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ABSTRACT

Title of Thesis The Study of Floceulant Settling and Wet Sludge Volume

After Using a Coagulation Method on Wastewater

Samples from The Klong San Saab

Author Miss Pattarawadee Poomipug
Degree Master of Science (Environmental Management)
Year 2006

This is a study of the flocculant settling and wet sludge volume of wastewater
samples from the Klong San Saab after using a coagulation method. The aim of these
Investigations was to compare the turbidity removal and flocculant settling as well as
wet sludge volume when four coagulants were applied. The four coagulants were alum
(Alx(S0y)s), fermic chioride (FeCly), cationic polyelectrolyte and chitosan. Subsequently,
the most suitable coagulant and the optimal condition would be investigated.

The results of the comparison of the turbidity removal indicated that alum with
doses of 500 mg/l and at a pH of 6 could remove turbidity at about 83.54%. In addition,
the turbidity removal using FeCl; was about 980.75% with doses of 500 mgh and at a pH
of 8, the turbidity removal when adding cationic polyelecirolyte with doses of 0.5 mg/l
and at a pH of 7 was about 79.33% and when chitosan was applied with doses of 60
mgh, and at a pH of 8, turbidity removal was about 84.28%. When the turbidity removal
was compared from the highest efficiency to the lowest one, FeCl; gave the highest
turbidity removal, followed by chitosan, alum and cationic polyelectrolyte, respectively. in
the settling phase, a sludge level depth was observed. The result of the comparison for
the flocculant settiing illustrated that the average flocculant settling of alum was 1.56 x
10" m/s at doses of 500 mg/l and a pH of 8, that of FeCl, was 2.71 x 10" m/s when an
addition of FeCl; of 700 mgfl and at pH of @ was applied, and the average flocculant
settling of cationic polyelecirolyte was about 3.38 x 104 m/s when doses of 0.5 mg/l and



(6)

at a pH of 6 were applied. When chitosan (doses of 100 mgfl and a pH of 4) was used,
the flocculant setiling was about 1.70 x 10" m/s. [t can be concluded that the flocculant
settling from the fastest to the slowest one was cationic polyelectrolyte, FeCls;, chitosan
and alum, respectively. For the comparison of the volume sludge, the results showed
that alum produced wet sludge equal to 21.70 mift when doses of 500 mgh and at pH of
6 and 8 and with doses of 800 mg#t and a pH of 6 were employed. When FeCl; of 700
mg/l and a pH of 8 was added, wet sludge volume equal to 20.00 mift was produced. In
addition, cationic polyelectrolyte produced wet siudge less than 5 mi in every condition
studied and chitosan also produced wet sludge about 5 - 10 miA in every condition
studied.

In summary, the results indicated that the cationic polyelectrolyte was the best
coagulant for the Klong San Saab wastewater treatment with a condition of doses of 0.5
mg/l and at a pH of 6. It gave the fastest flocculant settling of 3.38 x 10" m/s, the
lowest wet sludge production of less than 5 mifl and turbidity removal of 72.89% was
obtained. As the cationic polyelectrolyte was used in very small amounts, it is the

cheapest coagulant when compared to the other three coagulants studied.
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C, = __ 486
(31.6+T)

lag C, = Solubility Oxygen in mgfl at One Atmosphere
T = Temperature in ‘C
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D, = 1 DO ABudu mgh
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2.1.2.3 QuENUaMIETinm
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rsideiudslaslfnzuraunemandiferufisedusadaduboinge 58mile:
Lo ar r = :::I 1 [ i A L 3 ; = [ - ; r=3 =
IEgwiuhidsffisnlznevedwleatmiladidalud da én pH govTadufinly &
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(Upflow Anaerobic Sludge Blanket, UASB) uaz 32uun3astia1na (Anaerobic Fitter, AF) 1%
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dratninfe it naihwdoanuitlendeinsUdasfisindornnssuiunsuiaasls
(-3 - G i ol ] a A e : .l ol ; B =
wdInmAudiatuuuilleunsahulfidusunuwasingols 5Edmunsfunsiiy
WRgfi UM It tauaudmmsdlaginuz M nsudms S oaasiuimda
(Chlorine Residual), pH, Coliforms Laz Dissolved Oxygen
2212 nfiudIsiNLUUNENTINMSE Composite Sampling tun sy
: P 4 1 < E o LV -~ » [
MUFSIALAE1T 9 » LT nn 9 Tlasannsiuuanhinnasiiindrathadimiu maduy
Y a & P P Y a v 5 A
dndsuuud BurmifitiussdendseuiFanasesmywsveaings dubnfelne
ynafuidsBunmun sansohdufefdiuldenutuiamroltidudunueasin
= v 5 A Ao & [ ' 5 v v oK - L = A v a a6
Ay'le mtﬁumnmﬂumameummimmrmﬂLﬁummmmoLwamuqu'lulﬁgaumﬂ
wigdulawasi dqmani@uanivdfowll fufuifu e Flueransdeafvased
L) nd:ﬂ [ L 1 r =t = A T 1 o -
Tadrath fa Mldnsudinge m ﬁ;ﬂiﬂuqmauumﬂuama‘h AlTHIINT U IaUln
o A 1 L .- | - o LT | L 1) o I3 :' - - '
e dudalde fa vldiBsrawassdasimsvindovandiagne
2.2.1.3 mufivsadanuananie Sump Sampling unaAiagy
nnyafliunnuvanhudsannurssdn g idsnnverudatdindudiunuenings
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Anlurudauazanaznaulasmsfumsnruasnow (Coagulant) 11w &3dy sl
L%‘mﬁaﬁﬂﬁﬂaaaauﬁ%mﬂe} sumasuanwiungs Foni Wisa (Floc) audiminun
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UMASTINN: Fisheries Department (FAO Corporate), 2549.
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2.3.1.2 MI77967 (Flocoulation)
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wanaznauldlumdusaidadainiinud (Slow Mixing) (alWWFaauwieisn 9 1
Tomadudrariuduwiawlngduluin dwnmudvteusafinlafausadenrnly
Wazauanaanld milassiaidiwan Polymer w3a Polyelectrolytes d43aiiuwan
Flocculants a:’ﬁ’;uLﬁ'ué‘ﬂﬂmi‘nué’aLﬂuﬂﬁaﬂmumlﬁqj‘l@"[ﬂm’w amwii 2.5

o " o P "
nInn 2.5 amsm:n‘[wﬂamn'[m'lasfﬁwauagmﬂ

unsafian: s naiafiys, 2543 75.
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2.3.2 avstadiifsnlszAndnmnsanaznon
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rfuanuguld Tosududselamnaifiiuwin Polymers talfudszinininluns
anasnowwzlanwufluidue (Long Chain) LLawm.l's,,ﬂ‘lvmwmn&nam’mﬂlﬂaumﬂ
AassozdTusTET ML WEsa S Tiuas 1t e WS aniing Judufiuacnawdalngdu
famnfi 2.5 uaz 2.6 awdey Polyelectrolyte -nuzlulmmaﬂluﬂa%uutﬂuaﬁaumﬂ
mmﬂmmumﬁun‘[man ageagiuday 10,000 — 1,000,000 wiawnnna TR ITLT
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lauwan Anionic uax Non-ionic Polyelectrolytes Ral3iuiumsdy \wataolw
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AN 2.7 anwaenmsdudausztiuandleldindiuad

WARING: TUTIR Malatis, 2543: 75.

LLa**m'imemmwuﬂ?aﬂﬁmwmwnﬂ znauiug taun midu wWaSansalsd Unm

LAz Chitosan 1]‘51 tHasldyall @M‘l«t

2321 sduviaagiiflondaine (ALSO,) 514H,0) laslWiiminysanm
600 g/mot fvReawalumslFem ilasemingolenvirluezlans Calcium Bicarbonate

(Ca(HCOy) ») WRTET Magnesium-Bicarbonate (Mg(HCOy) 5) Faiilumifinialiifia Akalinity

1 » o
WalhusruasiiaUiTonudan a;jluﬁma qUN3

AL{(SO4).18H,0+3Ca(HCO ) 5 3CaHCO, +2AOH) 5 +6C0,+18 H,0

nafiliany §idenasldamsdsznomfataurad Aluminium Hydroxo 3o

o'.nl.' N a (=3 i ;ﬂ -] L7
waamjm@Lamﬁuﬂa&aaﬂﬂﬂwmuuuwﬂaﬂ‘umﬂLsmmmuuﬂﬁza‘mnmmmmwnu

1 hd
ﬂBﬂﬂaﬁﬂﬂUﬂﬁv'ﬂlﬂULLﬁ’]ﬂﬂﬁ:ﬂﬂquﬂE}\‘!LHNL!.‘J.I']HRﬂﬂﬂﬂgiuﬁﬂaﬂﬂﬂ@!“ﬂﬂuﬂﬂﬂqEJ"H'N

pH fmnzsulumathelauanpuatuasinsduaglug 5 - 7

2322 Waiinnaelsd (FeCly.6H,0) WaidiunnaBananlsaaslwinge
cldeznavvaswafinlaasanlad (Fe(OH) ;) uasniamiuaiiarinlwingl pH anaessaums

FeCly + 3H,0 «—» Fe(OH);+ 3H + 3Cf

UiiFenszninansany Bicarbonate Twihfia

3H + 3HCO; 3  3H,CO,
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ﬁﬂﬁﬁwunwsﬂwﬁ'ﬂﬁ'smwaﬁﬂﬂaa‘h@?ﬁﬁmmﬂunm%aﬁaaﬁmiﬂ%’namwlﬁlﬁuﬂmc
fawlsagaananizuy

2.3.2.3 1w (Lime — Ca(CH),) lumilFuarudiugsinldanaznan
wamAalfiinans Calcium Carbonate (CaCO;) Fufluarnaufvnuass i snanaznoy
‘l@mm‘[@ﬂgmma}:mﬁgﬂ‘:mnumﬂm:mamma:mn'lum‘mam@ AIRUAT

Ca(OH), + H,CO;  «——»  CaCOj + 2H,0
Ca(OH), + Ca(HCO;), <«— 2CaCO; + ZH,0

d’ﬂ’ﬁ'ﬁi}lmwuﬁmaa'mL?\U’;ﬁ’aﬂ’ﬂulﬁmmmnLwiﬁ"lﬁ'}mﬁnﬁ'awlﬂm’ﬁamﬁwﬁmﬁimnaz
sunnaaUTananaldumnaale

2.3.2.4 lafiulaz Micronized Chitosan Wineundtivaslaveafivnnid
Ianuudasunniasad tafiuuas Micronized Chitosan 1uasasls=navrassadly
anwmaduly wenaniudmuiledwluesla Induafrsmnunniwsudusaswaslan
'saammﬁmafaamu Micronized Chitosan :uﬂmauumﬂu‘[waLuaiﬂ?manLa"uﬂmwum
WLm:ﬂum'mﬂfnum‘laaaumnuar'laaauau‘lmmnmm'lﬂummmn'laaaumac} T
m‘sa..mnTrﬂma‘m.,amqm'lum:mumm‘mwu’zmaqﬂmﬂnﬁu dud  nszunsats
ANEULAZANAZNEU Micronized Chitosan fuaslwiwafetannlaaudaiularai
vesliante nszaadn) unudamiinussriaassueaiie T 1nenfia Tae Micronized Chitosan
ﬁgﬂﬂmaa‘%’wmamﬁﬁamwﬁ 2.8

OH H H
a ] =]
o) o o) 4
HQO HO HGO
NH, NH,
Trrsevasionelalne

1 v ol . \
ann 2.8 Tﬂﬁamwmamwao Micronized Chitosan

A -~ N
WuaIna: UseAass FITRUWITION, 2549: 1,
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1#l8991n Micronized Chitosan iwlulelwdwesfiasedesodanaday Ftudedl
dnidemanseunensufiazfinmUssimimwnisintieiilagld Micronized Chitosan
U TTING LN DU LT

Roussy uazamz (2005: undata) ldvintsénsnfaldamslulelndiveinia
Micronized Chitosan ‘I,um‘iﬁ'lﬁ'ﬂmi"lLﬁnﬁﬂmﬁawﬁnﬁnﬂﬂﬂm:mum‘ﬂﬂLmngta’ﬁ'w
Wiangadu wud Uninsamwmniniafialddfian: pH dwdaiunta Taod pH
Wi 5 1fanunduduuss Micronized Chitosan dasusléUssdnsmwnisiviena
wazamsfimanzsulunsidadfafl pH 5 Tawld Micronized Chitosan 7ifitamin
Tajtaqaga fanudutulndiu 20 fadnsudadas

