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BSTRACT

is report presents the results of field tests of a simple, inexpensive, and
 

efficient method of water treatment for rural communities in Southeast Asia. The
 
method consists of filtering stream or pond water through 80 cm of shredded coconut
 
fiber and then through 80 cm of burnt rice husks. The coconut fiber reduces turbidity

and removes suspended solids, while the rice husks achieve the second or polishing
 
stage in turbidity and remove bacteria. The burnt rice husks also remove taste, color,

and odor through the process of adsorption. The method was developed in two years of
 
laboratory research at the Asian Institute of Technology, Bangkok. Pilot-plant
 
testing of the new two-stage system began in 1973 under a research contract with
 
UN/ECAFE, with financial assistance from USAID, in Thailand, Cambodia, Vietnam, and
 
Laos, but was continued in 1974 only in Thailand because of insecure conditions in
 
the other countries. This report on Phase II of the research presents the results of
 
a study of pilot plant operations in Ban Som and Ban Nong, Thailand, villages of 800
 
and 5,000 persons, from February through October, 1975. Also reported on is a field
 
test of an individual-family-sized filter employing a single-jar dual-media unit.
 
Among the research findings: Several filters operated successfully for nine months
 
with minimum supervision of the village operators. Filter media were changed only

twice in the nine-month period. The filters are capable of treating most surface waters
 
successfully without the need for chemicals, except for waters with abnormally high

colloidal turbidities. But those waters can be treated by the filter by adding

coagulant chemicals to the raw water. The bacteria removals achieved averaged 76 to
 
86 percent, although the removals vdried considerably; individual grab samples varied
 
from 30 to 100 percent removal. Effluent quality was particularly erratic during

the first ten days after media changes, prior to the uild-up of a biological layer
 
on the surface of the media. In all cases disinfection of the final effluent would 
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be necessary to meet recommended international bacteriological standards. The filter is
 
less efficient at removing bacteria than isslow sand filtration (which generally removes
 
98-99 percent bacteria), but it is ten times faster, and slow sand filters cannot
 
effectively handle the high-turbidity waters inSoutheast Asia without preliminary treat
ment by either chemical coagulation and sedimentation or roughing filters. The quality

of the treated water physically was good; itwas generally sparkling clear, with a
 
turbidity of less than 5 JTU, and itwas colorless, odorless, and without any noticeable
 
taste. Ingeneral, treated water met WHO international standards for clarity, taste,
 
odor, and color, although a disinfectant such as chlorine needs to be used to reduce
 
the coliform densities to the usual standards (Icoliform per 100 ml in the U.S.). Future
 
research recommended includes continuation of the pilot-plant study at Ban Nong, field 
testing of simple chlorinator at both villages, analyses of the filter materials, continued 
field testing of the jar filters, introduction of hand and/or bicycle pumps (instead
of gasolene-powered) and recording-of villager reactions, and definition of extended 
research involving 20 villages over a ten-year period.
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I 

DEVELOPMENT AND FIELD TESTING
 

.OF THE COCONUT FIBER/BURNT RICE HUSK FILTER
 

INTRODUCTION
 

A. Background 

The development of the coconut fiber/burnt rice husks filter was a
 

result of some two years of laboratory research at the Asian Institute
 
of Technology, Bangkok, in a search to find a simple, inexpensive, and 

eficient method of water treatment for rural communities in Southeast 

A"a, The emphasis of the research was to utilize local materials as 

filter media, in a gravity fed system without the need for backwashing, 

and to eliminate wherever possible the use of any chemicals.
 

The methodology developed was a two-stage filtering process using 

coconut fiber and burnt rice husks. The raw water from a surface stream, 

pond or shallow well, was first passed through shredded coconut fiber, 

which,achieved an initial reduction in turbidity and suspended solids 

removal,, then passed through burnt rice husks, which achieved the second 

or polishing stage in turbidity and bacteria removals. Generally no 

chemicals were needed, but in certain cases some coagulants might be 

needed to enhance removals of colloidal materials by the coconut fiber. 

The first stage filter with coconut fiber acted as a substitute for the 

coagulation and sedimentation phases of conventional water treatment 

plants. The second stage, using burnt rice husks to remove residual 

turbidity and-bacteria, was similar to the rapid sand or slow sand filtra

tion phase of conventional water treatment plants. However, in addition 

to' achieving removals by 'theprocess of filtration, the burnt rice husks 

appeared to achieve some additional removals of taste; color, and odor 

through.the process of adsorption, similar to the use of actiated carbon. 

Pilot plant testing of the new two-stage filtration system began in
 

1973 under a research contract from the Committee for the Coordination
 

of Investigation.of the Lower Mekong Basin, UN/ECAFE, with financial
 

assistance from the Office of Regional Economic Development, USAID. The
 

http:Investigation.of


pilot project built two ,:uitst iin Thailand, one in Cambodia, one in 

Vietnam, and,.gtbega a itndn Laos. .,%The scope included field testing of 

the units to determine filter efficiencies, effluent quality, lengths 

of filter run, and operational problems, and to test the acceptance of 

the treated water by the villagers. The project was carried out for one
 

year under the contract and the pilot plants were then turned over to 

the villages-to operate themselves. 

In Thailand, both villages continued operation of the pilot plants 

in ,1974. At Ban Som, a village of approximately 800 persons, the village 

headman continued operation of the system by collecting g 0.5 per house

hold member per month. However, this lasted only about three months as 

the raw water source almost dried up. Because the amounts of water 

produced were not sufficient, numerous families stopped paying their 

monthly water fees, and finally insufficient funds to pay the village 

headman a salary (who was also operator of the system) resulted in shut

down of 'the pr6ject. On occasions the village Wat (Buddhist Temple) 

operated the filter for its own water use with the Vat paying for the 

gasoline to run the pump. Heavy rainfall in the wet season of 1974 

filled the stream and low areas of the village to very high water levels
 

prior to the reopening of the filter project in February 1975. 

In Ban Nong Suang, a village of almost 5,000 persons, the village 

headman continued operating the pilot project by using an appointed 

operator throughout .the entire .year prior to the beginning of this study. 

In that period the headman collected money from the villagers who used 

the treated water. The village become split in opinion on support of the 

village headman to continue operation of the filter project. Of a total 

population of about 5,000 villagers, less than 1,000 continued to support 

the project primarily because of insufficient treated water and .ncon

venience in getting water from the one central location. During the 

rainy season, output was further reduded and the plant was often shut. down 

for several days or weeks. The village headman claims to have paid for 

the balance of operating costs each month'when insufficient funds were 

c6ilected fr6m the villagers. However, the operator stated that he was 
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not Paid for his job and finally quit during the rainy season of 1974. 
Additional information on the villages and previous operating results are 

available in past project reports (Ref. 1). 

In Cambodiat Vietnam, and in Laos conditions of insecurity prevented 

continuation of the pilot projects under this :studye 

Be Pilot Plant Testing Phase II Objectives and Scope
 

The previous and proposed programs of research for development and 

eventual future full scale utilization of the two-stage water filter are 

delineated in Figure le The first pilot project carried out under the 

auspices of the Mekong Committee is referred to as Phase I of the pilot 

plant testing program as shown in Figure 1• This study, carried out 

under a direct contract with USAID, is referred to as Phase II. 

The primary objective of the Phase II pilot plant research project 

was to study the bacteriological removal efficiencies of the filters 

under all operating conditions and to present reliable statistical data 

of such removals covering a period of at least nine months of pilot 

plant operation. Such data are presented for both Ban Som and Ban Nong 

Suang from February through October 1975. A second pilot plant of the 

smaller 1*25 m3/hr size was built at Ban Nong Suang in March and started 

operation on 2 April 1975. Also in April the filter unit at Nong Khaem, 

used to produce water for orchid farming and domestic purposes, was 

brought within the scope of the project. These two additional pilot units 

were substituted for the village units in Laos and in South Vietnam which 

were included in the original scope of study of the Phase II project, but 

which were unfortunately inaccessible due to conditions of insecurity in 

both countries.
 

A secondary objective was to develop and field test an individual
 

family-size filter for both turbidity and bacteria removals. A single
 

jar dual-media unit was designed and tested in conjunction with a coconut
 

shell chlorinator, the entire unit representing a very economical design.
 

Offices and laboratories were operated both in Bangkok and in Korat
 

at approximately the mid-point location between Ban Som and Ban Nong Suang°
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EacIlaboratory and office was staffed by a full-time biologist/chemist, 

an engineer, and two assistants for sample collection and laboratory work, 

The laboratory in Korat was furnished with equipment supplied by project 

ifdndSgand some -borrowed.,:'fOmf'the :Provincial, Headquarters of"the Rural 

Water Supply Project,'l inistry-o2' HeAlth, ,Thailand. 
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.. '.ILOT IFILTER UNITS 'CONSTRUCTED AND .OPERATED' UNDER THE tPROJECT, 

A. 	 Ban 'Somi -Korat Province 

The unit at Ban Som is a small two-stage 'filter consisting of 'two 

ilarge ferro-cement jars used in series to treat raw water from the village 
4stream. The filter jars are mounted on top 6'2 nine circular storage tanks 

built by the Ministry of Health to store 'the treated water (or rain water 
which was to be collected from the roof of the village temple). A sketch 

of the pilot unit is shown in Figure 2 and a photograph of the completed 

unit 'is shown 'inFigure 3. Each water filter jar is 1.4 meters diameter 

at the widest point and 1.3 meters high. The maximum surface area is 

1.5 -m2 and the filter media are 0.6-0.8 meter deep. Using a filtration 

rate of between 1.0 and 1.25 m3/hr, a maximum of 2 m3 (2,000 liters) of 

filtered water can be produced per hour when the filter media are new. 

mThrough daily use of the-lilter, the media ,beginto clog causing a gradual 

:build-up in :the head ,loss through the filter# which causes the flow to 

decrease. At a:head loss of about 1.0 meter the flow drops to about 

50 percent'of the design value (0.5-0.6 m3/m2/hr). At this time, the 

media were removed and discarded and new media were placed back in the 

filter jars. The coconut fiber is generally washed in the -raw water 

stream to remove the mud -,caked solidst and then returned to the filter 

jar :for reuse. The top layer of '10-15 .centimeters depth of iburnt rice 

husks is scrapped off and removed and a new layer added .at the time of 

changing the media. During Phase .I operations the media were changed 

three times during 1973 (filter uns lasted between 300 and 570 hours 

of operation per run). In Phase II operations, the media were changed 

twice during the nine months of operation .(filter runs of 140 to 660 hours 

of operation per run).
 

The :operator of the pilot unit .is the :village headman who volunteered 

'himself ,to maintain ,and -operate the filter unit and take responsibility for 

collecting fees from the villagers, 'purchasing, the -gasoline for .running the 

pump, and caring for the-unit and its upkeep. ;He received X 300 ;and )K200 

per month salaryfor this work under*:the Phase ,I nd Phase II projectsp 

respectively. In Phase It this salary was agreed to as a minimum -by the 

village headman and representatives from the Ministry of Health. During
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both phasesogailry andl;,zpex'a2ti cosV1 Ir
 
Funds collected from the villagers durinq the interim ,yea(lo04 families)
 
Pover.ere insufficient to maintain the salary.When
 

-,a ..
to.4manti P, W .mqst,,of the
 
,collected water fees went into Purchases.of gasoline fdr the the
 

village headman cut back on the number of hours of filter operation per
 
day (originally 4-5.,hours :only),to 2 hours in the late ,afternoon before
 

,sunset* The villagers complained of insufficient water, refused to pay
.'"'" ."Ad 

their water fees, and after three months of conflict the plant was,closed.
 

The yillage headman also had,,to spend two hours on.,a local bus for each
 

trip into town to purchase gasoline in the 20.liter container available
 

for gasoline,storage, Tl1s amount of gasoline lasted 4-5 days' The
 

'rip to pir.chase gasoline was often delegated to another famy mmber 
as the village headman had other village.responsibiliti.e.s.
 

-The. headman's :'education included completion of :elementaryr-school 

j;( to,..grade 4 -as:: required ,by.,.lav) -andrmore ithan .tn.years .experience.Lworking 
as,..antruck ,.driver.': His. ful-.time occupation was :as trice ,farmer..:As, a 

,vi-llage :headman,. he 'had received-no.:special- training, of .any kindr rom the 

,,goVernment,-.. He operated, the -plant with,the -:agreement -of-"a .village .,committee. 

The £ilter :was rthe: only vill-age:r.sponsored '.project .until June 197" LAken the 

,villagers undertook ,the,, beginning,Of:; construction., of their village rtemple. 

:The t mplep, which is-:being _built -with. voluntary rlabor and r.donations, is 

cdue:Jfor., completion inA.1977., 
Thd Til'ha "fee 11 ystMisb'sed 166".a uniorm priciiig pli'c p '-

T village headman collets the- money and' controls al";ex

di%U t'eve&th"'t: e6s.''not on time,S'. '"'th i£amily ! make payment: 

the6 wter supply' s -extendeditdtoh~gfdmil'yf.6r 'a peioci Of W& mnt's 
before the headman terminates their use of the -fiitered'water;' Assi'stnce 

t.o;.7naintain:the .pzoject:.s :.now -.beingrsaught, bythe headman-.from the 

f r.ovincial .Headquarters .-ofthe:.Rural, Water Supply Project, IMinistrysof 

Heathe,, Itz-.is,..expected,fthati:unless -:the .-salary::of 'the headman. is).maintained 
that :he will.-,revert -back.,to,lesspumping,': hence- less Rileredate , 

:available for .the; villagers, -resulting .invillager.reluctance :to! pay, the 
water,fees, .etc. 

