarrhea with abdominal painò for 

ñimmunocompetent individualsò. For immunocompromised individuals, crypto could 

lead to dehydration due to chronic diarrhea (Hunter & Nichols, 2002). Other symptoms 

are nausea, vomiting, fever, and weight loss (Center for Disease Control Prevention, 

2011). Developing countriesô citizens and travelers may be at higher risk of crypto 

infection due to poor water treatment methods and food sanitation practices (Center 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 treatment such as boiling, 

therefore sterilized and pasteurized products do not pose threats to human health 

(Snelling et al., 2006). It can also be removed from 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 soap for 20 seconds after using the restroom, 

preparing or eating food, and changing diapers (Center for Disease Control Prevention, 

2011). 

2.3.2 Giardia Lamblia 
Giardia Lamblia is ña single-celled protozoan parasite in the genus Giardia that 

causes gastrointestinal diseaseò (Center for Food Security and Public Health, 2012). The 

genus Giardia develops in two stages: cysts and trophozoites (Centers for Disease Control 

and Prevention, 2012). According to the CDC, cysts thrive in water and are able to 

survive for several months in a cold environment (Centers for Disease Control and 

Prevention, 2012). The transmission 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 trophozoites from the ingested 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, stomach pain, nausea, vomiting, 

and dehydration (Centers for Disease Control and Prevention, 2012). 

Direct treatments for water contaminated with Giardia include boiling and 

filtration systems (Pearson, 2007). To 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 reduction (Centers for Disease 

Control and Prevention [CDC], 2012). The CDC encourages healthy hygiene, such as 

washing hands and cleaning commonly used surfaces in both public and private areas to 

prevent giardia (Centers for Disease Control and Prevention, 2012). 

2.3.3 Legionella 
The bacteria Legionella is an aerobic bacteria that exists in the environment, most 

commonly in fresh, salt, and potable water (United States Environmental Protection 

Agency, 2000). Legionella in water poses health risks if the bacteria are present in 



 14 

aerosolized form and then inhaled (United States Environmental Protection Agency, 

2000). Some systems that pose these risks include ñfaucets, showerheads, cooling towers, 

and nebulizersò (United States Environmental Protection Agency, 2000). Transmission to 

people often occurs through contact with the environment rather than through contact 

with other people (United 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 disease, which is a 

type of pneumonia (United States Environmental Protection Agency, 2000). Symptoms 

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 bacteria (CDC, 2015). Individuals with weakened immune 

systems are more prone to become seriously ill when infected with Legionella such as 

hospital patients and people taking immunosuppressive medications (United States 

Environmental Protection Agency, 2000). 

Legionnaires disease requires antibiotic treatment with drugs that kill bacteria in 

the body. Successful treatment of Legionnaires disease is obtainable, however patients 

often require hospitalization (CDC, 2015). Proper maintenance of water systems, 

including drinking water systems, can prevent the proliferation of Legionella (CDC, 

2015). It can also be prevented through filtration systems such as UV light sterilization or 

point of use treatment methods (United States Environmental Protection Agency, 2000). 

2.3.4 Enteroviruses 
Enteroviruses are one of the most common viruses found in humans (Centers for 

Disease Control and Prevention, 2013a). Researchers have identified 64 enterovirus 

serotypes, which infect humans (Palacios & Oberste, 2005). These viruses can combat 

the conditions of the gastrointestinal tract ñas they thrive in an environment with a pH of 

3-5ò (Rajtar, Majek, Polanski, & Polz-Dacewicz, 2008). Transmission of enteroviruses 

occurs through contaminated water, surfaces/objects, and feces (Centers for Disease 

Control and Prevention, 2013a). They also flourish in both salt and freshwater 

environments (Rajtar et al., 2008). Untreated water sources such as drinking water, 

groundwater, rivers and seas can contain enteroviruses (Rajtar 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 approximately 

10-15 million illnesses per year in the United States (Centers for Disease Control and 

Prevention, 2013a). Some strains of the virus are asymptomatic while others are 

symptomatic (Centers for Disease Control and Prevention, 2013a). Diseases include 

fever, muscle aches, respiratory illness, cardiovascular diseases, meningitis, herpangina, 

hand, foot, and mouth disease, paralysis, and encephalitis (Centers for Disease Control 

and Prevention, 2013a; United States Environmental Protection Agency, 2013).   

 Prevention of enteroviruses is possible, but these viruses are problematic to treat. 

