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APPENDIX A WATER QUALITY INVESTIGATION AND STANDARDS 
 
 

A.1  General 
 
Due to the unavailability of an organized and complete laboratory in East Timor, the 
Lahane Water Treatment Plant Laboratory (henceforth lab), is located in the southern part 
of Dili was used extensively in the analysis of water samples collected from the different 
sampling points in East Timor. Due to the limited testing capacity of the existing lab, the 
JICA Study Team, as much as possible furnished the lab by providing lab equipment, 
apparatus, glassware and chemical reagents to be used for the water quality analysis. 
Refurbishment and improvement to the lab especially on the apparatus and chemical 
reagents are necessary to carry out accurate analysis of the water samples. As much as 
possible, the parameters that are significant in the investigation of the portability of the 
water supply in 15 towns of East Timor will be done during the study.  
 
Due to the limited resources, a complete analysis of the water samples in terms of its 
chemical characteristics is not possible in this period. However, important and significant 
parameters outlined in the Guidelines for drinking water quality in East Timor (refer to 
the following paragraph A.4) were carried out in most cases. The JICA Study Team has 
tried its best to upgrade and improve the existing lab that would be used exclusively for 
the Study but would eventually be became very helpful in the operation of the water 
supply system in East Timor. Monitoring of the water quality is tantamount to the 
protection of the health of water consumers. In addition to this, the methods used for the 
treatment of water are related to the contaminants in a given water supply. Thus, the 
evaluation of the water quality from raw water sources was carried out for the above 
purpose.  
 
The investigation done on the water samples and the explanations on the water quality 
evaluation are the representative of both the rainy and dry season in East Timor. The 
results of these investigations are shown in Tables A.6-1~15 and A.7.  

 
 
A.2 Method of Investigation 

 
Special care on sampling collection and analysis of the water samples were observed 
during the investigation.  Ideally, it is necessary to measure all the parameters of the 
guidelines for drinking water quality in order to check the portability of the existing water 
sources in East Timor. However, with the limited resources important and significant 
characteristics of all the water samples were analyzed, which include the parameters such 
as, total coliform, feacal coliform, turbidity, pH, electrical conductivity, salinity, TDS, 
nitrogen-ammonia, and fluoride. Other characteristics such as total alkalinity, total 
hardness, calcium-hardness, nitrate, nitrite, iron, manganese, sulfate and residual chlorine 
were analyzed in the lab on a case-to-case basis based on their necessity and purpose. On 
the rainy season investigation, coliforms were identified using slip of paper for only 
performing the qualitative test. In order to get further information of coliforms, Membrane 
Filter (MF) method has been introduced for the coliform test since dry season investigation. 
It can count the number of coliforms’ colonies on the disposal petri dish using the 
presumptive culture media. The colony count result can be provided how much 
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bacteriological contamination is in each sample.  Table A.1 shows the criteria of selection 
for the parameters to be measured. 

 
Table A.1 CRITERIA OF SELECTION FOR WATER QUALITY ANALYSIS 

Type of Sample Parameters Criteria for Selection 
All samples Total & feacal coliform count, 

turbidity, pH, electrical 
conductivity, salinity, TDS, 
temperature, nitrogen-ammonia 
(NH3-N) and fluoride (F-) 

Items are necessary to 
determine the portability and 
safety of drinking water to 
minimize health risks. 

Water source 
(Raw water) 

Alkalinity A water characteristic 
necessary for the water 
treatment selection and 
processing. 

Treated water 
(Chlorinated) 

Residual Chlorine To check the effectively of the 
chlorine dosage. 

Representative 
samples from 
residential and 
public taps 

Total alkalinity, total hardness, 
calcium-hardness, nitrate (NO3), 
nitrite (NO2), total iron (Fe), 
manganese (Mn) and 
sulfate (SO4

2-) 

To monitor the quality of the 
water used by the consumers 
and to investigate excessive 
concentration of the 
constituents that may cause 
harmful effects on the 
distribution system and the 
consuming public.   

 
 
Location of sampling points were strategically chosen from water sources (for raw water), 
reservoirs (for treated water), distribution system such as in household and public taps of 
schools, residences, market area, hospital and other public places of the study area. The 
transportation of samples from the each sampling site to the lab is considered that use a 
cooler box to avoid the intense heat and scorching sunlight, because inappropriate 
preserved condition makes frequently bringing about the margin of errors for several 
parameters. 
 