,.6
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Bi' ',,Ban Nong,,'Suang,. KratP ovince-

The unit,,at Ban Nong "Suang, completed under "the dcOntract"with;the 

Mekong, Committee, was a large scale plant originallylbuilt to,3supply the 

entire village of-,some 5000 .inhabitants;f. Extremely,:fine .olloidal."i 

material in the raw: water necessitated the ,'use of 'aluminium sulfate': (aum) 

as a coagulant in the :first stage filter which was .converted-to 'a'.sedimen

tation tank followed'by'filtracion in the second stage filter using dual 

media'of coconut.fiber and.burnt rice husks, The -ratheir poor'settling, 

characteristics of :the -alum.flocs in the sedimentation'tank necessitated 

a",4-6-hour . the plant' ssedimentation period causing the operator" to: limit '. 

otput to two;batches of settled water per day of 20 m. maximum. The 

settledfwater 'then passed through the second phase-dual media filter at 

a rate of 1.0-1*5 m3/m2/hr. The final product was distributed to..the 

village from a large storage tank with 22 water taps. 

•Some,110 -families consisting of 746 persons utilize the Tiltered 

:water for,'domestic purposes on a more or less continuous basis and' 

:contribute funds to the village headman to keep the plant functioning. 

Project funds ,were used' to supplement the *amount collected to permit 

proper addition of coagulant and to guarantee salary payment of X 500 per 

.month,for a full-time operator who lived at the site of the plant.
 

In order. not to disturb the limited water supply furnished to the
 

-village by-the large scale pilot plant, a second small pilot .plant was
 

.constructed using,.two,stages-,with coconut fiber in the first :'filter jar
 

'followed by burnt -rice ;husks. In'the second jar.' Raw water, pumped from
 
the earthen 'lined 1'reservoir of some t5000 -m surface.area,-Was .,Red::-to
 

.both water .treatmentunits simultaneously,'- Alum is"added to the raw water
 

at the intake side 'ofthe pump and .is: mixed ,thoroughly'by turbulence within
 

the 4'inch diameter .pipeline along the '100-meter route "to the sedimen

tation tank of.,the large 'unit and ;.to the first :stage 'filterl of the :lsmall
 

pilot ,unit,; .Aphotograph of the two pilot plants, ,built:side-by-side,
 
e
 .
isshown in Figure A4


Addition of 'alum "to 'the r6w'water increases the particle size'
 

through coagulaton-of the colloidal size .material permitting\"improved
 



contact filtration" with the coconut.. fiber. - ,Sincecoconut.',fiber. does 

,,notihave_,Ai small ...effective, diameter similar ito ;sand, -burnt-rice husks. 

rfq ther.granular ;types of media, -rapid clogging, of the .coconut fiber 

at'; the,,surface, of.the, mediumwas not expected. -,.Rather- it was believed 

'that,,the penetrationc of ,thenflocs -would, be throughout the fiber ,andrthat 

-b filter depth would:permit,.sufficient contact, time toreduce the raw 

:,yater turbidity tto ..a low. enough level.:so,,that the.-second stage.,burnt rice 

rhusks: could effectively produce, a clear. water. v.It .was. hoped also-'that 
I.the,improved icontact,.-filtration rate-would, increase ,treated water-,output 

awhile-stil.l maintaining -an; acceptable. water quaityp and. thereby present 

.,an alternative to the village headman'.for increasing water output from 

the ,large.,scale unit. :More-water would. ,enable the village to serve more 

-families-and gain more-revenue to operate the system. 

The farmers at 'Ban Nong Suang are 'tapioca root growers, and utilize 

t:the icash'-.value of .the crop to purchase their rice, water, :and other 

staples. ,.A good yield and .:Lhigher ,tapioca price in 1975 '.provided ,higher 

,than,normal '.incomes.,to most.,families. ,Thus the ability, and willingness 

of.,the villagers,to pay,.forwater.is good and the headman is anxious to 

,.find a,,way..to-increase water.,..output. 

The operator 'of the water system at Ban Nong Suang was a previous 

rrice mill employee '-and was ..chosen .by the. village headman to operate the 

;ater.lilters on a :full-"time basis at $ 500 per month. .This salary-was 

guaranteed throughout. the. life-of this; study. and ,was. to .be ,,maintained by 

,.7the village ,headman if he could obtain tsufficient income from-the :families 

rinLthe village using -the filtered .water .. The village operated,the water 

system -on their. own with no .aid .or.-assistance from 1.the government. , A 

uniform pricing policy.was; established -,by the .,village headman based on a 

fee per household regardless of,.family a:size, and .a higher; fee. for, the few 

stores and. restaurants in. the,,village. :Only ;the village temple , received 

water free of. charge.. In the .event a: family ,did not, pay the.water' fee 

in time, the payment period was extended one month,-after which ,time ,the 

family could no longer, use the comunity system. 

8
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C. Nong, haem,...Thonburi Province,,., 

Th4e 	 pilot..plant at ;Nong .Khaem. is aje1. 5m/hr,.unit,. similar, in. ,design 
3

to..that at Ban Some However, the filters are. staudard size, m.,galvanized 

iron, water storage tanks and the pump is electrically run. The.:aw water. 

comes.,from a,tributary canal ofthe Chao Phya River. Theunit ,operates four 

to six-hours per day serving a large orchid farm of some 500,000-potted
 

plants covering ten rai (four acres). Orchids require a turbidity-free
 

water and one that has not been treated with chemicals. Thus the filter
 

effluent offerred an excellent supplementary source of water to the rain
 

water supply which was limited to five months per year,
 

Farmers utilizing this system previously purchased municipal water 

by 6-8 m3 .truckload during the dry season rather than use the turbid 

-,canal water. The municipal water, which is coagulated with alum.and. 

chlorinated prior to distribution, was mixed and stored with existing,
 

rainwater prior to usage. The filter effluent,at Nong Khaem is also used
 

,for domestic purposes by the ten caretakers and family workers. This
 

unit was constructed and utilized as a test pilot plant in 1973 prior to
 

the Phase I construction of pilot plants in the Lower Mekong countries.
 

Operating data are available for over a two,.year period.
 

D. Individual Family-Size Jar Filters. Soi 5, Bangkok 

Four standard size (cement made) water jars 60 centimeters high were
 

converted into water filters and tested treating typical surface -pond
 

runoff water collected during the wet season. This water is rainwater/
 

drainage which finds its way into an unlined earthen pond during the wet
 

season. Water quality varies throughout the year due to runoff, evapora

.tion changes, and the effects of aquatic life in the pond. The appearance
 

of the-water is typically brown in color (much of which is reflected from
 

the earthen sides and bottom of the pond).
 

The family .size,filters were constructed as a single container
 

filtration, unit with ten centimeters of,shredded coconut fiber or a four
 

,centimeters thick woven coconut fiber mat,on top:-of ,30 centimeters of 

burnt ricehusks. .The base of the, Jar-contained a perforated plastic 

tube * 4i-diametercurved around- the-bottom of,,the jar to, permit 



collection of filtered water from throughouttle'surfac a 6f. the
fiter. ,Th-.perforated tubie a covered withi - "diameter p a rv -

pde6ti4a coerd a gravei 

'vhi~1 prevented thei bUirrt- rice hais from enitinig the 'tube; with'-the' 
Tfilt6ied water.;, Thie tdb6'vas c~nznectedtio '-aj'ich dian{ter three'iniches 
' 6 ngalvan'izediron pipe. 'sectiv cemented into the "hole at the bottom 

ofthe'.jar. 

Various configurations for water controls were tried with the family
size jar filter in an effort to prevent wastage (e.g. from chiidren's 
play) and still maintain water levels above the media to prevent drying 

of the biological layer which forms at the surface 
 The ordinary tap,
 
'whii'le.being the'easiest operate'to install and had the -disadvantages of 
being -left*::open or leaking and thus caused both wastage 'and lowering 6f 

the'water,'leVel below the upper surface of the' media. A pressure release 
vAlW reduced -the wastaqe considerably but. did not solve the problem of 

b%'how-EO maintain: water :above: the mediaot. A third type 6f overflow valv.e 
was"tried'whefe the effluent pipe exited'from the filter at the top level
 
of."the media (rather than 'at the -bottom). With an air intake tube to' 
break"-the suction, "the effluent flo4w6ul'd. stop' automatically when the 
level of water in: the' filter fell below -the' top"of the' 'media. However, 
this approach presented problems in cleaning of the media since 'the water 
could not be drained :except. by.,: spill ingvater_ from.the top,. which proved 
-tobeboth'cumlIersome and in'convenient. 3' Also: the maximum head loss of 
thii'deiign was-liinted to the vertical 'distance between the top layer 
'6',I"iedia arid- the lip of the! jai"- only some'20 'centimeters in: 'this case. 
ThisLLas -believed to ,be too. sall a'ha d -loss' for long 'filter runs 'ad 

hence' the'idea ,of using, the.:waterI.level! control as' a 'design parameter
 
Vasdropped. 'The. final 6 esign used 
 for"testing' under this programi."for
 
both 'turbidity and -bac'teriblogical-removal's', is--shown in Figure 5 '
 

The jar filters were operated' twice per day, once in the mornings 
-and 'once . 'in..the lateiafternoons 'for' a -2-3 hour' -continuous period through-

T.Out the' test runs. Originally three-filtr-ation' rates were-:testedi namely 
1 .liter/min',' 2liters/mi, :and, of 4 liters/mine 'QUalit: of -the" effluent 
wast .essentially.,i'dentical for .therslow'r rates' and 'better ';than' that of the 
highetrAte T ghestrite was acult 'to because, 
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it drained the small filter too quicklcyauing6 the wat6er le!vel t.,fal1 

below the filter media. This was undesirable because drying of the upper
surface of the media kills the biological layer (or h eck,'i 


rem os cke' which 
isvluablen improving bacteriological removals. Hencev a rate of 
2 liters/min was chosen for the majority of the runs. This rate was 
considered sufficiently Last for filling bottles or buckets used for
 

storing drinking and cooking water. A rate of 2 liters/min corresponaea 
to.a filtration rate of about 0.8 m Air of filter surface area., 
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III* RESULTS OF.,PILOT PLANT OPERATION& 

A. 	Ban :Soi Korat' Province 

The unit at .Ban 'Som.as operated. sevendays .per weekby .thes village 

headan .from February through the end of October. Personnel frm the 
SEATEC Korat office and aboIatory collected dly .Saples (7days Per 

week)' for bacteriologicai analysis, except a period of 5...days at.the end 

of each .onth. during .which samples ,we.re. nottake; . The. Unit was operated 

2-4 hours per day, oncei in: the early morning' and...the other in. the. late' 
afternoon. Two pump breakdowns occurred iin the nine .month period following
I 
the major pump overhaul in February, whick..ftrther delayed consistent data 
gathering. The plant !was shutdown in May for almost the entiie month due 
to the non-availability of proper spare parts and because of .poorrepair 

jobs 	by local mechanics. A new 3 HP Briggs & Stratton..pump was purchased 

and finally, installeki in late May.. In late September flooding of the pump 
intake location andipilot plant area shut the unit down for.another 15 days.
 

Relocation of the iitake area was required before the unit could be
 

restarted.
 

New media were placed in the filters in February; the burnt rice husks 

were changed and ,the coconut fiber rewashed in June;. and new coconut fiber 

was placed in the filter in July, As of the end of.October when data 

gathering torminated, the media were used in.,the filter for 660 hours of
 

filter-opei'tion. 

1. 	Turbidity and Bacteria Removals
 

Sarples were taken daily of.raw water,. -effluent..from the. first

stage, and effluent from the second-stage, and .analyzedfor turbidty, 

coliforiis and fecal coliforms (. Cull). Later in.Augast through 

Octoberi samples were taken 3 times a week .andalso analyzed for 

shigelIa and salmonella in the raw water and in the effluent from the 

seconc-stageo
 

Turbidity removals over the nine month period of study are shown
 

in PFigure 6. Raw water turbidity .rangedfrom 10 to 76 JTU (Jackson
 

Turbidity Units). Effluent turbidity was consistently less than
 

5 JVU.
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Bacteria removal, using both the coliform .group as.,a general
 

indicator-and .speciifially Coi .(fecal col orm), shod erratic
 

results .after .startup and .chana.ofthe-mediafor ..
a period of ten
 
days. This is shown in both Figures 7 and 8. Effluent quality
 

improved thereafter showing an increase in overall removal and more
 
consistent results after the ten days...This .was probably due. to.the
 

build-up of the. biological..layenr on-.the .surface.of the .media 

("schmutzdecke"). The same phenomenon occurred with changes in 

either medium and was shown using either bacteria indicator.
 

Raw water bacteria levels ranged. rom .500..ta.2490O ,coliforms/ 
100 ml and from 100 to 29500 fecal coliforms/O0, .L... Overall removils 

for coliforms ranged from >50 percent and up to 98 percent, but the
 

coliform contents in the final effluent were relatively, high 90-2,000 
HPN/1o0. ml. In the first sixty days of operation, some samples 

water...levels°., It 

that these samples represented poor ,sampling techniques as .both plant 
operators and SEATBC assistants were getting..training on proper
 

showed effluent coliforms as high as raw.. .is..believed
 

sampling methods during. this period. Similar. results were, shown 

using fecal coliforms, However, erratic removals.occurred during
 

the first ten days after medium changing or replacement, also, with
 

some samples containing effluent fecal coliform.levels as high as
 

raw water levels, Thereafter, All effluent.samples ranged between 

0 and 1,000 MPN/I100 ml and showed removals .of> 50 .to .100 percent. 