JiangMing uazaa (2005: umaaela) 1 sdnswn@nssuuas Micronized Chitosan
LASHANTNLTINMILY Micronized Chitosan $aniussvasznowdiiDumnsafiwrid S luaiums
wWianawEu na1l¥n Micronized Chitosan Tdnonwwlumstitauazaunsasiunls
duamuazneunaunumsdunesInddidinlaslard Wil idadnanmlszmsde 1) e
v'.‘é'nLﬁmNani:mJ@iaqmmwmnmmnﬁﬁwaq Aluminium (111) uazlwdnaiFuassy
2) Wmnezneufiidiueznawdanm 3) Lﬂumﬂ'fi’ﬂ%‘wmmﬁﬁqnmqwmnmmﬁ'@ Micronized
Chitosan Mnuannanwiafobiiislen! mnmmessmuimnesnawfiianamsls
Micronized Chitosan SsaadariuusiwazdammIanaznaudous s udamizfimansay
lunsthdeemutinuseasBundduansdraiu namfield Micronized Chitosan (Re9d W3
‘himmmﬁaﬁwﬁ'ﬂﬂmmjv.u.a:mﬁﬁuﬂ%zﬂﬁwﬁ’auﬁu%mﬂuﬁ’aﬁwﬁ’mm Micronized Chitosan
LLa:Lf}alf Micronized Chitosan 374 Polymeric Aluminium Ferric TWyszamtawms
ihdaenudugsaayhiy fooaz o7

2.3.3 NITNARBUAITANALNON
amnammmwihudazuiivdawkadoriuluggmananiugaauiaiuansds
fuld mslfmaefidmanansdunia Polyelectrolytes TadsamSinanslEfimunzand
o wea a & ol 2 w o oy . v -
a:m’lv.ummn@lznaummu‘lmnqﬂiﬂumlmﬁum'l'ﬁmumnqmwﬁ:mﬂ-ﬁmsmu
« o -y a ' oy o WY aw, - E o ™
warkunfnil vananasiulfasd i Fiuui g Ay o fsane asiudinayl
A = [] A J ) - L=

minasaumianaznawlugUniaifGondy Jar Test dan i 2.9 Tasldmsafiludan
' - a oo o 4 & o e el =
#9 N} mamlﬁmmmﬂ-ﬂmnqﬂnma pH 1itd 9 lupansdl wnnlafiieas Jar Test fi
urTnaaulsele umﬂ'ﬁ'm:uanmawuuﬁqn‘ﬂﬂLﬂuqﬂn‘:tﬁmaam"mﬂﬁzqnﬁlf

Magnetic Stirrer IkamulMifiamisuAalanatuiuaImui 2.10
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1 C‘
Wadnan: Lafleur, 2548: 1.

E 4
NN 2.10 LATRINIURNT (Magnetic Stirrer)

2.3.3.1 NMINIULIT (Rapid Mix)

nmimsetnadlwasfidumaed ww msdn AlavinlwiAaanuiudu
lwinReldiAanszumdod Eddy Current) uwialin Seszaauildationad mlw
maafifilaadlyamunsonszasdlmhdedvaiianawasiafe insendanasfiotu
vufie sl fudaruilumansusduiudn Velocity Gradients (fnathon enildl
anunnsfinnuiiFuinivesauna 2 OUMAMIINILITHEWITERIIAUMA LU
ﬂ%ﬂﬁﬂﬂadm&ﬂﬁﬂlui‘laféﬁ’mﬁu 0.1 vgmua:@mﬁmﬁauﬁ'ﬁwmwﬁqé’wﬁa usiifiada
ﬂ']’ml%“.lﬁuﬁﬂﬁT:H’ina%ﬂﬂﬂﬁtﬁﬁﬂd1ﬁﬂ?1m§‘] 1 Wadaiuf IWT1zasiu Velocity
Gradient fa 10 wé’cemﬁl‘ﬁ‘muiw:agﬂs:mm 1-2 usoh damwavani 1 anuAiWe

3 " -l o e A [
fiaaufl (375 gpm) madmammmasamililunsnawdiuluanugas
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G = J550PVy

G = Velocity Gradient, #1121 3wl

b= arunilauasin, Ueud - Iwnfidaanana
(wdaaiilu Centipoise Tﬂagmﬁ‘u 2.088 x 107)

vV = inesusidaan, Qnmﬂﬂ’vj@
P = wasnuildniwin, wssh

L | = =) J o (=) : 1 el o ar =1 = 1 [l
ﬂ’iiJﬂ']THﬁMLT’JLﬂG}’B%’H”]Lﬂ%VLﬂ mmamua:ﬁuNﬂnumimumnmu‘lﬂua:mamm:"ﬁ.u
L T T 2 o = o ; 2 | =l
RUKENUR TN mnmu*:amn'lﬂ ?\'ﬁE}ﬂ?’lLﬂ@muLLﬂ’Jﬂ:LL@mﬂﬂﬂLﬂ%ﬂl&ﬂ?ﬂﬂﬂﬂaaU@{aﬂ

LIRNTSH AL 61 G
20 Jufi 1000
) 30 Jwh 900
40 w1l 790
Wit 40 Jundl 700

2.3.3.2 MU (Flocculation)
lumsniugr Sasimsifiemsudizaidfaning Wiiiudisanta
aznavuwalngiuiuiedveneg fudian
1) SrudleanleemududusasnFaalui
2) Bwerwemaaluwi
3) ANMULTHVAININING Tefife fn G
Tudsnwieslinsniuadnegng ilelwaznausrudrdudininusafinldasnanazuan
dewlrlumsaenuuudinindrduiuen aet (used nniatins, 2543: 94) lag
G = Velocity Gradient, 17311
C = Uhnataznawilinnesin
t = alummmutiAni
Nt idsdasiid Get pg3EnINg 50 -200 Fasnfillatudmiutuuunduas
wnhesnsunyuiisunduanls damuiiiuunlluenuussuuutudutes (Butie)
Whitwaanliuan uinyuFliiuffouiunmzanadidasfivinalng uwuildluwa
ﬁﬁmuwﬁ'ﬁluﬁ'ﬂayﬂuum?fquﬂ:umuauua:ﬁ'ﬂ-ﬁ'ﬁan'm'ﬁ"umsiaagnwﬁ'ul,i’mmzJqﬁ'a
Wasrldniulauilen Velocty Gradient dn a:vinlildWGaaudaaznaudiiiautiuuas
win aznauezldanaiiTiaia |
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2.3.4 mMIanazrnan (Sedimentation)

ﬁg@ﬂi:ﬁaﬂ“lummnm:nauﬁtﬁaa:a@zﬂ%mmmwm}u’luﬁﬁﬁauawﬁ”uﬂ%aqmaaﬁ‘t
Jiumsaansz (Load) wasieiasnsasindlulduniAvly ﬁ’ﬂmﬂﬁwﬁﬂfnmjumﬂﬂ’h
50 WNLAY farrrlimsanasnaunandingas

mmn@a:namﬁ(ﬂmnLmﬁog}waa‘[anﬁn‘s:ﬁmaa%mﬂmw’gu Gafeay
PUWILUBUINATY 1.0 au‘,mﬂa:@naunﬁzﬁ'@ma@ﬁ’mn’nmaaﬁmmﬁuﬁ’wﬁﬂaygmﬂ
mszasiua i s (Flocculant Settiing) 3:fsfiuazd uiuama 33 e
ﬁuﬂl.mu'ﬂaoagmﬂua:mmﬁﬁ@maaﬁﬂ

nIanasnandiuunled 4 Ussianenuadrzaua U utwuasanw s aniaue
maawﬁsﬁasﬁmfﬂ (i aumanad, 2537: 213) gait 1) msenaznewwuuiaa
(Discrete Settling) vnfigamuduiusaesnauuauaasdasanaznowduiuylaata
Tunguiild ﬁaﬁ%uayjﬁué’nmm:ﬁuﬁﬁmaam:nauﬁaagmﬂ'ﬁmznamm'maaa‘lﬂ
mansadudlungy mianaznausniuuuvles fotarssnsanasnauuuui i
NMIANATNauBTIANTIONTAINTIIIIAAII9 2)  NITANALNEULLURLITY (Zone
Settling) ﬁ’aﬁﬁmnauumuaaﬂagiuﬁzﬁuﬂnunaqoﬁ§a§a (3w Jonaduduganii
1,000 — 2,000 4N/8) FNIMIANAZNBRLUDULNTI 1ok e 497N pumaudazifinagfiann
ua:Lﬂﬁauﬁaaﬁ’ané’smﬁnamﬁ‘uﬁ’a'lﬁl.ﬁuu“Jwﬁ"uawnﬁmzwhqiﬂml,a:ag.mﬂ LT%
MIANAzNauYey Activated Sludge 3) NIANALNOULLLENRD (Compression Settling)
i!'ﬂLﬁ@xﬁmﬁaﬁ'}ﬁﬂ:namtmuaaEJaQlu‘s:ﬁefgamﬂLLa:ﬁmﬁﬂﬁ’uﬁﬁuﬁ‘mnmnau nI
anaznauktdasmaafiaiifisdundiininfimisnezneuuuuiu gldiAetwuds msda
#7 (Compression) Lﬁﬂ%mﬁaamnm&mﬂ@m c]'mfﬁauﬁ'u'luﬁnwm:ﬁﬁmirhumﬁwﬁn
lﬁ'ﬁ’ua%mﬂﬁag‘iﬁ’mma 4) MIANATNBULUUTINNGY (Flocculant Settling) Tunsdifinng
ANATNOUYBIARMIAT ﬁ'[amﬁmﬂuﬁutﬂunaﬁuﬁauﬁﬁmmmlﬂ@ua:ﬁﬁ'mf{nmnﬁ’u
anuhlunsanaznananfisduinly 3dnsenaznawdwduldinisanarnanya
mié’w‘%amznawﬁ'Lﬁﬂmnn's:mumﬂﬂLLaana'fué"ﬂ'i'nﬂuﬂ']wnﬂ:nauuum’mna;u
(Flocculant Settliing)

2.3.5 fladude giliinadansdvuazsandniinioa
2351 annilunse - dw meldmsduezlduadida pH etlut16.0-78
wasf pH wiﬂsﬁwﬂﬁ'nagagmfu furuammwiudasriadedamassuiosnuwita
iu windnilaasduarldWanfane sl anacnanldadel wfasilindng
snmdlunsaanniu ﬁa'hjaglwﬁ'm pH ﬁﬁﬁqaﬁw%’ummnﬂ:nau SIRTTIN
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2352 nfautdng nialleuyadiaviovaseziinarinliilssinimmw
mdud A iunFeafowlaly Haravloaouriindie g dansdudilundanasrily
HamnURowuaadsd

1) Wasuulastie pH ﬁﬁﬁq@lunmﬁ@wﬁaﬂ

2) WisnulserzsznanlunmAanian

3} BGanmfimnzasvaimnedtisanaznaudmiumsianSen
aniloundsalyl

4) Lﬁmmmsmﬁﬁw@mmﬂauﬁLvs'ﬁa‘luﬁ‘mﬂ&‘ﬂmmaﬂﬂmna%a
Ungay 15y Tanauazwamve INTaA LML pH fimanssudmmiumIanaznan
Tnhetiule thldesduuazilayyadaiaat 125 Sadnfudaiias fasfsudamsan
aznawaziiu pH 5.0 ~ 7.8 unn wa-mnaumﬂmmuw‘lﬂmﬂmmmuaum laasanlad
mn@]mnmsﬂu (nmﬂ ’mﬁLﬁﬂEﬁ 2543: 92)

2.35.3 ﬁimﬁmm'ﬂaomwgu m'lmg'ﬂm{"nLﬁﬂmmﬂmﬁuuauﬁm@l@m 9
Fafluwraaaus 0.002 — 0.005 Nadiuas agmﬂma»i'li‘fa]:ﬂﬂrﬂ:nauuauﬁ'ﬂﬁmoﬁwﬁnm
wnwe milgmaaiisanaznanarinliiAanfealdisureaS i sousuiue pH
Iminzauuasy fiaeait

1) mﬂdmw’auﬂnm:namﬁ'u'j‘fumumw@uﬁLﬁu‘-‘ijrmwim'sl,ﬁu
maamsmﬁ'laﬂdlﬂuf’(@ﬁhufﬂamaﬁ’nmﬁmjuﬁtﬁuﬁu

