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The Study on Urgent Improvement Project for the Water Supply System in East Timor

APPENDIX A WATER QUALITY INVESTIGATION AND STANDARDS

Al

A.2

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
JCA 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 analyss.
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 JCA Study Team las
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
evauation 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.6-1~15and A.7.

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 al 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,
nitrogenrammonia, and fluoride. Other characteristics such as total akalinity, 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 dip 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 coliformtest since dry season investigation.
It can count the number of liforms colonies on the disposa petri dish using the
presumptive culture media. The colony count result can be provided how much
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bacteriological contamination isin each sample. Table A.1 shows the criteria of selection
for the parameters to be measured.

Table A.1CRITERIA OF SELECTION FOR WATER QUALITY ANALYSIS

Type of Sample Parameters Criteriafor Selection
All samples Totd & feacd coliform count, Items are necessary to
turbidity, pH, electricd determine the portability and
conductivity, sdinity, TDS, safety of drinking water to
temperature, nitrogen-anmonia minimize hedth risks
(NHz-N) and fluoride (F)
Water source Alkdinity A water characterigtic
(Raw water) necessary for the water
treatment selection and
processng.
Treated water Resdud Chlorine To check the effectively of the
(Chlorinated) chlorine dosage.
Representative Totd dkdinity, total hardness, To monitor the quaity of the
samplesfrom caddum-hardness, nitrate (NOs), water used by the consumers
resdentid and nitrite (NO-), total iron (Fe), and to investigate excessive
public taps manganese (Mn) and concentration of the
sulfate (S04") congtituents that may cause
harmful effects on the
digtribution 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
trangportation 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 anaysis was
performed to include the measurement of conductivity, salinity, TDS, temperature, pH and
turbidity. Bacteriological quantative test for total Coliformwas 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 detalled explanation of the method of andyss.
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A3

Table A2 METHOD OF WATER QUALITY ANALYSIS

Parameter M ethod Equipment Remarks
pH Colorimetric Method Comparator
(Phenal red indicator)
Resdud DPD Colorimetric Comparator
Chlorine Method
Conductivity Electrode Metering Conductivity Meter
Hach sension 5
TDS Electrode Metering Conductivity Meter
Hach sension 5
HAinity Electrode Metering Conductivity Meter
Hach sension 5
Temperature Electrode Metering Conductivity Meter
Hach sension 5
Turbidity Nephelometric Method | Turbidimeter Specified by
Hach Model 2100P the USEPA
NHs; —N SHicylate Method Spectrophotometer
Hach DR-2010
Fluoride (F) SPANDS Method Spectrophotometer
Hach DR-2010
Alkdinity Titration Method Digitd Titrator
(Neutrdization) Hach Model 16900
Tota Hardness EDTA Titrimetric Digitd Titrator
Method Hach Model 16900
Cddum EDTA Titrimetric Digitd Titrator
Hardness Method Hach Model 16900
NOs; —N Cadmium Reduction Spectrophotometer
Method Hach DR-2010
NO2 —N Diazotization Method Spectrophotometer
Hach DR-2010
Iron (Fe) Ferro Ver Method Spectrophotometer
Hach DR-2010
Manganese Periodate Oxidation Spectrophotometer
(Mn) Method Hach DR-2010
Sulfate (SO4%) SulfaVer 4 Method Spectrophotometer Specified by
Hach DR-2010 the USEPA
Total and Feacd | MembraneFiltration Membrane Filtration
Coliform Count Method Method

Sampling Schedule and L ocations

The water quality investigations for the rainy season started in March until April and for
the dry season in October untii 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 anaysis of the water samples, which forms part of the
counterpart training and technology transfer. In the phase-11 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 rura 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 pointsisshownin Table A.3-1 and A.3-2

TableA.3-1 SAMPLING SCHEDULE AND ACTIVITY FOR RAINY SEASON

Activity Grouping No. of

Date | Day A B Sampling Area Samples | Station
03/13 | Mon | Traning Traning 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 | Andyds Maubisse + Aileu 5+7 Dili
03/19 | Sun

03/20 | Mon | Andyds Sampling Baucau 11 Baucau
03/21 | Tue Sampling | Andyds Ermera+ Gleno 7+5 Dili
03/22 | Wed | Andyds Sampling | Viquegque 8 Baucau
03/23 | Thu Andyds Sampling Los Paos 5 Baucau
03/24 | Fri Sampling | Andyds Atauro 5 Dili
03/25 | Sat Andyss Andyss Atauro - Dili
03/26 | Sun