Researchers have not developed a vaccine but healthy habits can stop them from 

spreading. The CDC encourages people to frequently wash their hands and not to 

physically contact others sick with the virus (Centers for Disease Control and Prevention, 

2013b). Infected people often recover from their symptoms with little to no treatment 

while others require hospitalization. Strains of the virus cannot withstand types of water 
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filters but can withstand some chemical treatments (Centers for Disease Control and 

Prevention, 2013b).  

 Table 2-3 lists the four pathogens discussed with a description of the pathogen, 

transmission methods, health effects, preventative measures and treatment.  

Table 2- 3: Water Pathogen Contamination  

Pathogen Description Transmission 

Methods 

Health 

Effects 

Preventative 

Measures 

Treatment 

Cryptosporidium  Microscopic 

parasite 

Contaminated 

drinking and 

recreational 

water sources 

Diarrhea 

Nausea 

Vomiting 

Fever 

Frequent 

hand 

washing 

Filtration 

POU 

Pasteurization 

Giardia Lamblia  Protozoan 

parasite 

Contaminated 

food, water, 

and surfaces 

Diarrhea 

Stomach pain 

Vomiting 

Dehydration 

Frequent 

hand 

washing 

Cleaning 

commonly 

used surfaces 

Filtration 

Legionella Aerobic 

bacteria 

Contact with 

environment 

Shortness of 

breath 

Muscle aches 

Cough 

Maintenance 

of filtration 

Filtration 

POU  

Enteroviruses Virus with 

64 

serotypes 

Contaminated 

drinking 

water 

Cardiovascular 

diseases 

Hand, foot, 

mouth disease 

Paralysis 

Frequent 

hand 

washing 

 

Chemical 

2.4 Testing for Water Pathogen Indicators 
Pathogen indicators are physical or chemical qualities that reflect water pathogen 

contamination when the presence is outside a specified limitation (United States 

Environmental Protection Agency, 2013). Pathogen indicators regulated by the EPA 

include turbidity, total coliforms, and fecal coliforms. This section will 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 indicate. The table below, Table 2-4, outlines these qualities for each of 

the EPA regulated water pathogen indicators. 

 

 

 
 



 16 

Table 2- 4: Pathogen Indicators  

Pathogen 

Indicators 

Origin  Health Effects Indicates for 

Turbidity  Viruses or Bacteria 

attached to suspended 

particles 

Does not affect health but 

interferes disinfection process 

Bacteria, 

Viruses, and 

Parasites 

Total 

Coliforms 

Found in environment 

(soil, vegetation, 

animal waste, or 

surface water 

Ranges from no ill effects to 

cramps and diarrhea and other 

gastrointestinal distresses  

Pathogenic 

bacteria 

E.coli. Human and animal 

waste 

Diarrhea, cramps, nausea, 

headaches. More severe in 

infants and people with 

immunodeficiency   

Fecal 

coliforms 

 

2.4.2 Water Testing 
The United States Food and Drug Administration (U.S. FDA) presents their 

Bacteriological Analytical Manual (BAM) to the public, detailing information about 

ñpreferred laboratory procedures for microbiological analyses.ò (U.S. Food and Drug 

Administration, 2015). This manual provides 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 world-wide access and unceasing edits (U.S. Food and Drug 

Administration, 2015). The ease of protocol and ever-developing ñrapid methodsò for test 

results allows replication on water testing (U.S. Food and Drug Administration, 2015). 

 The United States Public Health Service Drinking Water Standard developed the 

Most Probable Number (MPN) method in 1914 (Ashbolt, Grabow, & Snozzi, 2001). The 

method involves three rounds of tests called Presumptive, Completed, and Confirmed. 

Figure 2-8 displays prepared test tubes to conduct the presumptive test. Analysis of final 

results of the tests performed should take place within seventy-two hours of initial tests. 

Since the 1930ôs, scientists have used this method to analyze food and water for non-

fecal and fecal 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 

concentrations 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 purposes (Management, 

n.d.). Efforts made globally by researchers and social scientists addressed the lack of 

access to quality water through the implementation of different water management 

methods. ñPoint-of-use (POU) water 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 the homeò (Sobsey, 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 

ñ30-40% reductions in diarrheal disease casesò (Sobsey et al., 2008). The 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 

practices (Kayaga & Reed, 2011).  

