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A~STH ACT

A pilot scale preti.Lter was usea to stUcly ttie

performance ot horizontal tiow preti.Lter using cocorl%]t fiber~

as Ijiter medium. Three aitferent lenytns ot 250 ~m diameter

P~1Cpipe 2.0 iii, 3.0 m anti 4.0 m vere used as tiltration

unit. Coconut tiner was soa~eu, tinsed anu used as a riltet,

medium. T1~e density oh coconut tibet was dl.b 1~g/cu~I after;

compa ction.

Two experimeutal tuus were conaucted witn a tiltration

rate oh 1.25 cum/sq1i~—n alla 1.0 cum/sqi~—u. lilruidity ,color

and total colulorlns wCt~ aieasured auring the tii.ter

operation. ~ihe tuLnialty, color anu total coiitorm reinova.L

efficiencies were about b7.3% — 89.b%, 41.2% — 53.2% and

8b.3% — 92.5k, respect~veiy. me tiit~r runs were snort ciuc

to extiaustioii oh coconut tibet.

l~orizontai preri~ter usiny coconut tibet can ne used

successtully as rouuning tiirer it coconut finet a~ïaiiable

in local uiarKet in 10w cost.
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t INTRODUCTION

Water is a prime need for numan ~eings and animals.
Water supply is a criticai. tactor in public tiealth
protection and economic cievelopwent in most parts of the
world, particularly in trie aevelopiug countries. 4ater is
also a. key element iii the ytOwtXi of any couimunity, rural or
urban. Water is abunuamt in the world, but only a small
percentage of water source is potable and suitable tot human
consuinption. bost ot the sources are poiluted ny several
means and they snould De treated in one way or otner before
consumption.

Surtace stream water is a source oh supply tot ~any
developing countries but stream water contain high
concentration oh turoictity wnich is mostLy day anti
susperided silts and is .~.essorganic in nature. The water
treatment processes are at±~ctedny the Level aria variation
of suspendeci soi.Lds in tne EaU water . Several treatment
methods riave neen developea to treat turbid ‘gaters. The
iuost etfective process to reiüove turbiclity is trie
conventionaj Rapid Sand Filtration process in uhich
chemicals are used to coagulate time particies roilowed ny
settling of the codgu.Latea particles, and then sand.
tiltration. I~ut in aeve.Loping countries Lnost oh the
population are trom v-iliages and their levels ot iricoLne and.
literacy dre guite low . In rura-L areas • tne Rapia Sand
Pilter has pru~eu to be unsuitanie because of
tinancial,technolo~41c~il and administrative reasons. Rurai
areas rareiy have jualitieci techniciaas to operate a
conventionai coayulatt~ Rapiti Sana F1.LteL etfectively.

510w sana tilters US1flÇ local materials as tilter media
are considerea to be a.n attractive alternative tot prouuciny
potanle water in ru~a.1 communities. The av-aiiabiuity oh
Land, tanour, local materials and tne tact that no crieiuicals
are required. anti aiso tavoutabie ciiinatoiogical conditions
in rural communities nar~e the use oh slow sanu filters
inexpensive tor treating surtace water. 510w santi filter
can handle as mucn as 100 — LOO wy/i oh turblalty tot a tew
days but best resuits are obtained when the average
turDidity is 10 wy/l cr iess

In tropical reqiolis surtace water contain. hign amount
oh si.Lt aria day, wnicn can easily b.Lock the filter aria cail
tot more trequent cleaniny . liowever, a slow sand. filter can
be waintained in goca worxing couclition in spite or tne
exessive tuj~idity wflicti causes rapia cloyging ot ti.Ltet
sutlace.for this purpose prette~tment techniqu~s can De
u~ed The noriLontai. riO~i pretiitration tecnnique flaS neen
tound very effect~ve in nauauirig turbid Waters. The wain
advantaqes or horizoutai now pretiitration is taut wnen raw
water riows thtouyh t, a comulnation of tiltration and.
gravity sett.Liag ti~es p.Laces. k~orizontal tiow
preti.Ltration perrormance usiay coatse gravel rilter media
has neen we.~i staajea. bu-t there are only a fe~ studies
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using the coconut tiuer as tilter media. The menu
consideration in tnis study is to lflVE±stigate tae
effectiveness of ~orizoiitai flow preriltration tube model (
closed channel ) usiny coconut tibet as pretreatment unit

1.1 PUBPOSE OF STUDY

In previous wot~s, crushed stone was used as the filter
media and ±ilteririg unit was an open channej. horizonta.L
prehilter followed. by slow sand hiiter.. The study ot
horizontal flow prefi.Lters in tne tune model using single
media (crusned stone ) and duai. media ( crusned stone with
coconut hus~ tibet ) was done by VICdiAt~ ( 19b4 ) . In thiS
study, horizontai now prerilters in tne same tube woud anu
using single media coconut tibet is conducted. The nam
purpose of this stuay is to Conduct the toilowmny
investmyations.

1. Assess the perrorwance of the norizontal ±low
pretiltratiori in t.uue model using coconut fiber as
filter medium in teras oh turnidity, co.Lor anu
bacterial reuuction unact a rixed density ot
cocouut tiber dna varyiny tiitration rates.

2. To cooipare tne result3 oh this stuay with the
resu.Lts of ~IChIar4 ( 19e4 ) obtaineu by usiug
single fi.Ltet ~~amum cLusiieti stone and duai. media
crusnea stone win coconut husk tiber.

1.2 SCUI~OF STIJDY

The iayout of th~ experiment WâS as Loi.Lows;
1. The intiuent ~as collectea trom the canci. near the

laboratory ~ Environweutal Engineering Division
erin the eltiuents were coiiected trom tnree
difterent lengtn tube model horizontai pre±il-ters
for the determiiiatioli ot turbid.ity, color and
coimtorin oruanism rewovai. e±ficieucies.

2. The ettlueuts were receivea trom the hPF tune at
dittetent tdtèS Oh tiltration (1.zS cuiu/sqm—h tot
first run anu 1.0 cun/squl—b for secono run)

3. The density of coconut tiner was chosen to De ~1.b
kg/cuLn anti the woisture content oh the tibet was ib
percent.
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II LITL1~ATUHE. hJ~.V.LLW

The process in wnncri the water is seperat.ed trom
suspendea and co.LLoiaai impurities by passiny it through a
porous substance is ca.Lied tiltration. In the tiltration
process the number or bacteria are wateriafly reauced ana
chemical & pnysical chardc-teristics of water are changed.
Usually puritication ta~es pldce uurmny trie passage through
the flitering meald and the treatea water is discnarged. The
flitering meuia, wnmcn is e potous substance can be usea o~
any material such as pe~ yLavei., crushea stone, burnt rice
husic, coconut riber ~tC.

2.1. i1tCEANIS~1 OF ?1LTRATIOI~

The mechanms~n oh water tiltration is a complicatea
process wtu..cri invoives iaariy uirterent physical actions. Air
oh tnese process have not been stï.Li tuily under stooti.
Fi.Ltration is accolnp.Llsneti by passing raw water througn a
bed or uit ering media, usually sand . Durmag its passage
the particulate impurities are Drought into contact with tne
surtace u~ tiltefing meama ana nemu in positmon thère . Thus
the coacentration of particulate mmpurities of the tiltering
ligumu cnanaes gracuatty as it noves tnrough the bed.

flAZ~N ( 190L4~ detined eacti pore in a Salkti filter dS a
seclixuentation basmn . detweeri the gramns have pores or open
spaces, totalimnq so~e ‘40% o± the total volume of the ned.
Water passing over a yrdin surtac~ is suunenly siowed dowu
aach time it enters on~ of these pores, anu as a tesult
millions oh mLnute sedinentation nasmns are formed in waica
the sinallest. particies s~ttie onto the nearest santi gram
berore passing it.

ST~1N ( 19L~U )suygestea that the water passes in a
.Lawinar tiow tnat is coiistantiy cnanyiny ctirection as it

leaves one gram anu ineets the next. At each criange of
direction gravity and centrihuqal torces act upon every
patticie cartied ny the water

O’~L1A & STU1~ ( 19e? ) desctihea that tne particle
remov’at at the tilte parc is given by two mechanisili
a.Trans~Qrtmecnda1sm - inove a particie in a filter pore SO

that it comes very c.Lose to the tiitet gram.
b.Attactiment~ecnanis~i - cause the particle to adhere to
the gram surface.

A Tt~N5PORTh~,CHA~iSt1

BUIS~AU & WOUD ( 1970 j reported tnat the transport
aiechanis~ in wnicn me particies are nrought irito contact
coiismsts of;
i. straining 0E SCEecilifly.
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ii. Dittusion.
iim.Inertiai. ana ceutrifuyal torcess
iv. sediiuentation,.
v. Interception.

Larue particles are luterceptea and retamnea. to pass~
through the interstices Detween tne send gram ny screeniny
process. This is the mast obvious process . Triis is aot~
possible in a prefiltration usmny crushea stone as coarse~
media . J3ut the gelateneous layer, whicri is toriued by
adhermny smaller particle, absorb the impurities wheii passes,
over it.

Ditrusion is causea ny brownman wotion due to thermal
eneryy oh water particles acts mnaependeatly of the,
tmlttation rate.

Sediiuentatmon removes particies sus~ended matter fier
as the pore opening in exactiy the sauie way as in en
otdmnary settling tdflK.

interception wIiete the particies contact surrace of
sana in a sanci filter is aue to uiass attractnon

13.ATTACjÜ1M~T t1LCHI~1’1

The attacnujent wecflanmsm constitures oh tnree ujamn
torces that holu paitici~s in piece once they nave made
contact witii the rilter gram.
i. LLectrostatlc ~itttaction.
ii. Van—der waam’s tOtc~s.
iii. j~dherence.