03/27 | Mon | Sampling | Andysis Same 8 Ainaro
03/28 | Tue Sampling | Andyds Ainaro 8 Ainaro
03/29 | Wed | Andyss Sampling | Suai 8 Sua
03/30 | Thu Andyds Sampling Suai - Suai
03/31 | Fri Andyss Sampling Mdiana 8 Mdiana
04/01 | Sat Andyss Sampling | Mdiana+ Dili - Dili
04/02 | Sun

04/03 | Mon | Sampling | Andyds Schools @ Dili 10 Dili
04/04 | Tue Andyss Sampling Schools @ Dili 15 Dili
04/05 | Wed | Sampling | Andyss Schools @ Dili 10 Dili
04/06 | Thu Andyds Sampling Schools @ Aileu 6 Dili
04/07 | Fri Sampling | Andyss Schools @ Aileu 5 Dili
04/08 | Sat Evduation | Evaduation | DataProcessng - Dili
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Table A.3-2 SAMPLING SCHEDULE AND ACTIVITY FOR DRY SEASON

No. of
Date | Day Activity Sampling Area Samples | Station
10/12 | Thu Sampling, Andysis Dili 16 Dili
10/13 | Fri Sampling, Andyss Dili 8 Dili
10/14 | Sat Andyss Dili
10/15 | Sun
10/16 | Mon | Sampling, Andyss Liquica 9 Dili
10/17 | Tue Sampling, Andlyss Liquica 4 Dili
10/18 | Wed | Sampling Manatuto 10 Dili
10/19 | Thu Andyss Manatuto Dili
10/20 | Fri Sampling Maubisse 8 Dili
10/21 | Sat Andyds Maubisse
10/22 | Sun
10/23 | Mon | Sampling Baucau 9 Dili
10/24 | Tue Andyss Baucau Dili
10/25 | Wed | Sampling Ailue 8 Dili
10/26 | Thu Andyss Ailue Dili
10/27 | Fri Sampling Atauro 6 Dili
10/28 | Sat Andyds Atauro
10/29 | Sun
10/30 | Mon | Sampling Los Paos 7 Los
Pdos
10/31 | Tue Sampling Los Palos 3 Dili
11/01 | Wed | Andyss Los Palos
11/02 | Thu Sampling Viqueque 9
11/03 | Fri Sampling Ailue 2 Dili
11/04 | Sat Andyss Viquegue, Ailue
11/05 | Sun
11/06 | Mon | Sampling Same 10 Dili
11/07 | Tue Andyss Same Dili
11/08 | Wed | Sampling Ainaro 8 Dili
11/09 | Thu Andyss Ainaro Dili
11/10 | Fri Sampling, Andyss Ermera, Gleno 5+5 Dili
11/11 | Sat Andyss Ermera, Gleno
11/12 | Sun
11/13 | Mon | Sampling Sua 7 Sua
1114 | Tue Sampling, Andysis Suai 3 Dili
11/15 | Wed | Andyss Suai Dili
1116 | Thu Sampling Mdiana 8 Dili
11/17 | Fri Andyss Mdiana Dili
11/18 | Sat Evaudtion Data Processing
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A4

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. Guidelinesor 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-1 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-11 investigation. Moreover, regarding further more details of the
Guidelines, an official document issued by ETTA and a table sheet of comparison of
guiddine values are attached as Ref. A.1 and Table A.5.

Table A.4 GUIDELINESFOR DRINKING WATER QUALITY IN EAST TIMOR

Parameter Unit GuiddineValue

A. Microbiological Quality

Faecd Coaliform CFU/100 ml 0
Coliform Organisms CFU/100 ml 0

B. Inorganic Congstituents

Fluoride (F) mg/l 15
Nitrate (NOs as N) mg/l 10
Nitrite (NO2 as N) mg/l 1.0
Ammonia (NHz as N) mg/l 15