The water samples taken from shallow wells, hand-pump wells and other water supply 
sources, e.g. bamboo pipeline system and water outcrop from the ground were not 
analyzed except those collected from Manatuto. On-site water quality analysis was 
performed to include the measurement of conductivity, salinity, TDS, temperature, pH and 
turbidity. Bacteriological quantative test for total Coliform was cultivated at 37 °C and for 
feacal Coliform at 44 °C for 22-24 hours using an incubator. The rest of the parameters 
were analyzed in the lab using a spectrophotometer (Hach DR-2010). Presently, Water & 
Sanitation Service (WSS), East Timor Transitional Administrator (ETTA) has already 
purchased an upper model of spectrophotometer (Hach DR-4000U). It is, however, not 
used for this investigation in order to be consistent with previous examination condition. 
Table A.2 indicates a detailed explanation of the method of analysis. 
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Table A.2 METHOD OF WATER QUALITY ANALYSIS 
Parameter Method Equipment Remarks 
pH Colorimetric Method Comparator 

(Phenol red indicator) 
 

Residual 
Chlorine 

DPD Colorimetric 
Method 

Comparator  

Conductivity Electrode Metering Conductivity Meter 
Hach sens ion 5 

 

TDS Electrode Metering Conductivity Meter 
Hach sens ion 5 

 

Salinity Electrode Metering Conductivity Meter 
Hach sens ion 5 

 

Temperature Electrode Metering Conductivity Meter 
Hach sens ion 5 

 

Turbidity Nephelometric Method 
 

Turbidimeter 
Hach Model 2100P 

Specified by 
the USEPA 

NH3 – N Salicylate Method Spectrophotometer 
Hach DR-2010 

 

Fluoride (F-) SPANDS Method Spectrophotometer 
Hach DR-2010 

 

Alkalinity Titration Method 
(Neutralization)  

Digital Titrator 
Hach Model 16900 

 

Total Hardness EDTA Titrimetric 
Method 

Digital Titrator 
Hach Model 16900 

 

Calcium 
Hardness 

EDTA Titrimetric 
Method 

Digital Titrator 
Hach Model 16900 

 

NO3 – N Cadmium Reduction 
Method 

Spectrophotometer 
Hach DR-2010 

 

NO2 – N Diazotization Method Spectrophotometer 
Hach DR-2010 

 

Iron (Fe) Ferro Ver Method Spectrophotometer 
Hach DR-2010 

 

Manganese 
(Mn) 

Periodate Oxidation 
Method  

Spectrophotometer 
Hach DR-2010 

 

Sulfate (SO4
2-) Sulfa Ver 4 Method Spectrophotometer 

Hach DR-2010 
Specified by 
the USEPA 

Total and Feacal 
Coliform Count 

Membrane Filtration 
Method 

Membrane Filtration 
Method 

 

 
A.3  Sampling Schedule and Locations 
 

The water quality investigations for the rainy season started in March until April and for 
the dry season in October until November. Due to the unavailability of the chemical 
reagents, the first day of the schedule was allocated to training of local staff on proper 
handling procedures and analysis of the water samples, which forms part of the 
counterpart training and technology transfer. In the  phase-II study period, the investigation 
was carried out in entirety cooperation with WSS.  
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The Study Team collected over 130 samples for rainy season and 150 samples for dry 
season representing the study area. Separate samples (about 50) were also collected in 
schools of Dili and Aileu, which form part of the promotion on water supply and sanitation 
in selected primary schools in the peri-urban and rural areas of East Timor. Most of the 
schools visited have no water supply facilities and a number of these schools were closed 
down primarily due to the post-referendum violence. Nevertheless, the Study Team was 
able to collect water samples to represent the schools of Dili and Aileu. The sampling 
schedule and location of sampling points is shown in Table A.3-1 and A.3-2 
 
 

Table A.3-1  SAMPLING SCHEDULE AND ACTIVITY FOR RAINY SEASON 
Activity Grouping  

Date 
 

Day A B 
 

Sampling Area 
No. of 

Samples 
 

Station 
03/13 Mon Training Training Dili - Dili 
03/14 Tue Sampling Sampling Dili 19 Dili 
03/15 Wed Sampling Sampling Liquica 4 Dili 
03/16 Thu Sampling Sampling Liquica 4 Dili 
03/17 Fri Sampling Sampling Manatuto 8 Dili 
03/18 Sat Sampling Analysis Maubisse + Aileu 5 + 7 Dili 
03/19 Sun      
03/20 Mon  Analysis Sampling Baucau 11 Baucau 
03/21 Tue Sampling Analysis Ermera + Gleno 7 + 5 Dili 
03/22 Wed Analysis Sampling Viqueque 8 Baucau 
03/23 Thu Analysis Sampling Los Palos 5 Baucau 
03/24 Fri Sampling Analysis Atauro 5 Dili 
03/25 Sat Analysis Analysis Atauro - Dili 
03/26 Sun      
03/27 Mon Sampling Analysis Same 8 Ainaro 
03/28 Tue Sampling Analysis Ainaro 8 Ainaro 
03/29 Wed Analysis Sampling Suai 8 Suai 
03/30 Thu Analysis Sampling Suai - Suai 
03/31 Fri Analysis Sampling Maliana 8 Maliana 
04/01 Sat Analysis Sampling Maliana + Dili - Dili 
04/02 Sun      
04/03 Mon Sampling Analysis Schools @ Dili 10 Dili 
04/04 Tue Analysis Sampling Schools @ Dili 15 Dili 
04/05 Wed Sampling Analysis Schools @ Dili 10 Dili 
04/06 Thu Analysis Sampling Schools @ Aileu 6 Dili 
04/07 Fri Sampling Analysis Schools @ Aileu 5 Dili 
04/08 Sat Evaluation Evaluation Data Processing - Dili 
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Table A.3-2  SAMPLING SCHEDULE AND ACTIVITY FOR DRY SEASON 

