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Final Report 

on 

Emergency Act~on for East Timor Refugees 

In July 1999 USAID team vlsited East Tmor refugees in several sltes ln Kabupaten Belu (the closest d~stnct at the border 
between East and West T~mor) Based on their observation and analysls severalproblems whlch need lmmedlate actlon 
were ~dentlfied One of them 1s water and sanrtatlon actlon In order to avold humamtanan d~saster 

USAID has approached and contacted several USAID s partner organrsat~ons looklng for poseble cooperations m order 
to overcome that ldenbfied problems One of them a Yayasan Dlan Desa (YDD) whlch 1s asslgned to manage actlvlties 
related to the prov~s~on of water system and san~tat~onfac~l~t~es ln several ldentlfied refugee s settlement areas 

Thls report of respectwe undertak~ng wh~ch lnclude achievements and problems faced in the field 1s presented below 

A Background 
The ballot In East Tlmor was conducted In August 1999 and thls IS an important 

venue In order to determine the future of East Tlmor 
Dlspatchment of UNAMET team (Unlted Natlons mlsslon In East Tlmor) was started 
In last May to prepare and develop a conducive sltuatlon for that ballot 
At that tlme there were two pol~t~cal fractions In East Tlmor those who want the 
lntegratlon wlth lndonesla whlch IS referred to as 'Pro lntegratlon group and those 
who want Independence whlch IS referred to as "Pro Independence group" 
And In the mlddle there IS a mass of common people who actually d ~ d  not fully 
understand the polltlc and like usual they become the vrctlms of frlctlon between 
those two groups 

Slnce many years ago, frlctlons between those two groups whlch oftenly lead 
Into open clashes were very common Therefore there was a predlctlon that prlor and 
after the ballot the lntenslty of that frlctlon will substantially Increase As a result there 
was a general consensus that greater vlolence and displacement will result on the 
lncreaslng number of refugees approximately 25,000 - 100,000 Most of them move 
to West Tlmor (Kab Belu, the closest dlstrlct at the border) 

The announcement of the ballot result was done In September 4th 1999 (faster 
than antlclpated) and the so called "pro Independence" win the vote Thls has led Into 
a totally uncontrolable sltuatlon The so called pro lntegratlon group (especlally the 
mllltla) became so brutal and kllllng, burnlng robblng and raping became the 
common plcture 
In other words the real sltuatlon IS much worse compare than the general antlclpatlon 
mentioned above The Influx of refugees 1s much hlgher than antlclpated 
On top of that the process of "vendetta" was continued even In many refugees 
settlements and thls lead Into an unconduclve condltlon especlally In conducting 
emergency actlon Level of suspect and frustration lead Into very low solldarlty 
among the refugees Besldes that many provocations were made by varlous partles 
whlch makes reconcrl~at~on process become so dlfflcult and complex 

Thus the process of developing water and sanltatlon systems In the fleld (In the 
context of Actlon for East Tlrnor Refugees) was conducted In the mlddle of such 
dynamlc and complexity 



B lmplementatlon Dynamlc Orlglnal Plan vs Reality and Achievement 
The or~glnal plan for the provlsron of water and sanltatlon systems (WSS) for East 
Tlmor refugees was done by the USAlD team In July 1999 Thls ~nclude the selectlon 
of sltes and amount of systems to be constructed 
At that tlme there were only small amount of refugees and therefore the selectlon of 
sltes was done based on antlclpatlon and Input from local author~ty 
However when the peak of refugee's arrlval happen (september 1999) that antl- 
clpatron IS not anymore valld Due to various reasons such as security, potentlal 
confllct wlth lndlgenous populatlon vendetta among refugees, etc, some changes 
need to be done 