C. Aesthetic Quality

Residud Chlorine (Cl) mg/l <5
Totd Hardness mg/l (as CaCOg) <200
Iron (Fe) mg/l NS/0.3
Manganese (Mn) mg/l 0.5
pH 6.51t08.5
Totd Dissolved Solids, (TDS) mg/l <1000
Sulfate (SO4) mg/l 250
Turbidity NTU <5
NS: not set
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UNITED NATIONS £7J NATIONSUNIES

ETTA
Eag Timor Trandtional Administration

Ref. A.1

Water and Sanitation Service

Guideline number 04

GUIDELINES FOR DRINKING WATER QUALITY IN EAST TIMOR
1. Genera

1.1  TheGuideinesfor Drinking Water Quality in East Timor, hereafter The Guidelines, has
been drafted based on Guidelines for Drinking Water Quality (WHO, 1993), other guidelinesin
nearby countries, and various factors of natural, socia and economic aspectsin East Timor.

12 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 M ethods are a'so acceptable when the recommended methods are not available.

16 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 timeto time.
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2. Microbiological Aspect

21 Total Coliform and faecal Coliform counts are recommended as indicators to measure
microbiologica qudity of water. The guiddine vaues are liged inthe Table 1.

Tablel Guidelinevalues

Organism | Unit | Guidelinevalue |  Testing Method
Urban centers
Total coliforms CFrLTJ]/I_loo 0 Membrane filtration
Faecal coliforms CFrl:]/I_l 00 0 Membrane filtration
Rural communities
Total coliforms CFrLTJ]/I_l 00 010 Membrane filtration
Faecal coliforms CFrlﬂllLl 00 0 Membrane filtration

2.2  The guiddine valuesof total coliforms for rural communities set out in Table 1 should
aso comply with following:

= Coliforms should not be present in 3 consecutive samples

= |f contamination is frequent, treatment is not available and sanitation protection can not
be improved, an alter native source should be found

3. Physical Properties

3.1 In genera, physical characteristics of water are not of direct public health concern, but
they do affect aesthetic quality of the water. They can aso indicate whether corrosion or
encrustation is likely to be a significant problem in pipes, fittings and equipment. Guideline
vauesaeliged in Table 2.

Table2 Guideline values

Physical Characteristics | Unit Guideline value Testing Method

PH 6.5-8.5 Colorimetric method

Turbidity NTU 05 Nephelometric Method

Total dissolved solids mg/L 1000 Electrode Metering

Hardness (as CaCQOs) mg/L 200 EDTA Titrimetric Method
32 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 deteriorationin microbiological quality.
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3.3  Tasteand Odor
No guiddineis st for taste and odor at the present time.

4. Chemical Substances
4.1  The guideline value for each chemica is the concentration that, based on present
knowledge, does not result in any significant risk to the headth of consumers over a lifetime

consumption. Guideline vaues are liged in Table 3.

Table3 Guidelinevalues

Substance Unit Guidelinevalue | Recommended testing method

NH3-N mg/L 15 Salicylate Method

m;trate (as NOs3 - malL 10 '(\:/Izcgrr]r;iclijm Reduction

H;trite (as NO2 - mg/L 1 Diazotization Method

Iron mg/L 0.3 FerroVer Method

Fluoride mg/L 15 SPANDS Method

Manganese mg/L 05 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 Trangitional Administration
CFU: Coaony Formed Unit

NTU: Nepheometric Turbidity Unit

TDS Totd Dissolved Solids

mg/L: milligrams per liter

mL:  milli liter
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A5

As1

Water Quality Evaluation
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 fom early July to the end of October. During the period, it is satisfied with
only smple 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 vist again during the Phase-11 Study.

The groundwater sources in Dili; such as in Comoro and Kuluhun boreholes showed
acceptable water characteristics for the physical, chemica 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 akalinity (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 akalinity. 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-chemica and
bacteriologicd fieds, 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-l 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
inTable A.6-1.

A.5.2 AtauroWater

Five water samples were collected in the idand 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%)
that has just launched since phase- Il Study, shows somewhat high concentration value
from both AT-4 and AT-5 samples. These samples are different origins from Ekla and
Tulai water sources. According to an interview from a loca 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 reservaoirs.

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 smultaneoudy.