 
Date 

 
Day 

 
Activity 

 
Sampling Area 

No. of 
Samples 

 
Station 

10/12 Thu Sampling, Analysis Dili 16 Dili 
10/13 Fri Sampling, Analysis Dili 8 Dili 
10/14 Sat Analysis Dili   
10/15 Sun     
10/16 Mon Sampling, Analysis Liquica 9 Dili 
10/17 Tue Sampling, Analysis Liquica 4 Dili 
10/18 Wed Sampling Manatuto 10 Dili 
10/19 Thu Analysis Manatuto  Dili 
10/20 Fri Sampling Maubisse 8 Dili 
10/21 Sat Analysis Maubisse   
10/22 Sun     
10/23 Mon Sampling Baucau 9 Dili 
10/24 Tue Analysis Baucau  Dili 
10/25 Wed Sampling Ailue 8 Dili 
10/26 Thu Analysis Ailue  Dili 
10/27 Fri Sampling Atauro 6 Dili 
10/28 Sat Analysis Atauro   
10/29 Sun     
10/30 Mon Sampling Los Palos 7 Los 

Palos 
10/31 Tue Sampling Los Palos 3 Dili 
11/01 Wed Analysis Los Palos   
11/02 Thu Sampling Viqueque 9  
11/03 Fri Sampling Ailue 2 Dili 
11/04 Sat Analysis Viqueque, Ailue   
11/05 Sun     
11/06 Mon Sampling Same 10 Dili 
11/07 Tue Analysis Same  Dili 
11/08 Wed Sampling Ainaro 8 Dili 
11/09 Thu Analysis Ainaro  Dili 
11/10 Fri Sampling, Analysis Ermera, Gleno 5+5 Dili 
11/11 Sat Analysis Ermera, Gleno   
11/12 Sun     
11/13 Mon Sampling Suai 7 Suai 
11/14 Tue Sampling, Analysis Suai 3 Dili 
11/15 Wed Analysis Suai  Dili 
11/16 Thu Sampling Maliana 8 Dili 
11/17 Fri Analysis Maliana  Dili 
11/18 Sat Evaluation Data Processing   
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A.4  Water Quality Standards  
 
The quality of the water is assessed in terms of its physical, chemical, and biological 
characteristics for its intended use. For this purpose, the values of the water quality 
parameters measured have to be assessed in terms of the suitability of the water for its 
intended use as public water supply. Guidelines or limiting values has to be set or followed 
for the concentrations of various constituents present in the water to make it acceptable for 
human consumption. However, with the absence of an established water quality standard 
in East Timor the WHO Standards for Drinking Water was used in the phase-I Study.  
Presently, the Guidelines for Drinking Water Quality in East Timor as presented in Table 
A.4 were already enacted by WSS on August 31, 2000. Therefore, the new guidelines 
were adopted in the phase-II investigation. Moreover, regarding further more details of the 
Guidelines, an official document issued by ETTA and a table sheet of comparison of 
guideline values are attached as Ref. A.1 and Table A.5. 
 

 
Table A.4  GUIDELINES FOR DRINKING WATER QUALITY IN EAST TIMOR 

Parameter Unit Guideline Value 
A.  Microbiological Quality 
 

Faecal Coliform 
Coliform Organisms 

 
 

CFU/100 ml 
CFU/100 ml 

 

 
 
0 
0 

B.  Inorganic Constituents 
 

Fluoride (F) 
Nitrate (NO3 as N) 
Nitrite (NO2 as N) 
Ammonia (NH3 as N) 

 
 

mg/l 
mg/l 
mg/l 
mg/l 

 
 

1.5 
�10 
�1.0 
1.5 

C.  Aesthetic Quality 
 

Residual Chlorine (Cl) 
Total Hardness 
Iron (Fe) 
Manganese (Mn) 
pH 
Total Dissolved Solids, (TDS) 
Sulfate (SO4) 
Turbidity 

 
 

mg/l 
mg/l (as CaCO3) 

mg/l 
mg/l 

 
mg/l 
mg/l 
NTU 

 
 

<5 
<200 

NS/0.3 
0.5 

6.5 to 8.5 
<1000 
250 
<5 

 NS: not set 
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Ref. A.1  
 

UNITED NATIONS NATIONS UNIES 
 ETTA 

East   Timor Transitional   Administration    
 

Water and Sanitation Service                 
 
Guideline number 04 
 

GUIDELINES FOR DRINKING WATER QUALITY IN EAST TIMOR 
 
1. General 
 
1.1 The Guidelines for Drinking Water Quality in East Timor, hereafter The Guidelines, has 
been drafted based on Guidelines for Drinking Water Quality (WHO, 1993), other guidelines in 
nearby countries, and various factors of natural, social and economic aspects in East Timor. 
 
1.2 For the purpose of The Guidelines, drinking water is defined as water intended primarily for human 
consumption and preparation of food and beverages. The Guidelines does not cover bottled or packaged water and 
recreational use of water.   
 