Although overall remdval of fecal coliforms .was generally high, the 
fecal coliform content in the final effluent was Much higher .than
 

reommended"drinking water standards....Bacterial.growths were observed
 

in the coconut fiber as shown'by the increase in bacteria level of
 

'the first-stage effluent being as high as or..higher than .the 
raw 

water content on several occasions. Practically all bacteria rem val 
was accomplished by the burnt rice husks. However, to meet inter

national standards of'coliform levels, chlorination..of raw water
 

supplies will be necessary
 

Shigella and salmonella bacteria were not observed through 

three (3) months of sampling twice-per week tin both.raw water and 

treated effluent. All bacteria removal efficiencies are therefore 
based on coliform and fecal coliform bacterik.
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'~t'2.Statisi nalis9-of B dtetiol~g.a a' ouaiso'w 

International. Standardt 

.iven'the large number of sampes. colected and "analyed "during 

'the nine month sampling periodg statistical analyses of bacteriological 

data were carried out to determine mean, standard .deviation, and 95; 

,per'cent confidence interval. Statistical significance tests.were also 

made to.Aetermine vhether.-o .not at a 95 percent confidenc.levelthe 

lbacteria removals..were signizicantly different ..for an increase in-the 

filtration-rate which occurred for 35 days in June-July .after,the.
 

,prolonged.,shut-:down. The results of the statistical analyses."ing
 

-ail_data are..*shovn in .Table 1.
 

... The statistical studies show that in actUal operation in the 

field considering all erratic results during start-up priods _(and 

the'problems associated with sample collection as mentioned.previously) 

the.average overall removal of both coliform bacteria andfecal 

coliform (E Coli) was 62-66 percento Average effluent bacteria 

levels were for coliforms 960 MPN/100 ml and for fecal coliforms 

270 PN/I00 ml, These Values-were not significantly different at 

the.ighir- ftratibn rate (although Table 2 shows better..xerMvals 

7178 percent during the period of time). 

.. In Table 2 .the same statistical tests were made using, a smaller 

number..of sample points. As noted above effluent values of. bateria 

showed values higher than influent levels ...onlyduring, the. fir.t 60 

daysof operatioa..and within the first .ten days of start-up.after 

every . edia..changae. The-.initial high values. were believed.due to 

,.:problems._of .samping techniques. (and not grawth.of bacteria .within 

the media)- whereas the higher levels.,occurring during the first ten 

days after media changes were attributed to the absence of .the 

surface biological layer which develops after "ripening" .of. the 

filter thus aiding in bacteria removal. Natural variations in 

bacteria levels were expected as the analysis technique is a
 

statistic itself (most probable number MPN) and large variations
 

occur because of the nature of grab samples 'which may or' may not
 

"include large clumps of bacteria in the sample, If one assumes that
 

bacteria removals of the two-stage filter are consistent and more
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reliable'after the "ripening" -or start-up -period -of tendays"is 'reached, 

-then.the question :mst be asked,,can the treatedvater be usedfor 

domstic purposes vith. more confidence 'from' the vieipoint of 'tlhe 

sanitary engineer or 'health iuspector? 

Table 2 shows the results of statistical analyses using the 

collected data rinus those sample points where the effluent levels 
.shoed bacteri&counts o the raw water levels. The mean coliorm, and 

fecal.coliform levels were 623 and 139 MPN/100 al respectively shoving 

&I6-82 percent removal during the period of normal filtration rate 

and..80-42 percent during the high filtration rate. The effluent
 

quality Ls.significantly better with bacteria levels one third to
 

one half of those shown-in Table 1. However, the bacteria content 

is still too high by international standards to permit distribution 

O the water supply to the villagers without disinfection* 

Thus it appears that there is no added health advantage gained
 

by dischorging the treated water to waste during the ripenirig or 

start-up stage (say ten days). Villager operators would gain little
 

in bacteria. quality improvement by such a manoeuvre and would cause 

more disryption to available water supply than the possible benefits 

of more consistent bacteria removals. 

3.. Operation Costs of the Filter ProJect 

During the nine months of operation, total monthly operation and 

maintenance costs of the unit averaged as follows: 

Item osto X/month 

Gasoline 300 

Media replacement 60 

Pump repair 100 

Operators salary 200 

Total 660 

One operator (the village headman in this case) took full responsibility 

for operation and maintenance of the unit (repair of the pump, replace

ment of the media, purchasing of gasoline, starting and stopping pumping, 

etc. or seven-days per week). Although more thap 50 percent of, the 

total families in the Village complained"that they did not get enough 
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p-iod No flocculation bas vailable ikeisenocontituous overflow 

sysem was, available. for collecting (or. supernatant00the settled water of the 

sedim ation tank) , The. first tank. was filled .,with coagulated water and 

almwed to settle 4-6.hours prior to .drawing off the clear .supernatant 'for 

-fi-tration. This was the manner in which the operator felt he could best 

....handle the treatment unit, Improvements were made .to speed up the settling 

proces:.. This was.accomplibhed by attaching a float to the end of the. 2" 

flexible outlet hose, thereby hanging it about one foot below .the water 

surace at all tieso In this mannerg the supgrnatant of the sedimentation 

tank could be drawn-to the filter without the need of waiting until all 

flocs .coupletely settled to the bottom, Operation was intermittent; two
 

hours in the morning and two hours in the afternoon. The pump capacity was
 

found tL be only 5 m3/hr, which was much lower than the rated capacity of
 

15 m/hr (the pump was only two years old).
 

The small pilot unit was operated four hours per day by the same 

operator from the time of completion in early April through the end of 

..October. This unit was operated as ,an-improved contact filtration. Unit 

with..alum added. to the raw water similar to the large scale unit above. 

The-coagulated water was fed directly to the first stage of filtration
 

.using.coconut fiber followed by a second-stage of burnt rice husks, Later
 

a,.third-stage was added. The firit two stages were coconut fiber followed
 

by .one-stage. of burnt.rice.husks, This permitted longer filter runs and
 

provided better water quality a.explained below.
 

Samples were collected daily, except during the last five days of
 

each month, from February through the end of July of the raw, coagulated
 

and. filtered waters from the .scale large unit and from each stage of, the
 

small scale unit ind analyzed for turbidityp coliformg and fecal coliform
 

levels. From August through the end of Octoberv samples were taken three
 

days per week and both raw and final filtered waters were analyzed also
 

for shigella and salmonella, Again no shigella nor salmonella were
 

detected in any of the samples, Fecal coliform tests were used exclusively
 

to determine bacteriological removal efficiency as of August, Raw water
 

and filtered water fecal coliform counts were more consistent than the
 

general colifom group, 

- 17



Turbidit. and Bacteria Removals 

- iiage Scale Unit: Turbidity removals over the nine 'month
 
-sapiing period were 
very high and averaged over 95 petc°ntas
 
shown, in Figure 9o At 'Jar test "optium", coagulant dosage
 
(referred to as 100 percent alum' dosage) 0 
 removal: of turbidity
 
was !consistently high and 'the turbidity in the final effluent
 
was generally lower than, 5 JTUO, The filter media helped :reduce
 
residual'turbidity' in 
 the settled water* Alum requirements' were 
high .due to.the..high coagulant demand of the raw water turbidity.
 

The water settled slowly and the supernatant water,was..treated
 
only twice per day through the filter, If coagulation were 
utilized without Liltration'O 
(a) the'rate of water treatment
 

would be lo'werp and (b) the final turbidity would be greater*
 

Two experiments were carried out using heavy polymers,as
 

coagulant aids, 
For 100 percent alum dosage + 004 mg polymer/i9
 
the efirciency in removing turbidity was about the same as 
100
 

percent alum alone, 
However, visual observation iiidicated much
 
faster settling rate of flocs (settling rate of 2 x rate for
 
100 percent alum). 
 For 75 percent alum dosage + 0.4 mg polymer/,
 
the .final turbidity was generally greater than 10 TU due to the
 
high turbidity level in the coagulated water (and probably due
 
to non-settleable cooloidal particles left in the coagulated
 

water). 
Thus addition of a heavy polymer would improve throughout.
 

Under existing conditions, the rate of water treatment was
 
not high enough9 and the quantity of treated water was not
 

sufficient to meet the village's demand of water, 
Application 
of a heavy polymer may help alleviate the problem9 but more study 

is neededo Use of the polymer was a totally new concept for " 

the village and it"was not recommended at this timeo
 

Throughout the entire nine month period of op ration no
 

change was made in the burnt rice husks medium. The coconut 

fibers were washed once and returned to te filter. By the end 
of the study, the build up in head loss across the filter still 

had not adversely affected the flow rate
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f.1Biicteriaremovals are shown it, Figures,i10,.and 11'':for coliform: 

and-fecalcoliform respectively Bacteria; levels iAitfie final 

efluent weresignificantly reduced by both the coagulation;nd 

filtration steps0 ,
-.However9 the actual number in the final effluent
 

was still much higher than that recommended by:international
 

standards* Growths of badteria in the media were believed to
 

occur because of the.number of filter effluent samples with 

bacteria counts equal to or above.those found in the..coagulited 

water, Like at Ban Somq diurnl fluctuation ip fecal colifom 

and coliom contents were observed. On numerous occasions
9
 

concentrations of fecal coliform in the finished water were higher
 

than those in the coagulated water. Since these phenomena occurred
 

several times p analytical errors were believed not to be at fault. 

Though the answer of why this occurrence remains unsolved, it is 

suspected that there is growth of bacteria in the media, The 

residual -organic material accumulated in the media might have 

encouraged bacterial growth. The overall removals of fecal
 

coliform were generally high9 with the exception of the period
 

between the 30th to the 80th days during which some values were
 

as low as 40 percento The.average removals of over 90 percent
 

were observed for both coliform and fecal coliform. The results
 

were more consistent than those of the Ban Som unit9 probably due
 

to the use of alum, As at Ban Som, the contents of coliform and
 

fecal coliform were higher than that recommended for drinking
 

watert, in..spite the fact that removal efficiencies were very high.
 

(b) Small Pilot Unit: The unit was so designed that it functioned 

as an improved contact filter, A portion of alumfed water was 

diverted from the large-scale unit, The major part of flocs was 

trapped by coconut fiber and the residual turbidity removed by 

burnt rice husks6 The first period'of study involved the selection 

of optimum applied rate. This was based on the quality of the 

finished water and the total amount of turbidity removed before 

the increase in turbidity of the-finished water occurred (i.e., 

each run was continueduntil the turbidity increased over the 

selected termination value of 20 JTU)o During this period alum 

was int'oduced at the 100 percent level9 ioe. the optimum amount 
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.determin.ed bythe jar test, The study. concentrated on the 

:filtration rate .that would give the best operating-results 

-which:were judged .in terms of length, of.the, operation:;,before 

washing. or replacing:the media9 .and turbidityand,.bacteria 

removal .efficiencieso
 

During,this period hourly tests of*turbidity vere made and
 

•every two hurs fecal coliform te'sts were carried outo However, 

'testsf-'tor shigella and salmonella were dropped since'these 

-bacteria were not 'detected in the Ban 'Nong Suang raw water. 

( ) At the filtration rate of 4 1/in (or 0.24 m3 /M2 Ar)0 

the overall removals of turbidity were quite high ,duing 

the first 24 hours of operation, ..after which a jump in
 

turbidity occurred, This is shown in Figure 12.. During
 

that periodp the overall removal averaged over 95 percent,
 

Hoveverp turbidity removals by coconut fiber were normally
 

low and erratic, averaging between 60 to 70 percent,
 

Turbidity of 100-200 JTU was carried over to the burnt rice
 

husks. This heavy turbidity load shortened the useful length
 

of filter operation. However, the coconut fiber did remove
 

a significant portion of the turbidity as well as the solids
 

caused by the addition of alum. The run was continued for
 

50 hours of operation, but results were erratic,
 

A second.test at,this 4,1/min.rate gave similar results9 

with a.usefuL-operation -length.,of,onlyL 22 hours as shown in 

Figure 13. This timep,turbidity remov#ls by coconut fiber 

were lower than before, ave~'aqing about 60 percent, Again 

the run was continued through 75 hours of filter operation 

but results were erratic. 

The third test at 4 l/min, shown in.Figure 149 gave
 

rather high removal of turbidity by ..
the first-stage, averaging 

higher than 85 percent. At the '.end of the.,24th hour,the jump 

in linal effluent turbiditywas not yet observed, :-During this 

test the,average raw-water -turbidity dropped to approximately 

,400.JTU...considerably lower than that during the second test..


.(about 570;TU),.
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,(2) At, a ,flow, rate of 10Q:l/xn .(or 0.,m 3 /,Ar), the useful 

lengthof ,filter operation. was,22:.hours asshopyn'in':.Figure 15. 

fn this test, turbidity removals .by. the, first-stage were 9lq, 

a#vraging slightly over 50 percent. Consequently, the high 

turbidity loading on the burnt rice husks produced a break 

through after only 22 hours. 

The second.test atlO 1/sin is. shown in Figure. 16. Averaqe 

raw water turbidity ecreased to 320.. JTU, and required anaim/ 

dosage. of 125-140 g,.The filter run. lasted' about. 41. houars) 

before a.substantial increase. in final.,effluent turbidity was! 

observed. Removal of turbidity by the first-stagb was geherally 
low. 

As compared with theifirst test, the total turbidity rfmoved 
diring this test was about 7.8 kg as SiO' versus about 6.0 g 

2 
in, the first test. lx: addition, the weight Al' (so4 )3 rem red 

'during the two tests was about 1.0 kg and 19 kg respectiv, ly. 

The system seemed to function better with loieilraw water 

/ 

(3); At flow rate of .1411 (or 0.84 /ar), the usqfog 

Ibngth of operation iwas only 16 hours, as shown in Figur. 17. 

The efficiency'of thefirst tage was very low, averain'g 

about 40 percent, as shown in Figure 15. From these tests, 

it was shom :that at the higher applied flov rates the.,coconut 

fiber contributed a very, high turbidity "load to the seoou& 

stage burnt rice husks cutting down on the length of A1lter 

runs, 

(4) To compare the three series of tests 'mentioied a ove a 

,curve 	of turbidity removed versus applied 'l'ow rate was 

prepared.' - Total turbidity 'reaovedo 'as kg*SiG2 , was/calculated 

fromo the start-up of each test. through the end of the useful 

lenth of operation. 

