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I. Abstract:  

This Master Project investigates the water quality of forty-six villages across four islands in remote 

East Indonesia. The major objective of this thesis is to test if naturally occurring heavy metal 

contamination affects the water quality of drinking water, as well as possible groundwater 

contamination due to infiltration of man-made contaminants into underlying groundwater 

associated with poor sanitation practices. The study investigated forty-six drinking water sources 

and analyzed for inorganic chemicals (major and trace elements) and total bacteria counting. The 

results rule out heavy metal contamination, and yet show groundwater nitrate contamination 

presumably from poor sanitation. The results of this project can drive decision-making for 

improved water management in the Nusa Tenggara Timur Province of East Indonesia.  

 

The high rates of child mortality and morbidity in remote and rural areas of East Indonesia are 

commonly associated with poor water quality, in particular the occurrence of naturally occurring 

heavy metal contamination in groundwater that is the major drinking water source. To address this, 

a reverse osmosis and ultra violet-light water treatment facility was purchased in Rote, East 

Indonesia, and a sustainable business model was designed to provide affordable water, and 

subsidized water, to the community and ten schools, respectively.  

 

In 2016, six water samples from Rote, East Indonesia were investigated as the first phase of 

evaluation of the water quality. The samples showed higher levels of nitrate and fluoride; both of 

which can pose a public health risk. A second fieldwork investigation was conducted in summer 

2017, and the collection of forty-six site samples was analyzed for inorganic constituents at 

Vengosh labs in Duke University.  
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Results revealed low and negligible concentrations of heavy metals in drinking water, but nitrate 

contamination in some sources. Based on the scientific data, a revised water management model 

was designed that uses a market-based approach to provide access to water in homes and for 

agricultural use, as well as improved measure of sanitation practices to stop nitrate inputs into 

groundwater.  

 

II. Background:  

In summer 2014, a social venture was started on Rote Island in remote East Indonesia to help 

provide resources to the Nemberala Village, which was facing high rates of child mortality and 

morbidity. Community insights shared that kidney and liver failure were to blame. Investigating 

these matters further showed that the geology of Rote Island and the complex nature of its make-

up could be the reason, and that naturally occurring heavy metal contamination was the culprit.  

 

Research showed that heavy metals often occur in very low concentrations (parts per billion, ppb) 

and can have tremendous health implications. Addressing heavy metals in water sanitation is 

unique compared to biological contaminates—pathogens/bacteria—which can be addressed with 

more simple solutions like boiling water; heavy metals often require more sophisticated means for 

removal often not readily available to commoners in Indonesia. Such contaminates do not have 

taste nor smell making them difficult to detect, and often do not cause acute nor sudden onset 

symptoms, unlike biological contaminates. Therefore, they can be present for ages and people 

would not even know they are there, though these contaminates can be continuously contributing 

to organ illness, cancers, and overall body/skeletal degeneration. High levels of Nitrate, Strontium, 

Arsenic, Hexavalent Chromium, Bromide, and Fluoride in drinking water can lead to tremendous 
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internal health implications. To remove such trace metals, reverse osmosis was found to be the 

most applicable means of treatment.  

 

Much of the evidence from the Nemberala community in Rote pointed to heavy metal 

contamination. On account of this, to address this problem in a solution-oriented manner, capital 

was raised to purchase a water treatment facility, which had the ability to utilize groundwater or 

saline seawater, and perform reverse osmosis and ultra violet light treatment to sanitize and 

sterilize all forms of water quality to produce pristine water. A sustainable business model was 

designed in which water was sold to cover costs and subsidize water for schools. The Nemberala 

water project was implemented in late 2014, and within two years the treatment facility reached 

ten schools and nearly 6,000 people.  

 

Box indicates area within NTT, Indonesia where research was conducted 

a. Initial Research – Rote Samples 2016: 

At the beginning of 2016, six water samples were received in the Vengosh Geochemistry Lab from 

Rote Island. With the guidance and mentorship of PhD candidate Rachel Coyte of the Vengosh 

Lab, the samples were processed. The results showed presence of some inorganics like Uranium 
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and Strontium, as well as one sample with extremely high nitrate and fluoride. However, the 

samples had not been collected and stored according to lab protocol, offering lower confidence in 

the results. Though, nitrate nor fluoride should not be greatly affected by ill structured sampling 

techniques. The samples with the highest concentrations of these elements were taken from the 

main water source in the Nemberala Village. Which would mean the majority of the village would 

be drinking from this source, possibly posing a major public health risk. 