In general the comparlsan between orlglnal plan and reallzatlon IS as follows 

B 1 Sltes of WSS 
The orlglnal s~tes ldentlfled by USAlD team were 

Changes of shes In the lmplementatlon and rationale behlnd are as follow 

Termlnal L O ~ O W ~  as planned 

No 

1 

2 

3 

4 

Fatubenau market In the beglnnlng ~t was OK when the amount of refugees was 
moderate Later there were too many frlctrons between the refugees 
and rndlgenous populatlon Especially because that place 1s the center 
of economlc actlvltles and easy to create jealousy Therefore In order 
to reduce thls tenslon the dlstrlct author~ty move the locatlon to 
Hallwen (known as stadlon mlnl Hallwen) Consequently the WSS 
constructed IS also moved to Hallwen In order to avold Idle andlor 
unutlllzed construction 

Sub D~str~ct  

Atambua 

Atambua 

Taslfeto T~mur 

Koballma 

Name of Locat~on 

Termrnal Lolowa 

Fatubenau Market 

Desa Dualaos 

Desa Alas 

Desa Dualaos Located close to the border ~n sub dlstrlct of Taslfeto Tlmur In 
September 99 many open clashed In that area and level of securlty 
become so serlous In order to survlve the refugees In that locatlon 
move further closer to Atambua clty and that locatron become empty 
In the beg~nnrng some move to stadlon mlnl Hallwen mentioned 
above But here they are not safe also because majorlty of east tlmor 
refugees rn Hallwen are rnllltla or ex mrlrtla who are so cruel Therefore 
they are moved to desa Tenukl~k and place near the m111tai-y camp 
Thus the WSS IS constructed In desa Tenukllk 

Desa Alas 

D~strrct 

Belu 

Belu 

Belu 

Belu 

Slmllar to desa Dualaos East Tlmor refugees who In the beglnnlng 
settled rn desa Alas have to move further to dusun Ralhenek whlch 
are b ~ t  far from the border but st111 In the same subdlstrlct Even the 
rndlgenous populatlon of desa Alas have to move also to other place 
because thew vrllage IS not safe 
Note thrs desa IS the burlal of vlctlms of massacre In Suar and found 
In december 99 

R Chang~ng of srtes has been commun~cated to USAlD fhrough emall (see our emall) 

Near the bus termlnal of Atambua 

Near the market of Fatubenau 

Close to the border ~n north part of 
Belu where In the beglnnlng 
become a refugees concentratlon 
who came from north reglon of East 
Tlmor 

Close to the border ~n the south part 
of Belu and In the beglnnlng 
become refugees concentratlon 
who came from south reglon of East 
Tlmor (Sual Ermera Alnaro AIIIU 
etc) 



Therefore the project s~tes become as follow 

B 2 Source of Water 
In the context of water and san~tat~on the ava~lab~l~ty of water become the most 
Important Issue Water ava~lab~l~ty In those locat~ons (and West T~mor In 
general) IS very scarce and even rnsuff~c~ent for ~nd~genous populat~on 
espec~ally rn dry season 

Deep groundwater IS the only poss~b~l~ty and durrng USAID mlsslon In July '99 
there was an ~nformat~on from the local publ~c work off~ce that the depth of 
groundwater aquifer IS approx~mately 60 meters 
On other hand rt was rmposs~ble to conduct a deta~l ground water survey (such 
as geo-electrical test and other measures) due to t~me l~m~tat~on Moreover the 
flow of refugees was lncreaslng rapidly and cannot wa~t  
In other words r~sk tak~ng act~on IS needed and USAlD dec~ded to take that r~sk 
f~nancrally 

Therefore the mandate prov~ded by USAID to YDD are 

Moved to 

Term~nal Lolowa 

Hallwen 

Desa Tenuk~~k 

Desa Ra~henek 

No 

1 

2 

3 

4 

To make four un~ts of deep well up to approxrmately 60 meters, rnstall the 
power generat~ng and pumping system needed In each s~te  Include all 
prprng & storage system to serve the refugees In each selected s~te  The 
size of storage system IS 12 m3 