1. ~lecttostatic attrdction — The attraction between
opposite electrical cnarges is inversely pioportionai
to the syuare ot the ciistance DetWeen t~em. Clean
quartz sana 1-tas a neyatlve charge owmny to the nature
of its crystalaltine structure and iS able to a.ttract
positively ctiargeti particles at first sucri as crystals
of carbonates, tiocculi oh iron ana cations ~ iron &
manganese, Dut it repeils negativelj cha.ryeci particies.
Duting the ripiug process positively criargea particles
accumulates on the suniace oh tne filter gramus and
occurs oversaturation, tfien such grains is able to
reniove negatively c1iar~ea colloiaai. linpurities ot
organic origin, .Lnc.Ludlny bacterma.

ii. Van Der ~aaistorce — When the particle has neen made
contact witn saab gram, patticie wii]. be hoiu to the
contact surtace, smnce the QiStuflce between centres of
masses is vety mucn smaLLer.

lii. Auherence — Durmug the ripmag period, patticies of
organic origin will ne arrested 01 deposmteu on tne
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surtace. These deposits Decoine tac breeding ground of
niicrooryanisms, wuich produce a siiniy materiai. Jçnown as
zooqioca. The zoogioca toris a stmci~y gelatinous film
om the sutface oh tae SCHL~DTZDECKEto wnicri part~cles

-trom raw water tena to adhere.

2. ~ - ____
The quaiity oh tilterea. water obtained ~y slow

tiltration system depencis upon tac toilowiny ractors..
a. liaw water characteristics
b. Filtering aiateriais
c. Phlckness of filter bed
ct. Filtration rate

A. EFFECT OFHRJ T A~j~_ON ?~f~ATE QUAJaIT~

FmJ.ter~a water quaiity t.Luctuates in accoruance with
the changes in raw water guality Slow san~ filters are
capabie of copi~y wlth turDiditleS of 1OU~-~Ju~g/i tot a tew
days, a tigure oh 50 incj,’i 16 the mdximULn that should ne
permitteci rot bayer p~riods, aria trie best purmtication
occurs wnea tlieaveraye turnidity is 10 mg/i or .Less.
Hotizontal tiow coarse media tlitet can reducea bO—70%of
the sUspended solid a u0~ oh tne coLxtorm organisin trom the
raw water wuica coritain murbluity SU—ISOt4TU.

51V~(JhAli 197b) stated that mme removal etticiency ot
hign turomdity intiucat ( lbO JTU ) was 85% and tor ~ow
curbidity ( 35 ) was 7~%iii trie horizoutai tbow lilter using
crushed Stune as Liltti En~Qma.

L0~( ( 1973 ) and ~ ( 197L4 ) in there studies wmth two
stage filter coniciuded that tne haraness ai~a1inity,
coaductivity and ci-iloriac Lemovai were neyiigiDl~. ~bow sana

- tiltration in unsuitaDie tot treating raw water witfl 10w
dissolveu oxyyem content or niyzi potential oxygen de~and.
Duc to 10w dissolv~d oxygen in filter bed anaerobic
concLition prevail ~. elf luent guality deteriorates..

F3. ~

The efiluent qualmty will iie Decter as the filter is
ijuilt tip oh tiner sized materlals

UJ~IPLE~ (1959 ) stuciled the eftectiveaess of filtet
coarse media for the vectical now tiltration . de concludeci
that tne filter erficiency in terms of turbicLLty reuloval
iacreased as the media size aecreased

SEVILLA (1971 ) showea that the burnt rice husit is the
most ei-tective local inaterial in terms oh turbiclity removal
comparmny with pea gravel, raw rice ana cocouut iiuslç fmner

T1±AL1H ana P1~SCOb(197b) comuucted series 01 experimeuts 1’
using coconut tiber as a rouynlng filter ana burat. rice hUsJ~
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as a po1~shing filter and reported that coconut fiber
throuan. its tiDrous conuiyurdtton exbïbited remar~able
potential in retairnug impurities in water and also
absorbing turoidity “shock loaciina” to produce a relatively
consistent etfluent satistactocy tor subsequent polistiina
treatwent. They founa that at d raw water tunnidity level ot
about 100 JTU and tiltration cate of 0.5 cum/squi—ti, the
a~erage tunnmaity in tne ett.Luent of the cOconut fmner
filter was aDout ~5 JTU, snowing an overall turbidit’j
removal of 75 percent.

LUW (1973) cozicluded that to use coconut husx tiber as
roughing filter ineuiuzn is Vety et±ective . it cau trape some
of turniclity trom raw u’acer ana passeci the partially t:ueated
eff.Luent. This partmaiiy created ettiucut casimy can nare
the secondary rilter aria produce the gooa quaiity potable
water.

~AN (197~) reporced that tlLteE performance using
washed anti reuseti co~nut tuoer as noughmny filter aieduum
Wete smmil~r to tiiQt ot tresa coconut floer. lie also
concluaea tnat water quality niet reco~umendecI WhO Stanciartis
tot ciriaxiny water in tenus oh tuniimdity, colot-, teste and
otior.

KERRIG~N anak~OLhOWSKJ. ( 19b5 ) tound that Liie plastic
pretilter media ci two Iayer filter bed wmth sana reinoves a
portion of suspenaed solid trom the tilter mntiuent WJ.ttiout
creating hiyn neaaioss

The ~OtOS1t~ Ot tne filter media is anotrier factor
wnich attec-t the cutbitiity reiooval . The larger porosity
wili aiiamnishea etticiency oh renovai.

C. ~ZFECT 0F TlilCKi4ESSur r1LTM~ brD ON L~ILThATE
~UAL IT Y

The quality of tiltered water is a lunction 0± both
ineara size and depth.

hUDSON ( 1958 ) reported tnat me greater the filter
depth tae better trie ettluent guality tot tne saaie ilow
rate. ~4hen the tnic~(nesSal the filter bed is increased the
efticiencies 01 the ~dimentatiori and adsorption inside the
filter pores are incteasea wnicn giv-es oetter reinoval of
t ur bl dity.

LOW ( 1973 )sliowed tnat the series tultration system
using 80 cm ot Coconut ruoer (Cf) as touyriing fiiter and 60
cia of Burnt 1~ice HusJL (JiF~H) as polishuug filter procuced
better turbidity ana coliform removal than dual media
tilters made or 20 cm oh overlylny 40 cm BhH and bO cm CF
compacting over 20 cm bhfl after ripea~nu period

But THMIIi and PhSCÜD ( 197b ) conclud~d trom econowical
pomnt oh view that uual meiaa filter system corisisting of
burut rice nusk. anti ~na, sèeias most appealing and bas the
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greatest potential for treatment of tropical suriace waters
in rural areas.

SIVAKU~AR ( 197b )conciutiea taat trie most signiticant
factor afiecting tne tuniiiauty reduction in a horizontal
tiow coarse media filter is the lengtti oh the filter media.
}3ut deptn is iiot so important as the lenyth.

TAHULkIIHABJA ( 19b1 ) concluaed saaie as SIVAKUIIAR that
tot an increase in lenyta thete was a correspondiag inctease
in tiltered water ‘auaiity

D. ~Fk~CT O~FILTRATIUN ~AT~ O~ I~LLT~kQUALIT~

HUDSONJr. ( 1YS~ ) reportea th...t higixer the tiltratmon
cate tne snorter the filter run and the worse tne water
gualit( will De tiurin9 tne crittcai period.

CL~ASBY drici BAGdAc4 (19o2) reportea tnat at higner
tiltration rate, tne ehtiuent qualmty graclually declined
during the filter run..

SEGALL and OKEJN ( l9ob ) conciudea that the effect or
filtration cate on tuitrate yuality vete also a turiction or
media gram size and porosicy.

JAKSIRINONT ( 1972 ) conductea two stage tilttatuon
studies usinu coc~onut tuner as prm~aary rilter ~euium and
burn-t rice hus1~ as seconuary meciiuui. She coacluacti that
filtrate guality was the Dest at the tultration rate oh 1.25
cum / sqm—h at constant ~eptn oh tilter beu.

SIVAKUfiAR ( 197b ) coaductea experiment aria coiiclutied
that the optlnluin tlo~ Late in termns of dv-erage removal
efticiency was nouna to uc U.i4 cum /sqin—fl at bv tutbiciity

35 JTU ) anu U.1~3 cuii/s~~a—n. a ni~jn turbudity level ( 150
JTU ) in horizontai. miow coarse meama tumter.

2.3. hORIZONTAL PFlLT.~ÂTiu~

Horizontal 110w preniltration is turDidity pretreatment
tectinique. Iii tnis tecaniquc coaiomnation of tiitration and
gravity settiing taies piace at the saaie time which
invariably redUc~s tne conceiitration 0± suspended solids.
The design of a tiorlzo!ital tiow pre±ilter toilows the
rectangular sedmmentation basmn with lrLLet,outlet and
tiltration~sediinentatiou zones. In tiltration zone of the
coarse media tilter ~‘arious layer or graaca gravel is pac~ed
in th~ sequence ut coarse—tiae—coanse.i~ach bayer ot gravel
is separated oy strong wire ulesa tot toe sa,~e of ease to
cleafl anu mainteiiance.

SCHMLOT (1972) meutjollea the use of norizontal flow
pretiltration in ~es-t Germany in counection With bank
tiltration and tne operation permod w~s subinitted to a
thorough cleaniag every i.i—5 year sugnuricant removal of
turbidity ana Dacteria.
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P1UTTUCONAR~ ( 17b ) round taat the mntluent tutnidity,
the depth of meaia,tne lenyth or iuedma and thC tiow rate
vete tactots atrecting tiie tur-uiclity removal in horizontal
pret liter.