2) r’h13‘:1fm’nmjumnmﬂﬁms'ﬁwﬂnﬂ:ﬂamﬁmLﬁnﬁaa AT
Tamaﬁagmﬂ@mq PrTRiRLazIuaInuiann 'luﬁ*luaaLé’imﬁuﬁ'ﬁﬁﬂﬁﬁﬂmnﬂmﬁw
rivaranaznaunlaennni

2.3.54 miarairnaltisanaznat Tﬂuﬂnﬁﬁnﬁuul‘&'m‘sﬁmmwzﬁﬁmgn
LLﬂ:ﬁ’l‘%ﬂ'lGT\hHltﬁiﬁﬁﬁaﬁﬁﬁﬂﬂgﬁﬁdﬂitﬂﬂi 1% i famwdewitnisens ssdus
Lmné'ht.ﬁﬂLﬂuazgﬁmﬂ‘laaauﬁa:muﬁﬂe’f Bifivadslumsivduiiuddendniy
Masinduna (Fe(80,),) MFwldluts pH 55 - 8.8 Tefisnlunsudafluiune:
anaznauaymanaasasdiiRiing sxfaldad pH 5.6 S fianmwmiludn man
lzasanlodifiedwannsuandailissaslni Samamoldamlédlngefiiiue

2355 gunnd Lﬁaqmuqﬁaﬂm arunila (Viscosity) 1asinazindn
farmsanaznauvaindentdavazfasnmslinsadoamuwiuduiiassinanunila
YA w wananiten pH ﬁa:tﬂﬁuuuﬂﬂﬂﬂLﬁaqmﬁQﬁLﬂﬁuuuﬂaa davzfinauin
1unsrﬁﬁ1&'mﬁﬂﬁ'ﬁ1uﬂnﬂ:naﬂuﬂ‘%uwmﬁ"\uaztﬁaqrwqﬁaﬂm M Tnalinien
#199 vasmuailwiidavsaasidde
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fiadniudodas '[ﬂum:mumﬂﬂuaﬂgm’ﬁ'u@i’mmiﬁ’uhuﬁu lalaumuiuasaieaznen
wuhmsanesnawlasldmsduaiy 18843 Dadntudadas @adlufosa: 50 1aaFunns
srRufmuzay) S lalauswado 30.84 Daansudaiar Al pH ﬁauﬁwmﬂmwnqmﬁ"u
7.10 lﬁ‘ﬂs:ﬁn‘ﬁmwmsﬁﬁmﬂaaﬂaﬁ'ﬁﬁﬁqﬂ TasmunsadindadianussaalsWasiwe e
Jotlar 9436 uszrndavasnaTaimun aatuuaz TKN edpnar 92.29 42.79 uar 61.60
MU

U318 9aWUE (2544 undinga) Tﬁﬁwnﬁ%nmmsﬂ'\ﬁm“fwﬁmu:zﬁra:Jau'[ﬂu
3‘ﬁmwnﬂ:naus‘humu'[n'lueﬁﬂ‘s’Umﬁuuﬁunﬁsmﬂ'ﬂlﬂmsai’qm:nauﬁl-ﬁ’aglu
Tagiiudia m13dy InRegliduasalsduazyus uansnasaawydt wnlnludd
anumusnideiidiatoionas 24.75 ﬂ']ﬁ'ﬂﬂ'nmju'lﬁ'mﬁu%'aua: 63.52 fNIadlad e
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tdsouar 20.34 fdadledlésonas 39.44 dnlulasieuuasWoanaialdind s oo
6.59 uax 30.92 muday ud ldaansnidaveadslugueng 9 16 TaoBinouuulnlusi
Wmanzay f 5,500 — 7,500 fa@nsudodnt pH fininzaude 4.0 drugsaiiiasnauiii
mmmm:auﬁqﬂﬁww%’unniﬁﬁﬁ'ﬂﬁmﬁﬂmnnawﬂ:: Ao aidy Semansamiedldiads
Fouas 71.50 ﬂ’]ﬂ'ﬂﬂ'sﬂuﬂu'lﬁl.uﬁu%’aﬁa: 92.66 fMaadledidindnTousy 39.77 vaila
#léiale 4246 Miavadausvsns|diaotonar 87.04 wellaansaindauosuds
vanuauszvaadifiazansldomun ATk inmesdufimnsa 7,000 — 11000 {isdniuda
807 uaz pH TmIzaudo 6.0 -6.5

wgfing fiui (2544: undade) levnsdnsmridagniuluindesing
anaznausuanuaztIanaznawtud 2 vasrzuntitaiidslsinusdadensza i
F0fing lasmmuaznoudilifa 1alausn wuin U3anos Micronized Chitosan uas  pH
fmnzan AwiunmrhdeanivhohiEsanndianaznautudu iy 250 fadniuds
da7 uas 8.0 eudeu lawawnsamsadniiuld¥osaz 51 warSume  Micronized
Chitosan uaz pH fimanzaulumiidedndulwirdnndiananandud 2 wihiy 300
Jadniudalias uaz 8.0 muday lasaansaiideaninldfenas 71

r0s NFonede (2544 Undats) 'lﬁﬁ’nmiﬁﬂmn'rsﬁﬁﬁaﬁ’m:gadamrm
ﬁmuﬁﬂonaummmﬁmauﬂ'iqmmﬁﬁ'wmﬁ'[wé’iLﬂaﬁﬂfﬁ’mﬂ@;ﬁmm:mumﬂﬂLLaantﬁ"u
HamsinEmLi famadadusasssiniiietadama 400 Safnudadas uas 7 pH 12
ﬁﬂi:ﬁﬂfmwmiﬁﬁ'ﬂmamﬁeumuaaugaqﬂ%’aﬂa: 82.58 gmmamtTinmeznanii
Aiedwluudas pH 283 Optimum Dose WU f pH 12 fiSunnnnaznauann &mf pH
6 ﬁlﬁmmmnm:nauﬁwﬁq@

safie wid (2547: undata) Ianmmsdalaveninluindedonmey 3 olia
fo Anfia Tandonussdons® laslfaznonasduannsniadnydszn snuamsise
wudmstidalanswings 3 ﬁﬁ@lﬁansh'aﬁﬂs:ﬁﬂ'ﬁmwmiﬁﬁﬂﬁﬁﬁqﬂ FeldBum
aznaudIay 180 nindades lasmansaidafinfialatasa: 91.50 mialanlioyle
Jouss 80.31 uasrhaadin:dle3anas 68.59 Tay pH Guswlifimsiy pH 1fin 7.30
2.82 Uz 5.52 mudau usifhmﬁxnjuﬁ'lﬁﬁfhﬂi:mm 20 -30 NTU & lailefulshmana
WBunmazneussuily

ToTa Tya@eiana (2547: undade) FnsAnwimtdanauauaziiniia
asnIMininfeTsilasnszumnseeacnaudslaa Iy mesimInami it
pH 7.5 -11.0 WarnuarnauaumITINacnansiiad 9 1aun ACCLOFLOC iia A5,
A110, A120 LAz OXYFLOC 106 SInmIfnewyin pHAminzaulunismdanasuasd
amuutududulugag 10 - 200 HadnTudadias drunzuawmIsiaznauia 11.0 lw
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Buunasuaunisediugre 110 - 219 Tadnfudedes uaswuihasmuaznawd
wanzsulunrsidanasuaifia ACCLOFLOC A 95 #i1f31nmt 0.4 - 1.2 un/a lastFum
nauaIaaaunanlszuIn 0.15 — 028 Jadniudedas 8w oH Amanzauluniiiige
fnfafienuitutusudulutie 10 - 200 fadniusodas daunTzUIuMIFIananda
11.0 ﬁﬂﬁaﬁmmﬁmﬁammﬁaag‘lwﬁw 318 - 512 fadnfudefas SwSuaITin
aznawiimanzalumsindafindiadio ACCLOFLOC A 95 F1 Ry 0.4 - 20 JsRnsudeaday
ﬁ'}‘lﬁ’ﬂ?mmﬁmﬁaaﬂmmﬁaag‘luﬁfm 0.063 — 0.16 HafNIVGORAT IMHFNTANIN
snToasllain mslfnssuiumssiuasnauikmsinaudsmaunsnsaldianziun o
mmmlﬁ'ﬁmﬁﬂnﬁmmgmﬁwﬁwaom:quﬂmwn'.i:m poifimsidiutzanimmn
drumimuduaemIlFmsnuasnaufimunssus N Inaa L3I e suasuas iniAa
Widdndniunasgmle

Al-Mutairi, Hamoda W&z Ghusain (2004: undagia) léymidnsmaiadngdy
nlnghdaidasruaunisla wannuatu lagldmsduuazansiwiwafidumsnuernou
WU e tuees sssuuszinfiwef (i 400 DaBnTusdoday uaz 30 SadnTu
fa8aT MUY 1ﬁﬂ5z§ﬂ“ﬂmwlum‘sﬂ1ﬂ'@ﬁ'mtmuaaﬂgaﬁa Youn: 99 dmiuanTdu
usr Fousr 96 Fwinulnfimef udasdunfannaznawiisadiuuinuinninlnaua s
TagnnuantTmasaswui asnuidutussmsduiRuiwlSnmmnasnauanaiuals
Lﬁmmmmmuaaugﬁu dulwdiaf Lfiaﬂﬂuﬁuﬁugﬁu ﬂ%mmmnﬂ:nauqa*jfmwi
Thnamsusiassaaad 9eiuieldi Buramnesnawuas e sueausas
anuRuRuiiuIua Nt asmsfuuaslwiwad

Aboulhassan WAz (2005: UNAaEa) ‘lﬁﬁ’lm'sﬁﬂmmﬁﬁ’uﬁ'ﬂﬁ’iL’ésm’mqﬂmnnﬁu
naflasldminueznauiiadiaonsssuma Safidmusnaussunuiin 8a Polysep3000
WU Polysep3000 Wussfimiarwmathdalugae ph finthede agflutag pH Heundn
wismny 10 LLa:Iﬁ'ﬂ‘izﬁn'ﬁmwm'iﬂ‘]ﬂ'ﬂ?zgqEgrﬂ fovaz 96 \flawSoufisunsfienn
(Sludge Production) T:wiinianay Polysep3000 Ny sisduLaziWeiaaasle wuin
Polysep3000 1WUSunmninasnaulasniy

Ahmad, Sumathi UA: Hameed (2005: undata) Tédnwnisindasiduandds
(Residue Ofl) tazgsurInansatnlssmirduthdulanls Micronized Chitosan &3y
waslwdazafifiouasalsd (PAC) dauBumfivudssindmwnniiaras Micronized
Chitosan fua1s&uua: PAC  lumisthdadenadrefifiasurivassdudy 10,000
fiadnTudadny uszil Residue O 2,000 Tafniusafas wudt Annuduturingy 05
fiafnfudiefiay pH iU 4 Lis lunsduds 15 wfl nauisy 100 seudpuf 1an
anazneu 20 wif JuzEnTmwnsihtadiniy mIsse uas PAC Taofiuszaniniwnis
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A& TUIIUABLSE Residue Oil unnin $amas 95 wardnwosyaiddaafiian
Micronized Chitosan Lﬁmfuﬁ';ua:‘nmﬁ’aﬁ'ul.i‘_luvlﬁaﬂmumlﬁ@j RWITNANazNan A
ﬁ‘fﬁaé’nﬂmwaowﬁamﬂmﬁubﬂﬁwurTu‘l.aiLngn fedufingulddn tinemnaln Bridging
LwiLf}mﬁuﬂmmﬂ'&lﬁugmﬁuﬂ‘@ Optimum &IHAlAUSINMa TUTIRR LR LT

oigwa Bendu (2549 undada) Idhmsdnsmahdmingeseihaiadnm
NnmndnRdInn: NIRdnE 295199 NAR I LEULAY ﬁi’@qﬂi:aoﬁﬁaﬁnm
maﬂ’rﬂ’ﬁ’ﬁﬂm‘i’@%amwmnmnmmé’mﬁnhm‘sﬂ'}ﬂ'ﬂ@lmmwﬁ’qs'hazm PMNARSIURULRY
NnRsMIANERLITaTa S MR InEmEmITnT iadn 9 ldfldmsrolums
thilag mwaaeding diasrndn pH §168 Bunmmsuriuass aev uaadloy Usan
LLH:LLUF}ﬁﬁﬂﬂﬁilﬂﬂﬁﬂﬂ{uﬁg{mu@l fitunsthtasimihaiadimw snmngundimin
whain 9 dulnaflvwelinandwiuiummamindwdriludesaige