At the applied rate of 0.24 a 3A 2/Ar (or4 lin), total 

tirbidity removed was only 2.87 kgi'as SiO2 . The iotal turbidity 

reoed almott doubled at the applied rate of 0.60 m3 a/hA 

(or'10 1/min)' then dropped slightly at the.applied rate of
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0 84. uu?/"A&(o'i"l/uin).. fot' e,,oug data were available
 

to'av oaorbpotle 'relati!tsip i112410h -t-Oese0ints.
 

Howevert the trend 'idicated that the unit' was miost efficient
 

in: remdving: turidity' at the :applied rate"of 101l/min and
 

ithataidcrese in',t e- applied rite beyond 10' "min might
 

decrease the. capacity of "Se othes 


Inco"nsiderini ithe' tot'al."a.mi t oF water produced before 

,the Water qualty became unaccetablei. a-sikilar conclusion 

was 'btained. The' total amounts of water w th .acceptable 
quality lproduced were 5.8 i3, 13 2 m'u and.13,4a , ..at, the 

frates obf 4 l/mini, 0 1/uin, and-I 4 1/min," respectively. There 

was an obvious increase in the quantity of acdeptable water 

produced when.,the rate increased from.4,1/min to 10 1/minp 

but no ,signifiant difference was ,observed when,.:the flow rate 

.increased to 14.1/min° -,At ihe higher flow..rates;4 it was 

.,believed.that the influent disturbed.the,. surface of the media 

causing channelization. 

Channelization through the burnt rice husks " was observed 

a few hours after, start-upI After draining, the: water from the 
.second..jar, several holes of sizeabout J" were noticed .on. the 

.layer of-flocs depositing on, the ,burnt.. rice-husks. This 

indicated evide4.e of selective percolation of water through 

.themedium, . Towards ..,the end of the test, the,.holes in the 

floc layer , disappeared, and it vas very difficult to detect 

whether .channelization actually occurred, 

Finally, it was believed that should the iturbidity load
 

n g fed to the second-stag.e thikt the
thewater be :decreased, 

,useful .-tije off filter operationwould .be considerably longer. 

I.t appeared also that the overall turbidity,,removal (i.e. 
effluent quaity),,from start-up till,"the •••end rok."the filter 

run, was independent of the applied rate and of,,the redidual
 

turbidity from :the first-stage effluent'.. However, the.higher 

,rates produced lower turbidity removals in the first-stage 
Thus, the usefu 'lengthof operation, was dependent upon the 

applied rate, .because the second-stage. governed the. filterr un, 
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(5). ,Since. it illustratedethat- the nload"ofiturbidity onivas., 

the second stage was normally high9 'efforts were made to 

;reduce: ito+ A second 'jar: with. coconut: fiber wast, added to 

the system# waking the series consist of two- stages with 

coconut fiber followed by a final stage withburnt rice husks, 

;:The-system worked:.nuch better. than the t~o'stage system. 

The.efficiency of the first-stage in removing turbidity was 

more, or less the.same' as .the first-stage of the. two-stage sys.temo 

The:first two stages however removed more than. 70. percent of 

thei-turbidity,. and the removal decreased, only slightly with 

cumulative operation. period as shown in, Figure- 18. 

Ddring the first 6 hours, the final turbidity was high 

'but decreased to lower than 5 JTU thereafter. With an exception 

of a short peziod (hrs 23-30)9 the-final turbidity was below 

5 JTU during the 75 hour filter rung after which a substantial
 

increase occurred, The burnt rice husks worked satisfactorily
 

as long as they were fed with a water'of turbidity less than 

100 JTU. With this three-stage system the lngth of the filter 

run was about twice the run of the' two-stage system. Total 

turbidity removed was about 15,8 kg of SiO 2 (plus 6o3 kg of 

Al2 (so4)3). 
It was believed at the end of the run that if the coconut 

fiber were washed and the top .10-cm of burnt rice husks 

replaced, the performance of the filter could be repeated at 

the same overall efficiency level. 

(6) A final test run using the three-stage filter configura

tion was carried out at a filtration rate of 0.6 m3/m2/hr and 

an alum dosage of about 75 percent, or 105 m9/l, + 0.4 mg 

Polymer/l. The results are-shown in Figure 19, Removal of 

turbidity by coconut fiber was very low, and overall removal 

was only about 60-70 percent* The final turbidity was 

generally high (60-80 JTU) during the first 20 hours but 

steadily dropped thereaftero Although there was a trend of
 

decreasing final turbidity with time (to lower than 10 JTU). 

reduction of the alum dosage to 75 percent of jar test 
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irequirements, resulte&,in''poor' effluent' quityo This was 

,true for:; both the mall and large. pilotV units' ! If the alum 

i dosage of. about', 80-85 percent were used, the 'results might 

,have' been. better;: however, "further study is; required before 

.recommendations can be made. concerning' alum savings. 

(7).At the:rate'ofiO. 60 //r and an alum dosage og 100 

,percent,+0.,4, mg/1-" of polymer, the three-stage, unit showed 

about,80-90'percent removal oF fecal: coliforms by the first 

two'-stages as' shown in- Figure 20. The average'overall removal 

;for all three stages,was higher than 95 .percent, the..maximum 

being greater than 99 percent. During the 35th to 75th hours, 

the final effluent fecal coliform contents were quite low, 

generally, lower than 10 MPN/i00 ml and the minimum being 3 

HPN/00 al. The results during this period of test were 

quite satisfactory. 

2. 	 Statistical Analysis 

Statistical .tests for both coliforms and fecal coliforms were made 

to determine mean, standard deviation, and 95 percent confidence interval, 

The results are shown in Tables 3 and 4 for the larger pilot unit at 

Ban Nong Suang. From Table 4 the mean coliform levels in coagulated 

water and finished water were 1,690 and 953 MPN/i00 ml respectively 

showing 80 Md 85 percent removals respectively. Statistical inference 

showed that coliform content in the finished water was significantly 

lower. For fecal coliform, the mean values in the coagulated water and 

finished water were 129 and 11M1PN/100 al, with the' respective removals 

of.88 and 86 percent. Statistically, the filter did not ,improve the 

bacteria content of the ,water.' 

No statistical analyses"were ae of fecal col.frm removals for 

the experimentaltwo- and three-stage improved contact filter. 



omparisan...f Lare&Scale. Sediment ation/Dual. Media. Filtration, 

Unit.wi th..Small.:.Scale. Improved. Contact..gSti.S,_gil n.Uit 

(a) -System: For the large scale unit at Ban Kong Suang, the 

storage tank contributed in part to the inadequacy of the system. 

The tank was installed at the same level as the filter. Thus, 

the upper part of the storage tank could not be used for storinq 

water at all. For the-small scale unit, the filter tanks were 

elevated to supply the required head between the last stage and 

the storage tank, (only, a .: few -centimeters greater" than', the height 

of the 'jar itself).- Storage.is handled by adding as-many jars 

as needed:to meet thedemand for treated watero -

Considering the installation of the unit, the large scale 

filter is 	much more difficult to construct because it nust be
 

made of reinforced concrete with adequate foundations. The small 

scale unit can be installed on an easily-erected and inexpensive 
platform without the need of piling. The jars are normally 

available, in. the. villages ..or. nearby. markets. Villagers -can install 

the._.units themselves -with a minimal need of engineering-.background. 

(b) Amount of Water Produced: Comparison of the two types of
 

filter units is summarized in Table 5... Under, present, operating
 

conditions, the filtration rates of the, large scale and small
 

scale 	units were 0. 5 m /mawh and 0. 6 - k,/m /hr, respectively. 
.11 2 2 ''2

,The available surface areas were,,10 m , 1.0,m , an.d 1.5,m for 

the large scale, two-stage, and three-stage unitso 

Due to the fact that coagulated water settled-very slowly,
 

the large scale uuit could treat water only twice a day, with the
 

about the 	inadequacy of treated water, particularly in the dry 

season, The small scale unit of one tenth the surface area could 

3.produCe 6 	m of water per day, 'For ex.ample, two to three small 

scale kilter units could be iistalled for the same pump capacity 

,6f&.5 /hr. capacity, and;'produce the' same"'utput at, the large unit 

if the: system':were operated at least,10 hours per day.. 

95 
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(:)t . Length -of F iter.,.lun:. urin: the ine'moth,pe ation< r i od 

Stihe ,ar-e..cale u tk.the'.Aedia,.wvre chiged:ztvice' (coconut 
fiber washed and reused and the top 10 cm of burnt rice huks
 

replaced). The filter unit was operated 4 hours'per day. at an
 
average rate of 5 m /hu and was shut down about five days per
 

month. Therefore, the avekage filter run of the large unit was 
450 hoursp and the total amount of water produced was 29250 m3/ra. 

For the two,rstage, small scale unit, the average filter run
 
was :31,.hours,, -and water production was 186 U3/!O A2 media suz face/
 
rup. ,,Thus, .the: ratlo ,of water, production per run for the large
 
scale and small scale units was about 12:1. With,the three-stage
 

small scale filter, the average filter run was about 75 hours and
 
the amount of water produced was 300 m3/10 a /per run. Thus the
 
frequency of washing or replacing the media would be 7o5 times
 
that of the large scale filter,
 

The ,turbidity level in the feed to the large scale filter 

wasonly about 5 percent of the raw water:turbidity while the 
,level,.vas 100 percent turbidity plus alum in the feed.to the small 
scale filters. Therefore, although the amount of water produced 
'by the small scale:units was much less-thanthe large scale unit, 

,the-total amount of turbidity removed by the small scale units was 

greaters •For the same amount of water producedg the two-stage 
aid-three-stage units removed respectively 1.5 times and 2.5 times 

as-much .rbidity as the amount'removed'by the lar.e scale unit. 

(d) Costs of Construction and Operation: For comparative purposes, 
a daily water damand of 20 m /daywa taken as the basic requirement. 

The large scale unit would be operated 14 hours per day with pumping 
and filtration for four hours at a rate of 5 a /hr and settling for 
ten hours per day, One small scale unit can provide water at a rate 
of 0.6 aAr or 8.4 a in 14 hours, If the small scale unit were 
operated 14 hours/day, a total of 20/14 or 2 units would be needed, 

.The-,following assumptions and cst factors applicable to rura3 

construction are provided to complele the-comparison: 

(1) For a three-stage small scale unit, two storage jars of
 

1,000 1 capacity 	are provided (i.eo, 5 jars/unit). 
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(2) Cnstruction .of.the small scale UAitV.reqI4.;es(a platform
strct1ze, costing %2,09/platfom and. labor costs at 

gl1..00/ufito 

(3) 	 Jar'cost ls~'Puu per'jak0'
 

= 
cost 	Of reinforced concrete tanks g950/m3 
(4) 	 Construction

of voiume (there are three 30' z coacrete tanks for. the 

large scale unit)0 

(5) 	 Pipe.work costs, 115/m for 3" Gi pipe, g75/m for % 21" 
GI pipe and %40/m for !1" GI pipe plus g15/m for labor. 

A total length of 100 m is needed for the intake and 200 m 

for 	the filter plus distribution system,
 

(6) 	 Punp costs for gasoline operated units are g5,000 for 

3 HP and g3,000 for 1.5-HP to handle pump requirements 

for the large and small scale unit respectively, 

(7) 	 Media costs are g2 per kg for coconut fiber (i m3 volume 

weighs about 60 kg) and transport costs only for burnt 

rice husks from local rice mills. 

.Using tnese cost factors, the total constrdIction cost of the 

large scale unit would amount to g1239500 and the total cost of 

the two small scale units to g33,500. 

For the same amount of treated waterg the operating cost of 

the two small scale units would be somewhat higher. The'operating 

costs are compared-as follows: 

Cost, Baht per Month
 

Large Scale Unit Small Scale Units 

Operator's salary g50O 	 g5po 

1,000Iel. 	 700 

Alum kcoagulant) 500 500 
Maintenance 50 100 

Media replacement
 
500(aiCl. transport) negligible 


Total 91 750 g2,600
 

Cost /family/month .16 	 24
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Thb caPi't'ul' cbst's e €considerably lower"for 'small, scale units. 

.Severbl;,more uiit caui added a the sme total cost and 

thereby increase the output considerably. -The operating costs 

of the small scale units.appear.-:higher because of longer pumpinaq 

hours and frequent changes in filter media (namely the cost of 

obtaining the coconut fiber which is assumed replaced monthly). 

These additional operating costs might be offset by the lower 

coagulant costs obtainable if the alum dosage can be reduced 

,
b~ljoy .the-theoretical 100 percent jar test level as noted 

The costpreviously. More research is required on this point, 

16-24 is higher than the present rateper"family per month of 

of X10 peifamily and X20 per storeo However, the cost is well 

within their ability .to pay (average annual income of 98,520 per 

year as shown in Section Iv).
 