THA~ and UU~4O( 1977 ) tound that in noruzontal tbow
coarse media filter ~aturatmou perioa of a. few weex are
quite sumtabie to remove suspendea solid b0—70~ using tav
water about 150 t~TU.

The uiversity oh Dat Es’saiam Tanzania 1982
reporteti tne coupliOg ot tiorlzontal pretilt.ers to slow sand
filters in three pilot piants that the filter runs could be
prolongeci. renia~aDly by a tactor oi b.

TIIANH (1981) suggestea a criteria to select
pretreatmeri-t oh surtice water tot siow sand filter as in
table 21.
TUANU ( 1981 ) anti LIAIx ES SALALI ( 19b2 ) suggesteci the
folbowing design crmtt~t1a ot hutizurital ptet.ilter.

1 1 1 1

criteria rdAt1U 1 DAR ES SALAI~

Speciîicdtmcn or filter bed

L~!L~~ ~ ~2ni

-1

-E

IMedia size range 1
1

t±tective size (»in) Uni±oruiity
1

1

1 9—20
1
1 15.7

1-
t 1.4

f 4—12 t b.8 t 1.5 1
t 3—9 t 4.5 1.7 t
t 2.5—8 1 3.5 t 1.5 t
l 2.5—6 1 3~tt t 1.3 t

t 3—9 t 3•L4 j 1.7 1
t . 10—25 1 15.7 1.14 t
£~ t t

Note:— The tiltet b~i should b~ arranyea in
coarse—fine—coarse manner so that the last coarse traction
will act as a gravel support zone.

~—

Ifiltration rate
1 cum/sg~—n. 1 0..~—1.0 (0.5)
Ifilter depth (al) 1 0.b—1.~ (1.0)
Ifilter lengttL(m) 1 u.0—lu.IJ (5.0)
Ifilter area (sq.in) t 10.0—100.0
IfmJter widtn (ul) 1 —

Igravel arrauqe— t
1 »icrit t C0aLSe—tmn~catSe
Isalety gravem
1 layer ( ai ) —

0.5—4.0 ( .0 )
1.0—1.5
9.0—12.0

2.0—5.0

coat s e — tin e

0. 1 —0 .2
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Table 2-1 A check list for the selection of a Pretreatment Method

r~~~TT1 Y
E~Ii MPN < 101100_rnlr

No

1t Turb.dtty io NTU

E~it MPN l0_1000I100 mij

Slow fti~r~t,ø~wuIr~ou1 pe

~re~meruI [s.aI:ty ~J,Io,tr.tion

peI~ao’~).

Siow liIlr,~ton wrtj~ psp-

:cu
9ntn; fjt~r~ii~n

..~trtç ~~ntJ~ Tioer or ~~rU

9t~»eIor ~Ihifl te~imer.~zti~nl.

Slow fihrai on wuth p(e. —~

trtJtmeflC ~Iiorirorit tI flo..’
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ES SA

r 1 1

t 1 size (lam) t .Length (~)
1 t t

IFirst, coarse tractiou lb—32 1 4.5—6.0 t
tMidcile, f~edium traction t 8—ib t 3.O—’4.0
ILast, time traction t 14—8 t 1.52.0 t

1 1

It should be Wentioned that the first gravel traction
scores a high fraction or suspenoed solids than others, so
the design lengtn ot tnms zoae must provicie greater than
that of tiner traction in order to provude marge silt
storaye volume.
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2.4. EXPhRIkNCES0FU0t(1Z0NTALFLU~REFI~ThATI0N

Jedee—Thunu Village

tlith tne tinancmam fleip of the 1D1~L in Ottawa, canada,
tectinical assistance ot AIT1s Environmental Engineering
Division in BangKok and the labour of tne Jedee—Thong
Villagers, a series tiltratmon systein ( sbow sand filter
with norizontal tiow coarse media filter )was design and
constructed ma 1977 . Water was drawn from the Chaopraya
river and passea througn a horizontal pretiJ..ter and tfiree
chambers of slow sanu tiiters.The average turniclity oh tav
water was 24.6 JTU and tiorizontaj. pretimter teiuov’ed 48.b% of
tne total turnidity dud 7b.~ total colilotal ALL the units are
covered wita simple roots .There is stili no warning of
norizontal filtet ciog ging and tne resanaing woriç aas not
been requlred yet. This system is stili. operatmug in good
conditmon

k~an Bancilao ana ban ‘tnaainud4

The PW~unuertoox a researco project sponsoren ny ~H0
International treferelice Centet rot community water supply on
the fiela stuay oh slow salict tiltration s7stem In Singhburi
and Loburi k~roviuces at ~an banulao aiia ban Ttiaamnaam D~ the
recownienuation oh AlT, series ±iittdtioLi systesi 82? and 55?
vete construc-tea to treat the tav vacet trom irrigation
canal and sprinu resçectmveiy. The water guality and other
benavlours of me plant. was stuuied by AlT uurmny 5 monttis.
At tnat mime trie piant~ periutulauce ~ere yuod. Aftet
nandling toe pldnts to viilagets tliey vete coinpietly ignored
the teoaleaciatiorl and suyyestmon or AlT ana plauts now are
not WorKing well.

2.5.APL1CATION AIID MOUIEICATION 0! L0~ALMATEl~IALS

Sana and nro~n stone are the most popular filter aiea.ia
in Lioriz.ontal pretlitratlon unit. bUt sand is not avaiianle
in SOIDC places and necu of surcn other iocally availab.Le
uinterial, whmcn viii be fit as fliter media.

SEVILI!~ ( 1971 ) stiowed that toe ournt. rice ausK is tam
»iost efteccive local »kitetlal a~aila~le in Thmiaad in terws
of turbiuity removal coiapareu with coconut tiDet, tav rice
husx and pea gravel.

JAKSIl~lN0N1’ ( 19/2 ) re1ortea tnat coconu-t tiusk tioer
of aepth ~40 to bU cm uscu dS rouqaing filter neamum and
ournt rice busir. of aeptn 140 to 60 cm used as polisning
mealuw wita a tiltratmon rcite of 1.25 cuut/sqn—h wouLd give
the most. effec-tive turn.iuity tetnOVal.
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LOW ( 1973 ) trom nis study of two stage tiltration
conciudea. that the coconut tibet useci as a rougning filter
laedmUm can ettectively mmnir~ize turbiclity

THAJflI and Fk.SCUD ( 1976 ) tound tnat the oetiavior of
coconut tiusid tioer filter is rewarKably consistent,
exnibiting considerabie potentiaJ. to obserb turbmctity “shock
loadiny ‘land produced an ettiucut relativ-ely constant and
satistactory tot sunsequent siow sanci tiltration. Overall
turbidity reutoval vacies Detween b0~7O~o.

FR~U~KEL(1979) comc.Luded toet two stage filtration
usmnq coconut tibet and nurut rice hUSK as tilter- meuma can
not aciileve results equdi. to slow sanu tiltration,but
operates at 10 to 15 time higher tiltration rates than slow
sand fii.ter, and iuicorporates signittcant dbsorption
capacity for Leunoviny castes dflQ coloc.

Coconut tibet js a suitabi.e ±imter meaia tot
prefiltration tecnnique, waere sdnu is not available.
Coconut fjber as a jiitCt media is wel stuuied 10 v~rt1caJ.
flow prefiltration tecnnique. uu-t it is not weli stuamed in
horizont.ai tiow prefiltration tecnnique. hete coconut tiber
locally avallabie taaterlal for tropical countries is studied
as a filter media in tior~zOntaJ. tiow tube ruoael prefilters.
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Iii. E~PERII1~NTAL 1NY~ST1GAT10N

3.1. Source of water

The canal nearoy tne .Laboratory 01 Enviroamental
Engineering ûivmsion of AlT, Baug~o1d, was used as a source
of tav water tot tne experiment. This canai. is connected to
a pond and receives ram water ana water from another pond
surroundirig the catupus. The tav water xiad a turbidity
rangmnq from 2i—95 N~rU. Duriny rainy days turoidity
incteaseci up to 12U Nul. The filter was run With an avèraye
turblaity of 79.3 NTU. ~aw water was drawn trom cana.l to toe
experiluental set up ny meaiis of a pump.