dasian JunsAiant (2549: undade) lddnwnisuonlansiinifia sanaimings
lasnugaamnssusiaamislagitnsanaznau Tunduaznaunanail nydidnwn:
Uitaielu TWil iafldad udaans @snalng) i T@ﬂﬁi’ﬂqﬂizmﬁtﬁaﬁﬂmﬁﬂ
Yiinm uszanmsfimanzaulumsanaznan Lm:mﬁwmjm:nau‘[amﬁmﬁammﬁﬁa
Tagdfmaadl Tapidadraiifofdumssereiudludiunmdrodisas
500 JadfAas ua:ﬁ“[amﬁnLﬁaﬂuLﬁaqugﬂmaamié:aqum%iu 621 fadinTudaiay u1vin
nnasad laaldmnall NaoH auidiutu 50 % 1 pH 14+ FeSO, wazlwiaduszgay
“Kurita C-0320" Wralunsanasnau Lmzm‘rs‘mziuq:nau'lﬁm'\:aajﬁqﬂ Taumvddu
pH fi 10 &8 NaoH (Twdrfimanzaulunisanasnaw uazmsga FeSO, GralLel 800
faansudedarinhl srhwlimsanaznawiin anfmemady Polymer ﬂi:fgauﬁ 8
Nafniudodas %ﬂhﬂlﬁmﬁué’mmn@ﬁﬂmauﬁi‘fu ‘[ﬂunmﬁmmzmagﬂwﬁfm 15 — 20 wifi
waza MR Eiima sanaena wuiwﬁﬁmﬁaﬂmﬁaua%ﬂuﬁw 0.36 - 0.72 UaAnJuda
aay f‘fmagli'lummﬁﬁngmrmr'imu@ﬁ'izjtﬁu 1.0 finfniudaias
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ATANWBBNTIIAN BN

o X ea P, = s e e f >

msAneasihium s udmesaaNatnsm It Uae 09U S s 80 ILRLEL
laggsfinmfedarihilumsanaznannarsdsnmninaznawaenanisiduats
's';wﬂxnaumawﬁﬂlumﬁﬂwﬁ“@ﬁaaa”mﬁ%ﬁmamumuanﬁaaﬁ%’msmmﬂﬁgw:nau
ﬂ‘%am'jﬁﬂﬂuangm%’u wanwRanansfnwdan3sumsaneznanuaslSIwmn
aznaussimsdnsgunwibuasdsdninmwmstiiadmesindunes susuwuay
WalFmsnuaznauudazsiiody lagfhwualviwinfiieianusiu (Tubidity Removal)
3 St A’M r= F-9
uwa ey s mnsmau

3.1 dszrinsuazdledne

lunrsifiudadredudonssusuusuls3Fn1a A vz o 19LUUNaN I
(Composite Sampiing) Tﬂﬂuﬁoqmﬁuﬁ'ﬁaaﬂmﬂu 3 99 wosvNiwIEnigaien
etz 10 Wway éaéﬁLﬁum'saﬁmgn’ﬁ’mlmﬁmmﬁL“{hﬁ'uﬁa 6 Aasdazlanm lu
#291387 9.30, 12:30, 15:30 W fin Aiszpzanudniszanne 30 — 60 wwdiwasaniiy
Tosdufingu (Assume) Tiéhathaiifnrdnmianmnisanmymsuiiwseuifiu
FaEUFINANERLTINTUN IRAA % 18 RAT 69 AW 3.1 Laz Mwd 3.2
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NN 3.3 waiuialeins (Indesadu) deunioaile
3.2 35MINAay

3.21 nadauwinawnainga
lagazvhmsfinmaamwihdunmonwdismstasinnuiiunsa - d9 (pH)

amnnil (Temperature) WAz AN (Turbidity)

:’ N o
322 nagawinlasdszynalsuannisanfing
lapthalagrsiidufidasniTnagausniumsniliNa o Ruds=8nsniwnis
' a A ' o ey A o ' "
3’3mqmznauluﬂ%mmuawuwaamﬁmﬁﬁrumﬂ@mnuuazlﬁmLamananmwﬂmu

= o e e i ; o e
NN -NIUTIA LI INIUET (Magnetlc Stlrrer) FINN 3.4
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NN 3.4 nanawtuilady Fecl, lusnatainge

lasd pH Suduflmansauriswga 3 ¢ léiun 61 pH 289813&0 waz Cationic
Polyelectrolyte fia pH 11 6,7 uaz 8 Y13iis] "l@'fﬁﬂm:,ﬁmﬁu pH fitmanzsudmiunig
anaznawly aadt

Amirtharajah Waz Mill (1982 819fislu wading auslnsasia 2s4s: 8) Na1IETHY
wanaznauuazifisenuaeasssdluiledluteaniziior da 6.8 - 8.2

ST ATUNALIAN (2537: 181) nanai pH Amanzaulunisenasnaudasasdy
A8 19 6-7

Koprivanac uazemes (1993 819f1vlu widnd auslnyasfia, 2548: 14) levinnas
maamﬁaﬂwﬁ@ﬁnﬁumnhaamwﬁmﬁi@U'L"ﬂwﬁmaﬁ'ﬂi:aqmn WU 199 pH Atunza
lumsanaznanvasms Indwefilazauan fa 6.0 - 7.0

mmmwaﬁﬂﬂaa‘hm wimmesssfi pH Ay 8, 9 wax 10 laedldfinw
Aoy pH fmanzaalumsanaznawaane Saaaelse e

Alsaid ninddad (2544: 74) ‘lﬂﬂnmmﬂmwmﬂﬂaa"lm"lumnnmm'mwlu
Wy numm'mwnmu 11.09 NTU 9389 ANUYUFIRaIiy 44.20 NTU Wui1629 pH
103 WaTnARa IR LNy 7.0 - 96 'lvaﬂﬁ:ﬁnﬁmwmmmmmmqmm:mnﬂ:nau‘lmm
WO Nu

T wnanmt (2537: 181) ndY pH Aimnsaulumanaznausaumas nnaalse
AD TN pH 5 - 7
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Lenntech (2006: 1) N&1791179 pH fitnans anlurﬁm’mmmﬁ UIUNIIIALaN
ma"nu waaﬂmams Mt Fe” fa pH asannnia 5

#IM3U Micronized Chitosan Naassfi pH vy 4, 5 Ly 6 Mud1au I@ﬂi]tj’f%n14-1
erim']ﬁu pH ﬁmm:aulurmrﬂﬂﬂ:nawm Micronized Chitosan @"f\?’ii

Roussy wazfms (2005: unaatia) na1213597 Micronized Chitosan ENaNIITIN
aznewld@n pH Treduasldvnisanwnsle Micronized Chitosan 1i17asi ot tuiilau
winRu wudi i pH 5 anadudulndty 20 ladnudaday WUz aninwnisinded
"iqcﬂ

=n
hO) |

dausianuduu (mg/l) vesesnuaznewudazaiausniu ssdurinny 500
800 uax 1,000 mg/l iNaiTaAaa 136Nl 300 500 Wwaz 700 mg/l, Micronized Chitosan
iel iﬂ”J’l&J!.‘ll;J’umﬂﬂun’]'m@aEmﬂa 60 80 wax 100 mg/l WAz Cationic- Polyelectrolyte
aaasfFnuduTw Wit 0.3 0.5 was 0.7 mg/I
il pH UANAINUIUNINARDIVBIRITTINAE N RLFAZTRG Liias9 nETs
Nnuaznauudazsitalquauddlumshliifaaznawlddluanine pH wansdrafuus:
wananien pH LAz ﬁi‘rmﬂmﬁuﬂwaamsmmznaummﬁéﬂaﬁm‘mﬁaamnmiﬁnmﬁaq
msﬁ'lﬂ'mfmﬁﬁmnﬂaaaLLauLLauT@}uﬁﬁnﬂﬁﬁnﬂfium:naumami] (fiaen undiv, 2548: 75)
3221 sediflfilusnuaznau
1) §138U (Alum) Igasnaiadl fa Al(SO,); 14H,0 Tilala - 1
1IN VTN LueY 08 anwuenIImMenwsasssau il Iuas e nanuaas e
FIMWT 3.5

A - g
NINN 3.5 SNWIUENNNIENTWUBIRITRY (Alum)
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& d | =i A
2) wasnaaalys Tiigasmuaiifia FeCl, 990 U35 Merck
an¥IMENINIEMwLaWasanae lsduanlees NN 3.6

nnn 3.6 wadanas lsaanuSEn Merck

3) Cationic Polyelectrolyte 91n1/ 31" Nalco wiia OPTIMER 9916
(Dry Cationic Flocculant) dausznauilu Acrylamide Co-Polymer, High Cationic Charge
flanwuemamuonwuaaslddanni 3.7

NN 3.7 Twﬁénﬁn'[m'laﬁu-::qmn — OPTIMER 9916
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4) Micronized Chitosan 91nUS#M EL waz Corporation LTD. iie
Micronized Chitosan w&aanisuazulfanvas mm%’ugdqﬂ%aua: 10 danunila (1%
Souttion / 1% Acid) LYi1n1 50 cps. Deacetylation Degree LYiNNU 90% + 5 Han®mILeIg
nisnIwuaaslddsnInd 3.8

NINT 3.8 ANMIENIINILNINUEI Micronized Chitosan

3.2.3 nMsanaznaw

L?ﬁ'aﬁwnmﬁum'mam:nauua:;hum'jmm%na:ﬁ‘f"um"’: luwada 3.2.2 9
ﬁolﬁmn@1:namm:ﬁwmﬁunmtﬁamé’mﬂﬁ'ﬂuﬂ’rs@mﬂ:namm:ﬂ%mmmn@]:nauﬁ
Lﬁmfuua:ﬁ'lﬁna"zw?i'laaanu'm'swaauqmn'm'[ﬂ pLlRanUIREIWI T Ieaiifnafe
AU (Turbidity) Tasldunumsnaaasfifinue dausuwmwlunind 3.10 - 3.13 4
AU LVBIUHUNIWMINARBY UEaIlaes nmwdl 3.9
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Alum
pH & pH 7 pH 8
500 mgh 800 mgt 1000 g 500 met 80D mgh 1000 mgfl 500 mg 204 mgh 1000 mga
nniod inaad MARREE TRAEH YIRGAY nwaad b EE YIREHY bk 13153
s 241 3 4 2 4 adh 3 4 34 341 34
Pr ] 1 as Lo |
NINN 3.9 LHBMIWASNaaDALAD 'ﬂm'ﬁﬂ&ltﬂ HAVITIURATNAU
FeCl,
pH B pH O pH 10
300 mg 500 mgA 700 mgA 300 mg# 500 mgA 700 mgA 300 mgA 500 mgA 700 mgh
TIRGEY MNREL] THREHY THaR: TRAL] YR&gy TIRRAAA THRant YIRGE
34 34 24 34l 3 3d 3 a4 34

- - &
NN 3.10 uwunntIassadiett FeCly iuantiuaznau
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Cationic Polyelectrolyte

pH & pH 7 pH &
03 mgA 0.5 mgA 0.7 mgh 0.3 mgA 0.5 man 0.7 mat 0.2 mgA oS mg 0.7 mA
YIRZEY NRED] - TIAESY TRAESY TIREEY TREEY naaad nHagd naad
34 341 3 341 a4 34 344 341 34

AWN 341 wirnwNInasaaiald Cationic Polyelectrolyte LUUR133I4AzNBY

Chitosan
pH 4 pH S pH B
0 mall BOmgh | 100 mgh 50 gt 80 mgA 100 mgn &0 mg 80 mgh 100 gA
TeEDq NRASA TIREO] ihand THABA na&aed YihEoa TREDY LE T
34 3 4 34 3d 34 34 3 ad 34

A i A . .
nmn 3,12 wnsmwmImaaaadalt Micronized Chitosan tHuE I THINAsNEw

3.24 MMedaUMIAIEATISI Innsanasnonuas TS nmmnasnan
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324 mMsned@aumManI I IkmsanasnantazialSnamnasna

nIsnasoUIRaMIAIEA TS U seananasuRs IR MM naznaud
Lﬁ@%Mﬁﬁ%ﬂé’ﬂm“;Lﬁ';féﬁmaJ@znauﬁ'ﬁmmm@ﬁ'uuazﬁamuzmnmLﬂumm- - enafuanenerin
o4 1R 60 wnft Taedhathauasinemzmsanaznawas Bnmninasnawlunszuanaag
Tummesas useslddammnd 3.13