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-l 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 Stuation of water supply in Manatuto is il 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, akalinity and hardness indicating that the water is relatively hard and

A-13



The Study on Urgent Improvement Project for the Water Supply System in East Timor

possibly contaminated with seawater. In addition high nitrate (NOs3) contaminations are
detected from severa 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 seaand 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 aguifer 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 shalow 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 isshown 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 geologica limestone formation prevailing in the area. In addition, total hardness is
nearly equa to calcium (Ca) hardness. It is arisen from the geographical festures.

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 qualitiesin East Timor. The
bacteriological properties regretfully indicated the presence of coliforms and generd
bacteria in the water because of no disinfection treated. The level of contamination is a
very little to be considered since mgjority of the people in Baucau depends on the public
water supply system. Therefore, it is desirable to treat the water by chlorination.

A.55 LosPalos 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 akalinity 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.

Generaly, al 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 isinevitable. 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 islocated.

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 ViquequeWater

The detailed information of the water quality investigations on the samples collected in
Vigueque 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 vaues of alkalinity, hardness and
conductivity. Total hardness of the water is composed of well-balanced calcium and
magnesium with aratio of 2:1. Originally, the results suggest that the water is relatively
hard and may contain substances causing akalinity such as calcium and magnesium
bicarbonates, which are also the cause of temporary hardness in water. This condition can
be attributed to the geologica 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 aarming 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 SameWater

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 redly 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
isshownin Table A.6-7.

A.5.8 AinaroWater

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
physica and chemical properties al year around. The raw water has aways 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 agueduct 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,
bacterid properties of the water will likely improve to be drinkable.

A59 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 galery 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-11 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 dso have remarkably low leved of dkalinity and hardness.

On the other hand, the bacteriological analysis for al 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
trestment 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 al 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 possble in the entire tributary watershed.

A.5.11 Gleno Water

The detailed information of the water quality investigations on the samples collected in
Glenoisshown 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 examinatiors 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-1 Study.

Chlorination of the water at the SSF and rehabilitation of the pipelines will help improve
the water qudity in terms of the bacteriologicd characteridtics.

A.5.12 ErmeraWater
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The detailed information of the water quality investigations on the samples collected in
Ermerais 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 leve isrdatively 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 Ermerain
terms of bacteriological properties.

A.5.13 Liquica Water

The detailed information of the water quality investigations on the samples collected in
Liquicais 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%) could be confirmed.
Moreover, tota hardness shows high concentration value for all surface water sources.
The results are, o, not exert serious cathartic symptom aswell as Atauro’ s results.

The bacteriological examination of the water showed remarkably serious coliform count
in al 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 sourcesin
Liquicawill require treetment with appropriate disnfection.

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 Sua indicated one of the highest values of akalinity, 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 aso the cause of temporary hardness in water. This condition can be attributed
to the geologicd limestone formation prevailing in the area.

In rainy season, another remarkable characteristic of the water in Sual 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.

A-18



The Study on Urgent Improvement Project for the Water Supply System in East Timor

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 thewater in Sual in terms of bacteriological properties.

The samples collected in phase-11 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 areg, it is highly recommended to develop.

A.5.15 MalianaWater

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 Guiddines.

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-Il Study, all
collected samples were examined for quantative coliform count. A conclusion based on
the results, al 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, whichis over 200 NTU. It seems to
contain silt sand like clay. Previously, the SSF facilities were operated using the water. It
is consdered that turbidity remova is more laborious than other water sources of
Mdiana
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The Study on Urgent Improvement Project for the Water Supply System in East Timor

‘Table A.7 Results of The Water Quality Analysis of Schools
in Dili, Aileu and Lautem District