 

 

Results from Initial Samples 2016 

Water high in fluoride can lead to skeletal fluorosis, and deformation in children; as well as 

neurotoxicity. Water high in nitrate can lead to a condition called Methemoglobinemia, which can 

have the following health implications on young children: 

Blood’s composition is comprised on an iron-based compound, hemoglobin, which 

allows oxygen to connect to it, enabling blood to carry oxygen throughout the body. 

When nitrate is present in the body, hemoglobin can be converted to 

methemoglobin. This form is unable to carry oxygen within the body. There are 

enzymes in the adult body that allows the latter compound to be converted back to 

hemoglobin. However, in newborn infants these enzyme levels are much lower, 

allowing methemoglobin levels to occur. If nitrate concentrations are high, this can 

result in a symptom of cyanosis. This manifests in infants having bluish mucous 
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membranes, as well as possible digestive and respiratory problems. In even higher 

concentrations 20-30 percent, the primary effects result from the blood's severely 

reduced oxygen-carrying capacity and are referred to as anoxia (blue baby 

syndrome). At methemoglobin levels around 50 to 70 percent, brain damage or 

death can occur.1 

 

Nitrate in high concentrations can arise from just two key inputs (there are other ways nitrate can 

enter a system, though for this region and where nitrate has been found there would only be two 

likely contributors): natural or synthetic fertilizers used in agricultural practices, or animal/human 

waste. The southern part of Rote Island where the samples were obtained is extremely arid with 

poor soil quality, resulting in no farming practices occurring in that region. The lack of adequate 

sanitation in the region, the free roaming of animals, and septic systems close to water sources, 

could be the reason for the latter nitrate input ̶ animal/human waste. 

 

b. Climate: 

The Nusa Tenggara Timur region is characterized by a typical monsoonal climate with two 

dramatic seasons of both wet and dry. In the region, the average rainfall is between 1,000 to 1,400 

mm a year; with peak rainfall between December and January.2 From July to August though, the 

region becomes intensely hot and dry—with little to zero precipitation and temperatures around 40 

Celsius/100 Fahrenheit. 

 

c. Geology: 

																																																								
1	(Natural	Resources	Cornell	Cooperative	Extension	2012)	
2	(Klass	2008)	
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The Nusa Tenggara Timur (NTT) region is located within the Banda Arch subduction zone, 

characterized by the Bobonaro Formation (61.1 %), and is mainly comprised of silt, and coralline 

limestone and dolomite.3  

 

Banda Arch Subduction Zone: Photo Credit - Timothy M. Kusky 

TIMOR region was where research was conducted 

Both dolomite and limestone are extremely permeable, and do not tend to host excess organic 

matter/debris, which if present can help filter water and delay infiltration. Rather water in these 

geologic conditions moves more quickly from surface to aquifer, allowing surface contaminates to 

move with it.  

 

From the initial sampling findings, coupled with a better understanding of the hydrogeology of the 

region, it was believed that due to the geological comprises of Rote and NTT, as well as poor 

sanitation practices occurring, human and animal waste were permeating into ground and drinking 

water.  

 

 

																																																								
3	(Klass	2008)	
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III. Hypothesis: 

Due to the geological makings of Rote, East Indonesia, the region may have naturally occurring 

heavy metal contamination affecting the water quality of drinking water, as well as possible 

groundwater contamination due to infiltration of man-made contaminants into underlying 

groundwater associated with poor sanitation practices. 

 

IV. Summer Research: 

Summer 2017, field research in NTT was conducted. During this research, local guides were hired 

to travel to forty-six villages, across four islands, from medium to large villages to better assess 

water quality through scientific analysis.  

 

Image shows areas were water samples were collected in NTT  

 

V. Analysis: 

Field samples were collected across varying villages. Each site’s GPS coordinates were recorded, 

as were the water sources pH, temperature, conductivity, and total dissolved solids (ppm). 

Information was also asked about the well or water source, whether it was for drinking, and if one 
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family or several families accessed it. From there, six water samples were collected for 

examination from each site for the following: 

o Isotopic tracers and elements 

o Trace metals and cations – (2x filtered and unfiltered) 

o Oxygen and hydrogen isotopes  

o Alkalinity  

o Anions  

Over 275 sample bottles ranging from 25 ml to 250 ml were collected and brought back to the U.S. 

to process in the Vengosh Geochemistry Lab. Samples were then diluted based on its respective 

conductivity, and prepared for processing. Samples were run on the following machines: 

DCP: 

Ca – Calcium 

Mg – Magnesium 

Sr – Strontium 

Na – Sodium 

Fe – Iron 

Ba – Barium 

Mn – Manganese 

Si – Silicon 

 

IC 

F- Fluoride * 

Cl - Chloride 

B- Bromide * 

S- Sulfate 

 

ICP-MS 

Ag – Silver 

Cd – Cadmium* 

Sb – Antimony 

Ba – Barium 

Ti – Titanium 

Pb – Lead * 

Th – Thorium 

U – Uranium * 

ICP-MS 

Co – Cobalt * 

Ni – Nickle 

Cu – Copper 

Zn - Zinc 

As – Arsenic * 

Se – Selenium * 

Rb - Rubidium 

Sr – Strontium 

Mo – Molybdenum 

 

NO3-N 

Ran in River Lab * 

 

All data were assessed against the World Health Organization’s Water Quality Standards. 

