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1) Executive Summary 

Fluoride is essential for the development of teeth and bones but excess intake of the mineral 

can cause decay of tooth enamel and in extreme cases, structural damage to bones and joints. 

Dental and skeletal fluorosis is a prevalent problem among the residents of Chiang Mai as the 

groundwater has high levels of fluoride. The fluoride occurs naturally in the groundwater and 

is further intensified through rigorous extraction of ground water. 

The residents are aware of the harmful repercussions of drinking untreated ground water but 

are still using untreated ground water in food preparation and cooking.  This is largely due to 

lack of understanding and absence of alternative and affordable sources of defluorinated water.  

Efforts have been made by various municipalities in Chiang Mai to provide safe drinking water 

to its community, but these have proven to be inadequate both in terms of supply and 

geographical reach.  

Our team strongly believe that there is merit for a directed policy intervention to tackle the 

fluorosis issue in Chiang Mai. We are excited to present our recommended policy intervention 

– exploring a fresh and collaborative approach among the various stakeholders to deliver a 

sustainable and feasible water purification and distribution system.  This will help Chiang Mai 

achieve the sustainable development goal of ensuring its community’s access to affordable, 

safe, clean and drinkable water.  

 

  



2) Providing Safe Drinking Water in Chiang Mai  

 

a) Overview 

The people in Chiang Mai have always relied on groundwater to support their daily water 

needs. However, over time, the community has learnt that their groundwater is unsafe for direct 

consumption. This is because there is a high concentration of fluoride in the groundwater. In 

addition, the water is often microbially-contaminated and thus, should not be consumed 

directly without being treated. 

Due to over consumption of fluoride through the years, the people in Chiang Mai often suffer 

from fluorosis. For the young, they suffer from dental fluorosis where the enamel of their teeth 

becomes mottled, resulting in brown stains on the surface of the teeth. Eventually, this leads 

to the destruction of the teeth. Prolonged exposure to high levels of fluoride can create severe 

bone abnormalities including crippling deformities. This is seen in the elderly where 

overconsumption of fluoride has led to skeletal fluorosis, causing painful damage to bones and 

joints. 

In the 1980s, the Government started installing piped water system so as to discourage the 

community from consuming groundwater directly from shallow wells. It was believed that the 

piped water is cleaner and safer for consumption. However, a study in 2000 by Tansukanun 

revealed that dental fluorosis has been increasing among children who consumed the piped 

water.  

Thus, it is not surprising that despite reassurance from Thailand’s premier, Prayuth Chan-ocha, 

that the tap water in Chiang Mai is safe for consumption and meets the safety standards set by 

the United Nations, many still turn to bottled water for their drinking water needs. The 

community is sceptical about consuming water directly from the tap, especially since they are 

aware that the networks of underground water pipes are often poorly maintained and largely 

neglected.  

 

 

 

 



b) Groundwater as a source of water supply 

 

i) Heavy reliance on groundwater 

The groundwater in Chiang Mai contains high levels of fluoride, ranging between 0 – 16 mg 

per litre (Takeda and Takizawa 2008), far exceeding World Health Organisation's (WHO) 

guideline of 1.50 mg/l for drinking water. Research has shown that the high levels of fluoride 

are largely naturally-occurring due to geothermal activity and fault lines.  However, the 

situation is worsened when water is extracted extensively from the ground through human 

activities. 

ii) Why is it unsustainable 

Extensive groundwater extraction is reducing the source of untainted groundwater. 

Groundwater is often pumped for irrigation purposes to support agriculture needs. 

Groundwater is also extracted as a cheap source of water by the industrial sector as reported 

by Anuwongcharoen (1989) who noted that the Lamphun Industrial Estate heavily exploits the 

local groundwater resources to support its industrial activities. In terms of residential use, many 

also drill personal or community wells to obtain groundwater for drinking, cooking and 

cleaning purposes.  

However, all these extractions affect the distribution and concentration of fluoride in the 

groundwater. Every extraction causes disruptions in the ground, leading to new fault lines and 

cracks. This causes the possibility of highly-concentrated fluoride water to intrude into areas 

where the groundwater was initially pure. Due to this, over time, there are lesser sources of 

pure and untainted groundwater. 