i i RCl, Cond, DS Salinty | Temp. T.Coli
No. Name of Sampling Point pH A RO G ] O o0 Remarks
1 |Escolo MisSo No.6 Baide 80| - 207 99.2 01 266] - [Tak
2 {SDK 05 Madelena Massau No water
3 |sDLB Taibess 76| - 32| 1583 02 4| & [Tenk
4 |SDN 05 Aituri Laran 82! - 262 1255 01 325| 4+ |Nowaterin school. tap water near here
5 |SDN Kedil Mota Ui 80] - 26| 1228 01 56]  +  [Tak
6 |SDN 07 Camea 82| - 205 981 0.1 281] -+ | Nowaterinschool, tep water near here
7 |SODK 07 Mota Ukin No water
8 |SDN 10 Camea Raihun >8.2 - 2480 1259 13 373 <+ |Tank, but aways open a concrete kd
9 {SDN 04 Bairo Pite 7.0 - 751 366 04 291 - Borehoke, but pump was removed
10|SDN 06 Fetuhada 73] - Hur{ 1670 02| 278 - [repwaer
11 |SDN 14 Ai Mastin 75) - 7| 1670 02]  287] - [Tepwaer
12{SDN 07 Comoro 75{ - 33| 4750 02 3041 - [Tepwakr
135D Tasi Tok No water
14 !SDN 08 Kampung Marinir 73 - 448 216 02 283 + Well with Dregon Pump
15 JSDN 03 Bebonuk 74] - u9] 1678 02] 268] - |Tepwekr betindaschookouse
16SDN 05 Manteuana No water, but one tank
17 {SDN 13 Fatumets 82{ - 175.1 836 01 72 & vk
18 |SDK 02 Allok Laren No water, whole the area has no tap water
19{SDN 15 Tuana Laran No water, handpump was spoiled
20{SDN 09 Vite Verde No water, there are 2 wells but no pump
21 DN 02Farot No water, pipe broken
22{SDK St. Comor 70§ - 2]  1m45 02] 284] - |Tep waker fom Comor Reservor
23 lSD Alelehun <68 - 2,220 1118 11 248 ++ [Water from a marsh in the small valiey
24]SD 2 Metinero No water, robody, shut down?
255D Benunuk [ No weter, school wes shut down
26{3D 1 Metinaro , No watker, schiool wes shut down
27 {Temporary Schoo), Subuki 6.8 - 733 357 04 294 + No water, Dragon Pump near the school
28 {SDN 06 Hera 82 - 813 397 04 285 ES Dug well, pump and tank instafied by Oxiam
23 ]SDN 08 Akanunu No'water, school was shut down
30 | Church, Akanunu 8.1 - 242 1160 01 27.8 ++  iPipefine from the fiver
31 |SDN Kaiooli Rumbia 0] - 553 268 03 286 - [Hendpumpwel
32]SDN 01 Colmee No water, spoiled wel
33 SDN 01 Nuteren 72{ - 520 252 02 285{ &  |Nowater, Fii Kawamoto hendpump next door
34 |SDN 03 Bicau Dif Timur 70| - 518 251 02 285 Well with Dragon Pump, good condiion
35{SDN 09 Bidau Messau 68] - 31| 1836 02 282] - [Nowater, Ikada handpump next door
36 JSDK Hati Kutus so| 15 180.1 861 01 277] - |Nowatr, only bishop's house has ap water
37 |SDN 04 Bemori so| - 1955 935 01 2771 £  |Nowater, sample is from a house next door
38 {TK Paukus Vi Bemori No water, broken pipeline
30 {SDN 12 Hud Leran 74| - 543 263 03 277{ - [Nowater, BCS hendpump 30M from the schoot
40 |SDK Kristal 761 - 2191 1047 01 3041 - INowster, pipe broken, sample is from next door
41]SDN 11 Fayol No waier, no el
42|SDK 01 Dare 74| - 727] %43 00}  260| ++ |Pipedwaterfomthe mountsin
43SDN 11 Baiber 78] - 1774 846 01| . 254] ++ |Nowatr, pipeine and top under a precipice
44 |TK Baitar <68 | - 56.1 263 00{- 235| ++ [Nowakr, one ok tank, publiciap 50M away
45[SON 01 Laulara No water, one old tenk
46 |SDN 12Dartan 68{ - 568 27 00 B0| +  [Nowater, publctap 30Maway
47 [SDN Asu Mau 69| - 1290 565 00] 24| +  |Nowater, sampleisfroma house rear school
48]SOK Asu Meu 7] - 565 265 00 238| +  {Tolletfaity with water tank by the school
455D 08 Roksi No access, because a landside is obstructing
505D Aicuros No acpess, because a landside is obstrucing
51 |SDN 01 Fahisci 68{ - 321 149 00 240] +  |Nowakr, Open-air tank near school
52[SON 02 Namulesu No waer in'his erea
53SDN 03 Bereleu 73) - 424 205] WA 351 = |Nowater, pipeine with 5 faucets in the town
54 ISDN 02 Fatuk Hun No water, some houses use the rain water tank
55 |SDN 09 Rairema 73| - a4] 1997 02 213 +  |Spingresenvoir, never dry up throughout the year
56 JSDN 11 Sucu Lura No waler, bioken pipeline
57 |SDN 03 Mentane 82] - 452 218 02| 263] + |Temporary schoohouse
58{SDN 01 Alew Water supply sbd toilet feciffies, but no waier
59 DK Fuiloro (Don Boseo School) 75] - 587 285 03] 277 £ [Tubewel
6D |SDN Kesil Assalsino 74] - 537 260 03]  278]  +  INowater, sample fromihe neighbiorhood
£14SDN 17 Iralfei 73] - 514 249 03]  276]  INowater, somple fromthe neighborhood
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The Location of Sampling Point in Atauro