Elements with asterisks were of the utmost concern. Maximum Contamination Levels (MCL) for 
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F, NO3, Ba, B, Cr, As, Pb were used to assess data against WHO (nitrate was assessed as N, not as 

NO3).  

 

MCL levels set by WHO  

Findings:  

Across all samples the returned data showed very low or undetectable concentrations of most 

concerning contaminates, besides nitrate. There was one outlier with fluoride; however, forty-five 

samples showed undetectable levels. This result shows zero statistical significance. 

  

Nitrate on the other hand was different. More than ten samples had at MCL ratio much higher than 

one. For example, one sample – Rote 010 showed a nitrate ratio 2.76, that is 276% higher than the 

WHO safety limit. Field notes on this particular well provides further insight into the people 

dependent on this water source: 

“(Super Lovely People!)  Five homes get water from this well. There were about fifteen 

kids that came out of the home when the well was examined, as well as an open pit above 

the well that has rancid wastewater sitting in it, one meter away from the well opening.” 
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More than fifteen children drink this water, and the mothers who were pregnant with them were 

also drinking from this water source. Health effects like Methemoglobinemia could be of true 

concern.  In addition, nitrate is often and indicator of possible biological contamination, which 

could be posing an even more complex public health concern.  

 

VI. Testing Against Hypothesis:  

From these results, the hypothesis was reassessed against the data. The first portion of the 

hypothesis was to test for heavy metal contamination—the results of the analysis showed this is 

not of significance, and heavy metal contamination is not occurring in the region based on the data. 

The latter portion was around surface contamination entering groundwater due to the region’s 

geological composition; though sanitation was not the focus of this study, the high rates of nitrate 

could support this portion of the hypothesis. Surface contaminates from anthropogenic means as 

well as livestock are likely the contributors to the high levels of nitrate observed in the data.   

 

XV. Conceptual vs Reality:  

This process proved the importance of scientific analysis to assess and identify root problems. The 

anecdotal evidence pointed to heavy metal contamination as a culprit for child morbidity and 
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mortality. However, the data do not support heavy metal contamination was taking place. Rather, 

the reality of the evidence shows there are high levels of nitrate. The root problem is more likely 

connected to poor sanitation standards and practices, coupled with geological underpinnings, rather 

than what was first thought. What was also observed was the lack of access to piped and reliable 

water sources. This was the true feedback and experience witnessed in the field. Most villages did 

not have available water sources, and only one out of forty-six villages had a portion of its village 

with piped water access. Women and children were held responsible for collecting water for home 

use. When talking with local women, they shared that they often they had to walk to obtain water, 

and many said as great as four kilometers were traveled daily to collect and carry back water for 

their home use.  

 

The implications of the data resulted in science contributing to the definition of the key problem, 

which is of the utmost importance. The data show the true problem is an elevated level of nitrate, 

likely due to anthropogenic contaminates infiltrating into groundwater sources. In addition to the 

science, the lack of access to reliable water was observed across villages. Thus, there are two key 

problems that need to be addressed: high nitrate, possibly due to waste contamination from poor 

sanitation practices and geological underpinnings, and the lack of access to reliable water sources. 

 

a. The Indonesian Water Problem  

Indonesia is an archipelagic chain of more than 17,000 islands with more than 6,000 inhabited. 

More than 40 million people lack access to clean water source and more than 110 million of the 

country’s 240 million population have no access to improved sanitation.4 Indonesia ranks last 

																																																								
4	(World Health Organization 2017)	
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among Association of South East Asian Nations in terms of providing access to improved 

sanitation and second to last in terms of providing access to piped water services.5 The Ministry of 

Health estimates that diarrheal disease is the cause of 31 percent of mortality in infants under one 

year of age, and World Health Organization attributes 11 percent of under-5 child mortality in 

Indonesia to diarrheal disease, resulting in an estimated 120,000 deaths each year.6 The nation’s 

high prevalence of stunting, 39 percent, which is associated with repeated bouts of diarrhea, also 

reflects the urgent need for the clean water solution.  