.3.2. Descri~ion_of ~eex~rimenta 1 unit

3.2.1. Reserve anci constant neaci tank

Au 011 barrel, 55 cm diameter anci 90 cm alyn and of a
capacity of 2u0 liters WdS usea as a reserve tan& tot
storing tav water puaped trom AlT canai by a subinersible
pump.. Tnis tank i~ad ari oirertiow pipe of .,.8 cm uiau~eter at
10 cia beiow the top ot tne tanK. All detaiL~ ere siiown in
Fig 3.3

A constant head tanK was also m~ae front en oh Darrel
but its heigat was on~y 50 cru. It naci en overtiuw pLpe of
i.~3 cru alameter and tnree outi.ec pipes oh 1.27 cm diameter
eactt.Ovortiow pipe et.d outlet pipes w~r~ coninected at a
height 01 25 cm anu 5 cm ce~pectmvely tto~ the oottom of the
taliK as shuwin in1 r’iy 3 .~ ~otn reServe cnn constdflt head.
tanks were set on a steei stanu oh 2.0 ru neight whmcn is

shown in Fig. .3.1

3.2.2. dorizontal~etilt~r

The prefilters vete made trom 250 m~aiameter of PVC
pipe. Ttiree ditter~nt lenytus or pretilters vete used , 2.0

ano 4.0 m. The iniet and outlet of each pretilter
were connected by PVC pipes 1.27 cm diameter and with 1.27
cm gate valves. At Liie outlet of the pretiltet, a vice mesti
was ettachea witn PYC pipe 250 um in uiameter to prevent tac
loss oh filter tnea.id. Ïne diagram ot tiorizontal pretilters
is illustratea in !ig. 3.4

baca pretilter was icia norizontaily on two supports
made of wood.
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3.3 £‘araiuetets anu metnods of iaooratory investiciatiori

The pararaeters con5idereu vete turbidity, color and
coliform coucentrations. Turbiclity and color vete exainmned
daily during the experimeutdi phase and tue coiltorta
concentration was examined every othet day. The methods
used are as foliows:

r
t
t

Parai2eters
i

1
t

Examination •~ethoas
~1

j

1 color 1 Yisual comparison uretrion using Heilige t
t 1 aqua-c.est~r. t
t turbidity 1 Nepneloinetric raethoa — Nepheloinettic 1
t 1 turoldity units ny USiflQ NepIielo~eter. 1
t coli±oria j n~u1tip1e tUDe ternientatlon teconic— 1
1 organmsm t Stanaara ~1PN test. 1
i~ 1 1

3L~ Desi~jn oh the experiment

Raw water was dcawui trom the cana]. Dy neans of a 2 up
SUbmers].Dle pump to tn~ reserve tank, set oui the steel stana
2.0 un uigh abo~re tno ground surtace. This pump was
controlleci autoraaticdily by water levej. 111 the reserve tani~.
For this purpose three uittereut ieayths of iron toa vete
usea. i4tien the water level goes aown beiow tne longest roa.
trie electric switcti is tUtlicU on anu. the pump is started
autoinaticaiij ana th~ puitip wouj.d stop wheri water level
reacnea up to eStaD11~h contact with toe sn.ort rod. Water to
tOe constant. h~ad tairr~ tiowed by ~cavity through a tlexi.bie
pipe of 1.9 cm in diameter. Wdt~t level in the constant head
tank was maintainea ny a 3.~ c~ overriow pipe Thtee
f1exi~ie runber pip~s of 1.9 cru in atameter eacti were
connecteci between the ~uti~t.s ot tno constant head -tank anu
the mnlets of three horizuntal tiow pretilters.

Raw water entercu the norizontal pretilters tnrough th~
opening of toe 1.27 ~ diameter gate valves ana tiltration
tate of 1.25 cual/sqm—n tot the tltSt ruil and 1.0 cu~/sqm—h
tot the second run was mdlotainea by the 1.27 cm amameter
outlet gate vaives. Ettlueats trom prelmlters vete
connected to the slow SuDU tiltets throuya 1.27 cnn cliaateter
PVC pipes. Layouc. or tno series of t~J.tLation is stiown in
Figure 3.5

Coconut tiner was useu as a iilt~t media in th~
horizonutal pretiltets. before usirty the coconut tibet was
soakea in water tot 3 d~ys anu rinsea 3 to 4 times to remove
organic color originathiug in tfl~ tibet structure. Atter
that it was arieci in the sun light. About 81.6 ky/cuin of
coconut tibet, wnich contamneci 1b~ moisture, was packea in
the tune model hotmzontai timter.

There WCLC two xp~~r~urentai runs. The lirst run han
three series of hiltration ot tac satue systeni and second run
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two series of tiltration after pacicing witn new rilter
meaia. The iony horizontal pretiltration uiiit was not
inciucied in s~cona run experinent. TI~e tiltratiou systeni is
shown in Fig 3.5. L)uration of eacn run was aDout taree weeks
startinq trow tne idEt weei or tlay 1984 to second weeK of
July 198~L

in tne first run the turDlcLLty of the canal water was
bv rangiug trom 23—40 NTU. Theretote, the turoinity of this
raw water was iaaae up to a rauge hig~er than 50 NTU by
automaticaily teeuing tne ~iXiny solutiori of soli. but in
tne secona run tutLldity 01 EdW canaj water was higner than
50 NTU due to trequ~nt rainlail and the horizontal how
pretliters were run witn the natural raw water.

The teediny solution ot soli was prepatea by rilixing
1.13 i~g of soil n 23u iit~t of canai. wat~r and was aliowed
to seciiraent one hout in the 500 liter capacity tibet giass
container. After one hout trie superuatant was transterred to
another tiber glass container wnere air DuDoles trom an air
supplier Wete Supp~Lieu ccntiuuously in order to create
turbulence in tne tanjç..rn~ tutDlcllty ot the solution was
atouna ludu NTU . This solutiori was tea by autowatic feedet
at the rate of 155 flLL/1~11I to tnc pipe whicn transporten
water fto~ the reserVe tank to the Constant hean tanjç.

3.5 Q.2~ration

In each run the experi~entatiou was conaucten
continUOusiy tot a perioa of 22 days. The filter run was
enued wheri tne water ~uality ~as tounu to be deteriorating.

Attet the first ruu tne filter media was removed and
fresh coconut tïliet ~as usec.

in tIie first run soil solutioli was prepai:eU daily and
was ten ~is aescribed anove.
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1V ~EtESLNTAflUN AND DLSCUSSION OF RESULTS

Two experminental runs of three diiterent ~engths of
Horizontal Pretiltration units were coitducted trom the last
week of ~1ay to the secoria week. or July. The first run
consisted of ttiree parallel Horizontai Pretiltration units
witn letigtas of 2 ni (Ul-Fi) , i in (HP F2) and 4 in (HPF3)
respectively. But in the secoud run only the first two Hk~?1
and. F1PF2 were used after the cnanginq filter medium

}~esults froin eacti experimeutal run are presentea 1fl
graphicai torin. Discussions are ajso suppottea hy data in
the appenaices of tnis report.

4.1 Perfoiiiance or dorizontuj. Flow Prefilter
at the tiltration rate ot 1.25 cun/sc~in—~

Turbiuitg removal

fiy 4.1 snows tne variatious of tur~idity 111 the raw
water ana the effluent ot the tiorizontai. pretilters. Raw
water turbidmty variuj trom 40 NTU to 100 ~TU. The mean
value 01 tubidity in r~w wtl-Ler was 72 NTU ana turbidity in
the etrluent train tne flPF1, HPFL and L-iFF3 were 10.7 NTtJ, 9
NTU and 7.5 NTO rospectively. Average tenioval of tUrbidity
ny xIPF1, 11PF2 aan ~~PI?i vete b5,~ , ~3~i7. and 59.6~
respectively.

From the record of Z~. day contlnuous operation as shown
iii ~ppeuc1ix Lii, ~iid in t11t~ gtapfls it Cdfl be seen that tne

turbmamty reinovai. ny horizontal pretilter was relatively
independent or the raw Watet tUrbluity.

After 2—3 days OL opeta-tion, reinovaL of tutnidity from
all three horiZoutdi pretiltets was teiati~ieLy constant
duririg 17 days of opetation. Attet 17 days, tne quaiity of
tiltrate started to aeteriotate.The tilter was run 22 days.

Turbiaity removaj. a~ouy trie fiiter depth (.Length) is
shown in Fia 4.i, Fig 4.3 ~nd Fly 4.4. Tne first 33 ciii of
filter Ded of liP? 1 could tCUJOVC averacie c5 .5 percent of
turbiclity cluriny 11 aays. Th~ filter bed was ciogged after
11 days and shows higner- turrmdities tnan tne mntluent
turbidity. The first saunpliug aepth 50 cm ana bb ciii of tne
HPF2 and HP?3 were clogycci respectively afteL 17 and 19 days
of operation. The averaye turDidity reuuoval of rirst 50 cm
deptn of th~ hPF2 ana fIrst b~ cm aepth (ieuyth) of the apl?3
were 78.2~ and 77.L4~ respectively





100
— 21-

90

80

70

60

50

-~ 60

30

20

10

0

100

30

1Ih11,3I~71,9~1

D~yo
F(g 4.1 b ~Ct1o.nt, of I1PF~

100

t:

7 9

thy ~
Fig 4.1. £fflu.ntu

0f lIFFI

t t
13 15 17 19 21 23

1 3 S 2 9 11 13 15 17 19 21 23
D~y ~

Ftg 4.1 e Effluentp of IIPF3





— 22 —

0 0.33 0.66 1.0 1.33 1.66

F1 Uur d;pth ( m. 1
Efflu.nt. ~ d

0 0.33 0.66 1.0 1.33 1.66 2.0

FIltQr depth ( in.)

EffIu.nt. of 1 di
7

Fig 4.2 Turbidity in different depth of HPF1

0 0.33 0.66 1.0 1.33 1.66 2.0

FIlter depth ( in.)
E1f1.~.ot. of 22 od

90

80

70

60

50

60

30
1-~

20

10

0

90

80

70

60

150
40

30

20

10

0

90

80

70

60

t-.
50

60

30

2.0





- 23 —

90

80

70

60

t-.

~ 50
t-

60

20

10

0

90

80

70

60

50

60

30

20

10

0

90 -

80

70

60

50

(.0

30
t-.

20

10

0 t t

0 0.50 1.0 1.50 2.0 2.50 3.0

Filter depth Cm.)
od

£filu.nta of 2 day

0 0.50 1.0 1.50 2.0 2.50 3.0

Filter depib Cm.)

EU1u.ot. of 10 day

>.

.0

1-~

0 0.50 1.0 1.50 2.0 2.50 3.0

Fi her depth 1 m. 1
nd

Uf1uun~a of 22 day

Fig 4.3 Turbidity in different depth of HPF2





- 24
90

80

70

60

50

40

30

20

10

0

90

80

70

60

50

j 60

30

20

to

0

90

80

70

60

1~

~ 50

—. 60

30

20

10

0

0.66 1.32 2.0 2.66 3.32 4.0

F1 ii er deptli ( ~.]
‘t

6fflumnt. of 1 day

0 0.66 1.32 2.0 2.66 3.32

Filter depth ( in.]