C. Nong. haen, Thonburi Province
 

The.unit has operated continuously since 1973 to supply turbid free 

water for orchid growing, Data were collected three times per week 

beginning in .lateApril and analyzed for turbidity, coliform bacteria, 

and fecal coliform removals. As a comparison and a means to expand 

operation surveillance, data were included covering a 12 month period
 

in 1973-74 Throughout both data collection periods the filter unit has
 

hours
been.operated at least two hours per day and often as long as 15 

per day.depending upon water demand and rainfall. The filter effluent 

was used to supplement stored rain water, Average operation time was six 

hours per day, and filtration rate 0.5 m
3/m2/hro The rate was restricted 

to.this value due to the limited pump capacity of 0.5 m3/hro 

-. TurbiditY and Bacteria Removals
 

Raw water turbidity varied considerably from 10 to 180 JTU and
 

averaged over 5 JTU throughout the study period. Turbidity removals
 

are shown in Figure 21. During'the first 90 days effluent quality was
 

continuously less than 10 JTU, but began to increase during the high
 

peak period throughout the rest of the study period and average About
 

20 JTU in the effluent. Although this level is higher than international
 

drinking water standards, the quality of the effluent was considerably
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better IthaR the canal water° The media were not washed or changed
 

even once throughout the study period. The filter media were the 

sak-.used by the orchid farm since the beginning of 1975. ,Siid 

April, the media have been used almost 1,200 hours without any 

attention from the operator, Similar results were reported in 1973-74, 

Although the filter operated essentially "maintenance free" throughout 

the year, it is believed that changing the media every 3-4 months would 

result in better quality effluent by eliminating the short circuiting 

that inevitably results from such long filter runs. -

Bacteria removal over the study period are shown in Figure 22. 

Removals were consistently high in the first 90 days averaging over 

90 percent, but effluent values were also high between 200 and 2,000 

HP11/I00 ml. From 90 to 135 days, the final effluent was greatly 

improved with fecal coliforms dropping in the effluent to zero on 

most days, However a few days of high effluent values indicated that 

bacteria,growths were occurring in both the coconut fiber and .burnt 

rice. husks media, Very erratic results continued throughout the 

remainder of the study period with the effluent showing zero .(100 

percent removal) on several occasions and 400-29300 MPN/100 ml (or 

0 percent removal) on four occasions. It is believed that bacteria 

trapped in the media were periodically loosened and discharged with
 

the effluent thus causing the erratic results.
 

Although no media changes were made throughout the study period,
 

no odor problems occurred with the final effluent, 

2. Comparison with Pilot Unit at Ban Som 

The raw water from the tributary canal of the Chao Phya River was 

considerably more polluted than that used for raw water at Ban Som. 

Coliform and fecal coliforms varied up to 110,000 MPN/I100 ml and were 

never less than 400 MPN/100 ml. Statistically, the efficiency of the 

two almost identical units can be compared as follows:
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Nong-,haem Ban Som 

.Fecal coliforms in raw water, 

wPN/100 .1 .400-110000 23-72,400 

Average '12 060 888 

Fecal coliforms in effluent, 

MPN/100 31 0-2,800 43-1,100 

Average 851 139 

Standard deviation, 1,600 229 

95 confidence interval of mean 398 to 19304 74 to 204 

Overall average removal, % 77 82 

Overall removals appeared lower at Nong Khaem, which was operated every 

day continuouilyo The media were not changed throughout the study period 

and both'average removal and 95 percent confidence limit values were 

inferior to those at Ban Somo In neither case could the effluent meet 

the international standards for bacteria removal. Operation was..simpli

fied and no breakdowns were recorded however due to the availability 

of electric power to run the pump.
 

D. Family Size Filters, Soi 59 Bangkok 

The final design for individual family size filters utilized a typical 

chinese style cement. made water jar some 60 ca high, Both media were 

included in the jar: coconut fiber on top, 10 cm deepp and burnt rice husks 

below 30 ca deep. Water was fed from a surface runoff collection pond and 

withdrawn from the filter at 1-2 liters per minute (0.25 m3/a2/hr to 0.50 

m3/m2/hr) for a 2-3 hour period daily* The unit was operated six days per 

week ....The.rate of filtration.was more'.than,double that used-with slow sand
 

filters.
 

Water was withdrawn by use of a pressure release valveo The valve 

wasseparated from the water jar by a short piece of plastic tubing. This
 

was done to. protect the tight fitting of the effluent pipe in the jar. 

It was believed that the pressure action of the valve would cause the pipe 

fitting in the bottom of the jar to loosen and thus cause leakage,. By 

inserting a piece of plastic tubing between the pipe and the valveg, the 
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.- pressure on the valve was not transmitted to the cement binding of the pipe 

witAh.the ithin .walls of the, jar. Thus -leakage or. damage to the jar was 

prevestedo 

However9 the air/liquid interface in the plastic tubing together with
 

the.,heat..and light from tke sun, permitted algae growth to occur in the
 

.plastic-.,tubing, On two occasions this resulted in odor problems in the
 

effluent water. Both the' plastic tubing and the media required changing
 

as a 	result of the odor build-upo 

The steel spring in the pressure release valve also rusted over a
 

3-4 month period requiring that the springs be changedo Although this 

design prevented water losses by eliminating the possibility that children 

left the taps open and would drain the filter dry during off-use hours, the 

pressure release valve required more maintenance than 	a simple water tap. 

1 	 . Turbidity and Bacteria Removals 

Several trial runs were made with the family size filters, These 

were. halted after 30 days to evaluate results and then modify design 

for improvementso Figures 23 and 24 show typical turbidity removal 

results for two runs, Turbidity levels in the effluent were generally 

higher than those experienced at Ban Sor but averaged less than 10 JTU, 

At the two rates of 0.25 and Oo50 m3/m 2/hr. effluent turbidity was about 

the same. 

Bacteria removals for the same runs are shown in Figures 25 and 

26. 	 Removals were erratic and generally less than those expelienced 

onein the other pilot units because of the shallow depth 	of media, 

Raw water bacteriafiltration stage and hence a shorter detention time. 

content was generally higher than that experienced at the other sites. 

Average bacteria removals at 1 1/min discharge were 67 and 68 percent, 

for runs I and 2 respectively. At 2 1/min discharge, bacteria removals 

ranged from 50 to 73 percent for both runs. No significant difference 

was found between the bacteria removals of the two rates. 

For several runs with a woven coconut fiber mat were ri. in place 

of loose coconut fibero The mat, some 5-7 cm thick, is Used as a door 

mat for cleaning one's shoes before entering the houseo It was hojped 

that 	the mat could be used to compress the burnt rice husks in the 
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,filter thus ,increasing7the density of: the media *and improving the 

jefficiency of -the filter to. remove both turbidity and bacteria° The 

efficiency of the filter with the woven mat did not improve and in 

fact showed more erratic results. The final effluent turbidity was 

somewhat higher than with the loose coconut fiber probably due to
 

short circuiting aroqnd the edge of the mat. Cutting the rectangular 

-shaped. mats to fit the circular shape of the jar was not difficult 

but a tight fit was not always insured. The results of one run are 

shown in Figure 27. 

2, Effectiveness of Coconut Shell Chlorinator
 

Because of the generally high levels 6f coliform bacteria in the 

effluents from all pilot filters9 a simple coconut shell type chlorinator 

was tested with the family size filter, The original idea came from 

Malaysin where the unit was tested by the Ministry of Health (Ref. 2). 

A simple coconut shell as shown in Figure 28 was cleaned and he top 

cut off for inserting a small' plastic bag with lime of chlorine and 

sand mixture. The mixture is supposed to release enough chlorine over 

a 20-25 day period to maintain a chlorine residual of 001 to 0. 2 in the 

effluentq thereby producing a potable water with only a slight chlorine 

taste-(if any). Three small holes were cut into the coconut shell as 

described in the unit tested in Malaysia. The unit was tested above 

the. filter media, suspended by a simple stick as shown in Figure 28. 

,This configuration was prefered because the chlorine could be removed 

.by absorption in the burnt rice husks, thus hopefully producing a
 

bacteria free effluent and likewise one free from any chlorine taste. 

The results were not completely conclusive but did show the 

following trends:*
 

(a) Bacteria removals were significantly improved. Removals were 

erratic however, In-Figure 29, the bacteria removals for some 66
 

days of testing showed that with a chlorine residual of 0.5 mg/l
 

or less in the water above the filterp the effluent still contained
 

high positive bacteria.counts. Zero bacteria were recorded less 

than 30 percent of the time (19. days total)o Very'little..chlorine 

residual was found in the effluent and on most occasions all the 
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.chlorine was absorbed by the burnt, rice husks. Taste of the 

efufl--t was..eellent-,ad&not-affect-by..-additionof. chlorine 

above ,the filter,mediao.. 

(b) Bacteria removals were more consistent during the period 

when the chlorine residual in the raw water above the filter was 

increased to 100 mg/1 or above (accomplished by increasing the 

number of holes in the cocoiut shell from 3 to 6)o During thoie 

days, zero bacteria in the chlorinated raw water was measured
 

100 percent of the time9 and chlorine residual in the effluent
 

was generally positive but less than 0.5 mg/1. Although the.water
 

above the filter showed negative bacteria readings consistently
 

when the chlorine residual was 1,0 mg/1 or higher9 the effluent
 

from the filter was erratic and showed negative readings only
 

60 percent of the time.
 

(c) Bacterial growths in the media were noticed on several occasions,
 

where the chlorinated raw water above the filter showed zero
 

bacteria but the effluent from the filter showed positive readings.
 

These bacteria .might have been due .to either breaking off of bacteria 

in the schmutzdecke. and..their discharge in the filter effluent or 

bacteria growth in the media. 

(d) Control of chlorine residual levels was not easy using the 

simple coconut chlorinator. Variations occurred daily and control
 

over a general range of values is possible only using this type 

of chlorinator. Distribution of the chlorine in the filter jar
 

was uneven, The woven coconut fiber met was found damaged directly
 

under the chlorinator by the release of the chlorine of lime 

directly above the mat. Either the chlorinator must be suspended 

higher in the jar or the release of the solid lime of chlorine
 

particles-prevented by placing a layer of sand in the bottom of 

the chlorinator, The unit needs further testing and improvements
 

before a final design can be recommended. 

Hence, in general9 bacteria levels were greatly reduced by the 

use of a simple coconut chlorinator. Design and use of the.chlori

nator to insure safe potable water requires further research and 
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,fie]L testig.,'" Thepconcept to / chlorinate. the .effluent from the 

first ,stage filter. prior' to'thelsecond, stage burnt rice husk; 

will probably produce! a potable.-waterf-freei from chlorine residual 

as well so as not to be rejected 'by the villagers because of 

objections to taste. 

E. Laboratbry Studies on Bacteria Growths Within the Media 

Because of the experiences in all pilot filter units where on 'some 

occasions higher bacteria levels in the filtered water were recorded than 

in the raw water, special laboratory studies were conducted to determine 

whether or not the media were conductive to bacteria growths (that is 

provided nutrients for the bacteria to grow) or would produce a natural
 

die-away (no nutrients available for bacterial growths).
 

Three sets of studies were carried out using pond water, tap water
 

Both media
from the..Bangkok.municipality, and sterile distilled water. 

were tested separately. 

1, Coconut Fiber 

Pond water from Soi 5,was placed in a filter of coconut fiber 

medium and coliform bacteria levels'were measured over time. The 

to-the sixth day when a peakbacteria showed a growth in quantity up 

was reached, then natural die-off occurred, On the 29th day, total 

mrtality of the coliform bacteria was observed. Taperature of 

the pond water was approximately 26-28°C. At similar trend was observed 

with coconut fiber washed with 'steriledistilled water prior to the 

introduction of the pond water, When distilled water was introduced
 

with sterile coconut fiber no bacteria growth was observed. When tap
 

water was introduced, bacteria were shown to grow in the medium before 

eventually dying off. 

Hence, coconut fiber does have sufficient nutrients to sustain 

coliform bacteria for-.a limited period*of time once the ,bacteria are 

introduced into the medium. 
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Burnit Rice-HusksL 

Similar -tests were run using burnt rice husks as the Lilteing 
medium -n-a11 cases"where bacteri'wer~f present"in the Peed water, 

the bacteria died' of.slowly, showing that the medium did: not lsupport 
-
bacteria. growths0' 'When sterile "water'was introduced: into. 'the -filter, 

no bacteria were' observed .Hence ,burnt rice husks do not' c'ontain" 

nitrients to support' bacteria activity, 

a35 



IV. ,RESULTS:. OF ,VILLAGE SURVEYS. COVERING WATER USE HABITS AND -SOCIO-ECONOMIC 

FACTORS-


A ~complete sur ey; of. the water use and sanitation ;habits of villagers, 

in.both Ban Som and ,Ban -Nong, Suang .was undertaken. during the months ,of. 
ptember/October, 1975. The heads of, all. households ,were:interviewed using 

a 0si.ecialy. developed, questionnaire.covering basic information on family 
composition, education, occupationtincome and expenditures, and detailed 
questions on water use habits, sanitationipractices, and participation in 

•the ilter project. The results of the surveys are summarized and presented
 

in..the Appendix B. 

Both villages delineated water use and sanitation practices typical.of 
Northeast Thaiiand. The filtered water'from the.pilot units was used-for 

drinking and cooking by 76 percent and 78 percent of the families in Ban Sor 

and-Ban Nong Suang in the dry season and 33 percent and 13 percent by these
 

villages respectively during the rainy season, Likewise use of the filtered 

water for bathing and cleaning dropped from approximately 80 to 50 percent
 

during the wet season. Villagers in Ban Som indicated a total water use of
 

about 39 liters per capita per day,and in Ban Nong Suang water use was only
 

26 liters per capita per day. Water supply was by bucket carrying the
 

filtered water or water fr6m other sources to the household prior to.ater
 

use. Bathing was twice as frequent in Ban Som as in Ban Nong Suang and
 

gardening was also more common. Both uses are associated with the availabi

lity of more water. Both villages complained that the quantity of filtered 

water made available to them was insufficient and that they were willing 

and able to pay for the filtered water through monthly water charges. 

However-, the villagers wanted the water fee to be based on actual water use 

(by metering) or to have the fee vary with the household.s .income. Currently 

the water fee is a uniform rate per family regardless of actual use. 