Heavy extractions could also result in local sinkhole communities and resultant flooding during 

the rainy season, thus posing inconvenience and even danger to the community. 

 

 

 

 

 



c) Removing fluoride in drinking water 

 

i) Reverse Osmosis 

Due to the wide distrust in piped water, the various Municipalities in Chiang Mai have taken 

it upon themselves to treat the piped water and provide safe drinking water for the community. 

Water Treatment Plants are set up across the city with varied models of operations, depending 

on the funding, resources and level of community involvement. Given the scale of operations, 

most of these treatment plants adopt a reverse osmosis technology process to reduce the level 

of fluoride in the water, making it safe for consumption. 

ii) Domestic defluoridation 

In the past, Chiang Mai had explored using alternative and cheaper methods of removing 

fluoride from the water. For example, an ICOH defluoridator was developed by the 

Intercountry Centre for Oral Health (ICOH) in Chiang Mai, the Dental Faculty of 

Chulalongkorn University and the World Health Organisation to filter and effectively remove 

fluoride from the piped or well water at individual household level. The defluoridator uses 

charcoal and bone char to filter and absorb fluoride from the water (Rajchagool, 1995).  

However, after more than 10 years, it was found that the problem of dental fluorosis remains 

significant in the community. The reason being, there was a lack of ownership by the 

households to maintain the defluoridator which needed regular change of filter. In addition, 

after several years, ICOH was unable to continue supplying ready-to-use filter, thus rendering 

the defluoridator obsolete.  

 

  



3) Learnings from other countries  

 

Fluorosis is not a unique problem to Chiang Mai. Many countries are facing the same issue 

and have explored different ways of tackling the problem. The fluorosis issue is especially 

prevalent in India and Kenya, where the groundwater contains high level of fluoride. 

 

a) India  

In 1987, Rajiv Gandhi National Drinking Water Mission estimated that about 25 million people 

in 8700 villages were drinking water with excess fluoride. Since then, many initiatives and 

steps for clean water management have been implemented in India. The usual remedial 

measures in tackling fluorosis in villages and small towns include:  

i) Household rainwater harvesting 

Recognising that they lack funding and knowledge to effectively defluorinate their only source 

of water i.e. groundwater, most villagers turn to rainwater harvesting to accumulate sufficient 

water for drinking and cooking purposes. 

However, the quality of the harvested rainwater is affected by several factors including the 

materials used to construct the filtration and treatment system. Some villagers found it 

expensive to do the necessary plumbing works, especially to an existing structure. In addition, 

the villagers will also have to ensure that the system is properly maintained so that it remain 

effectively functional. Lastly, rainwater harvesting is largely seasonal, depending on the 

weather condition and thus could be an unsustainable strategy for some cities or villages to 

adopt.  

ii) Defluoridation using Nalgonda technique 

In the 1970s, the National Environmental Engineering Research Institute, Nagpur, developed 

the “Nalgonda” technique to defluorinate contaminated water. The technique involves the 

addition of alum and lime to fluoride-contaminated water, followed by a settling and filtration 

process. During this process, “cotton wool”- like flocs develop and can be removed by simple 

settling. The main contents of the fluoride are removed along with the flocs. 



This technique was rolled out across cities in India. At household level, it was introduced in 

buckets or drums and at community-level, in pumps and draw plants. For larger communities, 

a waterworks-like flow system was developed, where the various processes of mixing, 

flocculation and sedimentation are separated in different compartments. 

One successful example was when the technique was applied to a hand pump at Makkur village 

in Uttar Pradesh. For four years, the villagers enjoyed fluoride-free water. However, the 

villagers were unable to maintain the filtration system as they did not have the necessary 

expertise or access to the products. Eventually, the system was abandoned in 1998 when an 

alternative source of treated water was piped into the village. 

 

b) Kenya 

Water scarcity in Kenya has been an issue for decades and more than 59 percent of the 41 

million population do not have access to safe drinking water. The high levels of fluoride in the 

drinking water has caused adverse health effects, including dental and skeletal fluorosis and 

impaired brain development. A project to address this in Kenya was the Free Water Kiosk. 