Efiluinto of 10 day

6.0

0 0.66 1.32 2.0 2.66 3.32 4.0

Filter depik ( in.

Efflu.nts of 22 ndd$y

Fig 4.4 Turbidlty In different depth of HP F3





—25--

Color remoiral

Table Bi in Appendix 6 is shown the v-armatmou of color
in the rasi water and the e±tlueuts 01 liorizontal pretilters.
The varlation of color rangen trom 50 to 70 color units.Ttie
averaq-e color in raw water was 61 Units. DUtiny the first
tew days the etfluents of t~e horizontal prefilter contained
more color than the L~dWwac~r. This happenea because the
coconut fiber gave orf its residuai. coJ.or as water passed
thr-ough it. After 4—S days or filter run all color of
coconut tibet is r~îovea aun it starts tii.tering and
removiny tn~ co.Lor of the water passiny thtougli it. The
color removal etficiericy or norizontal pretilters increased
day by day up to 15 nayS of operation. It is sbown in Fig
4.5. The dvet-age removai. or cotor by HkF1, BPF2 and H~?3
vete 47%, 4b.8%aaa 5J.~% respectively. ttaximum rewoval by
UPF1, kIFI?2 and IlFlf3 wete acflieVed in 114 nays of opetation
and vete 75%, 83~ aan 83~ respectively.

Colitonni removai

~leasureinent ôt cojilurm in raw water and tiltered water
was done ev~ry otner day. The procedure tot deteriuin.ation
was 1~ultiple—tube Fermeatatiou tecnnlyue. F19 4.b and
Appedix Cl st~ows tne vaniation of comitorm in the raw water
ana the effluents of the norizoatal pretilters. The maximum
number of cotiforin in the tav water after th~ contirm test
was to Iie founa 9~,0UU 1Pr~/1OU miThe average number of
coliEonin in r~w Wat~t ana in ettiuents ut d~-f1, zIPF2 aan
HPF3 were 2t43~0, 2200, -- 1930 ana 11495 ~N/100 ml
respec-tively. The etticiency or relnovat by horizontal
pretiltets vete in tne raxiye of 73.2~ to 98.1%. The average
rewova~. of colitorm ny 1IPP1, BP?2 and hPF3 vete 88.13 %,
89.1 % and 9~.5 percent respectively. The results of the
first ii days wete not coasinered tot deterwininy the maximum
and the averuge number of colirorms aan tot detennuining the
etficiencies Decause tfle maximum iiumner of colitorm/100 ~l
was un~nowii. fig 4.b and aata ot hppendix C T~ble Cl show
that the uumber ot colmlorm re~ovea by the horizontal
prefilters was clependant on tne nuinner ot coii±or~ present
in the tav water.

4.2 Performance 01 Horizontal FJ.ow Prefilter
tb~~tii!.~ ~

For the second run new coconut tibet was prepared. (soaked
and dnied) . Compaction of the new medium was carnied Out to
give the saaie density as tnat of the old medium The
tiltration rate was decreased up to 1.0 cum/sqlA—h.
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Duning the penicd of the secona run it was observea
that the tunbidity of the AlT canai lflcreased ( proDaDly
because of trequcat raintail )ana therefore feeaing of the
day solutiori ( to increase turoiclity artiticially ) was
stopped.

Tutbiditv removal

Fig ~4./ shows tne vaniation of tfl~ turDidity in tav
water- and the etfi.uents or horizontal prefilters.Dutiny the
peniod ot 24. nays trie turoluity of tav water ranged from 57
NTU to 120 NTD. Th~ averaue turbihity in the iniluent ana
effiucats of flf~F1 anu i1k~F� wCre db.3, 28.1 ana 214.9 NTU,
tespectively .The turoidity of the ettiuent of a~’F2 was iess
tnan that ot I-fPk’l iii a~i cases.The etticiency of renmoval
rang~d trom 5b.2% to 81.L4~.~dx1num temoval was achieved at
21 days of operation. The averaye reulova.L of turbidity ~y
1-IPF1 and 1mP~ wer~£est;~ctiveLy b7.3 percent ana 71.4
percent.

The turoidity removai along the tiltet aeptb (lenyth)
is shown in Fig Li..~ a~a ~‘iy 4.9 . Tne first 33 co 01 filter
bed of H~r~l remOvea in an avetage or 14~.2 percent of
turoidity auriuia 15 aays. after 15 uays the rirst 33 cm
filter ben was ciogu~1 eau the etflueui trom tais section
snowect aigner turoidlity ttLdll tFi~ inriucrit turbidity. That is
truc ,oecause the retaiuied particles come out trom sampling
point vtien sanples W~LC coilecteu tot turolnity mesurewent.
The first sanpliny Qeptn (iengtn) at 55 c~i of the h2F2 was
clogged after 18 ddyb.ihe average nemovai. of turoidity at 50
cm aeptn (lençth) or ti~tet nieaiu~ dunity the 18 days 0±
operation was 147.1 petcent.Tne tuzrriidity reluuved after
passing the reeaininy aepth of uiten we~ia was anout
another 24.3%

VICHIAN (1Y8L1) coricluded after a stucly of horizontal
prelilter Witfl dUai filter media of coconut finer and
crushed stones taat tne tirst 80 cm counpacted coconut fiber
coula remove approxiwate~y ~i-b percent of turbidity.In his
expeniien-tai. stuuy tne inuluent turoidity ranged troli 50 to
95 NTU.

In a previous stuuy carnicu Out b~ rmlaNH and PESCODE
(197b) raw water turoidity varried front t~—40 JTU duting 108
days of COfltLILUOUS operation, the meaui value 01 turoidity in
the eftluent trom vertical coconuc tibet pretilter was about
12 JTU. cleuotifly bi percentage retnoval etuiciency..

Çolo rteliloVal

In the first run tne average coior in tav water was 61
units. Due to frequ~nt ram canal water coatained more
organic deonis,ieaves etc.
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As all these organic aebris decoinposed and tav water color
increased. Fig ‘4.10 and Table—132 shows the aay to day
variatiori of color in raw water and erfiuents of horizontai.
prefilters. The tav water color rangea mom 80 to 140
unit,and ettluents of HPF1 ~na HPF2 trom 50 to 120 unit.

From the fig 4.10 it can be seen tnat duriny tne first
5 days of filter operation ettiucrits or UP1~contained hiyher
coior uriit than infiuent. As mentioned above that befor~
using as filter uiediu~ coconut fi~er was soaued ton 3 days
and wasnecu to reunov’e the coior trom fibers. But it is
insu±±iclent and the r-esidual Color trom the coconut fiber
COWCS Out 111 ettiUeIjT..S. ~o the first 5 nays the color of
eft~Luents trom horizoatai. prerilters was grea-tet than that
of the tav water.

Efficiency 1UçE~aS~dyrauually i~rouu,tne b—tn day to 22
days. The n~eanvalue of coloL— unit ilt raw water was 103.8
and in ~1tluents ot Hi-~?1 and 8PFL vete respectively 7.5 and
b3.5 . Etticlency of renioval ny kiPFl and fIPF2 were
respectiveiy 41.2 percent and ‘4b.3 percent.

Colitorn removal

Th~ coij1orm~concentratjons in tav water and effluents
of hitizoatal prr?riiters vete measureci every other day. The
vatlation of coiitoi~u concentra-tion in tav water an~
effiuents ot pretiltets are showu in Fiu 4.11 ana in Table
C2. From fig 4.11 non r~ie C2 ~t can 1e seen that the
coliforn coricentratioL in ertlueiits of l-iPiïl anu UPF2 are
tiigh~r tnan ir~ the raw wat~r. it can ne explairied that the
filter ~cdium ot cc~coiiut t~neL w—ts contaalinated duning
hand.Ling. Aiter d Ua~sOf operation, tucrlzon tal prefilters
started to remove coiitorm tros tne raw water.

Colitor~ concentration iii tav water rangeil trom 2000 to
24000 ~FN/1tJO ~j. The mean vaiue of total colirotun in tav
water ana ettiucuts of HPY1 and HPF2 vete respectivety 8510,
2000 ana 1770 L~NP/1UU mi. The etticiency of rentoval by
horÏzoatal pretilters ranged trom 61.2 percent to 9~.b
percent. The average value of colijtorm removaj. by LJPF1 and
HPF2 were 8o.3% to 8b.8% respectiveiy. After 12 days to tne
end of operation coiiform ret~ovai by horizon-tal pretilters
vete aoove 90 percent.

(4.3 Cori~onot~esults

Fiyure 14.1 and 4.7 ana Appenaix A show tne Variation of
turbidity in raw water aan ettiUents of ~iP1’ in tfle first run
& the second rua.Ia a. tav water turbidity 40—100 NTU the
average renioval of turoidity in the first run by H~F1. IIPF2
and 8PF3 vete respectively 85 î~. b ~ and 89.6 % -
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But the efticiencies of reinovai. in the second run vete
bv conipared. to tne rirst run and vete equdi. to b7.3 ~ and
71.4 % ny IiPF1 ana HPF2 respectively. The tav water
turbiclity in secoatt run rangen trom 57—120 NTU. The
tiltration rate in tne second run was bower than that of the
first, so taeoretlcaLLy trie erficieucy ot removal should
have been high in the second run. but in practice, the
efticiencies decreased..,

Probably the first reason is that the secoad run
coatained more tine coLLoldal particies in the tav water
because there was intermittent raintali. during the secOuci
run. The 1iorizoatal pretilter wi-cn a filter medium coconut
tibet won1~.s as a roughiny filter and thereiore can not
retain time coiboidal particies anu thus ltigh turnidities in
the ettiuent result.