A-T77




eV ojnjeuBA Ul jurog suijdureg jo uoneLIO| YL

9.l =wm A dowlrf jseq ul wosAS Addng Joyes| agy 107 193fo1d jusursaoiduy Jusfi) uo Apms ayy 7‘@

3 — 1IN 4 PERT L U

A-T78




vy

21n31y

neoneg ul jurod Suijdureg Jo U007 YL,

Jow [ jsex ur WojsAS Ajddng Jajep) oy 107 393[01d Jusaoiduy juasiy uo Apmjs 2

D

A-79




4

Lanre,
pin

]ﬂ([ﬁn\ The Study on Urgent Improvement Project for the Water Supply Systcm in East Timor Figure
A5

The Location of Sampling Point in Los Palos

A-80



41k frow nate &
(TRAVINITION)

A

SKETCH OF
ViBUeguE A
REMARK

X aNTavg
] Resenvoin.
T TRANSMTION Prps

— F ‘T-ﬂlﬁuf, oON prps
—= TRoApD,

RIVER

T OL) TowN sy

]J“Cl-hr\ The Study on Urgent Improvement Project for the Water Supply System in East Timor Figure
A-6-1

The Location of Sampling Point in Vigueque (1)

A -81




1y

G datwn
tan

- g

et TSI
L e

i

PR R S PR

O

& Dbty
b

. N,
b
e
‘i
L '
Canuhsly
LU
.
{
ar
v . . . ) - 17
> N L) . te A ; w3
: ; N . . . I} *
N : ' ; o S :
- o = | P . = - o = K ™
cow P . /'/ DESA NABDROC . p
' o " {1

L . . i {Q: A4 L. 130

' . y ¢ * 140
\ ~ s bohuiamuses .
m * . - "z
- LR e 2
: . 5 A ",
H . N x
L .

C'BAI The Study on Urgent Improvement Project for the Water Supply System in East Timor ' Figure

A.6-2

The Location of Sampling Point in Viqueque (2)

A -82




LV (1) aureg ur jurod surpduwes jo uonedI0 AL,

a9l ——wmrﬂ Jowir [ ISeq ur wojsAs Ayddng JojEAq oyt Jof Joafoid juswiasolduir Juasin uo Apms ayr Zu——ﬁ

NYIIZYY oiwINg

A -83




Ly (7) aures uI Jurog Surdureg jo wopesoy Ay,

w LH
9INJSNY dowl] iseq ur wiaisAS Ajddng 1aiep| o Joj 1oafold justasordiy juafi) uo Apms oy /ﬂ.@

Ml OavyaH X

VR o140
ok L2IND

A -84




E-L'Y

aandig

(£) owies u1 jJurod surjdwes Jo U0NEBIOT YT,

Jowt [ yseq ur wojsAs Ajddng Jores sy 1of joofosg juswesoldiuy 1uadin) uo Aprys ay L 7‘_@—_ —_

Yooy ad

N

DINH NI

¥1vTviod aypwy |

-85




 ANR

AN— 2

' UNTAET

B N P~ )
AR i [
N d P has AN—
L Vs \‘

| S, 1 8 meemmo g vem—
3

= N\

i .