1.3 The Guidelines are recommended for adoption of any public or private drinking water 
enterprise in East Timor. Agencies working on water supply in East Timor should adopt The 
Guidelines when designing a project’s target water quality. 
 
1.4 The Guidelines provide guideline value and testing methods on a certain range of 
microbiological indicators, chemical substances and physical properties of water quality, to ensure 
the drinking water does not pose any significant health risk to consumers and is aesthetically 
acceptable. 
 
1.5 Recommended testing methods have been listed in The Guidelines, however APHA 
Standard Methods are also acceptable when the recommended methods are not available.  
 
1.6 The Guidelines present minimum requirements for drinking water quality, both aesthetically and from a 
public health viewpoint. Agencies should adopt a “best practice” approach to maintain the supply of water at the 
highest practicable quality. The Guidelines should never be seen as a license to degrade the water quality to the 
guideline level.  
 
1.7 The Guidelines will be reviewed and modified as necessary from time to time. 
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2. Microbiological Aspect 
 
2.1 Total Coliform and faecal Coliform counts are recommended as indicators to measure 
microbiological quality of water. The guideline values are listed in the Table 1. 
 
Table 1    Guideline values 
   

Organism Unit Guideline value Testing Method 

Urban centers 

Total coliforms CFU/100 
mL 

0 Membrane filtration 

Faecal coliforms CFU/100 
mL 0 Membrane filtration 

Rural communities 

Total coliforms CFU/100 
mL 

�10 Membrane filtration 

Faecal coliforms CFU/100 
mL 0 Membrane filtration 

 
2.2 The guideline values of total coliforms for rural communities set out in Table 1 should 
also comply with following:  
 
§ Coliforms should not be present in 3 consecutive samples 
 
§ If contamination is frequent, treatment is not available and sanitation protection can not 

be improved, an alternative source should be found  
 
3. Physical Properties 
 
3.1 In general, physical characteristics of water are not of direct public health concern, but 
they do affect aesthetic quality of the water. They can also indicate whether corrosion or 
encrustation is likely to be a significant problem in pipes, fittings and equipment. Guideline 
values are listed in Table 2. 
  
Table 2    Guideline values 

 
Physical Characteristics Unit Guideline value Testing Method 

PH  6.5-8.5 Colorimetric method 

Turbidity NTU  �5 Nephelometric Method 

Total dissolved solids mg/L 1000 Electrode Metering  

Hardness (as CaCO3) mg/L 200 EDTA Titrimetric Method 
 
3.2 pH 
New concrete tanks and cement-mortar-lined pipes can significantly increase pH and a value up 
to 9.2 may be tolerated provided monitoring indicates no deterioration in microbiological quality.  
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3.3 Taste and Odor 
No guideline is set for taste and odor at the present time.  
 
4. Chemical Substances 
 
4.1 The guideline value for each chemical is the concentration that, based on present 
knowledge, does not result in any significant risk to the health of consumers over a lifetime 
consumption.  Guideline values are listed in Table 3. 
 
Table 3    Guideline values 

  
Substance Unit Guideline value Recommended testing method 

NH3-N mg/L 1.5 Salicylate Method 

Nitrate (as NO3 -
N)  mg/L 10 Cadmium Reduction 

Method 
Nitrite (as NO2

 -
N) mg/L 1 Diazotization Method 

Iron mg/L 0.3 FerroVer Method  

Fluoride mg/L 1.5 SPANDS Method 

Manganese mg/L 0.5 Periodate Oxidation Method 

Sulfate mg/L 250 Sulfa Ver 4 Method 

Chlorine mg/L 5 Colorimetric Method 

 
  
 
Acronyms: 
 
WHO:  World Health Organization 
APHA: American Public Health Association 
WSS:   Water & Sanitation Service, ETTA 
ETTA: East Timor Transitional Administration 
CFU:   Colony Formed Unit 
NTU:   Nephelometric Turbidity Unit 
TDS:    Total Dissolved Solids 
mg/L:   milligrams per liter 
mL:  milli liter  
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A.5 Water Quality Evaluation 
 
A.5.1  Dili Water  
 

The water quality analysis of the water samples in Dili show remarkable physical 
characteristics in terms of turbidity often exceeding the Guidelines for Drinking Water 
Quality in East Timor (hereinafter the Guidelines) limit of 5 NTU in rainy season. This 
characteristic of the water was exhibited in the samples collected from the treated surface 
water sources of Bemos and Benemauk and in a few service connections and public taps 
throughout Dili township. This observation could be attributed to the inefficiency of the 
water treatment facilities, notably the coagulating and filtering process. The high 
turbidity level noted in the distribution area is due to the inadequate treatment of the 
water produced. The levels seemed to increase in the service area mainly due to the lack 
of maintenance work in the distribution network and the numerous pipe leaks creating 
contaminated ground water to infiltrate into the pipes. On the other hand, the sampling 
results in dry season indicate that it has no significant fluctuation comparison with rainy 
season. Rather, it shows clearly that its turbidity is quite gentle. According to an operator 
of Lahane WTP, no coagulant (ALUM; aluminum sulfate powder) is required for usual 
treatment from early July to the end of October. During the period, it is satisfied with 
only simple filtration for removal of turbid. It means that the turbidity value is kept on 
low and stable. It is said that the same situation for Bemos and Benamauk WTP. 
 