— = o L T B
NINA 313 ANWIETNIANAZNaUIUNSEUanNa14

3241 mMImAaaTLIImMIanaznaw
a0 ‘1 o o N - »
sldfuasamfianaznan () uszanugavasSinmmnaznas (h) Wia
N T
sezefiasnawnfawn il (s) uaaslumwi 3.14

o . e d  dw o )
NINN 3.14 szuzvnsniaznawnfowily (s, uas s,)
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Turbidity removal when using alum as
coagulant at pH 6
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! Turbidity removal when using alum as coagulant
: atpH$8

100 .
80
60 408 ’m\,

70.29 55.07] |
40 -
20 -

0 1 T T B
o 200 400 600 800 1000 1200

% Turbidity removal

Dose {mg/l)

] a o e ;oA e o a
mwii 44 dssEnBnwnmmivaemagwlislfmsdudummuaznoud pH 8

1:: 1] q' = - 'y B ' A L o
TNMWA 44 Wuhii pH 8 deimEnmmmindannuivizaasadaaadudy
s n' 43‘ - S [ =Y o s ==
PRIFIFUAVTNIIN 500 Lw 800 uaz 1,000 Tafnsusofdas enud ey leedlseinimw
m‘sﬂ']ﬁ'@mmﬂwmﬁ'u Souny 74.04, 70.29 uaz 55.07 enus

Turbidity removal when using alum as coagulant at different pH
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Turbi_&ity removal when using alum as';oagulant
at dose of 500 mgfi
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Turbidity removal when using alum as coagulant
at dese of 1000 myg/l
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Turbidity removal when using alum as coagulant
at different dose
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@131 4.4 deinimwmathdaenugwisldivainnsalsd (FeCl) (Humsa

aznauhidads pH uansnanu

ATTIU pH pH AU R E gy dUssiminw
fznaw nasad  washla YIRS Aauihda  washue nsinga
{Coaguiant) TINGENO% (Turbidity (Turbidity AINT
(Dose) Before After (Turbidity
{mgf) Treated) Treated) Removal}
(NTU) (NTU) (%)

FeCl; 8 6.70 300 1.013 87.46

470 500 8.08 0.997 B7.66

243 700 1.190 85.27

g 7.23 300 0.857 88.16

6.13 500 8.08 1.517 81.23

2.83 700 1.273 84.25

10 7.73 300 1,753 76.30

7.00 500 8.08 0.747 90.75

5.53 700 ' 0.877 89.15

IINITIT 4.4 WUR pH 8 anudintiunag FeCly Ay 500 dndnJusdaies
mansathdaanaguidggaiosss 87.66 f1uf pH 9 auTuTuues FeCl; iy 300
Iafnsudadias ﬁ']ﬁ@mmﬁuiﬁgaﬁga%'aaaz 88.16 wafi pH 10 AT uYas FeClg
WAy 500 adnsudaias mm‘mmﬁ'ﬂﬂ‘nmqiu'lei’gaqm%’aﬂa: 90.75
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Turbidity removal when using FeCl,
as coaguiant atpH B8

100 &7

0'8;

L

80 - 87.46 o7
60 -
40 |
20 -

% Turbidity removal

4] 200 400 600 800
Dose {mg/l)

M 4.10 deEimEnmwnsihdannaguiiald Fecl, tumssiuaznand pH 8

E!I ) a:ll. o & o 4 1 ] 1 Qe .dl.
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ﬂ’]‘a‘ﬂ'}ﬁ‘@ﬂl“lmqimﬁ'lﬁ'ﬁ fanaz 87.46, 87.66 uaz 85.27 anud1eu

Turbidity removal when using FeCh
as coagulant at pH 9

100
5 wie—_
S B0 S
£ 81.23 8425
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] 40
-
5& 20 T

0 H T T
0 200 400 800 800
Dose (mg/l)

3 = =) - r 1 A Ld i
i 441 deinSnwmaindaanusiudisld Fecl ilumsnuaznaud pH 9

o ' | a_ & . ' o
NN 411 wudmuii pH 8 dninEmwmmihdeanuguzanasiie
szauaMaduas FeCl, iRkuann 300 lu 500 fadniudefes landidseinEmwms
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o a [ @ [l b i+ =y (=3 o L l!ll J o
1IIaANUY% J098z 88.16 uaz 81.23 awdey uddssRninmwninhdeaniudwies
ndasillannuiduduass FeCl; tRatlu 700 Jadnsudadas fa Yauas 84.25

Turbidity removal when using FeCl,

as coagulant at pH 10
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24 FeCly 1fiNan 500 ilw 700 DadinfusadaT A souas 89.15
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Turbidity remova! when using FeCl; as coagulant

at different pH
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AN 45 UssEnSmwmahieanagwielfineIansalsd (Fecl) luassu

= oy L L L
aznaufiadpniy LU WHULANIA N

715718 ALY pH pH ALY ALY UsrEnTNw
fEna 2895 nedns  wasde  newhde  wadathye msthla
(Coagulant) aAzNoU (Turbidity (Turbidity AU
{Dose) Before After (Turbidity
Treated) Treated) Removat)
(mgh) (NTU) {NTU) (%)
FeCl, 300 8 6.7 1.013 87.46
7.23 8.08 0.957 88.16
10 7.73 1.753 78.30
500 8 4.70 0.997 87.66
9 6.13 8.08 1.517 81.23
10 7.00 0.747 90.75
700 8 2.43 1.190 85.27
283 8.08 1.273 84.25
10 5.53 0.877 89.15

d Vo e ws - s o &a oo e &
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i Turbidity removal when using FeCl; as coaguluant
at dose of 300 mg/t
120

100 4 88.16
80 - 8746
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Turbidity removat when using FeCl, as coagulant
at dose of 500 myg!/i
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Turbidity removal when using FeCl, as coagulant
: at dose of 700 mg/}
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Turbidity removal when using FeCl; as coagulant
at different dose
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% Turbidity removal
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423 ﬂizaﬂﬁmﬂ%msﬂﬁﬁ'ﬁmﬂmjuaanmnﬁ":aai'wfuaﬂﬂamtmmmu
(Turbidity Removal) Lﬁaiﬁwﬁﬁtgnfmslaﬁﬂs:qunn (Cationic Polyelectrolyte) 210
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Removal) Lﬁﬁlﬂﬂﬁﬁtﬁﬂi@ﬁiﬂﬁﬁﬁ:ﬁguan (Cationic Polyelectrolyte) 9nuSn NALCO
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(Dose) Before After (Turbidity

Treated) Treated) Removat)

{mgh) {NTU) (NTU) (%)

Cationic 6 6.80 0.3 2170 73.14
Palyelectrolyte 6.90 0.5 8.08 2.187 72.89
7.03 0.7 2217 72.52

7 7.73 0.3 1.790 77.85

7.73 0.5 8.08 1.670 79.33

7.83 0.7 ‘ 2.297 71.57

8 8.37 03 2.457 69.59

8.40 0.5 8.08 2.277 71.82

8.40 0.7 3.060 62.13

4 oo o a e (e
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! Turbidity removal when using cationic
polyelectrolyte as coagulantatpH 6
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Turbidity removal when using cationic polyelectrolyte :
as coagulantatpH 7 !
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Turbidity removal when using cationic polyelectrolyte
ascoagulant at pH 8
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Turbidity removal when using cationic polyelectrolyte
as coagulant at different pH
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Turbidity removal when using cationic
polyelectrolyte at dose of 0.3 myg/l
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Turbidity removal when using cationic polyelectrolyte
as coagulant at different dose
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Turﬁigit_f removal when using chitosan as
coagulant at pH 4
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Turbidity removal when using chitosan as coagulant
at dose 60 mg/
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Turbidity removal when using chitosan as
coagulant at dose of 100 mg/l
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Turbidity removal when using chitesan as coagulant at
difference dose
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F71790 410 daSuasunenacnaws el duilvasruncnow

o = a ow f Y oA EEL R = -4
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pH Dose (mgfl)
500 800 1000
6 0.60 0.69 0.65
7 0.94 0.85 1.27
8 . 1.56 1.32 125

Flocculant settfing when using alum as coagulant at pH of 6
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Flocculant settling when using alum as coagulant
at pHof7

2.5e-01

2.0E-01 -

1.5E-01 -

h (m)

1.0E-01 A

5.0E-02 -

C.0E+0D 7 T T T T
g 200 400 600 800 1000 1200 1400

Time {s)

—e—dose 500 —a—dose 800 —— dose 1000

A =3 o = A B 8 a ¢i
ANn 4.35 famsuazderuiTinianaznawilaldmsduilussrracnaud pH7

FInmwfi 4.35 wuihmsanaznawesieniitldss Tasfisnznesas pH
Wiy 7 5@‘51L%amﬁ@mmnaug@qmﬁ@%uﬁmwrﬂ’mﬁ'mﬁ’ﬁu 1,000 fisdnSudafias Ao
127 x 10" wasdaiwfl sesmandafienududuriniy 800 usz 500 HadnSudaias
Tnefirdanmenesnawadolndifiuaiuide Wuanehs wirfy 095 x 10” uss 094 x 10
LaTAaIw aus1ay



92

Flocculant seftling when using alum as coaguiant at
pHof &
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a = p a ' Y a o . = -
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pH Dose (mgfl)

300 500 700
8 2.30 ' 2.12 2.21
9 2,55 2.00 2.71
10 2.40 217 2.23

Floccutant settling when using FeCl; as coagulant at
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Flocculant settling when using FeCl; as coagulant at
pH of 10
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nefa lunmnesimsanaznau (1-5 wiHiuIn) myenaznaussdsnwusduuuusg
nguuiunfenuaztranasussdgarie (6 - 20 wifl) wlianwasmIanaznawuyy
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wuuaraiiugue (Accumulation) lasusnduusinneznaunuinlaatsTaauuLasnig
faUsznsumdnriaaienan lsdiiusTnuasnauanaznaudlagilndeaaasuan
o R B - ﬂ‘ = J = a E3 =3 :’r L all
gy iranuazvasndaafiiatuldaneneiiiuiminaiauss §9nTwh 4.55
1 - d. - J‘ ¥ A5 = A:':k L7
PINNANIINAFDINDIINTANaznawyaInRaafitindudawirainiiaiouny
L5 - = ﬂ‘:’ JU F=% o = [ d. = J "~ [} L2
mildmadudumsnueznan vellfulsnuldinfeniiaafifiatiulanuasdaut
d. L [ = + [ Y o = :’ c:
Nay (Spheres Shape) Lanasaaaila) WovdInaliiiausssnuLsaTuanuluiia
TumrdsaivwaluaeinldhihminunuazanaznawldiiuleifisuiuWiaad
anaznawlaglfasduduassuaznau
WaRrsmdaruiintIanaznaw (Flocculant  Settiing) laslfiwsiansaled
(FeCly) ilumaniunznawwuiif pH 9 hunaesweianaalsdivinny 700 Tadnfude
o " = o« A o e = i | A . |
863 i'!a@mmmwnmnawaawﬁaﬂLiaﬂqﬂTﬂuuaﬂﬂl.'nmﬁmmnu 271 x 10 1ua37
e aH o A A . A ool v v o e e
dadu1fl a9813190 4.12 savnaanfiedl pH 9 1TwAeIny Naududu 300 Ssdntuda
o o = H Y -4 &= = o & o a X A
a3 faaruSafmyinny 255 x 100 watdaiuf fudarindgaiaiiuian:
pH Wit 9 leafianadudurindy 500 fadniudodias snnaminaandluanined
4.11 i}:wuiﬂu‘qnam’:: pH aaiiiniranaznauladgvzasasiionmudutusas
L nl ; [ a & O ] = L (-3 d‘ 5\‘ J" A‘
ssEuRNIUIN 300 1Tu 500 Hafindudefias uazdanuadsesRugaiuiianny
.n. - A Bt [ = z A’u - s o ]
WautwAuiiu 700 Dadnsudaiag netaaruiansanaznawmiaaInANUFUARTIERINI
- o - o s v r o
LI (1) WREAIWFIVINN (h) winsztziacnaunfanily (s) ﬂ"llﬁﬂﬂu‘l’lmﬁﬂﬁﬂu%
A o o ] ' 1 el P - v o« &
wiaufillfszuzanudniilnifinadi g seldusaltudrsvelandaiunsivnng
AnanawdIiitlaeng dan 1w 4.37-4.39

a = 4 &,
4.3.3 MINARDIMIBATITINTANALNDWLAD LY Cationic Polyelectrolye tilu
#A1TINATNDH

mmasasnsasTuiimsenaznawdiald Cationic Polyelectrolye (Optimer 9916)
Jusmssiuasnan Han1inasaiuand laain1sHi 4.12 uasmwil 4.40 B4 4.42
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A5 4.12 davuTnadunisanaznauiialy Cationic Polyelectrolyte LIuanssiu