Worldwide, people use boiling as a point-of-use treatment method (Sobsey et al., 

2008).  Boiling water removes pathogens when properly executed. The steps to 

effectively boil water entail: bringing the water to a boil for five to twenty minutes, allow 

the water to cool, store in a closed container, and finally refrigerate, if preferred (World 

Health Organization, 2012). Boiling water is a simple point-of-use water treatment 

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, good-tasting, and contaminant free water (World 

Health Organization, 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. The presence of pathogens is common 

in environments 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 removal 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, including in-home 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 indicated in Table 2-2 that explain how regularly the 

cartridges need to be changed (Natural Resources Defense Council, 2006). Residents 

have implemented filtration in the Khlong Toei Slum through in-home filters and water 

vending machines, however, without proper maintenance; point-of-use water treatment 

methods could be ineffective or cause contamination. 

The World Health Organization emphasizes that hygienic behaviors are equally 

important as the supply of clean water (Kayaga & Reed, 2011). The benefits of point-of-

use water treatment systems can be lost due to contamination from poor hygiene (Kayaga 

& Reed, 2011). In relation to drinking water, hand washing is the most effective method 

to preventing recontamination of safe drinking water. Washing 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 the Khlong Toei Slum lack access to quality drinking water. Point-

of-use water treatment methods offer a, ñsafe survival level supply of drinking water 

from unsafe polluted water sourcesò (World Health Organization, 2012). In conclusion, 

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 slum communities. The Khlong Toei Slum, 

characterized by its high-density 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 indicators, 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 Slum 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 residentsô water usage, (4) to learn about the perceptions of the residents on the 

current water issues, and (5) to recommend a drinking water management model to 

improve the current water system. Table 3-1 shows the three sectors that the Duang 

Prateep Foundation specified for the team to study and Figure 2-2 indicates the three 

sectors in a map of 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 Rai 

The team designed a 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 supplemental method of a trial hygiene education program in a DPF school. 

Figure 3-1 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 of the project objectives. 

 

 
Figure 3- 1: Methodology, Objectives and Deliverables  
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3.1 Observation 
Observations addressed all of the teamôs objectives and filled knowledge gaps 

between the research presented in the background chapter and 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 time for the 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 locations of water vending machines and hydrants to use for 

water sampling. The team made observations by taking several full-day visits to the three 

sectors targeted in Khlong Toei, taking notes, and taking photos of the water network 

including items such as water meters, 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 3-2 shows the specific time, date, and sector locations the team made 

observations.  

Table 3- 2: Slum Visits, Dates and Locations 

Time and Date Sector Location 

Tuesday, January 13 3:00 pm Sector 3 

Wednesday, January 28, 2015 10:00 am 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 collection sites enabled the team to record locations to inform the 

Duang Prateep Foundation about the water quality found at testing sites. The team 

mapped the fire hydrant and water vending machine sample locations in each of the three 

sectors. The team chose to collect the water before and after it went through 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 machines. This same water runs into 

peopleôs homes. The water taken from the vending machines undergoes four steps of 

filtration, as described in Section 2.2.2. 

Smartphones have the capability of locating the geographical location using a 

compass application. At each collection site, the team used the compass application to 

record the geographical coordinates 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 displaying all water testing sites. Creating detailed maps of the 

testing locations accomplished our first objective to establish water-testing locations. 

3.3 Water Collection 
Collecting water samples in the Khlong Toei Slum was important in testing the 

water to determine 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 collected samples of 120 mL using twelve sterile 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 

following the professorôs guidelines.  

The team obtained twelve sterile collection containers, shown below 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 machines and one from fire hydrants. The 

team coded sector one, Chom Chun Rim Klong Pra Kra Nong, as S1. Fire hydrants were 

labeled F1, while water vending machines were labeled V1, V2, and V3. Our team 

repeated this coding procedure for sector two, Chom Chun Wat Klong Toei Nai, and 

sector three, Chom Chun Moo Baan Pat Thana Jet Sip Rai. Table 3-3 shows 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 Code 

 
1 

Water Vending Machine S1V1, S1V2, S1V3 

Fire Hydrant S1F1 

 
2 

Water Vending Machine S2V1, S2V2, S2V3 

Fire Hydrant S2F1 

 
3 

Water Vending Machine S3V1, S3V2, S3V3 

Fire Hydrant S3F1 

3.4 Water Testing 
The team focused on indicating the pathogens because of the bacteriaôs 

detrimental health effects to humans. The four main indicators were turbidity, total 

coliforms, Escherichia coli (E.coli.), and Enterococci (fecal coliform) (United States 

Environmental Protection Agency, 2013). The team brought collected water samples to 

Chulalongkornôs Microbiology Laboratory for testing. The collected water samples 

underwent three laboratory tests to determine pathogen contamination: presumption, 