Or~glnal 

Term~nal Lolowa 

Fatubenau Market 

Desa Dualaos 

Desa Alas 

+ To make 4 san~tat~on systems and each system cons~st of 3 compounds 
and one compound has 5 units of torlet 

+:+ To Introduce Solar d~s~nfect~on technology wh~ch enable the refugees 
(especially women) to produce potable water wrthout bo~lrng, since f~rewood 
IS very scarce and other types of fuel (kerosene) IS expensrve and beyond 
the reach of respective refugees 

In the case that no water aquifer at that depth, YDD w~l l  try to frnd solut~on by 
movlng the drillrng rig to other srte nearby and make other well as far as the 
overall expend~ture IS st111 wrthrn the total approved budget 
In other words the l ~ m ~ t ~ n g  factor IS the total amount of USAID approved budget 

B 3 lmplementat~on and Achievements 
The agreement from USAlD was rece~ved In August 1999 
However based on oral not~ce of proceed from USAlD the preparat~on was 
started on August 8th 1999 The f~rst step was the mob~lrsatron of personels 
drrllrng rlgs and other basic equ~pments & mater~als 
Other ~mportant preparatron in dr~ll~ng operat~on IS the provrslon of water S~nce 
there IS not adequate water In respectrve s~tes water for dr~l l~ng must be 



transported from nearby river In thls case speclal truck with water tank must be 
available to supply the water for the drilling operation 
The drllllng was started In the thlrd week of August 1999 and the result of each 
activlty component IS as follows 

Water Supply System 
a S ~ t e  I Termlnal Lolowa 

Drilllng was started in the thlrd week of August 1999 and In the flrst 
week of September 1999, ~t had achleved mlnus 44 mtrs 
Process from mlnus 44 meters below was slow because we found hard 
rock formation in In about ten days it had reached mlnus 62 meters 
Passlng thls hard rock formation we found dry layer and total water loss 
occured whlch may dram the water from the upper layer to this dry & 
poreous formation Consequently we had to seal ~t at minus 60 meters 
and try to utilize water from upper layer (referred to as upper ground 
water) 
But the discharge of from this upper layer (the water table IS -4 mtrs) IS 

small and cannot be explolted uslng the power generated deep well 
Pump 
Based on the testlng, the exploltable discharge IS only approximately 
0 35 Ilterlsec Thus it can be exploited by usrng handpump only 

To flnd other alternative, we try to find other slte nearby (located app 
250 meters from the flrst one) and conduct drilllng for the second well 
In this second locatlon we drilled up to mlnus 78 meters But the result 
is even worse compare than the flrst one and after the testing the water 
dlscharge IS too small and even cannot be explolted 

Thus In the Terminal Lolowa we have drilled two wells and only one of 
them can be ut~llsed However the dlscharge IS low and can be utlllsed 
by uslng handpump only 

b S ~ t e  2 Hallwen (Stad~on M ln~ )  
Technically the drilling and construct~on of deep well In thls slte d ~ d  not 
face any serious problem The aqulfer was found In mlnus 48 meters 
and the recharge capacity at mlnus 60 meters was good 
Drllllng was stopped as minus 62 meters Gravel pack and screen were 
installed at mlnus 55 mtrs up to minus 61 mtrs 
After the constructlon testlng was conducted and the exploltable 
dlscharge IS approximately 5 8 Itrslsec 

The non technical problem was the fact that development of water and 
sanltatlon system In this slte was started In mld September 1999 
Because we have to wait other drrlllng unlt sent from Yogyakarta The 
orlglnal plan was to flnalise the drilllng in Termlnal Lolowa and after that 
use the machlne to conduct drllllng In Haliwen But the work in Termlnal 
Lolowa was delayed due to problem described above and therefore 
addltlonal drllllng unit need to be made available 
In September 1999 there was the peak influx of refugees and majorlty 
of refugees placed in Hallwen Stadlon Minl were the mllltia-background 
They were so frustrated, lncooperative and oftenly performed various 
types of uncontrol behaviour 
In Hallwen one of staff accidently got shot and must be hospltallzed 