AzNB

sarniimianernawadsaagieihfunsssusuuruialy
Cationic Poiyelecirolyte Huaeruaznow {x 10" m/s)

pH Cose (mgfl)
0.3 0.5 0.7
6 245 3.38 222
7 1.89 217 224
8 1.84 1.85 2.30
Flocculant settling when using Cationic
polyelectrolyte as coagulant at pH of 6
2.5E-01
2.0E-01
= 1.5E-01
E
£ 1.0E-01 4
5.0E-02 4
0.0E+00 ; . ; .
0 200 400 600 800 1000
Time {s)
E—o—dose 0.3 —a—dose 0.5 —«—dase 0.7 ;

A = S = A o . .
ANN 4. 40 ‘ﬂﬂmaua:aﬂﬂunm‘mn@:naumal’ﬁ Cationic Polysiectroiyte

(-1 Gl 1 Lo
WHussTiuaznawh pH winu 6

LIMMWA 440 Wz TR 4.12 WohmIenaznauvenFeniiialfies Tand
AMENa8asy pH Ny 6 é’ﬂﬂﬁ'zmwna:naugaqmﬁﬂ%uﬁmww‘]’m‘fumwﬁ'ﬂ 05
fsdnsudafas Teenanfefenudaudiuyiniy 03 usz 07 Ssdnsudalay enudeL
Teiidaridnaiomenaznawrnny 3.38 x 10°, 245 x 107, 222 x 10" weawdadufi e

feu
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Flocculant sattling when using Cationic polyelectroiyte as
coagulantatpH of 7
2 5E-01
2.0E-01
—. 1.BE-0t 1
£
< 1.0E-01
5.0E-02 -
G.0E+00 : : T . .
o 200 400 600 800 1000 1200
Time (s}
| —e—dose 03 —m—dose 0.5 —a—dose 0.7’

AN 4.41 HiemanszaaTiiinanaznauiialy Cationic Polyelectrolyte tTuans

Tseznawh pH Wiy 7

MMAA 441 uszeanTsf 4.12 wuitmsanaznastesnianiafliess Taudt
§Mzneass pH whny 7 é’ﬁmﬁ’ami@nﬂznaug&qmﬁﬁ%uﬁmﬁmﬁ’wﬁ’mﬁﬂﬁ’u 0.7
fsfndudalny sossunfefienudadurindy 0.5 uss 0.3 Ssfinfudelas enuddu
TasfideriFuaiomsanaznawrniy 224 x 10°, 217 x 10*, 1.89x 107 weasdewf ana

Al
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Flocculant seftling when using Cationic polyelectrolyte as

coagutant atpH of 8

25601

2.0E-01 - :
—~ 1.5E-01 4
E ;
= 1.0E-01 -

5.0E-02 - .

0.0E+00 r ; r

0 200 400 600 800
Time (s)

4'—+—doseo_3 —%—dose 05 ——dose 0.7 |

N 4.42 femauazdasiiimsanaznawiiald Cationic Polyelectrolyte 1iluas

TIueznawd pH ity 8

| o : - =T e o
IMNMWNA 442 URZINTIN 4.12 WUIMIenaznawLaInaanin iy taad
| e a a & A4 o ;o
&MEnases pH Wiy 8 am‘mL%’Jmfsﬂn@:naugaq@Lnﬂmuﬁmwmmmmnu 0.7
=) ol 1 & l:‘ 7 7] [ Qe == ] [ =1 d
infnTudafat Tosasundafiomududiurinty 0.5 was 0.3 UadnTudasas legfianny
Wiudu 0.5 usz 0.3 findnsudeiiay JoaTuFinmsanaznouindifsanuwis liLand sy
L = d' cf S L - =] B [ ] @
TasgasFuafomIanaznawiaulduds 0.7, 0.5 uaz 0.3 Nasnsudafas WAL
-4 -4 -4 =Y b S
230x 10", 185x 10, 1.84 x 10" wasaadund enudey
::'1 o 1 = c:i =3 & -1 (== 1
WatheaaminmsanaznawadtsaninTymestia 1ae5laeiT One Way ANOVA
] ' a = A ' [ Qu & g '
RamanaLanessdamnsenasnowads luusissifedn pH usetduemnudadu wuh
7] A ' ] o ] B a St =¥-1 [l
samiIimsenaznenials ltandnuedsliindmdgymesia (P-Value > 0.05) uddl
o A o s L) cl t:‘
uwIluneshn e Tnsanaznaniafuildounial
d"'.- A‘ & [ 2] as F=3 [ .|
MG KM Inasaatuielddn  mIanaznawlaslfmsiniina iy
e = qr a & o . N
@:naulum:mum{[ﬂuangmﬁu — wWhangiati tRetiuludnioie Polymer Bridging
1 e d{ 1 ] e A
n&ahs mﬁﬂmsfw'éL:ua'§Li‘Juazwmmamm:mwam&mﬂﬂaaaaueﬁamac]@n fign
a a = ¥ o & o W = d = = @ vt
‘mmuLﬁmmmwmﬂiwamasﬂﬁqmnumm A lawRanfudnuazfaniieiulde
lagannisFnessvwinsnIanaznawwianazfavadaut i nussiUsuiundan
1 s a z A’ A r—J A r- °l r=1 =1 B 1 (=)
southatag neftnaflaunnniBinulniweFidedivtinme ©3 - 0.7 dsdnTudadiag)
L= - A = J A v L7 1 A A - A =
LEANHLzIaINRanf el snruzdawTNa LN ainuAuWRanfiAaan
AT sF U URIITTINAZAAN  INMTRUNARMININARaINLIN  mianaznaulasld
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. . = =y :3’ e S ae 2
Cationic Polyelectrolyte Tusimisesnaneztiaduldidinn legazanasnanldifiay
f 4 v oa o . .
waaneugiaIan 10 wif &ﬁ\‘ia’%u‘lﬁg’!ﬂ@?’l Cationic Polyelectrolyte OPTIMER-9816
sl waiNN I I U IO NN NS N AW IO N D RN OIS LA LINS S IUA N b6 UTILAS
wiusanaznawled Manstinawtennuditunduitiinadh (03 0.5 fsantudeaa)
= ) G g o £ :' o J 1 r-1 n:' e =
Felalavinlianuvialishiatn  gaaldlinsisussdwmIanasnawyasnion i
Dt ] r ol o= & 3 - Qe =
Frnensingy e lRasmunsnenaznan o ke
Wansandesuiinisanaznaw  (Flocoulant Settling) Loamwia  ilald
Cationic Polyelectrolyte ilumsnuaznanfinnanmenimesas wuh # pH 6 anandy
w N T A A = e - LA -4 )
% 05 fafnfudafiay ddasuTinsenacnawadugeiign il 3.38 x 107 Luasds
F=-1 = = .ﬂl [ L7 -9 = B n = Q' [ A
Ff sssnsanfiafipH 6 eududu 0.3 dsansusedas ddaniinsanaznawais
1 Qs ‘4 (-] = 1 ot = dl a: =1 J ci
Wit 245 x 107 wasdainfl sudasuhnsanesnawaiadigafiaiui pH 8
L7 A = F=9 = 1 = T ﬂl T T "4 El =% o
ATty 0.3 Infnudofas laafioanSuafawminny 1.84 x 107 weasiaduif an
a ' 4 . a ' a A & ] 5 . .
uanTesasasnaTduninFinain pH fuasedarusSimsanaznowiisld Cationic
Polyelectrolyte LIugstinaznau nanihe Wisaszansznawlafuaziilutis pH 6
(Adidic pH Range)

434 uamimasssmanTuSInIAnaznanilals Micronized Chitosan
WkasTwaznaw

mynesvnsaTSimIanaznewdeld Micronized Chitosan (JlusnTmuaznouss
mmasasusasleaImTeh 4.13 us: MwA 4.43 B9 4.45

H o P A o . . .
@15191 4.13 deSualunsanaznauiiald Micronized Chitosan tTlusssiuaznas

a = o “ , ¢ a o 4w o, . . =
AT T UAEREMIANAZRAUAIE W ILRE ARSI LWL FLIL ﬂ.l'ﬂ Micronized Chitosan {lwsnsmiuasnau

(x 10 mss)
pH Dose (mgfl)
60 a0 100
4 0.79 1.01 1.70
5 0.96 D58 0.55

€ 0.57 0.55 0.83
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Floceulant setling when using Chitosan as coagulant
at pHof 4
2.5E01
2.0E-01
— 15E01
g e
< 1.0801 :
\ a-
n :
5.06-02 - ;
i
0.0E+00 , : . . : : ?
& 200 400 600 BOD 1000 1200 1400
Time (s)
Er—o—dose 60 —m—dose B0 —— dose 100!

AN 4.43 FemnadszdaTisinsanaznawial® Micronized Chitosan tJua1553y
faznauil pH Wwinny 4

PN 443 uBzansf 4.13 wuimsanaznawussWioadiBilaes lasd
&NENaRd pH WAL 4 é’ﬂﬂL?'zmmnﬂ:naugaqmﬁai‘fuﬁﬂmm{l’uﬁumﬂﬁu 100
fiadnsudnfas sosnsnfefn i ud ity 80 uss 60 Sisdndudaias enuddy Ten
ffamiSnaiomsanasnawriAn 1.70 x 10”7, 1.01 x 107, 0.79 x 10™ wassaiuf
MuIdAY
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Flocculant settling when using Chitosan as coguiant at
pHof 5

2.58-01

2.0E-01 -

1.5E-01

h {m)

1.0E-01 -

5.0E-02 -

0.0E+OD T T - ; . -
g 200 400 800 800 1000 1200 1400

Time (s)

| —e— dose 60 ~&— dose 80 —a— dose 100 i

H ™~ a | [V . B #
ﬂ']“ﬁ 4.44 'ﬂﬁﬂ'ﬁk&ﬁ:aﬂﬂL%’Jﬂ’]'j@nﬂgﬂa%L&iﬂl"’ﬂ Micronized Chitosan Liuan3574

l:l 1 T
aznawy pH nInL 5

PINMNTA 444 upzanTefl 413 wumsanasnanvaswEaniSalies Teed
gneass pH iy 5 é’ﬂm%’smmnm:naug&gmﬁaﬁuﬁmﬂmﬁ‘mﬁmﬁﬁu 60
finanssadas Tasssandefinmudidiuriry 80 uss 100 Sadndeades enuiets Taadiden
Saalemanaznawyhiu 0.96 x 10° 0.58 x 10", 0.55 x 10° s anudne
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Flocculant setling when using Chitosan as coagulant
atpHof 6

25601 :
20E-01 4 W !
|
= 15E-01 - 5
E
£ 10801 |
5.06-02 -

0.0E+00 : : ; : : :

o] 200 400 600 800 1000 1200 1400
Time (g)
i—e—dose 5 —a— dose 80 —a— dose 100 |

A = o = d L A N - b
NN 4.45 ‘ﬂﬂﬂqﬂuﬁlgﬂﬂﬁL‘S’Aﬂ?‘é’@lﬂ@Igﬂﬂ%Lﬁalfﬁ Micronized Chitosan Liluans14
d : gt
fzNaUN pH LNINL 6

PIMNA 445 LazeNTHA 4.13 wWuimIenacnawyainfaniiilasss laat

FNIENAFA pH iy 6 é’sam%an'lmnﬂsnaumﬁﬂ'l,aiu,@m@mﬁ'mqﬂ6] anudutu fa
e = - v A -4 -4 -4 &

foanmsenaznawaie inny 0.57 x 10 , 055 x 10, 053 x 10 Wassadunf
audau

d 9 1 @ A = F=¥-1 r=%

diakdaaniimsanaznewafsuniesz¥inigda [aei% One Way ANOVA
I-J ] o A ] Bt bl el B4
Wawmanuuandszaaniiimenanamaioluudssifads pH  uaslisdoamadudv
WU Sarusimsanasnaaiy divensneiateliimagmesta (P-Value > 0.05) ued