The cash incomes of both villages differed significantly. Families in
 
Ban Sore averaged in 1974-75 1,585 per family per year (average of 5.6 persons
 

per family) whereas in Ban Nong Suang cash.income averaged X8,522 per family 
per year (average of 6.8 pers.ns per family), except for 6 families whose 

incomes were above gO,000 per faily. Given that water. fees varied fr'o*m kAy 
5,20 'per family per-month, it is believed that both villages can afford to 

maintain the water filter projects 4ithout the need for outside government
 

assistanceo,
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'
V." RELATIONSHIP OF TWO-STAGE WATER FILTER WITH LEVEL OFECONOMIC 'DEVELOPMENT 

~potable water~supply in every village has been and still- i's a 
'development objective of iany developing countries Targets set by 

i ndvidual countries and encouraged by many international agencies have not 

been met, Even the current efforts worldwide to increase the number of 

,water sUpplies in rural areas have not kept pace with population growth 

in' the developing countres Cearly this situation cols for critical 

examination of our present efforts. 

For the provision of water supply in rural comMunities, the engineqr 

has usually designed the system without any closely defined goal in mind 

exceptto provide a potable water supply meeting WHO coliform standards 

and based on some assumptions of water use, population growth, and..peak 

hourly demand. The question of goals and purposes has.been sometimes 

avoided simply,because provision of first-class water services has come to
 

be regarded as essential. However for the great majority of the world's
 

population who live in rural communities or low-income urban slums, with
 

grossly inadequate access to potable water, there is no possibility that
 

available financial and human resources will provide them with this high
 

level of water provision to which the people of North America and Europe
 

have become accustomed,
 

A review of .governmentprograms to establish village water supply
 

systems in the developing countries, for instance, indicates that a major
 

deterrent to progress is the lack of a defined series of steps towards the
 

ultimate goal of a potable and realiable water supply and the benefits of
 

heati ,d economic growth associated with community water supply. Present
 

'approaches'are aimed at the ultimate goal in one step. The technologies 

used are too sophisticated, too expensive to built and difficult to maintain. 

As an example in Thailand (Ref. '3)conventional rapid sand filter plants 

bilt by the Ministry of Health failed to operate effectively because 

6) coagulants were expensive and not easily obtained at the village leveli
 

(2) lack of understanding how to use coagulantsi 'and the inability of the
 

operators to add the proper dosages; (3) once the coagulation/sedimentation
 

portion of the plant malfunctioned the turbidity load was transfered to the
 

sand filters causing them to clog rapidly; (4) frequent backwashing was not
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understood by., the ,operators. and ,often,.holes were punched into the filter to 

ilo the water to pass through, or the filters were bypassed, both.of which 

resulted in poor effluent quality, (5) breakdown in services caused by 

improper operation and pump failures resulted in villagers dropping out of 

the project; (6)inability of the operator to collect sufficient funds to
 

maintain his monthly salary resulted in his cutting back on chemical fuel
 

costs and operating the plant less hours per day; and (7) overall participa

tion was only 60 percent of the village population because the monthly wager
 

fees required were above their ability or willingness to pay.. These
 
experiences in some-165 village systems 'clearly indicate that the technology
 

must be brought down to the level where the villager understands it and can 

use"it. The entire set of goals in'rural water supply must be reoriented to 

permit step-by-step achievements towards the desired ultimate water service 

leveil4-Stage development to'achieve the ultimate benefits of health and 

economic growth appears~to be the only feasible approach for rural villages 

in the developing world. 

Where new or modified technologies are being introduced and a lack of 

experience exists in judging acceptability to the villagers and appropriate

ness of the project9 the stage development approach can be started with 

several pilot projects. These projects should be small enough to be easily 

handled, but large enough to be representative. This will permit antici

pation of the problems that will occur and help to minimize the risks 

involved in large-scale undertakings. 

Based on the experience gained in pilot testing of the two-stageofilter
 

units in rural Thailand, it is believed that the coconut fiber/burnt rice
 

husks filter represents an alternative water treatment scheme w ich signifi

cantly improves the quality of the raw water and which is appropriate to
 

the villagers' level of socio-economic development at this point of time.
 

The two-stage filter unit fits well into the concept of step-by-step develop

ment towards an ultimate goals of potable water supply, As such a first
 

step the unit has the following advantageous features:
 

'(a) it is simple to operate so that semi-skilied labor from 'the 

Village "could be .responsible for: the system 

(b) it makes use of local materials which are readily availableo
 

inexpensive and easily understood by the villagers;
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(c) it;Aoesnot:,depend, oi iupOrted orforeignmade chemidaia0J ,to 
function,, because suqh,, ,chemicals *are.little, understood and aretiT 

suspect by the villagers;
 

(d) the costs of operation and of construction (when amortized 
over five years for example) are within the means and willingness 
of the villagers to pay; and 

(e) the final effluent is "rain water equivalent" in color, taste, 
and odor in the eyes of the villagers (i.e., the system does not 
produce a water of taste or odor objectionable to the villagers as 

is often the case with disinfected water). 

Is such a technology appropriate for water supply development in the 

rural areas? Chlorination of the effluent can be introduted as a secondary 
treatment process, distribution of the water to individual homes as a
 

third stepp etc,
 

One study urgently needed is to analyze typical villages of various 
size groups in Southeast Asia and determine the number of definitive stages 
that can be delineated by which progressive improvements in village water
 

supply can be made, Starting from a situation of next-to-nothing in
 

facilities to the future goal of international standards9 a step-by-step 
scheme should be carefully defined both for water-in (water supply) and 
water-out (sewerage)p utilizing appropriate technologies and taking into 

account all of the foreseen socio-economic prerequisites and effects of
 
each step. The study required is analagous to documenting the technical,
 

socio-economic inputs and outputs associated with changes in transportation 
modes from walking to oxen-drawn carts, bicycles, motorcycles, and lastly 
motor vehicles. T1*e, 'work, social, economic and technical relationships 

all change as the pattern of transportation forms is changed Likewise, 
as water services are introduced to improve quantity, quality availability 
and reliability of water supply and sewerage, a wide spectrum of patterns 
of .production,consumption and social activities will change If these 
changes can be anticipated and taken into account in the technologies
 

introduced to bring about improvements in village water supply, a significant 
step forward-will be accomplished towards achieving a realistic set of goals 
for development. What steps might be feasible to make this achievement? 
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VI. 	 SUMMARY AND CONCLUSIONS 

A. 	 Summary of Findings 

The, findings,.of, the..PhaseL pilot _plant.study may.be- sumarized- as 

follows:
 

1 o. Successful., field.operation.of several,filters was accomplished 

over, an extended,period of.nine months with minimi. supervision of 

the.village operators. The filters were operated daily with shut-down 

times being associated with pump failures and/or repairs only. 

Changing of filter media was carried out within the same day and no 

additional..shut-down time. was. experienced,. -Filter.-mediawere. changed 

..only two times.in...the nine month.per-iod. 

2, Field ,data indicated that the filters are capable of treating
 

.most surface.waters successfully without-the need for chemicals,
 

,except:for:,thosewaters with abnormally high ,colloidal turbidities.
 

However,.such waters can be treated by the coconut fiber/burnt rice
 

husk 	filter by -adding..,coagulant chemicals to ..the. raw water ,and.-using 

-the first-stage with coconut fiber as an "improved contact" filter.
 

3. The bacteria remoyals achieved by the two-stage filters averaged
 

76 to 86 percent over the nine month period of observation. Bacteria
 

removals varied considerably, however, and individual grab samples
 

ranged from 30 to 100 percent removal. Effluent quality was particu9
 

larly erratid- during the first ten days after media changes prior
 

to the build-up of a biological layer (or "schmutzdecke") on the surface
 

of the media. In all cases disinfection of the final effluent would
 

be necessary to meet recommended international bacteriological

standards.
 

4. 	The bacteriological removal efficiency of the two-stage filter
 

as compared to slow sand filtration is less efficient (slow sand
 

filters generally show 98-99 percent bacteria removal). However, two
 

important differences need to be noted; (1) the filtration rate of
 

the coconut fiber/burnt rice husk filter is about ten times faster
 

than.that ofthe:slow sand filter to,reduce size and-significantly
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save on capital costs; and (2) the slow sand filter could'nt'treat
 

or effectively handle the high turbzidity waters found in ,Sutheast 

,Asiatvithout-.prelinalW ..treatment.:.by. either- chemical colgulation and 

sedimentation..or roughing filters.
 

5., The physical quality of the treatedwaters was generally 

sparking clear, with of a turbidity of less than 5 JfU, colorless, 

odorless and without any noticeable taste* Turbidity removals were
 

generally greater than 80 percent and as high as 97 percento In
 

general, treated..water met WHO International Standards for clarity,
 

taste,'odor, and color. 

6. The ability of the coconut fiber/burnt rice husks filter to
 

effectively treat highly turbid waters can be extended by "improved
 

contact filtration" wherein a coagulant, such as aluminum sulfate,
 

is added to the incoming water to increase the partical size of the
 

colloidal materials and thereby enable better contact with the coconut
 

fibers in the primary filter stage. Because the fiber does not have
 

a small effective pore size (as sand for example), the length of filter
 

The turbidity
run continuesuatil the fiber becomes clogged with mud. 


load is then carried over to the second stage filter. A raw water of
 

turbidity level 300 to 600 JTU, containing as much as 50 percent of its
 

turbidity as colloidal material of 7 microns size or less, was success

fully treated in this manner. Overall turbidity removals ranged from
 

85 to 97 percent and averaged 93 percent over the entire filter runs,
 

Fecal coliform removals were reduced from the raw water content of 500
 

Bacterihl
to 3,000 MPN per 100 ml to the range 3 to 45 MPN per 100 ml. 


removals averaged 96 percent.
 

7. By increasing the number of stages from two to three, the length
 

of the filter runs using the "improved contact filtration" method in

creased over 100 percent from 31 hours to 75 hours per filter run. The
 

unit was stopped when the effluent showed a deterioration in water
 

quality which was indicated by an increase in turbidity above 20 JTU.
 

The ,,improved contact filtration" scheme ,produced more'filtered
8. 


water (of comparable quality) than the sedimentation dual filter
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scheme per square meter of surface area per,hour of operation. Output 

could be increased from less than 20 m3/day to 60. m3/day for the large 

pilot unit at Ban Nong Suang. However for longer filter runs and more 

reliable output, a three-stage improved contact filtration scheme would 

be required. The coconut fiber filters could then be alternately 

cleaned to provide continuous-output. 

9. An individual family size single container dual media filter was 

developed and tested using a filtration rate of 0.8 m3/m2/Ar. The 

effluent from the filter, was satisfactory only in terms of producing 

a low turbidity water, Bacteria removals were low and varied radically. 

10. Use of a single container individual family size filter requires 

the addition of a simple chlorinator to insure significant bacteriolo

gical removals. The single container while simple and inexpensive, 

lacks the additional treatment efficiency of a two container unit. 

Using a simple coconut shell chlorinator submersed in the raw water 

above the filter, chlorination at chlorine dosages of about 1.0 mg/l 

produced near zero coliform levels in the effluent. Results were 

sporatic however due to the short detention time in the unit. 

11. Villagers were enthusiastically satisfied with the quality of 

the treated water and utilized the filtered water for drinking, cooking 

and. (.when available- in sufficient quantity) for house_.cleaning,. and 

personal hygiene. 

12. Operational problems were minimal. The filters were operated two 

to five months between changes of filter media. Changes were made by 

washing the coconut fiber in the raw water to remove the entrapped mud, 

then replacing the washed fibers back in the filter for reuse, and by 

scrapping off the upper 10-15 cm of burnt rice husks and discarding 

them before beginning a new filter run. Shut-down time was less than 

one day for changing the filter media. 

13. Considerable interest was generated in neighboring villages and 

in several Ministries responsible for providing water supply, in the
 

potentials for building and operating other filter units using coconut
 

fiber and burnt rice husks.
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B. 	 Co6mit on gaestfions Raised' in Document, "LO. 11652:N/o EARN: 

Husk/Burnt Rice HuskATalAPropos f RED on Coconut 

Filter, 7/6/74"9 

Most of the information requested in the subject document is provided 

in the body of' the report°.. Additional information relating to specific points 

is as follows:
 

i, "Confidence Levels 

95%. confidence level statistics were calculated 	for bacteriological 

data evaluating the performance of the filters to remove both coliform 

Due to the large value of the standardand fecal coliform bacteria. 
the raw and filtered waters, thedeviations of bacteria levels in both 

to 100 percent.95% confidence interval of the variable ranged from 0 

interval .of the mean was calculated whichSubsequently a 95% confidence 
withindicates that the mean value will fall within a specified range 

95% confidence. 'Bacteriological recpovals are shown in Tables 1 throu'h 

4 with these statistics. Using all samples points9 coliform removals 

from Ban Nong Suang and Ban Sore will average 71 to 83 percent and 54. 

Using data points afterto 70 percent respectively with 95% confidence. 


the first ten days of operation to allow for build-up of the biological
 

layer, coliform removals from Ban Nong Suang and 	Ban Som filters will
 

average. 82.-.to. 89 percenLt.-and7-. to..-86..percent-.respectively with 95% 

confidence.
 

Time Period to Reach Steady State Conditions
2. 


Aten day start-up period was found to be typical before a well
 

developed biological layer formed on the filter 	media. The rate of
 

filtration was not changed to account for this ripening period.
 

Bacteria removals were more consistent after this ten day start-up
 

period.. ,-Turbidityremovals were generally consistent atter only one
 

day of: opei'ation.
 

3. Minimum Filter Operating Conditions to Obtain Desired Water Quality
 

As previously explained, the"filter effluents do not meet recommended
 

,international standards for .bacteria levels without the addition of
 

.disinfection. The effluents,.,generally meet recommended standards for
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clarify, taste, odor and~colo following start-up conditions (after 

media changes) and throughout the filter run. Thereforep it is believed 

that the operator should use the general criterion that when the rate 

of flow decreases to approximately one-half (50 percent) of the initial 

flow rate (when the media are new) that it is time to change the filter 

media, A simple turbidity criterion is also believed to be useful for 

guidance of the operator; e.g. when the turbidity exceeds 10 or 20 JT1J9 

the media should be changed. It is not worthwhile to recommend filter
 

media changes as a function of coliform tests. 