In sp~te of that non technical problems above, the work In Hallwen 
Stadlon Minl was accompl~shed In the flrst week of October 1999 The 
local dlstrlct government 1s very cooperative and they provlde maxlmum 
support such as truck to tranport water for drlll~ng and spool~ng Bes~des 
that In order to expand the dlstrlbutlon outreach addltlonal fiberglass 
tanks and dlstr~bution pipes were also provided 

c S~te  3 Desa Tenuk~~k 
As mentloned above, orlglnally local dlstrlct government dld not plan 
Tenukl~k as one of refugee's settlement Slnce many refugee s 
settlements In the north part of Belu (Dualaos and Atapupu areas) 
became unsafe, many refugees move closer to Atambua c~ty and 
Tenukllk was declded as site to place them 

Technically the drilllng and construct~on of deep well In thls area dld not 
find any serlous problem Aqulfer is found In the mlnus 47 meters and 
exploltable water discharge 1s approximately 4 5 Itrlsec 

d S~te  4 Desa Ra~henek 
Llke Termlnal Lolowa, the drllllng In Ralhenek was started In the thlrd 
week of August 1999 The drllllng of the flrst well was done untll mlnus 
69 meters but IS not successful At minus 38 untll 52 meters blue clay 
layers was found and below that layer no water aquifer found 

Therefore we ldentlfy several other sltes and determine one of them to 
be drilled as second trlal (about 220 meters from the flrst one) 
The second tr~al is successful and water aqu~fer IS found at minus 57 
meters and the drllllng was done up to minus 64 meters The pressure 
of that aqulfer 1s also good and the water table reach mlnus 5 meters 
Thus the submersible pump IS placed at mlnus 45 meters 
Based on the testlng the exploltable d~scharge IS at least 8 Itrlsec 

In thls slte we recelve a valuable support from local church Espec~ally 
father Siprlanus who asslst us In ldentifylng the appropriate well slte 
and provlde moral support to refugees whlch lead lntb a good and 
cooperative cllmate 

Summary of constructed well and drilllng IS as follows 
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Mob~l~zat~on of dr~ll~ng rlg In Ra~henek (left) and dr~ll~ng process In Lolowa (right) 

The mud p~ston pump wh~ch consume lot of water for 
spool~ng process (above) 
The construct~on of gravel pack to secure the good 
recharg~ng capac~ty (left) 

Power, Storane and Water Polnts 

a Power Dlesel englne and alternator are used to generate power for 
water pumping In thls case operation and maintenance of that power 
generator become the key factor In securlng the water avallab~llty 

Therefore the avallabll~ty of local backup IS important In determlnlng the 
type and/or brand of englne to be used Based on the advlce from local 
prlvate sector Mltsublshr dlesel IS the most appropriate Because In 
reallty thls type of englne IS commonly used for local transportation 
(known as Colt diesel) and consequently many local mechanics are 
used to handle & repalr such englne Assembling of power generator 
(~nclude it's electrical panel) was done In YDD workshop In Yogyakarta 
and altogether sh~pped to Tlmor In second flrst of September 1999 

Capac~ty of each englne IS 78 HP and the production capac~ty of each 
alternator Installed IS 15 KvA Although the pump need only 4 5 KvA but 



we decide to Install higher capaclty Especially based on assumption 
that later (after the sltuatlon In the refugee's settlement IS more settle 
and organized) there wlll be a need for power such as for health actrvlty 
Ilghtlng, etc 

At that time no need to purchase new power generator since the 
excess power from thls WSS system can be utlllsed for those purposes 

b Storage & Water Points Accordrng to the orrg~nal plan the size of 
storage In each locatlon is 12 m3 

However in reality we observe that the water is not only used by the 
refugees In respective settlement Many water trucks take water from 
thls project and transport rt to other settlements whlch still do not have 
water faclllty Therefore the planned storage capaclty IS not suffrclent to 
answer such reallty and the only way is to Increase the storage 
capaclty 