. A a G G [ A t.'l

g ldufezvrldderuSinsanesnauiadedfonudas

d‘-” ; =% L -7 - lﬂl L

NIRMNEANTNARadaTNald7n  nadIesnanuacaneznauzaswWianilalsy
- - . =% a‘g o Lo ko -
Micronized Chitosan \IuaTsiuaznaw sNatiulusansae@enuiums i wddidniasias
- o a & & A ( a e o E
fia 1°nmﬂwaL&Janﬂua:mm?ﬁaamamwaamgmﬂﬂaaaamngrgmmmmmwmn

o § 9 F=1 4 . . - =

m‘:‘mmuﬂszﬁ;ﬂaaaaaﬂmﬂﬂ‘s:ﬁg‘mnwaa'[wal,uas 1Ws12 Micronized Chitosan @8
[+ F-3 =) A L= 1
dluasuvenaulniiuefniiantis nMsfungniIenaznawyasndansznineniy
NARDINLIN WRaRWaY Micronized Chitosan SpwaianuasiiRunnasnfondaudnaiay
A F=1 T & [ = . " [ =l = n:l =3 .:3’
WapununiTldmtauuaziwadnnss lidiliuasnuaznawuaziivSuimwian iAot w
annmsldindaesdia Cationic Polyelectrolyte LHuaNTInzNawLAN1IDY

PINMIFRNAIAT I I ITIMIanaznawvaInian leald Micronized Chitosan

[l A .d e — ) g G G } A -

Ui Tnuas nauwnu M asswiuaInasn N ssauR NI wa N s uana 339 1

- L o = = Bt as . . - &
nesaddinlietnethg Watfisuiunisld Cationic Polyelectroiyte LUuansTiaaznau na
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fRufingwldnn Bunawiaanududuras Micronized Chitosan fitduasliflusnasing
:’ el [N el 1 (=3 d S 4
DiFnassuswuaulitiaugs (60 — 100 fadniudadas) FtSunamIeanudadu
NI NNt uLas Cationic Polyelectrolyte 1/5zanak 140 - 200 wh §eaasanalsh
ot J a LT - . . 8 G ) & - -
ferunilagiudavhld Micronized Chitosan enmznauldfindimsld Cationic
= o A a
Polyelectrolyte LwanTueznan S9RENN8aINUMINaandIted Y.Q Zhao ( 2002: una@LE)
na i wedntTamsenasnanyes wWRanmansneunuidlansnwasvaininauds
lasssrnlwiwa FMRunutiuUhinmedwiweiidussluaisdrah nanfe e
o a o by & N wa A = & A o= a
anatdudusasiniiwailubigadivesildfihfinnunitogeiuniaidunisfaus
\§uanw (Drag Force) tNasnumumsanasnay wananuugaia Wall Effect luwms
o | o a o 2 o Y & 1
WansalenaPemeiwaslwiweddefalddanimIaneznaunssnfanaans
WaRsandasuiimsanaznew (Flocoulant Setfling) WMWIININNNTIEMS
Micronized Chitosan (iusmsniueznanfinnanzmsesss wui 91 pH 4 asidadu
e - T - e (-3 = | -4 f
Wiy 100 dsdnfudaay ddamihimseneznawalsggariiu 170 x 107 wasda
A1 Fa9R9NNAa i pH WA 4 enudiduynay 80 Sadnsudalas ddeTuTinisan
i 1 @ -4 1 & 1 A L Qs - ' [ =)
PzNaWRRUYNAL 1.01 x 10 wasdadwifl @il pH 6 anumudw 100 Jadnsussias
o = 8 a -4 [ a = «
fidamiTinsaneznaudigaialin 0.53 x 10 wasdadwdl Mnwammases O
R ] A Lo . . .
Funeiuiialfas Micronized Chitosan illwassiuaznaw Wasnlzanasnaw eauas
= A . - . P = L o . .
15711 pH ¢n (Acidic Region) Tailwlilufiamadenuiumai? Cationic Polyelecirolyte
i1 Bl A [}
dusnsnueznaslasss  SarhinsenenawlafsfIgano s m TIINALNALLERI
o A o
easa1Ten 4.14

1 a = .
@151911 4.14 2O TUIINTANGLNDULER EI@'G FATSILARZFIIINASNDU

Coagulants A7 pH,Dose (mgh)
mMIaneznawady
) (x 10 *m/s)
1. §1784 (Alum) 1.56 8,500
2. \Wa3ansalse (FeCly) 2.71 9,700
3. Infafilszauan 3.38 6.0.5

{Cationic Polyelectrolyte)
4. Micronized Chitosan 1.70 4100
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4.4 Lﬁmmn'mmnaummﬁamuwé’mnm:nau‘[ﬂans:mun'ﬁ‘l‘mmﬂgmim

mmiadSimmnaznawnastie aemsduaindSuineznawdon (Wet Sludge
; e i B :J = a |
Volume) Tunszuanansuwa 100 ml Wadsasldanaznaufivna 60 wiil Imijunmamhjd

o R ' Bl - = = ) T o
24N mnINaznaw ml 6o Suesanatiainigs 1 §as TINAMTARD I UG

4.4.1 USnmnnaznaw (Wet Sludge Volume) asinaamgnasmainailfasen
. & Y] | TRR=
lananpanwlasldarsdundnwarsnuaznon
USwamninaznau (Wet Sludge Volume) adLdB N BVRINITAal§ASA
Iﬂme;sL@’Eﬂ@ulﬂﬁ'msﬁmLﬁumﬁ’mmnauimﬁﬁ'm&mzé’qazhdmmﬂ:ﬂauawé’n

LLﬁﬂﬂi@ﬂﬂﬂ'ﬁWﬂ 446 Laaxir'%mmmﬂmﬂamaammmmm&mlmangmmu PHIRTINN 4.15

i l:. =) Fi‘ (= a0 T =
NINT 4.46 NGEnNawyItNaUw o LI87 60 ‘m‘nmnmﬂ”ﬁmﬁamt.ﬂumﬁﬁqma:nau

a A e a 9 2
Q19191 4.15 USumninaznau (Wet Sludge Volume) v1L387 60 uqﬂLﬁJalﬂﬁmﬁﬁ&l

" l:] 1 G
LHussTiveznawh pH wanenany

PSurmmneznaunsniailald Alum Huassiuaznan (min)

Dose (mg/l) pH 6 pH 7 pH 8
500 21.70 41.70 21.70
800 21.70 36.70 35.00

1,000 23.30 48.30 46.70
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INNINT 415 wudif pH 6 :ﬁiﬁmmmﬂm:naummﬁahm:uaﬂmw’hq@
winfiu 21.70 SsfFnsdofas Aemududuuosmsduyiiy 500 ua: 800 SaAnsudatas
pH 7 ﬁ'mwmmﬂmﬂauﬁ’]q@ﬁa 36.70 faffasdafing fnnuddn s sEunTL
800 JnANIWGaRAT &1l pH 8 ﬂ%mmmnm:nam%m;ﬂm1.ﬁﬁam"]ﬁuﬂ%=U'1mm:raau§m"fimﬁ

pH 6 fia 21,70 dafdasdafas AanuduTuuesssfuYnAL 500 Saasnsdadas

Wet sludge volume when using alum as coagulant i

atpHof 6
60 - |
i 50 | {
5 40 |
> 30
5 20 23.30
g 10 |
0 B . L
Dose 500 Dose 800 Dose 1000
(mad) (man} (ma/t)

‘:l d G a4 @ o5 i 4:" i et
NINN 4.47 ﬂ%:u’lmmﬂcﬂznamamhmmmmmmwumaG] 71 pH LYINN1U 6

- - | | e "
PINMNA 4.47 WU igmaz pH iy 6 ﬁmmmn@w:naufgmmﬂlummanma
d F:’ = = [ S =9 [~Y =1 i =1 A o Q-
Watialianaznawduian 60 wifl wianu 21.70 Iadaatdafes Aanududu 500 waz
800 UFANIUGAARNT FIUNNNUTUTULIFIRNYIAL 1,000 Jansudafias dUSumnan

ﬁ:namg@ﬁ'mlun'szuaﬂmam'\ﬁ'u 23.30 §nRRasdafes
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Wet sludge volume when using alum as coagulant
atpHof 7

o (o3}
o (=]
|
|
|

Wet sludge volume (ml/l)
— na (7]
(=] o o (=]
|

s
(=}

Dose 500 - Dose 800 "Dose 1000
(mgh) (manl) (mgh)

M 4.48 PSunanneznawdlalimssunnadududieg 7 pH winiu 7

FINIWT 4.48 Wi FAisnas pH Wy 7 Binmmnaznaugaringlunszuanaig
ilanaldanaznawiivas 60 Wi Wil 41.70 fenaduturingy 500 fsansusaaas 7
ANUTVTUVAIRIFUYIINY 800 Hadnsudadas LUSumnineznowriiny  36.70
iafRasdofias saufinnududuwsassduinty 1,000 Sadnsudedas SURwnmnan

ﬁ:nauﬁ;@ﬁ':ﬂlumwanm&mﬁu 48.30 JaAanIdaaas

Wet sludge volume when using alum as coagulant

atpHof 8
Bl e === -
| E S0 |
E 40 | :
S 30 I
L \
L]
E 10 - ‘ |
01— —_—
| Dose 500 Dﬂf-e 300 Dose 1000
(rmgfl) (mgA)

A d s o - L i d i A
NINN 4. 49 ‘Lr%&nEHﬂ'lﬂﬂtﬂEl%Lﬂdﬂl‘ﬁﬂ’]ﬁﬁiiﬂ?W&JL“i.lﬂ-i“]‘.l'l-t@ﬂﬁf] 11 pH WU 8
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PINMAT 4.49 Wu Aanz pH LNy 8 USumnines namwmhmmarm 2%
Juamlﬁ@nwnaumunm 60 W1l iU 21.70 Anadudiuyiniy 500 IaRnsudnaas
=r|m*1;Jmmwadmiammm 800 Hadnsudafns HUSINNIN@znawyiTL 35.00
faffasdefny MuinnududwresmTsuTiey 1,000 dsdnsudadas AUSymnn

ﬂ::ﬂamgw‘ﬁﬂunﬁ:uanmmhﬁu 46.70 JaRaaSF0aaS

Wet sludge volume when using alum as coagulant
at different pH

()]
o
|

9]
o

iy
(=

Wet sludge volume (ml/l)
w
o

20
10
0 - 5 . E SEHE
sludge vol. at pH6 sludge vol.at pH7 sludge vol. at pH8
[ Dose 500 mg/l Il Dose 800 mg/l (] Dose 1000 g/l

i = r-{ L e @ L ] A i o
n'm‘ﬁ 4.50 iﬁ“mmn’m@:ﬂamwal’ﬁmﬁammmmmmm’wS] 71 pH LONa1dnH

' w & A .
PIMMWA 4.50 Wy NN&N19e pH 'Lf%mmmn@:ﬂauﬂumluugwumaﬁmm
o 5 Lo ‘:; ‘;‘ (-3 - et ] £

ANUTLT U DIRTTIUANAUAIORISRULALLY 910 500 1% 800 uaz 1,000 Jaansudefias
AEANGU BNIUN pH 7 Iunmnneaznauanadtlan i utuuaIgsFuLNGeIn 500
[ - - et [ - 1 r_{ :f cJ o c.;l -
1 800 AadEnTudadas uaLSunmninaznauastNuaNnUwilalSainman s ile 1,000
isdnsudafes

d (=% A B @ B

ianaTmndSununinaznan (Wet Sludge Volume) Nia9unnudiutv nanis

nasaiuadii
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H l'.l § Qe ke
@151 4.16 USunmninaznau (Wet Sludge Volume) fitaan 60 wiiiiialdssady

Wussraznawia i udwianedany

WSunmnnaznaunstwiadials Alum [Husssasaznan (min)

PH Dose 500 mg/l Dose 800 mgll Dose 1000 mg/l
6 21.70 21.70 23.30
7 41.70 36.70 48.30
8 21.70 35.00 46.70

PMNENTT 4.16 wufienududuuasansiu 500 S8ansusases 150N aumn
@:naummﬁalumwanmw’hq@mﬁu 21.70 faffnsdofias 7 pH wosmsFUTY 6
usz 8 Tieuduturesanssy 800 IsAnsudadas U%mmmnﬂ:nawﬁq@ﬁa 21.70
IsARasdaRas 7 pH vasm SRy 6 Saunududu 1,000 Saansudaias U3

nl =1 i s = =1-1 1 = L i e
mn@;naumqﬂmmaammu 23.30 URFRNIFORAT 71 pH YBIRIRUNNL 6