C. Significance of Bacterial Removals 

One of the key parameters commonly used in evaluating water filtration 

performance is the efficiency in remcving coliform organisms, and the 

residual coliform densities in the treated effluent, as related to the usual 

standards required for drinking water (essentially 1 coliform per 100-ml, 

in the USA). 

A review of the subject indicates, for the highly turbid surface waters
 

of the type dealt with in this study, that the following estimates may be 

made of the probable performance of various types of filters or treatment 

systems without the addition of disinfection, assuming an. average initial. 

turbidity of 50 JTU and an average initial coliform concentration of 2,000/ 

100 ml: 

Type of Filter Average Removal Residual Coliforms/100 ml 
Efficiency, % 

(I) Slow sand filter 

(a) Without pretreatment Rapid clogging
of media 

(2) 

(b) With pretreatment 98- 99.5 

Rapid sand filter 98 

10- 40 

40 

(Ref. 

(Ref. 

4) 

4) 

(3) Two-stage (CF/BRH) filter 

(a) Without chemicals 

(b) With chemicals in 
first-stage 

76- 86 

96 

280- 480 

80 
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All filtrs, regardles of pretreatment, cannot :e expectedto meet the
g 

usual standards required for driniing water without the addition of disinfec

as high: as'those experienced with
 
tion, particularly when colif6r- levels'are 


lthe :pilot projects."
 

quantification of the health benefits in 
rural areas associated with
 

is not available with a reduction
improved bacteriological water quality 

or even 1 per 100 ml,from 2,000 to 200, 50
in coliform levels 

In the medical literature disease levels have 
been decreased signifi

cantly and even erraticated with an innoculation 
of 60-70 percent of a
 

Whether or not 60-70 percent reduction in overall
 diseased population. 


coliform or fecal coliform removal will significantly 
reduce the incidence
 

Clearly filtration
 
of, water borne diseases in a population.is not known. 

4one is not sufficient to guarantee 
that thd water is safe for drinking
 

(1 coliform/100 ml. Disinfection
 
given the assumption that potability means 


Vould be requirea before bacteria levels 
could be reduced to recommended
 

international standards.
 

From the village surveys condutted in the project 
villages, sanitation
 

habits indicate that transmission of waterborne 
diseases is equally likely
 

Thus the water quality criteria alone are not
 by hand.to mouth contact. 


The water project must be viewed
 sufficient to guarantee improved health. 


from the broader prospective of being a first 
step towards health improvement,
 

active community participation and support in community 
development, benefts
 

in terms of time and energy savings, and water supply 
improvements in terms
 

of availability and reliability.
 

D. Conclusions
 

The coconut fiber/burnt rice husk filters can be 
operated easily and
 

unskilled operators in rural communities. The units
 
inexpensively by 


operate relatively effectively with minimum maintenance 
requirements.
 

Filter media can be prepared in advance or obtained 
locally in abundant
 

The filters will produce from most surface
 quantities and at low costs. 


waters, without the aid of chemicals, an effluent 
meeting recommended
 

Bacteriological efficiency
standards of clarity, taste, odor and color. 
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is less than slow sand filter systems 'd averages 76-86 percent.-To 

meet i.er.atoinlly eu n cstandards, disik'i&tion will 

"ha'et'o be "trduced as an additional process 

Effluent quality is readily accepted by the villagers, Operation 
costs can be paid for by minimal monthly water fees cotlected from the 

users'without the need for central government support, The coconut iber/ 

burnt rice husks filter appears to be a logical development step in a 

series of steps to achieve a .high level provision of water services in the 

rufal environment, 
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VII. 	 FUTURE RESEARCH NEEDS 

Thi 	Phase II pilot study has accomplished the, objectives outlines in 

Several new ideas and unanswered questions present themselyes'.as
proposal. 


as a result of the suucessfulattractive research areas for future work 

operation of the pilot plants as shown 'in Figure 1 covering the sequential 

These 	 ideas include the "improved
development of the filter research program. 

of waters that can be
contact filtration" teniqu' to extend the range 

treated"by the tw-stage, filter, the use of a simple coconut shell type 

residual bacteria levels in the filteredchlorinator to achieve lower 

effluent, and the further simplieication of filter unit construction to 

lower capital as well as. operating-costs. These.research- areas. include. 

the.following:
 

1. Continuation of the pilot plant study at Ban Nong Suang, Korat 

Province to i*prove the design and operation of the "improved contact 

filtration!' schemeby .using-multiple coconut.fiber stages.-and by 

reducing the.coagul*a. level fed to the raw-water; 

2. Field test the introduction of a simple chlorinator in the 

Nong Suang both before and after firstvillages of Ban Som and Ban 

stage. filtration, in..order.,to.. improve chlorinator design,. test

efficiency of operation, and to record villages.reactions; 

Carry 	out a detailed physical-chemical analysis of the properties
3. 


as these materials workof coconut fiber and burnt rice husks to why 

effectively on most waters in removing turbidity, color, taste and 

odor, including, a-definition of quality characteristics or properties 

needed.to insure effectiveness of the fiber media; 

Continue field testing of the improved design of the individual
4. 

family-size jar filters;
 

Introduce and record villager reactions to the introduction of
5. 

hand and/or bicycle operated pumps in Ban Som and/or neighboring
 

villages that expressed interest in the coconut fiber/burnt rice
 

husks 	filters;
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6. Carry out a systematic program ',f research an4dAeveWopettoo 

defiiie 'aseries o2 ,steps#Tr bothfwaterk.in watersupply) -'and water

out (,sewerage), :utilizing appirpriate teclnologies "and taking into 

account ,all,'of' the-foreseen 'aocio-economic prerequisitesw andie~fects 

of each step i, As s¢a product t.he study pepoirt could propose 'a program 

for 20, villages over-a ten irear. period -to,document the 'effectiveness 

of the step-by-step :approach. 
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APPENDIX B 

APPENDIX B 

INDIVIIJAL HOUSEHOLD QUESTIONNAIRES 

SUMARY OF RESULTS FOR BA SOH AND BAN NONG 

KORAT PROVINCE, SEPTEMBER 1975 

SUANG 

Information on Interviewee &..Household., 

Ban.: Som _Nonq:.Zuang 

1. Interviewee 

Total 

Head of household 

Houseife.. 

Other 

104 

63 

37 

4 

110 

93 

17 

-

2. Sex of head of household 

Male 

Female 

61 

35 

94 

16 

3. Age of Interviewee 

16- 30 

31 - 40 

41 - 50 

51 - 60. 

> 60 

9 

17 

23 

27 

24 

21 

21 

29 

23 

16 

4. No. of children 

0 - 1 

2- 3 

4- 5 

6 - 7 

>7 

8 

21 

25 

27 

21 

10 

21 

33 

26 

20 

5. Number of persons in hoiehold 

1 - 4 

5 - 6 

7 -8 

.9..* 10 

11 -12 

>12 - 52 

37 

32 

16 

9 

7 

1 

17 

36 

32 

1*1 

11 

3 



Ban Sor Ban.Nong.,Suang 

6. Agebf. -iubers 

o- 1 

Zaf, 1ihsehold 

15 4'51 

1 - 5 
6 - 10 

:11 - 15 

16 - 20 

21 - 25 

26- 30 

31 - 35 

36 - 40 

41 - 50 

51 - 60 

.61 - 70 

> 70 

34 
55 

68 

77 

89 

54 

38 

26 

46, 

51, 

27 

7 

-95 

100 

73 

94 

90 

63 

28 

25 

60 

49 

21 

3 

Total 587 746 

(15 years & under 

% 
172 

29.3 

315 

'41.9 

20 years & uder 

% 

249 

42.4 

409 

54.8 ) 

7. Level of education of head of household 

Illiterate 

Below grade 4 

Grade 4 

M.S. 3 

M.S. 5 

14 

14 

65 

1 

2 

11 

96 

1 

1 

8. No. of illiterate persons older than 15 years 

of age 18 4 



,BanSom ,.,I.Bam. Nong...Suang 

I • Numbers of ' your household getting sick during 

the past year (195). 

Headache, fever 

Sore throat,, cough, cold 

Intestinal disease 

Worm diseases 

Kidney disease, calculus 

Mental disease. 

Gye disease 

Skin disease 

Cholera, diarrhoea 

Typhoid 

Nutrition disease 

Other$ eg. Haemorrhage 

534 

500 

29 

25 

2 

8 

44 

42 

40 

-

1 

3 

702 

71.9 

35 

10 

1 

2 

8 

24 

10 

-

1 

5 

2. What . do you do when 

gets. sick. 

any member of your ,household 

Nothing 

Buy medicine yourself 

See a spirit doctor 

See a quack 

See a Tambon doctor 

-

94 

7 

2 

1 

-

104 

-

6 

See a Thai old style doctor 

See a nurse or a midwife 

Go to healthcenter. 

Go to hospital or clinic 

2 

1 

11 

70 

-

79 

62 

3. When you eat local foods made of pork & meat, 

do you cook it? 

Eat uncooked foods 

Eat half-cooked foods 

Eat well-cooked foods 

13 

16 

77 

-

6 

24 
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Ban. Sorn Ban Nong Suang 

4. When you eat vegetables, do you 

clean them before eating? 

Iasually 

Never clean 

Clean sometimes 

Clean frequently 

Everytime 

7 

46 

82 

4 

4 

102 

5. How do you eat your meals? 

With hand 

With spoon-& fork 

With spoon
4 

With chopstick 

91 

8 

48 

104 

12 

5 

6. Do you wash your hands before having meals? 

Never 

Sometimes 

Everytime 

-

110 

-

98 

7. What kind of privy do you have? 

None 

A privy inside the house 

A privy outside the house 

A septic tankwilhot..cover-

A septic tank with cover 

8 

-

92 

-

31 

3 

65 

3 

9 

8. How often do you use your privy? 

Everytime 

Sometimes 

Never 

75 

19 

7 

63 

16 

27 

9. Do you wash your hands after going to privy? 

Never 

Sometimes 

Everytime 

11 

15 

68 

-

1 

109 
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Ban Sone Ban. Nong Suang. 

Do"'you-wash your-han3s with soap? 

Yes 24' 13 

No 75 97 

10. What kind of water do you .usetor drinking? 

Kind of Water Dry Season Rainy Season 

Ban Som Ban Nong'Suang Ban Som' [Bn Nong Suang 

Filtered water 79 86 34 13 

Rain water 48 59 95 109 

Well water 38 4 2 

Water from pond 32 5 

or reservoir 

River water 12 

11. What do you do with the water.before .drinking? 

Rainy Season
Description Dry Season 
Ban Som Ban Nong Suang Ban Som' Ban Nong Suang 

Nothing. 85 109 90 109 

Coagulate.with - 

alum 

Boilsometimes 12 1 4 2 

Boil everytime 3 - 

12. What kind of water do you use.for bathing.-& cleaning?
 

Kind of Water Dry Season Rainy Season
 
Ban Som Ban Nong Suang Ba Som Ban Nong Suang
 

Filtered water 34 94 28 51
 

Rain water 29 14 79 72
 

Well water 54 48 j 30 36
 

Water from pond, 59 12 37 7
 
or reservoir
 

River water 65 - 40
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13. How..many-buckets of water,doyOU use each day?
 

(1 bucket -'15 liters)
 

Description Ban Sorn Ban Nong Suang 

For Drinking 154 160 

For cooking 337 287 

For vashing, bathing 673 782 

For gardening 337 60 

9 -
For others 


Total 19510 1,450
 

No. of families 104 110
 

Total population 587 746
 

Persons/family 5.6 6.8
 

Quantity of. Water Used.
 

I/day/capita

Description 


Ban Son Ban Nong Suang
 

By Family
 

Drinking 4 3
 

Cooking 9 6
 

Washing, bathing 17 16
 

Gardening 9 1
 

-
Others 


39 26
Total 


Description i/day/family

Ban Son Ban Nong Suang
 

Drinking 22 22
 

39
Cooking 49 


Washing, bathing 97 107
 

8
Gardening 49 


176
Total 217 
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Average number of buckets" carried per"£feily 'per'"day 

Ban Som 14.5 

Ban Nong Suang :13.2 

Average wat.er use,(bucket/perqon/day) 

Description Ban Sor Ban Nong Suang 

Drinking water 0.26 0421 

Cooking water 0.57 Q.38 

Washing, bathing water 1.15 1.05 
**Water for gardening 0.57 

Total 2.;57 1.94 

Only 1 information available (see table below). 

MUsed in great quantities by only a few households. 

Table Showing Numbers of Family VS. 

QuAntity of WatOr.. Used for Huseholdi(in buckets) 

Buckets 

Drinking 

Water 
B.S. B.N.S. 

Cooking 
Water 

B.-S. B.N.S. 

Washing & 
Bathing Water 

B.S. B.N.S. 

Water for 
Gard ning 

B. S.T .N.S. 

Others 

B.S. B.N.S. 

1-5 101 100 79 115 32 34 2 - 3 -

6-10 - - 12 3 53 61 5 - - -

11-15 - - 4 13 3 - - -

16-20 - . . 2 2 8 

12011 

No. of persons used for dlculation Ban Som =- 587 persons
 
Ban Nong Suang = 746 persons 
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14. How often do you bathe? 

-Description Ban So Ban Nong Suang. 