According to the World Health Organization (WHO), the most significant sources of fluoride 

exposure are in the East African Rift through Kenya.  These naturally-created veins of fluoride 

are associated with historical volcanic activity.  For example, the Soda Lake fluoride levels of 

Lake Elementaita and Nakuru have concentrations up to 1,640 mg/l and 2,800 mg/l 

respectively.  

The Government in collaboration with WHO and support from private entities, implemented a 

safe water kiosk project to provide free drinking water to the poor. In addition, the project aims 

to raise public awareness on the harmful effects of fluoride-contaminated water and share best 

practices on clean water management systems.  The project launches water kiosks as social 

enterprises, with local people managing the distribution and sale of safe drinking water. 

Through this initiative, the villagers gain access to safe drinking water and also learn how to 

establish and run a small business enterprise. 

For example, a water kiosk was set up in the village of Vitsangalawena which is located in a 

remote and dry region with long seasons of droughts. The kiosk gave the villagers access to 

safe, clean drinking water and provided the opportunity for a small business enterprise, selling 



any residual pure water commercially. It was recorded that an average of 3,000 litres of treated 

water is being sold daily, with profits being used to improve village infrastructure, education 

and medical facilities. 

  



4) Analysis of the situation in San Kamphaeng 

During a study visit to Chiang Mai in December 2017, the team conducted field trips to the 

San Kamphaeng Province in the Chiang Mai Basin where the groundwater contains high levels 

of fluoride up to 4.8 – 15mg/l. Certain studies (S. Takizawa et al, 2010) had found that urinary 

fluoride levels were high among residents and that the highest risk of fluoride ingestion comes 

from cooking rice with fluoride-containing water because of a lack of knowledge on fluoride 

sources and fluoride chemistry. The study’s research findings also discussed a hands-on 

education programme which was implemented in local schools to reduce the health risks 

arising from the fluoride intake.  

During the 1-day focused field trip, the team sought to verify these findings for ourselves.  

a) Learnings and observations from field trip 

i) Awareness level among residents 

In our visit to Mae Pu Kha district, it was observed that the village waterworks had been 

completed and piped water was available to most, if not all of its 6000 households. Although 

the residents had dug wells in their compounds, these have generally been abandoned due to 

poor water quality and concerns over airborne pollution (see Figs 1 & 2). 

  

Figs 1 & 2: Visit to Household A at Mae Pu Kha District 



In our conversations with the residents, it was found that they were aware of the potential risks 

of fluoride contamination in water and professed to have taken effort to ensure that they do not 

drink or cook with the groundwater or piped water. For instance, at Household A, the resident 

showed us a pot which was crusted with fluoride deposits for which she uses tap water to steam 

her food (see Figs 3, 4 & 5 below).  

   

Fig 3: Owner of Household A Fig 4: Fluoride deposits in water pot Fig 5: Water pot (bottom) is used as a 

steaming apparatus 

 

In Household B, residents were observed to be using the groundwater from their well for non-

consumption activities such as cleaning (see Fig 6). Both households cited that they have been 

educated and advised by public health ambassadors to avoid consuming groundwater. 



  

Fig 6: Indoor well with motorised pump 

 

This is consistent with the study by C. Joon Chuah et. al (2016). which reported that many 

rural villagers have been informed of the risks of fluorosis from drinking high-fluoride water 

through outreach programmes conducted by public health workers. Most villagers respond by 

consuming bottled drinking water instead of piped water and groundwater from wells.  

There are also regular health education programmes conducted for school children. During a 

visit to a primary school in Mae Pu Kha District, the team was informed about the school’s 

annual collaboration with Chiang Mai University to educate the younger students on the perils 

of using groundwater or piped water for cooking or drinking (Fig 7 below) purposes. Ms 

Saowapa Rattanayanyong of the Ton Pao’s public health office also revealed to us that 

awareness among residents is high and that fluorosis “is no longer a problem” in the 

community.  

 



 

Fig 7 : Interview with Primary School teacher in Mae Pu Kha district 

 

ii) Varied models in the provision of safe drinking water  

The team discovered that there are various models in the provision of safe drinking water to 

the community in San Kamphaeng. The team visited two districts – Ton Pao and Mae Pu Kha. 