Takrng Into account the cellrng of approved budget from USAID, YDD 
decrded to construct 40 m3 storage Instead of 12 m3 

Nothlng speclal wlth the water dlstrlbutlon polnts 

Storage reservoir In H a l i ~ e n  Stadlon Mlni under the constructlon (left) During finalisatlon and curlng process the 
volume 1s 45 m3 (rlght) 

Unlt In Ra~henek storage reserbolr on the ltft and 
tollet & washlng facl l~t~es  and pomer house on the 
right (left) 



In Haliwen from the storage reservoir water is distributed further to many sub settlements piping system is from 
the project and additional fiberglass tanks wlth 2m3 each are provided by local dlstrlct government (above left) 
Power house where power generator and electr~cal pumplng panel are placed (above right) 

Guldance to operate and maintaln the power system (nght) and vislt 
of USAID team and local authorit4 durlngthe construction (aboke) 

Water 1s a basic need and refugees cannot w a ~ t  Even before the all constructions are finalised partial flow of 
water just to answer the need (above left & right) 



Sanltatlon facllltles In all sltes are Implemented as planned Faclllty In each 
slte conslst of 3 compound, and one compound conslst of 5 sets of torlet 
and washlnglbathlng facrlltles 
Each compound IS equrpped wlth underground septlc tank and percolatlon 
dltch to secure a good sanltat~on cond~tlon 

In the begrnnrng there were suggestrons from local authorrty to just make 
slmpler sanltatlon faclllty such as srmple p ~ t  (referred to as "Cubluk") The 
argument was the assumption that refugees wrll only be there temporar~ly 
But on other hand nobody could antlcrpate and moreover define howlong IS 

so called "temporar~ly" Based on our observatron there are many refugee 
famllles who do not want to go back to East Tlmor due to various reasons 
such as have nothlng left In East Tlmor, prefer to settle In West T~rnor and 
llfe wlth thelr famllles or relatives, etc 
Besldes that there are many refugees who are very afrald to go back to 
East Tlmor because thelr background In the past 

Therefore we declded to construct so called "adequate" sanltatron faclllty 
whrch means srmple but durable and env~ronmentally sound (include the 
constructlon of proper septlc tank and percolatlon dltchlwell) 
Suppose In the future no more refugees In respective location, at least that 
constructron can st111 be utllrsed by lndrgenous population 

Startlng the foundation for the sanitation unlt (above left) Water taps within sanltatlon unit (above r~ght) 

Typical sanitat~on facihty (above left and rtght) 



Although lnvlslble (underground) the proper treatment (septlc tank and effluent percolation drtch) and 
dralnage are very Important otherwise the objectlve to rescue the refugees from serlous health problem 

Sodls (Solar Dlslnfect~on) 

Trainings on util~satron of solar disinfection simple technology to produce 
potable water were conducted In every s~tes mentioned above 
In thls case the strategy is through the refugee group leader We Identify 
that In one settlement there are several refugee groups who came from the 
same village And there were always a leader, Informal leader or respected 
people in every group They were asked to contact all fam~l~es to participate 
In thls Sodis short training Usually women who attended this short train~ng 
and after the tralning they were glven 4 bottles to be used daily In order to 
produce potable water 

Train~ng materials such as poster and simple leaflet were sent from 
Yogyakarta (YDD contrrbut~on) which were developed by YDD In 
cooperat~on w~th Un~cef Example of Sod~s tra~n~ng leaflet and poster see 
Annex 

Although Sod~s technology IS s~mple, but it really help the refugees 
Espec~ally women because find~ng f~rewood to boil water is d~ff~cult and 
become their maln burden On other hand other fuel such as kerosene IS 

expensive and beyond thew abil~ty to pay W~th  Sodis technology they don't 
have to do that again 