Once every other day - .2
 

Once a day 31 99
 

Twice a day 44 9
 

More than twice a day 38 1 

15. How..much.-water do you store? 

Description Dry Season Rainy Season
 

Ban Sam Ban Nong Suang Ban Soam Ban.Nong Suang 

Big jars 151 53 162 306
 

Small jars 109 320 115 642
 

J 
1 big jar = 1,000 liters
 

1 small jar = 160 liters,
 

Table Showing Quantities of Stored Water. at the Two Villages. 

iDry Season Rainy Season 
No, of Big Jar Small Jar Big Jar Small Jar 

B.S. B.N.S. B. i.S. .5. IBN.S, BeS5 . No S 

1- 5 5 27 50 1 57  2 9 5 3  48 

6-10 6 2 2 33 17 4 10 36 

11-15 . . . . 1 3 - 7 
16-20 . . . . 2 1 2 1 

>20 - 1 

16, Do you use filtered wter for vegetable gardening? 100% No. 

- 59 



17, 	When /do you use'filtered water?
 

Description 	 Ban Sor Ban,ong Suang
 

19ring 	dry season only 73 

14 

Throughout the day 3 2 

In the morning & evening 56 75 

Never use-	 12 

Throughout the year 	 13 


Ban..Som Ban Nong Suang 

18.. 	 Do you fike the taste.of filtered water? 

Yes 93 92 

50% - 50% 4 17 

No 

19. 	 Do you get enough filtered water for your 

household consumption 

Yes 27 40
 

Sometimes 14 69
 

No. 49
 

20. 	 After having the system, your use.of water has 

Increased 62 3
 

Decreased 17 -


Stayed the same 13 106
 

21. 	 How much do you pay for the filter water?
 

",l- 5 Baht per family per month 91 	 

5- 10 1 ,105 

10-15 - 

15-20 1 5
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Ban Soe Ban Nong Suang 

22, What do you..think of the present rate of water is 
Just 

Unjust, because could not get water 
when..needed 

98 107 

3 

23. Do you think that t'he present rate is 

Not expensive 

Expensive 
94 id5 

5 

e If expensivep the rate .should.be..5.a-month 

(Only those saying the fee is expensive) 

24. In case the filter water is not available 

Who will fetch the water? 
Daughter 

Son 

Other 

73 

28 

20 

55 

25 

54 

The fee of the filtered water should be 

calculated according to meter readings 

The same for every household 

Vary with households' income 

45 

1 

46 

21 

1 

88 

Time spent in fetching water 
0.5-1 hr 

1 -2 hr' 

71 

22 

103 

3 

25. What do you think can keep you healthy? 

Don't know 

Eat sufficient food 

Eat clean & cooked food 

Eat useful food 

Drinking clean water 

Clean house 

Clean clothes 

-

36 

4 

13 

70 

19 

56 

1 

99 

32 

25 

109 

10 

7 

Good & fresh air 

Sufficient exercise & moderate works 

Vaccination and other treatments when 
recommended by the health officer 

6 

6 

93 

4 

3 

72 
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Ban Son, Ban Nong Sua 

26. In case the .ilter.ed water is available, 

do you want to have the pipeline 

extended to each house?, 

Yes 

No idea 

No 

3. 

8 

12 

6 

(Short o.money..or no.-public tap water 

available near the residence) 

27. Do you use tap water? 

No, no tap water nearby 

:Yes, iltered.water piped to the house 

Yes, filtered water 

12 

2 

89 

1 

-

93 
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(3) !Iforqation on Income & Expendte 

1. 	 Income from the followingi tms lasy'l ear (for the entire household) 

! selling rice1.1 

1.2 Selling Vegetable, fruit (most from taDioeaV
 

1.3 Selling jute, kenae, kapok 

1.4 From land 	renting, animal lease
 
1.5 
From home industries
 

61,. Profits from trading 

17-Fromsalarywages
 
1.8 Total ,income'
 

Ban So
 

K~ey i- 50 - tOIo0-2,0"0 g2,o01-3,oo o3,o0o Note 

1.1 1 2 3 	 1 Several families 
1.2 	 4 'did not give the 

1.3 3 12 16 1 3 information on 

1.4 1 	 their incomes/
 

1.5 2 	 expenses. 

107' 1 4 21
 
1.8- 8 13 18 9 11
 

Ban Nong Suang
 

Key 1W.500 501-1000 14O0i-00 '2001-30003001-4000 000 10000, -40O' 

12 1e 	 3, 11 8 : 12- 7 32, 24 

1.4 

1u5
 

S 	 3 1 2 

.8 3 	 6 8 8 12 37 26 

all from. selling tapioca 
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Average Income
 

1.: Ban.oe %1,585 perBamily/year 

2. -Ban..Nong. Suang 

(a) Average for 108 families =_'014,022 per family/year 

(b) There were 6 families earning more than AP,O0O per year 

(i.e. g50,000; X85,000; X100,900;.!10,000; :X100,000 and
 

Their total earning were about 42 ,percent of
%200tOOO)o 


So these six families
the village's grand total income. 


did not seem to represent ,the village's 108 families.
 

If only the other' 102 families, along are considered, 

the average income, = X8,522 per. year.. 

(Actual data, not the upper limits, were used in these
 

calculation..). 

2. 'Moneyleft over last year
 

Ban Nong Sung
Baht Ban Som 


78
0-1 65. 

1011
1-.)0 

501- 1, b 6 3 

1,002-2,000 .3 7 

-2,001 -'5,000 " 2 61 

..
5,001-10000 


10,000' 1
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3. What are the three largest exponditures paid last year? 

Items; 

3.1 None 


3.2 Food 

3.3 Clothes 


3.4 Education. 

3.5 Medicine &.treatment 

3.6 Agricultural supply 
(not including the
 

3.7 Homihindustrial 
materials 


3.8 Land or.other investment 
3.9 Gold,. Jewelry 


3010. Wageipayment. 


3.11 	 Deb .andA.nterest -pay, 
ment 

*3.12 Wages for tapioca 


growing & harvesting
 

*Should be combined with 3.6
 

Bain Sam Ban, NOn Sdzang 

-

98 109 

98 96 

30 47 
81 85 

10 28 

- -

3 2 
2 -

1 -

- 1 

- 97 
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FIGURE I 
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2 FIGURE 
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WO. STAGE FILTRATION UNIT AT BAN SOM, KORAT PROVINCE
 



. 
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FIGURE 3 

PHOTOGRAPH OF COMPLETED 1.25 m3/142Ar TWO-STAGE FILTER UNIT AT BAN SOM, 
C.,o

KORAT PROVINCE 



FIGURE 4 

PHOTOGRAPH OF PILOT WATER FILTER PROJECTS AT BAN NONG SUANG, KORAT PROVINCE 

C1 m3/hr and 15 m3/hr Capacity Units Left and Right Sides Respectively ) 



FIGURE 5 

PHOTOGRAPH OF INDIVIDUAL FAMILY SIZE JAR FILTERS USING PRESSURE RELEASE VALVES 

( Samples Being Taken for Bacteriological Analyses ) 
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TABLE 1
 

STATISTICAL ANALYSIS OF BACTERIOLOGICAL DATA USING ALL DATA POINTS
 
BAN SOM, KORAT PROVINCE
 

Coliform Fecal Coliform 
Flow Rate Statistics Raw, Effluent, Removal, Raw, Effluent, Removal, 

_PN/ 00 ml MPN/100 ml % MPN/1 00 ml PN/1 00 ml % 

-Normal Rate Mean 3,415 961 
 62 806 269 66 
(0.8 m3/m/h) Standara dviation 3,227 1,523 34 855 576 36
 

95% confidence 2,659 to 604 to 54 to 
 606 to 134 to 58 to
 
- /
interval of mean 4,171 1,318 70 70 404 74 

95% confidence 2 0 to 0 to 0 to 0 to 0 to 0 to 
1
interval of variable- 9,860 4t 007 100 2516 1t421 100
 

Number of data points 70 70 70 70 70 
 70
 

Statistical Inference:
 

The differences.in bacteria content in the final effluent at the two flow rates are not statistically significant
 
for either coliform or fecal coliform.
 

Notes: 

1/ 95% confidence interval of mean = t± 1.96 S 

2 95% confidence interval of variable = x - 1.96 S 

x= mean S - standard deviation N = number of data points 



TABLE 2 

STATISTICAL ANALYSIS OF BACTERIOLOGICAL DATA-USING SELECTED DATA-POINTS 

BAN SOM, KORAT PROVINCE 

Coliform Fecal Colifonix' 
Flow Rate: Statistics Raw, Effluent, Removal, Raw, Effluent, eRnoval, 

_oo/100 ml /IPN/100m % MPN/100 ml JNP/100 ml R 

Normal rate 	 Mean 3,783 623 76 888 139 82 
(0.8 	 /M /hr) Standard deviation 3,334 603 18 880 229 18 

95% confidence 2,918 -.",to. 467 to 71 to 655 to 74 to 77Tto 
interval of mean 4,648. 779 81 1,221 204 87: 

95% confidence 	 0 to 0 to 40 to 0 to 0 to 60 to 
interval of variable 10,450 1,829 .100., 2,548 597 100 

Number of data points 57 57 57 57" 57 57 

,High z Mean 4,446 503 82 783 107 80 
''"2. Standard deviation 5,149 530 11 798 110 20i3/m2r) 

95% confidence 	 2,504 to 302 to 78 to 463 *to 64 to 72 to 
interval of mean 6,388 702 86 -.1,102. 150 :88 

95% confidence 	 0 to 0 to 60 to 
 0 to 0 to 40 tOo 
interval of variable 14,740 1,563 100 2,380 327 100 

Number of data points 27 27 27 25 25 25 

Statistical Inference: 

The differences 	 in bacteria content in the final effluent at the two flow rates are not statistically
significant for 	either coliform or fecal colifom. 

-Note:
 

Data points where effluent bacteria > influent bacteria levels were not included in 	 above statistical tests. 

, ...J - - , -.
. ..... 




TABLE 3
 

STATISTICAL ANALYSIS OF BACTERIOLOGICAL DATA USING ALL DATA POINTS
 

BAN NONG SUANG, KORAT PROVINCE
 

Fecal ColiformColiform 

Coagulated Water Finished Water Coagulated Water Finished Water 
Statistics Raw ml MPNI100 m M/lIOO ml Reoal PN/100 Ml MPN/10o lNN10mIMPN/100 Removal Removal, 

Raw 
Removal, N/IO m Removal, 

> 24,000 100 > 2,400 1,100 100 >2,40.0 99Maximum > 24,000 11,000 100 


30 37 93 <3 49 <3 38
Minimum 430 < 30 28 


77 973 147 83 143 83
Mean 8,920 2,004 74 1,427 


Standard deviation 7,782 2,968 29 2,723 29 864 277 24 282 21
 

71 to 827 to 98 to 79 to 94 to 79 to
95% Confidence 7,417 to 1,434 to 68 to 901 to 

196 87 193 87
interval of mean 10,423 2,574 80 1,953 83 1,119 

to 0 to 35 to 0 to 41 to
95% Confidence 0 to 0 to 16 to 0 to 19 to 0 

700 1CO 707 100

interval of variable 24,480 7,940 100 6,873 100 2,700 

134 134
Number of data points 103 97 97 103 103 134 122 122 


Inference: Test differences of means for coagulated water and finished water 

1. Coliform (a) MPN: Not statistically significant 

(b) % Removal: Not statistically significant 

2. Fecal Colifon (a) MPN: Not statistically significant 

(b) % Removal: Not statistically significant 



_______________________________________ 

TABLE 4 
STATISTICAL ANALYSIS OF BACTERIOLOGICAL DATA USING SELECTED DATA POINTS 

BAN NONG SUANG, KORAT PROVINCE 

Statistics 

S% 
I 

Coliform 
Coagulated Water Finished WaterRemaa, 

MPI100miM/U00 na. Rmv l PN/100 M, Removal,%, 

(•0 

MN1OM 

Fecal Coliform 
Coagulated Water 

R 
PIO i Removal, 

;Maximum > 24,000 11,000 100 4,600 100 >2,400 1,100 100 

Minimum 430 < 30 28 30 37 93 <3 49 
Mean 9,468 1,690 80 953 85 1,043 129 88 
Standard.deviation 7,826 2,587 21 1,0io 17 886 253 14. 

95% Confidenceinterval of. mean 7451-t~o
11,085 1,140- to)?

2,240 76 to
85 744 to

1,162 
82 to 
89 

889 to 
1,197 

83 to 
175 

85 to 
91 

95%-Confidence 
interval of variable 

0 to 
25,120 

0 to 
6,864 

38 to 
100 

O to 
2,973 

51 to 
100 

O to 
2,815 

O to 
's35 

60 to 
100 

Number"of data points 90 85 85 90 89 127 115 114 

Inference: 
 Test differences of means for coagulated water and finished water 
1 Coliform (a) MPN: Statistically significant
 

(b) % Removal: Not statistically significant 
2. Fecal Coliorm (a) NPN: Not statistically significant 

(b) % Removal: Not statistically significant 

Finished WaterFi/oonPish10 ealej 

eovl
 

1,100 99
 

<3 38 

115 86
 

188 15
 

82 to 83 to
 
147 88 

0 to 56 to 
491 100 

126 127 

P_
 



TABLE 5
 

TABLE 5
 

COMPARISON OF LARGE SCALE AND SMALL SCALE FILTER UNITS
 

ATBAN NONG SUANG, KORAT PROVINCE
 

Small Scale UnitLarge ScaleParameter Unit Two-Stage Three-Stage 

Surface area of media, m3 10 1.0 1.5 
Filtration rate, m3/m2/Ar 0.5 0.6 0.6/ 

Length of filter run (approx.), hr 450 31 75 

2Water produced, m3/run/10 m 2,250 186 300 

Turbidity load to filter, %of raw 5 100 100 

Maximum water producable, m3/day 20 > 50 >50 

Construction cost High Low Low 

Construction Difficult Easy Easy 

Operation attention Low Moderate Moderate
 

(mostly media (mostly media 

washing) washing)
 