 

b. The Economics of Inadequate Water  

Water and sanitation interventions are cost effective across all world regions. These interventions 

demonstrated economic benefits ranging from $5 to $46 per $1 invested (USD). Not to mention, 

investments in water, sanitation and hygiene have the potential to prevent at least 9.1% of the 

global disease burden and 6.3% of all deaths. 7 

 

The economic burden increases with higher costs for health to address waterborne diseases.8 Poor 

sanitation leads to a 2.3% loss of GDP each year due in part to increased health care costs, 

degraded water resources, lack of productivity, and losses in tourism revenue. Women are reported 

to spend $11 per month on boiling water for drinking, emitting a significant burden for the poor.9   

 

																																																								
5 (World Health Organization 2015)  
6 (World Health Organization 2017) 
7 (Hutton G., Haller L., Bartram J. 2007) 
8 (World Health Organization and UNICEF: Indonesia 2010) 
8 (Action Against Hunger, Appian Water 2017) 
9 (World Health Organization and UNICEF: Indonesia 2010) 
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These water challenges in Indonesia stem from the isolated and remote locations of the 

communities in the country. To heighten the issue, in 2001, the central government of Indonesia 

decentralized water, and handed the management responsibilities to local and district levels, 

including the provisions of water and sanitation services. Local governments, newly responsible 

for service provision following decades of centralized structures, were lacking the experience and 

skills needed in their new role. As consequence, the lack of skilled labor and capital funding, and 

operations and maintenance, water supply services provided by local water utilities (PDAMs) and 

community groups suffered serious degradation. 

 

VII. Solution Approach: 

With the data collected and assessed in the Vengosh Lab, the problem was identified as high 

nitrate levels and its respective inputs. The design solution originally started with reverse osmosis 

and ultra violet light treatment, as the villages believed heavy metal contamination may be 

occurring. Given NTT is not dealing with high levels of heavy or trace metal contaminants as 

shown in the data, the former solution approach would not be ideal as it is very expensive, requires 

significant upkeep, and it is a difficult model to scale. Another management approach would be a 

two-tier strategy focusing on sanitation and water access:  

 

Part I: Work with communities around sanitation and hygiene to stop the open defecation 

of humans and animals near groundwater sources. This could address the nitrate input 

factor, as well as the spread of disease. 

 



Master’s Project_Water Management in Rural East Indonesia_MNH_2019  xvi	

Part II: Invest in water access. This could be done through investment in micro water 

utilities. Given the key problems were high nitrate and lack of access to reliable water, 

investments in micro water utilities and decentralized water boards would bring water to 

people’s homes for the first time, while using a market based solution to address no piped 

water, low employment rates, and poor sanitation. How it works is initial investment is 

made on behalf of the village to start water infrastructure development. This is usually 

through grant funding. During this time, a group of community selected members are hired 

to work along-side the trained staff. Water networks are installed to people’s homes and 

charge installment fees, tariffs, and buyer usage based on cubic meters of water consumed. 

Figures have been designed to have an ROI (~$40,000) in 2-3 years, while also making it 

affordable for the end-user. Jobs are also created, and education around sanitation and 

improvements with home nutritional gardens are also addressed. 

 

The Opportunity for Scaling:  

Looking into the available market for investments in micro water utilities and sanitation services, 

specifically within NTT, it was determined that there are more than 2,600 villages and more than 
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350 urban or quasi-urban settings that could be served.10 When analyzing the costs and returns of 

said investments based on previous projects, it was discovered that there exists a serviceable 

market in NTT alone of $336M—this is segmented based on small, large and medium size village 

level investments. This assessment shows both a need and opportunity for improvements in the 

WASH sector, as well as the promise of job creation.  

 

Figure credit by Andrew Vance for Appian Water’s Business Plan, 2019 

Conclusion 

When going into a developing region with the intent to do “good” for an area, it is crucial to fully 

understand the scope of the issues, and to identify the root of the problem. In this scenario, the 

anecdotal evidence said one thing, while the science revealed another. As decision makers and 

managers, it is one’s responsibility to be fully informed to make the best decisions possible. For 

this project, the scientific evidence allowed for the identification of the root problem in Rote and 

NTT around water quality, which was due to excess nitrate. What the study revealed was the 

importance to view water in terms of both quality and quantity. The latter component showed that 

the access to reliable water was just as great a problem for the NTT region as the quality 

component. From this insight and the scientific findings, the approach to water management 

																																																								
10 (NTT 1 Data Office 2017)	
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shifted. Now, it is believed that investment in water access and sanitation education is of the 

utmost importance. This could be done through a market based solution, by creating water boards 

and micro-utilities on the village level, supporting decentralized networks in order to create 

community autonomy and overall improvement.  
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Exhibit 1 – Initial Sample Lab Results 2016: 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           