All other parameters measured are within the limits set by the WHO Standards for 
Drinking Water, also the Guidelines, except for the sample collected in Church Motael. 
In the analysis, the water sample exhibited high conductivity values, TDS, salinity and 
coliform count. The result appeared to be an isolated case, which could be possibly due to 
the contamination of the water coming from the pipe damage. A reconfirmation test from 
this area maybe required once the leakage repair in the reticulation is completed. 
Regretfully, it is no opportunity to visit again during the Phase-II Study. 
 
The groundwater sources in Dili; such as in Comoro and Kuluhun boreholes showed 
acceptable water characteristics for the physical, chemical and even though 
microbiological properties. The quality features of those boreholes are quite stable 
throughout the year. In fact, whenever samples from boreholes are tested, there is no 
coliform appeared at all. The groundwater of Dili complies with most health guidelines 
reviewed. Unfortunately, the Bidau boreholes could not examine because the pumps were 
spoiled and had not been used for a long time. The result showed that utilization of 
groundwater as a source may require simple chlorination as a form of treatment. With 
regard to corrosive property investigation, samples from Comoro D and Kuluhun B were 
examined with the Langelier’s Index (hereinafter LI) calculation. A handy method of LI 
calculation was announced by E. Nordell. The Index is calculated using the parameters of 
total solids, water temperature, calcium-hardness and alkalinity (E.Nordell, 1951). 
According to the results, the LI indicates +0.1 for Kuluhun and +0.3 for Comoro. It 
asserts that each ground water has no corrosive nature due to the gound waters containing 
temperate hardness and alkalinity. If capability of ground water cultivation can meet the 
future water demand and the water quality were unchanged eternally, the water sources 
from boreholes would become the major water source of Dili water supply. It is 
necessary to monitor continuously the water qualities for physico-chemical and 
bacteriological fields, respectively. 
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Aside from the high turbidity values for the raw surface water sources in rainy season, it 
is remarkably alarming to note the presence of total and faecal coliform in the water. This 
condition indicates that the surface water sources are highly contaminated with 
wastewater (human or animal excreta are possible sources). To minimize bacteriological 
pollution of the water supply in Dili, it is recommended to completely restrict the entire 
tributary watershed from human entry and the presence of domestic animals. 
 
After the Phase-I Study, a monthly monitoring of water quality for specified sampling 
points has been carried out by the office of Water and Sanitation Service (WSS), East 
Timor Transitional Administration (ETTA), as part of routine scheme of the laboratory. 
Those data are surely useful for water quality control of East Timor. The detailed 
information of the water quality investigations on the samples collected in Dili is shown 
in Table A.6-1. 

 
A.5.2  Atauro Water  
 

Five water samples were collected in the island of Atauro from the water source into the 
intake and down to three different points of the distribution area. The detailed 
information of the water quality investigations on the samples collected in Atauro is 
shown in Table A.6-2. The physical and chemical characteristics for the parameters 
measured are within the limit set by the Guidelines. An examination of sulfate (SO4

2-) 
that has just launched since phase-II Study, shows somewhat high concentration value 
from both AT-4 and AT-5 samples. These samples are different origins from Eklai and 
Tulai water sources. According to an interview from a local operator, the names of water 
sources are Eruta and Erseribau that are indicated quite different characters of water 
quality comparing with distribution area of Villa town. The result is, however, not exert 
serious cathartic action. While, the bacteriological analysis show the serious  
contamination of coliforms for all collected samples. This observation constitutes to 
contamination of the water, primarily due to the existing condition of the water 
distribution pipes and studded reservoirs. 
 
Rehabilitation of the pipelines and chlorination of the water at reservoir just before 
supply to the residents will help improve the water quality in terms of the coliforms 
contamination. Besides, an appropriate maintenance of water supply facilities is 
indispensable simultaneously. 

 
A.5.3  Manatuto Water  
 

The water supply system in Manatuto is generally in a desperate state due to the damages 
of the transmission mains that transmit water from the main source to center of the town.  
During the phase-I Study, samples were collected from sources such as shallow wells, 
hand pumps and the surface water source that the residents collect from nearby river. The 
current situation of water supply in Manatuto is still in great difficulty. 
 
The detailed information of the water quality investigations on the samples collected in 
Manatuto is shown in Table A.6-3. The results of the analysis showed that all the water 
samples collected from Manatuto groundwater sources exhibited high values of 
conductivity, TDS, alkalinity and hardness indicating that the water is relatively hard and 
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possibly contaminated with seawater. In addition, high nitrate (NO3) contaminations are 
detected from several wells. An increase of nitrate levels has been observed owing to the 
intensification farming and sewage disposal. It seems that nitrogen nutrition originated 
from chemical fertilizer is influenceable. It is likely that leaching of nitrates to 
groundwater occurs in case of superabundant use of such fertilizers (EPU Technical 
Report No.1, 2000). During the survey, it was noted that all the handpump wells where 
the water samples were collected are in close proximity to the sea and a vast rice paddy. 
 