However the fund from USAlD IS allocated for 2000 bottles only In the 
or~g~nal proposal the idea is only to conduct training and prov~de 
demonstration If the refugees need more bottles they can buy on the~rown 
or obta~n from other local sources But In real~ty the locat~on of refugees 
settlement is far from the c~ty (where usually used plast~c bottles are 
ava~lable) and on top of that they have no money to buy ~t 

Understanding that problem, YDD approached the Aqua Golden M~ssisippi 
(producer of bottled water) In Jakarta They agree to donate 25,000 bottles 
and that had been sh~pped to Kupang In November 1999 
At the wr~ting of th~s report the d~str~but~on of that donated bottles from Aqua 
company IS still golng on 



D~stribut~on of Sodis bottles after the short tralnlng malnly to the women who are usuallv In charge to produce 
potable water for the famll~es 

Practicing on how to produce potable water for the famllies using Sodis technology simple cheap and release 
the women from then dally burden 

B 4 Handed Over and Post Construction O&M 
As described above there were various extraordinary problems and diff~cultles 
in constructing water and sanitation facilities for the refugees 
But more serious d~fficulty was the post construction operation and 
maintenance especially In determin~ng actors responsible for that job 
Moreover the water facilit~es described above involve pumping and power 
generator wh~ch need to be operated properly In order to make ~t functlon~ng as 
~t should 

The core of the problems In any act~v~ty deallng w~th refugee was the fact that 
one have to work and deal w~th frustrated, emotional and desperate target 
groups Consequently all conventional community arrangement based on 
soclal cohes~veness such as formation of community group for operation & 
maintenance, organizing service fee, etc cannot be Introduced 
Therefore, In this context, local government and locally based organisation 
(such as church organ~sat~on) are the most appropr~ate parties to manage the 
operat~on and maintenance 



In December 3rd 1999, USAlD prov~de a mandate to YDD to conduct thls hand 
over process This hand over process was conducted in mld of December 
1999 

In general all the operat~on and ma~ntenance of those facilrties are handed over 
to the local Government of Kabupaten Belu 

Local government then d~str~bute the O&M job to relevant "dinas", as follow 

Drnas under Local Distrrct Government 
responsrble 

DLLAJR (because the location IS In termlnal area 
whlch IS under the jur~sdictlon of respectrve dinas) 

Local Govt Water EnterprlselPDAM (because PDAM 
IS respons~ble to serve water to refugees In thls slte) 

Local Govt Water EnterprlseslPDAM wlth support 
from local mllltary (because thls locatron 1s close to 
the mllltary camp) 

Authority of Kobalima Sub Dlstrrct In cooperation wlth 
local church 

No 

1 

2 

3 

4 

Locatron 

Terminal Lolowa 

Hallwen 

Desa Tenukiik 

Desa Raihenek 



C Budget 

The frnanclal report of East Timor Refugees Support Program (Grant Agreement No 
497-G-00-99-00035-00) 1s as follows (dated November 15'~ 1999) 

Budget L~ne Item 

Personnel 

Project Actlvlty Costs 

Other Dlrect Costs 

Total 

Approved Budget 

46,800,000 

960,700,000 

65,000,000 

1,072,500,000 

Total Expenditure to Date 

46,800,000 

963 600 000 

62 300 000 

1072700000 



SODlS Training Materials 





IDE DASAR 
SODIS 

SODlS adalah suatu teknologi sederhana 
yang memanfaatkan energi matahari untuk 
membunuh mikroorganisme patogen dalam 

air 

Yayasan Dian Desa 
Yogyakarta, Indonesia 



SODlS adalah suatu 
metoda pengolahan 
air yang membuat i air steril, untuk 
keperluan konsumsi 
rumah tangga 

SODlS 
memanfaatkan 
sinergi sinar UV-A 
dan panas sinar 
matahari untuk 
membunuh 
mikroorganisme 
patogen di dalam air 