Both municipalities have piped water delivered to the households. In addition, they also run a 

water treatment plant and supplies the community with bottled drinking water. However, the 

similarities stop there.  

In the case of Ton Pao, the municipal charges 18 Bhat per 20 litres of drinking water.  The 

water treatment plant is run by a Water Management Committee comprising residents in the 

district.  The model is self-sustaining and treated bottled drinking water is sold to the residents 

at the cost of running the plant.  

In Mae Pu Kha, the municipality-managed public water plant provides free water to about 

2,000 households, serving the needs of 5,000-6,000 persons. Mayor Supot Wannakorn 

recognised the severity of the fluorosis issue and decided that addressing the fluorosis issue 

would be his key agenda when he took on leadership in the district in 2007. This was 

particularly after many children were impacted by fluorotoxicosis i.e. there were 6 cases in 

2016. His political commitment led to a prioritisation of drinkable water as a key service to his 

constituents. With it, resources for infrastructure, management and maintenance of the system 

were pumped in. However, it is dispensed via a quota system depending on the number of 



persons in a household. For example, a family of five will be issued 17 bottles of treated 

drinking water. This quota is estimated to be sufficient in meeting the drinking and cooking 

needs of the household. 

   

Fig 8: Mae Pu Ka Water Treatment Plant Fig 9: Coloured cards issued to registered 

households to reflect their quota of 

complimentary bottled water 
 

In both districts, the municipality’s treatment plant does not deliver the bottled drinking water 

to the residents. This means that the residents will need to spend time and incur transport 

charges to collect the safe drinkable water. Alternatively, residents can opt to purchase bottled 

drinking water from private operators. According to Ton Pao municipality officials, many 

residents choose to buy their drinking water from these private operators as they provide 

delivery services.  While the team did not visit the distillation facility of these operators, it is 

questionable if these private operators adopt stringent quality standards during the treatment 

and production of the bottled water.  

 



  

Fig 10: Community needs to collect and transport water from the municipality’s water treatment facility by 

themselves 

 

b) Stakeholder Priorities  

The team recognised the importance to balance the needs of the community, local authorities 

and private operators in achieving an effective strategy to deliver safe drinking water in Chiang 

Mai. To do so, the team evaluated the priorities of the various key stakeholders: 

i) Community  

Rural villagers are predominantly concerned about the following: 

• Availability of safe, clean and drinkable water  

• Adequate and conveniently supplied drinking water 

• Water treatment process should not result in implications on their livelihood i.e. water 

bodies and fishing etc  

 

ii) Municipality  

The team noted that there are several driving forces behind a local authority’s decision to 

provide affordable, safe drinking water to their community. Among the many factors are these 

key considerations: 

a) Whether the issue can improve or worsen the electoral support for the local official 

b) Whether it can become a political legacy of the local official  

c) Whether the initiative is economically sustainable i.e. there is a need for adequate 

resources, and scale, to run, maintain and operate the water treatment plant   



d) Involvement and support by local community in the service delivery, monitoring of 

outcomes etc 

 

iii) Private Operators  

Private operators are presently allowed to sell bottled drinking water in the two districts. They 

provide delivery services and convenience, at a price. These entities are profit-driven and 

would strive to create continued reliance and sustained use of their services.      

 

  



5) Policy Recommendations  

 

a) Proposal for Mae Pu Kha 

During the field visit to Chiang Mai, we realised that despite having sophisticated water 

treatment plants and the willingness among the local authorities to provide safe drinking water, 

the extent of coverage in reaching out to all residents is still a big challenge. Although Mae Pu 

Kha’s model of providing free bottled drinking water to the community is honourable, it is not 

sustainable in terms of efficiency and financially.  

Currently, only 50 percent of the residents are registered with the Municipality to receive the 

free bottled drinking water. Residents might not be keen to register as they have to collect the 

bottled water from the treatment plant which may be located far from their homes. Therefore, 

they either choose to purchase home-delivered bottles from the private providers, or to simply 

continue using the tap water even though they are aware of the risks. 

The team has spent time researching and learning from the best practices around the world.  