The microbiological analysis of the samples showed a grave situation of coliform and 
general bacteria in the existing portable water. There is high possibility of wastewater 
contamination on the groundwater sources because most of the wells investigated are 
shallow without protection. The risk of contamination is very high in as much as the 
groundwater abstraction is mainly occurring from the water level aquife r where polluted 
water is possible. Moreover, the town of Manatuto is not equipped with municipal 
sewerage system. It is therefore, concluded that abstraction of groundwater as a source of 
water supply in Manatuto should be discouraged, especially for shallow wells and for 
wells drilled in close proximity to the sea. 
 
On the other hand, the water sample collected from the infiltration gallery of Laclo River 
that is constructed by JICA’s Quick Project showed an admirable water quality both 
physico-chemical and bacteriological aspects. Even though it rains in the upstream of 
Laclo River, the filtration facility can reduce the turbidity to permissible level. After 
completion of this urgent project, most residents of Manatuto can enjoy the piped water 
satisfactorily. 

 
A.5.4  Baucau Water  
 

The detailed information of the water quality investigations on the samples collected in 
Baucau is shown in Table A.6-4. Although the results of the water quality analysis for all 
the water samples in Baucau showed an acceptable physical and chemical characteristics, 
the value of hardness may seem high compared with the other samples analyzed from 
other districts. The high concentration of alkalinity and hardness could be possibly due to 
the geological limestone formation prevailing in the area. In addition, total hardness is 
nearly equal to calcium (Ca) hardness. It is arisen from the geographical features. 
 
The water quality of Baucau is extremely equilibrium all the year around. Wherever 
samples may be collected in the same distribution area, the result is led in very similar to 
one another. The water source of Baucau has one of the best qualities in East Timor. The 
bacteriological properties regretfully indicated the presence of coliforms and general 
bacteria in the water because of no disinfection treated. The level of contamination is a 
very little to be considered since majority of the people in Baucau depends on the public 
water supply system. Therefore, it is desirable to treat the water by chlorination.  

 
A.5.5  Los Palos Water  

 
The detailed information of the water quality investigations on the samples collected in 
Los Palos is shown in Table A.6-5. The result of the water quality analysis for the 
samples collected in Los Palos indicated the same high values of alkalinity, hardness and 
conductivity as in Baucau.  Basically, the results suggest that the water is relatively hard 
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and may contain substances causing alkalinity such as calcium bicarbonates, which are 
also the cause of temporary hardness in water. This condition can be attributed to the 
geological limestone formation prevailing in the area.  
 
Generally, all other parameters measured are within acceptable limits in terms of its 
physical and chemical characteristics. However, turbidity examination is shown relatively 
high value even in dry season. It means that the distribution facilities would be made 
damage by turbid particles. The bacteriological properties indicated the sizable 
contamination of total coliform comparison with Baucau’s results. Considering that in 
close proximity to the spring source are numerous human habitations and there is free 
loitering of domestic animals in the area, contamination of the water is inevitable. On the 
other hand, the result of another spring nearby Papapa intake that is using by Korean PKF 
indicates almost same physico-chemical characteristics as an existing source. However, 
the result of coliform count for the water is much less than the existing one due to a well-
protected intake facility. The coliform pollution of the water source can be minimize by 
any of the following: 
 

• Fence off the area where the water source is located. 
• Restrict human entry and the presence of domestic animals in the intake area 

and if possible in the entire tributary watershed. 
• Water treatment should be done by filtration and chlorination. 

 
A.5.6  Viqueque Water  
 

The detailed information of the water quality investigations on the samples collected in 
Viqueque is shown in Table A.6-6. The water quality of any parameter is greatly 
steadiness such as Baucau’s investigation. The result of the water quality analysis for the 
samples collected in Viqueque indicated high values of alkalinity, hardness and 
conductivity. Total hardness of the water is composed of well-balanced calcium and 
magnesium with a ratio of 2:1. Originally, the results suggest that the water is relatively 
hard and may contain substances causing alkalinity such as calcium and magnesium 
bicarbonates, which are also the cause of temporary hardness in water. This condition can 
be attributed to the geological limestone formation prevailing in the area.  
 
Another chemical characteristic that was found remarkable in the study area is the 
fluoride content of the water. A fluoride concentration of approximately 1.0 mg/L in 
drinking water effectively reduces dental caries without harmful effects on health. Some 
fluorosis may occur when the fluoride level exceeds the recommended limits (Standard 
Method, 1995). Although the values recorded are not alarming and within the range as 
prescribed by the Guidelines, the concentration, which is well above the rest of East 
Timor water samples maybe objectionable to the water consumers. It is recommended 
that continuous monitoring for fluoride level in drinking water is required. 
 