The other reasoli is tndt tne nigh turbidity ternovai
efficieucies in trie tirst run may have DCeII ~usec1 pri~aniiy
øy the sedlmentation proLess. P~s aiready nientionea aoove
the natural tav water turDiulty in the titst mii was around
2L4 NTIJ and w~ich was ~ursequently increased by teening day
miied sojution. Tne ar—-titiciaii.y increaseu turD1~1ty in tne
first run, coataiuinq ~ta1uhy inotgailiC particles, may have
had a tendency to settie ciowu raster compareci to the naturai.
higher turbidity of tne secoad run. A .Laooratory test was
done to exainine this oehavior. The resul-ts are shown below.

1

1
t

t

Tutb
1

lu ity men su n~ent (NTU )
S

1
tt 1 S

I ftaw watet type I1~z~i~flfl~L11yl 1 h 1 2 h 3 h j
~-i

tI day nico
t
1 t

t
t

1
t

liaw water I ~ t 53 1 ‘4b 43 1
t
tt Natumal 1 t t t

1 Raw water t bS t 58 1 54 5~ 1
t L_ t t

From the above tab.Le it cdii be seen that the rate of
sedimeatatiori 111 the day iixea tav water is higher than in
the natutal tav water

it cnn aiso De vdutioned taat the turbidity in raw
water is hiaher dummy tac secoud. run.

The tav water coiot in secuna run was aigner than that
of first run auc to decomposition of utganic deDris gatnered
Dy rain~. The removai. efticiency was Littie higner in the
first run.

.The coiiforin conceiitratioa in tav water was iow in the
second. run. In ramuy season the colitorm concentration in
tne tav water is always luwer tnan in the dry season dUC to
the dilution effect of ram. In tae first ruit tne colitorni
concentratiori in tav water tanged trom 11400 to 95000 ~PN/100
ml and effluent was achieved minimum colito~ concentration
of 130 11L~N/10U int. The average removal in the first run by

— ~_1:1
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HP?1, kIPF2 and 1~PI~3vete bb ~., 89 ~ anu 92.5 ~ tespectmv’ely..
But in the secOflu run tne mean removal value by B2F1 and
HPF2 were respectively 8b.3 % ana Bb.8 % . In the second
run tne concentratmun of colifomni in mv water ranged
14300—24000 NPN/100 nU. Fiu 4.b and 4.11 snow that the
coliforni concentration in me effluent of HP? uepeaa upon~
the concentration of coimtor~ present in the tav water.

VICILIAU(19W4) reported that the average percentage of
turbidity removam vete 49.7 %, 54.7 ~ ana 57.1 ~
respectively trom the same tube model horizontal pretilters
~IPF1, 11PF2 and HPPJ using crushed stones as filter medium,
anci 63.2 %, b7.9 ~ ana 70.9 % respectively using dual filter
media of coconut tiDet dnd crusned stories.The etficiencies
of turbiaity removal using filter medium crusned stones and
filter media coconut tmber with crusneci stones coinpared with
cocoflut tiDer filter o~ecLi.u

4ii ate bv. Tne values are stiown in
tabi.e DeiOw.

1
1
t

Type
of

1
1

1

Resuits
usiny

or ~‘lC;~1~z1 (19~4)
filter media 1

llesults of this study
using filter iaedium

1
t
t

1 11FF J cruszièd crusnecl stones t cocoautjfiber t
t 1 Stones

.
t + cocouut tiDert 1—st Run 2—ad Run— t

-1
tt iiPFl t q9~7 bJ.2 t

t
65 t b7~3

82F2 g 54.7 t bl.9 t 88 t 71_4 t
t
t IIPF3 1 57.1 t 70.9 t 89.b —

-t
t

I_ L L I

It can ne seen trom taese experiments tnat tae turbidity removal
efficiencies decrease respectively ttom single medium coconut
tibet to clual meoia, crushed stones and coconut tibet to single
medium crusaea stone. But it siluuld also be mentioned that the
length of the filter run is in the revetse order, duc to
ex:haustion of coconut tibet.

However, using coco~ut tibet as a meuiu~ in the honizoiital
prefilter, the high tUrCid water can be erfectively pretreated to

-. produce ettluents wliicn are Suitdblè tot suoseguent treatnient
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V CONCLUSION

1. Turbidity Eenoval in tube model notizOflta..L tiow pretilters,
usiny coconut tibet tilter meumum, ~ri a tav water turbidity
40—120 NTU vete aDout b7.3~ — 89.o %.

2. Color reniovaj. etficiency or tne tube model horizontal tiow
pretilters, usiny coconut ilbet filter medium, in a raw water
color 50—140 units vete aoout 41.2% — ~

3. The efficiëncy or tne total coli~torn removal by tnese
pret~iters, trom tne raw water containing colitorin
coticen-tmatiou 1400—95000 MFN/100 ml, vete ai.out bb.J% — 92.5~

4. The pac&iny of coconu-t tmner mnto the horizontal how
pretilter tu~es is more ditticult tnan that of in open
channel.

5. In teruis of turbiumty, cojor and colitorin re~ovai amoag the
thtee tube mouci aor~zontal prerlittEs oh .Leflcrtn~ 2.o u,3.0 in
ana 14.0 ai ,tlie las-t Olie (14.0 a~ lenyth ) perrurincu better than
the other-s.

b. The turDlaity remov~l uy tuie inodei ~orizontai. pretiltets
usmny coconut fiDer tiiter me(lium ~ere higher tnan that or
using filter nedium crusnea Stones and aual media coconut
tiner witfl cruslieu Stones. 13Ut tne filter run lengttis vete
short duc to e~haustion of tite coconut tibet.

7. Horizontal pret liter w~t!i cocorlut ti Der filter medium can be
usea as ~n ettective pretreatnent techniquc in tetms Of
tutnicimty relnov~l [Alt not 30 ettective in comor aiia colitomni
reinoval.
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Vi RECO11~1�NDI~TI0NFOR FUTURE ~40UK

1. Purtner investigation 0fl dirterent density (d.itfereflt

collipaction) of coconut fioer is recominended to tinci Out the

most ettective density for removal tutDidity, color,coli±orins

anu other pardLnecers.

2. Ilnvestigatlon snould be conciucted on open cnannel riorizontal

flow pretilter in wooaen box wnicri. is easy to construct and

practicanle tot real situatmoti.

3. lavestigatiori shoui.a r~e cdrrled out in nataral tav water

conclition ~ritn dirterent tmitratiori rate.

4. l,Ieasuteweut or uissuived ox~gen in ditterelit lengtn ot

horizontal pretilt~r sriould De carried out to investigate the

biobogical activities &iony tne filter depth ana overall.
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APPEDIX A

LABORJ5TOhY RECOEDSOF TURI3IDITÏ (1ËASUBb~1ËNT





Taaie Al- Ra w watet turb idit ~

(First run.)

Filter run days
1-
t Days 1112 I~ I~ t Si b17 181 91101111
1 1 —I t
Iturbid. 55 40 bi 1 70 t b5 j 75 1 b5 80 b5 63 t 85

1

continue...

Fiiter run days
T t t

t Days 1 12 t 13 1 14 1 15 t 16 1 17 1 18 1 19 t 20 1 21 1 22 t
t 1 1 1 1 i

ITurbid. t 85 1 78 t 80 t 85 82 t 85 t 80 62 80 1 75 t 75 1
1 t 1 1

Raw water tUEbidi~
jsecond run)

t—

Fiiter run dais
t 1 1 1 —-——--1

t Days 11213 I~ 15167181 91101111
1 t t 1 ——t

ITurbid. 1 80 172 170 177 1110 t 85 1120 185 1 80 85 1 90 t
1 1 1

continue...

Fi1t~r run ddys
1 1

1 Days 12 1 13 t 14 t 15 t 16 t 17 t 18 t 19 t 20 1 21 t 22 t
t t t t t —t

ITurbid. 1 90 t 95 t 90 1 90 t 90 t 87 1 87 1100 88 t 70 t 57 t
1 1 1 1 1 1





—‘43—

t Sainpling 1
4

1 leflgth 1
__ —

I 33cm 1
1—
l6bc~u t
t -t-
1100 cm t

+
1133 cm
1
tlb6 cm I
t
1200 cm t

Table A2—Turbidity of effi1~fl!s ot
HorizontalPiow_Prefilter2iu_1en~

jFirst runt

t 11 1
1--t
t 50 t
t -~
t 13 1
t -~
19.8 t
t —1
(9.0 t

(8.2 t
4

(8.0 I

Continue...