Yayasan Dian Desa 
Yogyakarta, Indones~a 





Thermoresistensi Bakteri 

Yayasan Dian Desa 
Yogyakarta, Indonesia 



Bagaimana bila air dipanaskan di 
atas 50°C dan di bawah 90°C tetapi 

tidak terkena sinar matahari 

Bagaimana bila air dipanaskan dan 
terkena sinar matahari, tetapi tidak 

pernah mencapai suhu 50°C 

Bagaimana bila air dipanaskan 
sampai suhu 50°C atau lebih dan 

terkena sinar matahari 
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water temperature! 5a5 C ma C 
inact~uation 8nEcct rot effect or 

20 40 W) 80 100 

f luem UV-A mZ] 

tempemre 30% 
and sunlight 5w A 

=4Awn= w"7 
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\Ic Hasil percobaan di 
laboratorium 
menunjukkan bahwa 
sinergi yang terjadi dari 
gabungan radiasi sinar 
ultra-violet dan panas 
merupakan kunci 
keberhasilan 
pemusnahan bakteri E. 
coli dalam air. 

Dua macam test dengan bakter~ E toll d~lakukan dengan 
mengontrol temperatur air pada suhu tertentu yaltu 30° C dan 
50° C Salah satu sample hanya d~berl  panas saja (sebagal 
kontrol gelap), sedangkan yang satu lag1 dl paparkan pada 
slnar matahar~ (seh~ngga terkena UV dan panas) 

Has11 test menunjukkan bahwa pada tabung yang terkena slnar 
mataharl, pada suhu 20 - 40' C pengurangan jumlah bakterr E 
COII tldak terlalu trnggl, bahkan dapat dlkatakan tldak terjadl 
pengurangan Tetapr pada saat suhu air nalk sampal 
mencapal 50' C,  terjadl pengurangan jumlah bakterl yang 
cukup drastls hlngga mencapal jumlah bakterl E coil 0 Tetapl 
ternyata proses In1 tldak terjadr pada tabung kontrol gelap 

J a d ~  sebagalmana dapat dllrhat pada graf~k, pemusnahan 
bakterl E coil pada suhu 50° C dlsebabkan oleh 

mEfek panas 

mSlnar mataharl, yang mengandung slnaa UV 

mSlnerg1 yang terjadl darl gabungan keduanya 

Yayasan Dian Desa 
Yogyakarta, Indonesia 



PERBEDAAN HASIL 
AIR YANG Dl SODlS DENGAN BOTOL DAN 

KANTONG PLASTIK 

100000 - 

0 20 40 60 80 100 

UV - A Dose [~hlrn*] 
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Sinar Matahari 

Tempat yang terbuka 

AWAVAWAVAVAVAVAVAV 

Botol plastik atau rm kaca transparan 

Cat hitam dan kuas 

Yayasan Dian Desa 
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Cat h~tam berfungsl untuk menyerap 
panas, sehlngga suhu yang dlbutuhkan 
leb~ h cepat tercapal 
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UJI PEMANASAN AIR KEDUA 

HARl CERAH, INKLINASI 4S°C 
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*TEMPERATUR AIR PADA BOTOL SODlS YANG 
DICAT HlTAM SETENGAH BAGIAN DAN YANG 
TlDAK DlCAT HITAM, KEDUANYA DILETAKKAN 
PADA LEMBARAN SENG YANG DlCAT HITAM. 

DIAGRAM BAR MENUNJUKKAN TUTUPAN AWAN 
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PERBANDINGAN TEMPERATUR 
AIR PADA BOTOL SODlS (DICAT 

SETENGAH HITAM) DAN 
KANTUNG SODlS 
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BERKURANGNYA RADlASl SlNAR UV 
AKIBAT MENGGUNAKAN AIR KERUH 
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Hasil percobaan menunjukkan bahwa 
intensitas sinar UV akan berkurang 
dengan cepat seiring dengan 
bertambahnya kedalaman air. 
Dampak berkurangnya intensitas 
sinar UV semakin bertambah besar 
dengan semakin keruhnya air. 