The bacteriological analysis also indicated the presence of coliform and general bacteria 
in the water samples collected. This condition can be addressed to by the restriction of 
human and animal entry into the tributary watershed area or by water treatment such as 
effectiveness disinfection at the break pressure tank.  
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A.5.7  Same Water  
 

The results of the physical and chemical analysis of the water samples collected from 
Same indicated no remarkable bad characteristics. In other word, all water sources in 
Same have really a moderate hardness and relatively low level of turbidity through the 
year. Rest of all physico-chemical parameters measured is within the limit set by the 
Guidelines. However, the bacteriological examinations indicated serious coliform 
contamination at any time. This suggests that the bacterial contamination of the water is 
possible from the water sources, also the existing condition of the pipelines and the tanks. 
Simple chlorination of the water and rehabilitation of the pipelines could improve the 
current characteristics of the water in Same in terms of bacteriological properties. The 
detailed information of the water quality investigations on the samples collected in Same 
is shown in Table A.6-7. 

 
A.5.8  Ainaro Water  
 

The detailed information of the water quality investigations on the samples collected in 
Ainaro is shown in Table A.6-8. The water quality analysis conducted for the water 
samples collected in Ainaro showed favorable results in all parameters measured for the 
physical and chemical properties all year around. The raw water has always low 
temperature about 20 °C. Due to the water source of Ainaro is from surface water, there 
is no doubt that the water with high turbidity may flow out in case of rainy weather. The 
bacteriological examinations of the water samples showed a highly contaminated by 
numerous coliforms. The existing state of the slow sand filtration (hereinafter SSF) 
facilities and the condition of the distribution pipelines could lead to the contamination of 
the water. Moreover, the existing aqueduct from intake to water treatment plant was 
crumbled its concrete cover in some places. It is very simple to be suffered substantial 
contamination. However, if chlorination is carried out in the water treatment process, 
bacterial properties of the water will likely improve to be drinkable. 

 
A.5.9  Aileu Water  
 

The detailed information of the water quality investigations on the samples collected in 
Aileu is shown in Table A.6-9. The result of the physical and chemical analysis for the 
water samples collected from Aileu indicated acceptable values, except for the raw water 
source from the Mantane River that is abandoned presently with some troubles for 
pumping facilities. This river, which is the site of the infiltration gallery, exhibited high 
turbidity result during the rainy season. The quality of the water production from the 
infiltration gallery could not be assessed due to the existing state of damage to the 
facilities. From a standpoint of long-term development strategy, it is worthwhile to note 
that the water quality from this source needs to be monitored once it becomes operational.  
 
In the Phase-II Study, a sample was taken from one of the intake, namely, Naufaisaran. 
Water quality of this sample showed ultra-soft water characteristics. It is uncommon 
thing among the East Timor water sources. Other water sources from spring and stream 
except Mantane River also have remarkably low level of alkalinity and hardness. 
 
On the other hand, the bacteriological analysis for all the samples showed the nasty 
pollution by coliforms and general bacteria irrespective of seasons. This condition 
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suggests that the water from the sources down into the distribution area is not free from 
bacterial contamination. This phenomenon could be attributed to the absence of water 
treatment of which chlorination will be sufficient. 

 
A.5.10 Maubisse Water  

 
The detailed information of the water quality investigations on the samples collected in 
Maubisse is shown in Table A.6-10. The analysis carried out for the water samples 
collected from Maubisse indicated acceptable physical and chemical characteristics all 
year around. In addition, the water quality is suitable for drinking form physico-chemical 
points of view.  However, the bacteriological analysis showed many coliforms in the 
water. This condition clearly indicates that the water from the source is contaminated 
with wastewater (human or animal excreta). The bacterial contamination noted in the 
distribution could be due to the absence of any form of treatment of which chlorination 
maybe sufficient. Due to a lack of appropriate maintenance and management for the 
Posadas reservoir from Bucana intake where locates on the top of a small hill, a sample 
from resort hotel was indicated the worst result of all samples. 
 
Due to the presence of human habitation nearby the water sources, it is therefore 
recommended that to minimize the risks of coliform contamination the following are 
necessary:  
 

• Fence off the area where the springs are located. 
• Restrict human entry and the presence of domestic animals in the intake area 

and if possible in the entire tributary watershed. 
 
A.5.11 Gleno Water  
 

The detailed information of the water quality investigations on the samples collected in 
Gleno is shown in Table A.6-11. The results of the physical and chemical analysis of the 
water samples collected from Gleno suggest no remarkable bad characteristics regardless 
of the season. All the physico-chemical parameters measured are within the limit set by 
the Guidelines. However, the bacteriological examinations indicated the presence of 
coliform and general bacteria. This suggests that the bacterial contamination of the water 
is possible from the existing condition of the pipelines. The SSF facilities in Gleno need 
to be maintained, since this could contribute to the improvement of the water quality. The 
filtration system does not operate currently but functions well as turbid removal. 
Collecting samples in dry season, it has already started raining in the district. The existing 
Mota Kiik source, the turbidity has settled as blow 2.0 NTU. On the other hand, turbidity 
of Mota Boot source showed over 20.0 NTU at the same sampling. It is found out that the 
turbidity of Mota Boot is always greater than the turbidity of Mota Kiik by three times 
water quality monitoring since the phase-I Study. 
 
Chlorination of the water at the SSF and rehabilitation of the pipelines will help improve 
the water quality in terms of the bacteriological characteristics. 