Isa mpling 1

1 length t 12
1 1
~33cm 190
1 t
1 66 cm t 15
1 t
1100 cm 1 12
t 1
1133 cm (9.8
1 1
t166 cm t8.S
Ir
(200 cm (7.8

1 22 1
1 1
1 90 1

1 -t
t 60 t
t -~
1 ‘40 1
1 t
t 36 1

t 34
t -~
I 28

1~ —

1 1213
—-1
28 t 16 t 18

— t
21 1 114 13

19 t 11 1 12
—t t
19 t 10 t 10

— t
18 (7.5 tb.8
—-t t
18 17.3 Ib.d

Filter run days
t t 1 1 1

1 ‘41 51 b( 7t 8
+— +—+—+ +—

1 20 t 19 21 t 19 t 21
t t
t 17 t 14 114.5112.51 13
t 1 t
l 13 t 12 111.51 9 17.5

1 + t
t 11 t 9 1 8 tb.L4 t 7

t t—
t8.5 8.2 17.8 (8.1 (6.5
t t t 1
t b 1.6 i 7 t~.5 t6.3

~ 1 ___________

10

20

7

.2

(9

t 17
1
1 8 .5

1 7.6
-t-
j7.3
t—
l b .7

-t—

16.1

t
t
+
(6

(6

(5~5

t 5.11

Filter run days
t

t 13
t

t

14
1

1 15
1

1 ib
1

I 17
t

1 18
t

i 19
1~~

t 20
t

1 21

t 95 t 6U 80 t 131
t

b5 1
t

80 ( 70 1 90 1 72

t 12
—1-

t9.~
t

t
13 1 1(~

t
t 20 t

t
22 t 28 t 115

t
(
t

55

18.4
•1

(7.5 jH.0
t

19.0 15
t

( 20 t 25 t
t

35 I 39

~7.5 tb.7 17.2 18.4 t 13 t 18 t 22 I 30 1 33
t
tb.4 (6.0

t
16.5 (8.0

1
19.0 1 16

t
( 20 I 28

t
1
1

28

~6.O f5.b 16.4 V•5
t
18.0 1 14 1 17 f 214 1 214
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Horizontal_FlowPretjiter2 ~ len~
(Second run)

1 Samplingi
1 t -~

length 1 1 t 2 t .3

133cm 150 (‘45(43
t- t 1

(66cm (‘43(35(32

(100cm 11401314(29
1 t
(133cm 139133128
1 t t
tl66cm 137t32I 27
t t
~2O0 cm 1 35 1 31 1 26

Con tin ne...

Isamplingi
1 t
t iength t

133cm t
1-

bb cm 1
t t
(100 cm 1

(133 cm t

t166 cm t
Ir
(200cm 1
t t

Filter run days
1 1

16 17 t 18 ( 19 1
1 t t -~

85 1 90 (100 (100 1
t t -t-

140 ( 40 t 113 t ‘15 t
1— t t

37 38 t 39 t 40 t
t 1 t

34 t 34 t 35 1 .35 t

t t 1
31 I 32 30 t 28 I

t 1
29 1 29 t 27 1 25

t 1 1 1

122 t

f85 1
t 1
~ 30 t

1
1 25 t

t 22 t
1

(20 t
t
1 17 t
1 ~

Filter run days t
1t t t T 1 1

t
Ir

‘41 5( 6(
t

ii 81
t

9J10(11(
t t

45 t 51 1 Lêb 1
t 1

35 1 ‘45 t 43 t
t -t

32 1 112 39 t
t t

(30 t ‘40 (38
1 t
135 (34 t

t
2ei 30 213

1
t

‘41 1
1

60 1 47
t

64 t
t

47
t

t
t

32 t 53 t
t

‘41 t
t

53 142 1
1

(
t

31 147 37
t

‘17 1 38
t

t
1

30 (143 33 (145 13’4

t
(
t

29 t
t

40 32 t
1

141131128
1

1 28 1 38 30 I 39 1 213 f

1 1 13

t
1L4 15

t—-1— t
50 t 53 t 55 t ôO (

39 1 40
t

40
t
( 35 t

t
34 1 3b t ib t 33 t

32 ( 33
t

t
t 31 (

t
31 (

30 t 30 t 28 1 29 t

27 ~7 1 26 1 2b
t
1

20

95

‘45

42

36

31

29

( 21

t 100

t 33

25

t 20

t 19

t 17
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Table A3 — Turbidmty of e±tluents of
iforizontalfiow Prefilter3 in le~tn

lFirst runl

Filter run aays
1 T t

15 t 16 f 17 t 18 t 19 1 20 1
1 1 t t t

13 t 2b t 80 t 80 t 77 glOO 1

7.21 9.7I 15 t 20 25 32 t
t t t t

68( 7.Oj 8.81 16 t 19 25 t
t t t t t

59( b.O( 7.O( 114 t 17 22 t
t t 1

5.31 5.4( 6.1( 12 1 16 j 19 1
1 t

L4.8( 4.9( 5.7( 9.5( 15 ) 18 (
& t t t S t

ISampling~
t t

Filter run ~1ays 1
11 t 1 t t 1 t

llengthll
t- t 1

12 1-31 ‘~t
t

5~
t

6f 7( 8f
t t t

9j10(11(
t —~1

13 t
—I

8.0(
t

7.5f
-t

50 cm
t
1100 cm
1 —1—
(150 cm
t- t
(200 cm

— ( 19 I 113 t 20 1
1 t

16 18 ( 14 115.51 9.8( 8.0(
t

— lb t 15 t 15.5I
-1 t

12 1’4 ( 7.11 7.6(
t

7.4~
t

b.5(
t

— t 111 tl’4.bl 1~ (
1

13.7( 12 I b.51 b.8J
1

6.11(
t

5.7j
-t

— I 13 1 12 j11.5f 8.51 9.51
t

6.21 6.41 b.0t 5.2( b.8(
t —l—--—-———1 t t 1 t t t t

(250 cm
t 1
(300 cm J

—
t

12 t 12 ( b.5( 8.31 Y.0(
1

5.81 6.01
t

5.5j 4.8( b.3t
—1

5.9(— ( 12 l11.5~ 6.41 8.1( 13.5( 5.7~ 5.7~ 5.3k ‘4.6(
t 1 j 1 1 t. 1 1 t 1 1

Continue.. .

Isamplingt
(———4
t length ( 12

t
150cm 1 15J

t t
tlOO cm t 13..5(
t — t t
(150 cm 1 7.bf

1 t
-I 200 cm t b.91

(250 cm 1 b.bI
t 1 t
1300 cia b.1~

13 j 14 I

10 8.5 1

~-~I 5.8(
1 -+

7.01 5.5j
t -+

5.8j 4.5(

5.St LI.3t

5.0( 4.01

-t

1
1
1
1
-1

21 122

85 80

30 35

24 t 28

20 t 24

1’ 1 20

17 t 19
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florizontal Flov Pretilter 3 ~ lengtn
jsecond ru~I

(Sampling 1
1 1—
t lengtli 1

t 50 cm I
1
t 100 cm 1
1- t
t 150 cm t
t-

200 cm (

250 cm t

t 300 cm t
t 1

Filter run days

1 t t 1 —
2131141 5~ bi ii 8( 9(

t —t 1 t t
40 t 35 t 39 t 55 1 ‘45 60 1 ‘~‘4 t 38

t t t t
331 213I3it’4b138t461.3k3t30t

1 t -Ir t t
32 t 26 t 31 t ‘42 t 32 ‘42 314 ( 28 t

t t t t t t t
31(25 t 49 t 38 t 31j’40 130 26

t t t t t t
29 t ~c.

4 213 3b t 30 t 38 t 2b t 25 t
1 t t -1

27 L~ t 47 t 35 zb 3b t 24 l 23
& t 1 1 1 1 1 t

-U

10 111 t
t— 1

t45 116 t
t -1

40 t- 38 t
t —-1

37 t 35 t
t —-1

32 t 31
t —-t

213 t 27 t
t —-t

26 1 24 t
1

Isamplingl
1-
t length t
t t
150cm t
1 1
t 100 cm 1
1 t

150 cm t

t 200 cia t
1 t
1 250 ciii t
t —1
1 300 cm

1~i j 14 j 15
t t—— t 1

146 t 50 t ‘42
t- 1 1 t
t ~i7 1 33 t 3’-# t

t 1- t
t 314 t 30 t 30 t

t t
i 30 t 2b t 2b t
t t t t
1 25 1 22 t 24 t

1 t
t 2~s 21 t 22 t

Filter run days

t 1

ib 1 17 t 18 1 19
t t

45 ‘47 t 15 1100
t t t

iS t ~5 t ‘43 t 44
t t t

31 31 t 314 143

t t
29 J 27 t 27 3L4

�5 t 25 t 25 t 27
1 t —

2~ 23 24 t 26

1

‘46

40

38

36

35

33

t
t
t
1-
1-
-t-.

Continue...

12

‘47

36

32

29

24

23

t

1 20
t

t 21
t

t 22 t
t t

t
1

95 1110
1

(100
t--t

‘44 t 213 t 20 t
1~
1
1—

36 t 25
t

t~
t 18 t
t—-t

t
t-

30 t 18
t

14
-1

t
t

28 ( 15 113 t
t -1
~11 1j 27 1 13
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Table A4 —Turbidity of eflluents of
Horizontal Flow Pretilter 15 ~ ~ng~

(First run)

T t 1 -L
1 20 1 21 22
t t 1
(100 (100 1 95 t
t t t -1
t 30 t 29 t 32 t
t 1
t 2’4 t 214 t 211- t
t t t
1 19 1 20 1 20 t
1 t t t
( 16 t 16 t 17 t
t t t -1
~ 14 ~ 15 1 15 1

t t

tSampling(
t

Filter run days
t 1 —t-t t

(lenythil
t t
t 66 cm t 2~
1

12 13 t’4
t

iS (6(718 t9 (101111
t t t t 1

t 13 1 8.bjl’4.8j 8.01 1.91 14 t
t t t t—1
t 8.S( 7.81 7.8( 7.01 6.8( 9.21

t t -t—-— t t

t 14 1 114 1 12
t

t 12

1 132 cm 1 21
t

12
t

t 13 19.5
t-

18.7
t

t 200 cm t 18
1

( 10 t 11 (7.8
t t

(13.14
1

t 7.5( 7.5( 6.7( 6.2j 6.Ot 8.Ot
t t t 1 t

~7.0 t 6.51 b.3( 5.bj 5.2j 7.0(
t t t t t —1
(6.7 t b.Ot S.Gj 5.3v Ll.9( b.L4f

t t t
tb.3 5.�s~ 5..it 5.0~ L4.7[ 5.bf

t 266 ciii j 17
t

(7.6 (10.517.b
1

(8.0

332 cm 1 ib

t 1
t7.5 7.3 t7.3

1 t
t7.’4
t

400 ciii 15 t7.’4 6.5 (7.0 jb.5
t 1 t 1 1 t t t 1 1 1 t

Continue...