Bearing in mind the cultural, geographic and governance challenges in Chiang Mai, our team 

proposed a Public-Private Partnership (PPP) policy solution in providing sustained affordable 

safe drinking water to the community. 

i) Adoption of water ATM model 

The Automatic Teller Machines (ATM) was a revolutionary and innovative model that has 

transformed the way people access money across the globe. Using a similar model, the team 

proposes for Mae Pu Kha to adopt a water ATM model whereby the machine will dispense 

water upon receiving payment. These machines are widely used in countries such as India, 

Kenya, Philippines (Purohit, 2017). Each machine costs around USD 1,000-1,200 to install.  

Given the budgetary constraint of USD 17,000, we propose for Mae Pu Kha to install about 10 

machines in the pilot phase. The remaining amount can contribute towards publicity efforts, 

maintenance and miscellaneous expenses.  

(a) Public-Private Partnership(PPP) model 

The team propose for the Municipality to partner with the private sector and adopt a pre-agreed 

revenue sharing PPP model. This will ensure that the model is self-sustaining and will not 



require further infusion of capital from the government or local authorities. The roles of the 

proposed partnership are as follows: 

i. Private Operators - Setup and Distribution of water ATMs  

Providing easy and convenient access to clean water at low cost is the main objective of this 

project. Private operators possess the infrastructure and technical capacity to set up and operate 

the water ATMs (Purohit, 2017), thus addressing Mae Pu Kha’s current challenge of ensuring 

convenient access to its residents. Ideally, there should be a water ATM within 500m of each 

household. At the water ATM, each household can collect their complimentary amount of 

drinkable water and purchase more litres if necessary. 

This model is also adaptable and can be easily setup at various locations, including public 

amenities such as hospitals, bus-stops and schools. The water ATMs can be located according 

to demand thereby increasing social impact per unit of money invested. 

ii. Municipality – Treatment and Provision of drinkable water 

As Mae Pu Kha has an existing water treatment plant, the Municipality should continue to take 

on the role of treating the piped water. This treated water is then sold to the private operators 

at a discounted rate so that private sectors can accommodate the complimentary amount of 

water to residents and still make a decent profit out of the additional water purchased by the 

residents. This model will allow the Municipality to earn some revenue to upkeep and maintain 

the water treatment plant. 

This model will outsource the distribution and other operational requirements (purchasing 

bottles etc) to the private sector thus freeing the local authorities to focus on standardising and 

maintaining control over the quality standards of drinkable water. By being the major supplier 

of treated water, the Municipality can ensure that the stringent standards of drinkable water 

remain viable. This is especially crucial in the event there is a need to manage a water-based 

disease outbreak. Furthermore, the transactions of each user can be tracked using the payment 

data which can help to create a comprehensive database of the water requirements and usage 

in the district. 

 



(b) Benefits to community 

This model allows residents to have convenient and adequate access to safe drinking water at 

any time while maintaining operational efficiency. In addition, there is assurance that the price 

of additional water will be kept affordable since it is a competitive market and the operating 

and maintaining cost of water ATMs are minimal. The community will also appreciate the 

transparency of price in this model given that it will adopt a pay-and-use model. 

 

(c) Possible Challenges 

The team noted that this model might result in a price increase for drinkable water. This might 

occur especially if there is a price collusion among the private operators.  Thus, the government 

needs to keep an eye on the prices and ensure that safe drinkable water is provided at the lowest 

price possible. On the other hand, there might also be instances of abuse of water due to the 

ease of availability and low prices.  

Thus, setting the right pricing for the drinkable water is crucial and challenging as it needs to 

achieve the following objectives: 

(i) drinkable water remains affordable; 

(ii) the model remains self-sustaining; and  

(iii)there is no wastage or abuse of water 

 

 

b) Conclusion 

Despite the challenges posed, the team believes that our policy recommendation is feasible and 

will allow Mae Pu Kha Municipality to be a leader in providing sustainable, safe and clean 

drinking water to the people in Chiang Mai. More importantly, this initiative will help Chiang 

Mai take a major step towards realising the sustainable development goal #6 of ensuring its 

community’s access to affordable, safe, clean and drinkable water.  

.  .  .  .  . 
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