SUAL

o

I-IQ\ The Study on Urgent Improvement Project for the Water Supply System in East Timor Figure

i

A8

The Location of Sampling Point in Ainaro

A -86



3 g et >

E ol T

BEAMIO - i
Ao UnineT,

A *-
T M
- faoreh

]—ICE\’ The Study on Urgent Improvement Project for the Water Supply System in East Timor Figure

The Location of Sampling Point in Aileu

A -87




ory
aangig

assiqnejq ul jurod Surpdwes jo uoneao Ay,

Jowir] 1seq ur wojsAS Ajddng Jajey aiy dgf 199/l justwasoidy jusfin) uo Apmig ayy 7_@—___

ol

T -

S
T~ )
e ‘ r)ly

4—49n)

“1eitdsey
By ‘ Pk
- YTHTM \ ,
5 , -
Rra3)03d 1avisin .
wenusaky] remeg
wif} nig §. |

L-an

4R A 3000 o

-88




PN SRR

I e [

3
/,MV// AN

g o o | w
; < e
= Al | A

4 -

T e

N\ ﬂ/////

\
- NS //
Rl NANNANEY
AN

\

AY

JDH'\

AT RS ==

T - = :

~ . <= | MR

~ M_ v A ﬂ/f/..ﬂ//// N \

: — AR
/////.M \ /

. W,..,/ N\
NS
//// ﬂ/,ﬂz/a//

/
.\,,//_//.///_,x
//«. ///. // /;/

/ //.»/. ./..,u//“//

IASARR RN

UL —5

||

Figure

Al

The Study on Urgent Improvement Project for the Water Supply System in East Timor

@

in Gleno

int

A -89

The Location of Sampling Po




— eouLIy ul juiod uijdwies jo uonedoy ayy,

¢—773

\S)
91 =M_ g Jowl[[ jseq ur woisAs Ayddng sorepy a1 Jof 1oofoid yuswosordury jua8in vo Apnyg oyg 7@@% 0. \.so% vi0 \) \

/

9 -9 »_wZM
wdso ﬁ\M\
n@nd o ~)
o w—— ‘\ 2

lami

-90




. esmn
L'V by ur juwrog Junduwes jo woyesey L
a1
ol JOT ISET Ui WISKS Addng S8 Syl 1] 1350y iuawdsrduy 102330 o ApryS 3 @_Eﬂ
5 S’ :
..., 3-2.?5
1ongy dhereg Bt
k] \oﬁ P _
R *o, y
./ e AQAKJ |
Y K ,.\.\.A.tma. f
Y jom.é H
T=-] i
3001 THAUaeY i
. ’ B i 4 m
i ) m...o.mmon ; .. -
. \ s (9€q \ ; . X
.“ ... s\ .a— ;
gl - ' Na e\
T YorndiRsky., augeodpusig ‘Bu2d 3
i i 1 ! —
m. [} _. [} (@)Y
i A lare i { '
? 1 <
{ - & i
s opay { e I.J.J S ! sy .:.jw.
q i
! g )0 A0 (a7 134 0d 0 7 Y
4 £q 13 4
.\ﬂ v 400 Y peverdag wrepg 45 gl n.ed p i
§ [ ANE TR 2eaY -9 wreys0 48 34 ndsy ‘4
j 9 K Ay , : (s Ml10yad) 2 €P _.
.,. e, Sfrar % - ....4. WA . ol " cmler - EE i
bt~ . A e tI-3 (ayg-alig.ed _._
_ (watliy.7é miQo.it a4 (5T 3
H - ) werf]{2afrd = 4
_ - " 3. s _.
£ fozrd u.ch £3571) i L Sl o
{ . g 1 ]
/1 . 7 _ e \ e e e /
i i | Janny ddriaey
I FRUTe weOAT) magh nen \ g S pm
§od {sr9na
N a
£\
I
i
b — o
vy AN ™S
. T —90




vy

3an31y

1eng ur jutog Surdures jo WOIBIO YL

Jowlt [ jseq Ul WolsAS A1ddng Jojepy sy Jof josfold yuateaorduy juadiy] uo Apmis oyf zu__ =

“IoISip-qns ORI W palvas] ST 0303

e

sy

-92




Tovea '”‘;‘ \\‘

\WEH 3
\erA i R
VRPN < s

Leveoe ik Sthotl

= Y
Sudde Ame Hourng \

70707, 7 } .
P gl
S oA ThE T\

Td-\ul. ,“'... . m m/"

J

The Study on Urgent Improvement Project for the Water Supply System in East Timor

The Location of Sampling Point in Maliana

Figure

A.1S5

A -93




	COVER
	TABLE OF CONTENTS
	APPENDIX A  WATER QUALITY INVESTIGATION AND STANDARDS