isamplingi Filter run days
1— t t t t 1 t —

llengtii 12
1 t
t 66 ciii 1 14
t

t 13
t
t 14
t

t 14 t 15 16 17
t —t t
(9.5 1 14 t 18 22
t t t

18
t
t 30

t 19
t—

39

1 132 cm 19.2
t t

I7-~
t

7.0 t 8.9( 8.81 15
t t

t 20
t

t
f 2~
1—

200 cm (8.0
t t

t~.13 16.0 (7.0 17.0 (9.0 1 114 t 20

t 266 cm 17.2 (6.0 15.7 16.0 15.9 (6.8 t 12
t
t 16

1
l 332 cia 16.3 (5.6

1 t
15.0 (5.7 (5.4 (5.7

t
(9.5

t-——-—-
t 13

t-
400 cm 15.8

t
15.0

1 t
j14.5 14.5 111.2 jL4.7

1
7.5

-t—
1~.~
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APPENDIX 13

LAD0RATOEIÏ~ REC0f~DS OF COLOR t’IEASTJRENENT





Table Bi — Experiinerital resuits of co.Lor uieasureiuents
I!]~~s~-~_flifl )

1 1 ~J

1 Elfluentj Effluentt Effluentt
1 of j of f 0± t

HPP2 f
t

LIPF3 1
-~

1
-1

— t
1

—

100 1 100 1
1 ——

1 Filter
1 tun
1 Days
~- —

1
1
1
+

Raw
water

1
f

tIPF1 1
-F

1 1 1 1
1- —

2 1 50
-+

i ~o

-f

i
1- — -F —t . ~~~~~1

3
1

1
1

50 j
1

50 1
1

70 1
-1——

50 (
1

q 1
1

50 1 50 1 50 j 50
t
1
-‘
I
1
1
-~

~

—t
1

-1

S
1

1
t

50 1 30 g
t

50 i 50

5
1

1 50 ~U 1 ‘40 1 440

7
~

1 t0 1 L40
t
1 14Q 1

t
30

8
1

1 bO 1 ~O 1 L~Ø 30

9
1

1
1•

bO 1
1

30 1
1

30 1
t

30

10
1

1 60 1 30 f 30 1 30 1
‘
1
1
j
-~

11 1
-I

70
t
1 30 1 30 t

—t
30

12
1

1
t

bO 1
~—

15 20 1
1

15

13 1 bO 1 15 t 15 1 10 1

t
1
~

(
—I

1(4 b()
1
j 15 1 10 10

1 15 ~O 1 1 15 1 15

16 1 0 20 15 15 1
t
1

-1
1

17 70 1 30 30 20

1~3 1 70 1 30 30 30
1— 1 1 t 1 -1

19 1 70 i 40 1
t

40 30 (
t
f
1
~

1
1 20 1 70

î-
1 L~O 1 ~O 1 ‘40

1 21
-I

1 70 1 50 1
t

‘i~O J 30

1 22 70 50 1 50 1 30 t
1 1 1
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HPF1 t
— +
120 1
— ÷
120 1

÷
100 1
—_

100 1
— ÷
uO 1
— ÷
80
— +
k3U 1

÷
8U
—— +
b(J 1

bO t

60 1

bU

5u 1

bi)

80 1

i30 1

dO 1

70 1

70 1

bO 1

bO 1

I{PF2
-I

120 1
—

120
—-~

120 t
----1
~2O
——

100 1
—

80

80

—
80 1

bO 1

50 1
-~

50 j

50

50 1
—i

60 1

70 1
-H

70 1
—-t

70 1
----~

70 1
-t

60

-~

50 1

Tabie 82 ~ tesuits or color ~ents
jSeconl ru~ij

- 1 1 1

Raw 1 Etfluentl Zifluenti
water 1 of of

—-—————- t

80

b

7

8

1 filter
1 run t
1 Days

1- — +
1 1

__— +
2 1 ~U

+ —

3 1 80
1—--- - -f —

1 80
+ —

S 1 ~O
+ -

1 ~3O
1- + —

80
+ —

1 120
1-

9 1 120

10 1 1(h)

11 ( 100
1 —

12 1 1UU
1 1 —

13 1 100

120

15 1 1140

1 ib 14U

17 1LsO
-1-

18 1 120

19 1 120

t 20 1 1W)
— 1 —

21 1 loo

+

t
+

+
+

+
+

+
t
t
t
-1-

1 1 t
1 22 100 1 ~O t 50
& 1 i 1. 1
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APE~ENDIXC

LABORATOR! kECOROS OF TOTAL COLIFORN ~fl
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TAbLEC1 — COLIFpRt~ RECORDS
j~irst run)

t

1

1

t

1 Saxople Filter run days
-r

2 1 3 1
t t 1

IPresutup Iconrir~ t PresuInp~ Confirini Presuulpi CorLfrlal
test 1 test test test test 1 test 1

t— t
1 Raw t t t t 1 t
I water 1 1t~00 1 lbOO >2~400 >21400 t >21400 t >2400
t— t t
tEffluenti t t t
lof HPF1 j>21400 1>2400 t 170 170 1 540 1 540
t t 1 1
IEftluentI t t t t
lot FIPF2 J 1500 lbOU t i50 J 350 1 >21400 1 >21400
1 t t
lEifluenti t t 1 t 1
lof 11PF3 1000 ibot) t 35u t 350 1 >2400 I >21400 1

4 1

Continue -.

‘~—

t Saniple 1 Filter run days

t 5 t 7 1 9
1-

lPresuinp ICon-tirru jPresump jContirin Jpresuinp 1 Confirin
1 test t test t test t test t test t test

t
t Raw t t I 1 t t
Iwater t 35000 t 35000 t 54000 111000 1160000 t 92000

1 1 1
IEffluentl t t t t
lof HPP1 4900 1 4900 115000 111400 j 9200 1 5400
1 1 t
lEffluentl t t t t t
lof 11PF2 t 7900 1 7900 1 2200 1490 [ 2800 1 1700 t
1— t t
I.Etfluentl t t t t t
lof 11PF3 t 7900 t 7900 t 1700 t 460 t 2200 700

1 L t

t
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continue - -.

1 Sample
1-
1 t
t- +

IPresump
1 test
-1

t fiaw
1 water 1 7000

1 Effluentl
lof JIPP1 1 4490

1 ~ttluent 1
lof IIPF2 1 790

IEffluentl
lof HPF3 1 790

+
Cor~firmj Presuinpi

test 1 test 1
— -1

1 t
7000 117000 1

1 t
330 11300

1 1
t t

490 1 170
— 1

1 1
490 1 220

Continue - - -.

t Sainple t

1 17

lPresu~p
1 test

1
1 Raw
1 water 1 21000

1 Effluent
(of ~PF1 1 2100
1
1 Effluent 1
lof 11PF2 t 1500
1 Effluent 1

lof UPF3 l 2100

Note: The value

Filter run days

19 1 21

1 Confirnij Presumpj Contirnil PresUmpi
1 test 1 test 1 test ~ test 1

t t-
1 1 t t t
1 15000 1 9300 1 9300 1 45000 t
1 1 1 1
t 1 1 1 1
1 1500 t 2300 1 930 1 400 1

—t 1 t
1 1 t 1 1
t 1500 t 1500 1 930 I 24400 1

t-
1 t 1 1 t
1 930 1 1500 t 750 t 2400 1
1

shows above are all in Total Coliforin/100

-1

Confirul t
test

46000 1

‘4600 1

24400 1

930 t

1 Filter run days

13 1 1511
-T-

+

+

+

+

—
Contir~I
test

+-

1
Presumpi
test

~~~1~

Confiri
1 test

1400

t
1
1
t

21000

~—

t
t 2800

330
t
1
t

4430
1
t 4430

130
t
1 750

t
1
t 750

1440
t
1 150

1
1 150

-J

-I

-t

-l
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TA~~C2— COLIFORN RECORDS
i~C0fld run)

-l -l

1 Filter t Raw t Eitluent of 1 Ettluent of t
trui’ daysi Water t IIPF1 t IIE’F2
t-

tPresutnp IConrirla t 1~resu~pIConrirmi Presuinpl Conrirmt
t 1 test test test 1 test 1 test t test 1

—t
t 2 t 446000 t L43(J(J 1110000 t 110000 1110000 t 15000 1
t t t t t t
1 S 1 15000 2000 1 46000 I 2800 t 46000 1 9300 1

1 t t 4
t 8 1 21000 t 15000 t 9300 t 44300 t 15000 t 44300
1 1 t
1 10 t 24000 1 244000 t 9300 t 9300 t 7500 1 7500
1 t -t t t
1 12 t 44300 1 4300 t 430 1 4430 t 210 t 210

l 14 1 4430U t 14300 1 750 1430 t 1500 t 930
—t-— t 1 —t

t 16 t 11000 L$bUU l 210 t 150 t 210 t 150
t— -t t t
1 18 t 11000 11000 t 44b0 t 4460 t 1100 1 450 t
t 1 t t t
1 20 t 11000 1 11000 t 4460 t 4o0 t 150 t 150

t t t 1
t 22 1 11000 t 4b00 1 1100 t ‘460 t 1100 t 4b0

1

Note:—Tlie value srkown above are all in Total coli±orni/lOOnii.

- ~ —~ 5
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-7
4’
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