 
A.5.12 Ermera Water  
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The detailed information of the water quality investigations on the samples collected in 
Ermera is shown in Table A.6-12. The results of the physical and chemical analysis of 
the water samples collected from Ermera indicated no remarkable bad characteristics 
through the year. All the parameters measured are within the limit set by the Guidelines. 
The bacteriological examinations indicated the presence of coliform and general bacteria. 
However, coliform contamination level is relatively low comparison with other towns. 
 
This suggests that the microbial contamination of the water is possible due to the existing 
condition of the pipelines. Simple chlorination of the water and rehabilitation of the 
pipelines could substantially improve the present characteristics of the water in Ermera in 
terms of bacteriological properties. 

 
A.5.13 Liquica Water  
 

The detailed information of the water quality investigations on the samples collected in 
Liquica is shown in Table A.6-13. The results of the physical and chemical analysis of 
the water samples collected from Liquica indicated high turbidity values in the sampling 
points where the source comes from surface water in rainy season. This could mean that 
the surface water sources in Liquica are erosion prone in which the water becomes turbid 
after rainfall. All other values showed acceptable water quality in the parameters 
measured. The waters come from particular water sources, namely, Daulo, Enaloa, Laclo 
and Emilaloa intakes, high concentrations of sulfate (SO4

2-) could be confirmed. 
Moreover, total hardness shows high concentration value for all surface water sources. 
The results are, also, not exert serious cathartic symptom as well as Atauro’s results. 
 
The bacteriological examination of the water showed remarkably serious coliform count 
in all the samples collected regardless of the seasons. In as much as most of the samples 
collected are from surface water sources, there is a high possibility of bacterial 
contamination. This phenomenon suggests that utilization of the existing water sources in 
Liquica will require treatment with appropriate disinfection. 
 
There are some boreholes in the center of the town. According to a report from other 
study group, the ground water of Liquica must be included corrosive substances such as 
hydrogen sulfide (H2S). Unfortunately, no sulfide examination performs with existing lab 
equipment and reagents.  

 
A.5.14 Suai Water  
 

The detailed information of the water quality investigations on the samples collected in 
Suai is shown in Table A.6-14. The result of the water quality analysis for the samples 
collected in Suai indicated one of the highest values of alkalinity, hardness and 
conductivity. Basically, the results suggest that the water is relatively hard and may 
contain substances causing alkalinity such as calcium and magnesium bicarbonates, 
which are also the cause of temporary hardness in water. This condition can be attributed 
to the geological limestone formation prevailing in the area.  
 
In rainy season, another remarkable characteristic of the water in Suai that may be 
aesthetically objectionable to the water consumers is the high turbidity value in some of 
the samples collected particularly from the Sta. Rosa Reservoir, market and Debos area. 
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This condition is primarily due to the absence of maintenance works in the facilities over 
a long period of time. During sampling, siltation and deposits of other sediments were 
noted in the reservoir and the pipelines. Therefore, the turbid characteristic recorded in 
the water is rather due to the lack of maintenance than source-oriented as can be seen in 
the low turbidity of the source. 
 
No matter what any season, the bacteriological examinations of the water samples 
indicated the presence of many coliforms including feacal coliforms. This suggests that 
the bacterial contamination of the water is possible due to the existing condition of the 
intake facility and the pipelines. Simple chlorination of the water, regular maintenance of 
the facilities and rehabilitation of the pipelines could improve the present characteristics 
of the water in Suai in terms of bacteriological properties. 
 
The samples collected in phase-II Study, a sample was fetched from an existing borehole 
(Borehole-1). The result comes into the same as other sampling point concerning physical 
and chemical characteristics. However, there is no coliform observed like existing 
boreholes of Dili. If capability of ground water is sufficient to satisfy the water demand 
of the area, it is highly recommended to develop. 
 

A.5.15 Maliana Water  
 

The detailed information of the water quality investigations on the samples collected in 
Maliana is shown in Table A.6-15. The results of the physical and chemical analysis of 
the water samples collected from Maliana indicated no remarkable bad characteristics, 
except for the high turbidity value in the water intake. All other parameters measured are 
within the limit set by the Guidelines.  
 
The bacteriological examinations during the rainy season indicated the presence of 
coliform and general bacteria. This suggests that the bacterial contamination of the water 
is possible due to the existing condition of the pipelines. Simple chlorination of the water 
and rehabilitation of the pipelines could improve the present characteristics of the water 
in Maliana in terms of bacteriological properties. At the recent phase-II Study, all 
collected samples were examined for quantative coliform count. A conclusion based on 
the results, all samples have some feacal coliforms except Mugis public tap. Mugis public 
tap is located nearby the Ritabou reservoir from Colegio spring. There are three pipes 
outlet without faucet made during Indonesian era for neighbor community water supply.  
 
Sample from Mota Bulobu is one of intake called Irrigation Canal. At the sampling, the 
river flows whitish brown waters with high turbidity, which is over 200 NTU. It seems to 
contain silt sand like clay. Previously, the SSF facilities were operated using the water. It 
is considered that turbidity removal is more laborious than other water sources of 
Maliana.  
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