Grafik menunjukkan berkurangnya intensitas radiasi sinar UV 
karena pengaruh kedalaman dan kekeruhan air, (a) air ledeng 
(NTUCI), (m) air yang telah disaring (26 NTU), (* ) air sungai (40 
NTU). NTU = Nephelometric Turbidity Unit. 

Semakin keruh dan semakin dalam air, semakin berkurang 
pula radiasi sinar UV. 
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Menggunakan tabung pengukur kekeruhan yang dlkembangkan 
oleh Del Aqua, England 

1 - -- - - -- -- 5 NTU 

NTU 

NTU 

NTU 

5 - -- - - - - - 30 NTU 

6 -------- 40 NTU 

7 - - - - - -- - 50 NTU 

8 ------- - 75 NTU 

g ------- 100 NTU 

10 ------- 200 NTU 
11 ------- 300 NTU 
12 ------- 
13 ------- 500 NTU 

14 ------ 1000 NTU 
2000 NTU 

Prosedur pengukuran 
~ T u a n g  air yang akan 

dranal~sa ke dalam 
tabung pengukur, hrndar~ 
perc~kan dan 
pembentukan gelembung 
udara Is1 sampal tanda 
ke l ~ma  

~ A m a t ~  tabung pengukur 
dengan posls~ vert~ kal 
dan buka katupnya 

~ S e g e r a  tutup katup jlka 
llngkaran h~tam pada 
dasar tabung telah 
ter l~  hat 

~r L~hat  batas air, kemud~an 
catat 

w Buang semua alr dar~ 
tabung pengukur dan 
bers~hkan tabung 
tersebut 

I 
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Pengukuran lnl harus dllakukan dl tempat yang teduh, 
sehlngga tldak terpengaruh slnar rnataharl 

Ambll satu botol transparan ukuran 1 5 l~ te r  Is1 dengan air 
yang akan dl  SODlS Letakkan logo SODlS dl  bawah botol 

tersebut, kemud~an llhat melalu~ lubang botol 

J ~ k a  anda dapat mel~hat logo tersebut melalu~ alr, artlnya 
kekeruhan alr dl bawah 30 NTU dan cukup balk untuk dl  SODlS 

J ~ k a  anda t~dak  dapat membaca logo SODlS tersebut rrlelau~ 
alr, artlnya air tersebut memerlukan proses penyarlngan atau 

penjernlhan sebelum dl SODIS 
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Saring air dengan 
kain yang berpori 

halus 

Diamkan selama dua 
jam 

Ambil air yang sudah 
bersih tersebut hati- 
hati, jangan sampai 
merusak endapan 
yang telah terbentuk 

Masukkan air ke 
botol SODlS untuk di 
SODlS 
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Gunakan Tawas 

Gunakan biji kelor 
(Moringa oleifera) 

Pohon Kelor 
( ~ o r i n g a  oleifera) 

Yayasan Dian Desa 
Yogyakarta, Indonesia 



Gunakan sensor 
suhu 

Letakkan alat 
sensor suhu 
dalam botol 

dengan posisi 
tegak dan parafin 

di bagian atas 

Pada saat parafin 
meleleh, suhu air 
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PIKTOGRAM TEMPERATUR SENSOR 
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Mengolah air 
dalam jumlah + 

besar 
sekaligus 

Mengolah air 
Yang 

kekeru hannya II, 
diatas 30 NTU 
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~- 
Terlalu ted* 

punggung kursi 

Tempat terbuka 

Tidak ada bayangan 
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HILANGNYA TRANSMlSl UV AKIBAT MECHANICAL 
SCRATCHES (KIRI) DAN PHOTOPRODUCTS (KANAN) 
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1 botol = 1 5 1 ~ ter  

6 untuk pengolahan SODlS 
6 untuk d~konsums~ 

Jemur dl bawah ter~k matahar~ 
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