Wet sludge volume when using alum as coagulant at
dose of 600 mg/

go————= S

50 |
40

30

20

Wet sludge volume{mlfl)

pH 7

i P . - W e PO
NN 4.51 PSasmnaznauwisniiez pH @749 NONULTUYULDIRIINULYIIND

500 JnAnIudofns

PNmMnA 451 WaRnsnfinnuduiuvesssdurinty 500 fsdnTusiodas
wudnilasn pH WAatiuan 6 1w 7 Binmmneznawiaiuen 21.70 Sasaasdaias
\ugiga 41.70 daffasdadas usziila pH Wadwilu 8 Psnmmnaznewansiwae
21.70 iafaetdafas
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Wet sludge volume when using alum as
cogulant at dose of 800 mg/l

wn @
= =

pey
o

Wet sludge volume (mif)
%) [
o} [=]

=
o

(o]

pH 7 pHB

NN 4.52 ISInmminaznawngniz pH @199 eyt uyasgnssuring

800 UaanINdoaas

-‘ ‘_‘I =1 .J v Q- B [} S [=1 =y G [ =
'Q’]TiJ’ﬂW‘ﬁl 4.52 L{aWNIINO AT NYUUDIRIIRULYIINL 800 URKATUADAAT

L] .'ﬂl E: .:* a n’..\l L"g" =1 e i (=3
WUIILNE pH tAWLTUIIN 6 W 7 dSunmninecnautwadiuain 21.70 JUARNGIRNDNEGT

- a an te | a & ooam Y
\ugsga 36.70 sianaasdaias uaziila pH Walwilu 8 YSunmnnaznausesainiian

= } ==

AILARD 35.00 IRaanIsaans

Wet sludge volume when using alum as coagulant
at dose of 1000 mg/l

60 R

50 -

5
o

Wet sludge volume
(mil)
] w
o o

b
o

(]

pH7 pH 8

F‘ d [} l:‘ L @ ar
NINN 4.53 USuwninaznaunanag pH @146 NONULTUTUVDIRNTRY

winNL 1,000 Jafnsudadas
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PMMAN 4.53 WaRarsanfenu il uyasassuynaL 1,000 Sadnsudadias
! e a o s = Oy 2 £ e o
WUINAE pH tWNTUIN 6 L1UW 7 YdSunmmnasnawinaiuin 23.30 daddeasdafies
&) - & 1 A & = = 2
LUFIFA 48.30 Undansdafey uasila pH tAntwily 8 ﬂ'ﬁnmmnmnauﬁgwnmamaa

WEndaunsaia 46.70 J8Raasciodas

Wet sludge volume when using alum as coagulant
at different dose

60 = - |

Wiet sludge volume (mi)

sludge volume of dose sludge volume of dose sludge volume of dose
500 mg/l 800 mg/l 1000 mgl

B pHE M pH7 [JpHB

H l:l i l'-‘i Ay 2 =
NINT 4.54 Bumnmnaznaunamaz pH @13 mamlﬁmmmﬂumﬁnmznau

4 L v B
NOIULYUUULEATIONINY

e i = LT T @ o

PINMAN 4.54 WU INNEM A NUTHTUUBIT RN USINMMNasnawnIunag
msinie leewuaumslosanpuadudivwbinlulufiomadioanu ninafie nng anududu
o o . ¥ a4 a o = = & i A
o pH asmedsdiFuRnTuIn 6 1w 7 USinmmnaznawsziiugsdu udiiia pH

o ' - a = « e o e @
PasdratiiiFaRle 8 Ulinmninaznauazansdlaninldrananiiza g
| S aoa o e .A %) (% - ) Qe " £Ea
LYINLY 500 AURBNTUADAAT WANENIEAMULTUTY 800 wa: 1,000 dsaniusonas U3aunm
= & W o a &

mMnaznawseadtNeLanitaaLia pH 1AL N 7 11w 8

INNANTILATIERNealasld Friedman Test For Several Related Sample

i d o ¥ ~
(K Related Sample) Sauifisunnuuandrsvaddiunmninaznawialtassduduas
(=Y A o o L% LS i A =9 .:l’
TuaznaulasRasNate pH wastladuanudivdn W USsnmmnasnauiifiotwle
uginzilade pH uszilvdunnaudutulivandranuatnalilufmaymesiia (P-Value > 0.05)
= w A v A d o

wadluwa ldunosy WU unumnaznawiaiu i fuwudas

Ly

mkIINHaNIINasaIvIINIMNINAzNau (Wet Sludge Volume) lapniwiaa
A'J L L - [ B B = - = .
Walgmsdgudluminuaznau wuhanruzasaznouwsn IRy ian s duuiunigu
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gan i 446  usndlsanudutuwrssmsduAsunduginaliiuisninaznaud
walingstulugnantas pH- Ssnkamsdnwsaandasiunguiind i inw
mnaenouiifennuushdaidemandmemw  AetwilosmmBinoassansiuris
LLa:ﬂ’%mmmaam‘?aLm'maaﬂﬁtammgnmﬁ'ﬂLLazmﬂm'ﬁ’mé’aﬁ"umnm‘s‘l"ﬁ’mﬁwmnau
TUNF 9 TasSun Az nauLAZA NI BINNazN UL AR HsEHINITUIBMT lalen
meu - WasagLaTL a:'fuagjﬁuﬂi:mw"sa'ﬁﬁmaom‘s*nam::nauﬁlﬁl.a:aﬂn:n'rm@aaa
Aguilar WRZATIY (2001: 6) 15w A pH uasfin It uvaIEITIURENoWUANe T udw
%anamimaao‘q@ﬁ fiwuin 7 pH 6 L 7 SradamsifiaSinmnmnaznaufiuandnai
aemududwiiaduon 500 1Tlw 800 uaz 1,000 Hadnsudedas arudey

i pH 6 7 uas 8 B annaznauiiuwlusasafaenududuniatimas
FITEUARAIIN 1,000 10U 800 uas 500 Hadnsudafaseuieu uasf pH 6 anuTuTy

L ]

500 uar 800 Hadniudades ﬁﬂ%mmnmﬂ:namﬁ:'}qaﬁa 2170 faddaisodaT uashi
prudiutu 1,000 Sadnsudedas Aueitinannaznawiviuudifnt wi adnites
Liuanensriuanmiin Mafldufieymldfiannz pH Wiy 6 mufiemsruduamion
wfinldfuazidminnnnauanaznawldamudie iiasann pH fimunzaudgmivansd
lumumn'aﬂﬂuangm’ﬁ"m:aguﬂmi'm'lnﬁm']utﬂunmaﬁﬂﬁ'ﬂﬁam'mcs'ffnﬁ'u'l@'fﬁ WONIINIH
dlatadasmuen (Visible Inspection) wuWiasfiliaanmsldmsfulinauasnau
fmweinusidw)enag WonFsuifsuiunienfiiannmsld FeCl, lnasmunzney
TesnaliiarTinmninasnawnnniimneasnanyas FeCl tiasnninaznaufianas
1l (Less Compaction) uaniitfanmssduikandntaswisatananlaiunua:

luandradlafarsmnfivTuisninaznau (Wet Sludge Volume) mmﬁamqﬂ

4.42 YSunumnaznawn (Wet Sludge Volume) astmAananasiananpiasv
TauT# FeC), ilinarssrnaznan

Wnmninaznan (Wet Sludge Volume) mm‘éan'wué'ﬂﬂl,tangl,a'ﬁ'u'[ml'ﬁ
FeCly Iumsriuaznau lasdnsmenananwyeddiatnanInaznan FeCl, waad e
FIN WA 4.55
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NN 4.55 anwmznnaznauilold FeCl (uwaisrsasnan

@15191 417 USunmninaznas (Wet Sludge Volume) fitasn 60 wiiliiiold Fecl,

A i g
L%HM?'EE"JNWZH BUN pH LEN@ISN®

B P
PSumnmnaznauasniediald FeCly ilumsriuaznau (min)

Dose (mg/) pH 8 pH 9 pH 10
300 40.00 38.30 43.30
500 48.30 45.00 58.30

700 20.00 45.00 73.30

: | =t - s
PMNANTHN 417 WU pH 8 ;uﬂ’%mmmn@:ﬂaummaaluﬂ‘;:uaﬂmsmgg@l
et o [ = a g . & d & e B = o
NINL 20 URERAIGBANT NNVLVNVUVBIRIIRULYIINY 700 UASNTUAARAT 11 pH 9
. a e (- | oI ) o VA
ﬂ‘%-uwmmnmnaumﬁgmﬁa 38.30 URRAATADAGAT NAOVVNVUVBIRIIAULYIONL 300

=

a4y o i = M | A a _aa Vo
daanideasans f3uwn pH 10 ﬁ%&nmr]’lﬂ@]:ﬂau@']a%@ﬂﬂtﬂaakﬂqﬂﬂ 433 UANNIROaaT

A

G el o i

oMU ITRIaIRIIRULYNNY 300 Uadansdafas
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Wet sludge volume when using FeCl; as coagulant

atpHof 8

— 80 e — S— = =T
= |
E
> i
E o0 |
=
g 40 - 48.30 |
g, i 40.00
o
2 20 |
m m
o
2 ol e : |

Dose 300 Dose 500 Dose 700

(mgf) (mal) {mgf)

¢:= = A L3 = & o | = " &
NN 4.56 USunnnaznawilelt FeCly finnandutdudns 9 i pH wiaru 8

= | . e = o o o ae §i e

AIMMANY 4.56 WU pH LYNNL 8 YSanmunineznawlNuTuwan 40 Jafasassatias
=1 =9 as . o ‘_‘l LS L ::; (‘? = =S - A [ =
LUk 48.3 URARATADAGT LAAAANT WYY FeCly tWNU®AN 300 11w 500 Ja8nNsSudaaas

v = - = a oo | = L) = = .

wefSumnInaznawaaadliae 20 Iafaasdadns annududuniaiSuimuas FeCl;
.nl J o = - (%3 i =
asnzZwily 700 YasnIudafas

Wet sludge volume when using FeCl; as coagulant
. atpHof 9

= B p——— e 3
=1 | !
E - |
60 1 |
2 40- |
o |
[=]
-
L@
2 . |
Dose 300 Dose 500 Dose 700
(mg/l) (mg/l) (mgh)

d d - | ar & i i @
NN 4.57 PSsnmnnaznawilald FeCly finnandudiuenag pH iy 9
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~ . o A i o & aome
TINMWN 4.57 WU pH LYNU 9 USInanin@aznauvalinan 38.3 Hadfes

_II_“f‘: . f: o :_. =Xt 1 L= {:‘ G_ u.-_ .'J ﬂ_f' -

donasilu 45 Taffasdafias Wonudutunay FeCl; 1WaTwan 300 1iw 500 Lge

700 {aan3udafas eudeu

Wet sludge volume when using FeCl; as coagulant

at pHof 10
= 80 SEE S -
| E ||
o 60 '
E |
‘ =
°
> 40 ‘
> 4330 |
> |
o |
3 20
w
° ' ‘
z ol B -
Dose 300 Dose 500 Dose 700 ‘
(mg/) (mg/h) (mg/l) |

ﬁ; A o A o L i ¥ Qe
NN 4.58 ﬂ%‘mmmnm:ﬂaumalﬁ FeCl; NAMULTNTWAIG 9 pH t(IND 10

= v e = a & s an
INMAN 4.58 WU pH Ny 10 USanmninaznautNaiwain 43.3 Saaans

] < = =9 £ 1} = .l‘—'! @ L 1:: ; =
dafasiiu 58.3 uaz 73.3 UARAATEaANT 1HanUTNTWUad FeCls LANAWANN 300 174

500 wae 700 SadnTudafas audau
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Wet sludge volume when using FeCl; as coagulant
at different pH

80 — — e S .

Wet sludge volume (mlfi)

—

volume sludge at pH8 volume sludge at pH9 volume sludge at pH10

Dose 300 mg/l M Dose 500 mg/i [ Dose 700 mgi

] A @ 3 a2 i l:l ] -
M 4.59 Sanmninaznawilald FeCly AnuLdududns 9N pH LANANN®

INMWT 4.59 WU Az pH ¥y 10 ﬂ%mmmnmnauﬁum'[ﬁmgﬁu
WoBanmanudidusasmnuazneuwnse FeCl, tRadu 90 300 1w 500 wss 700
fisfnudafias enudey 7 pH 9 Binmnnasnawdsudwilannududusas FeCly
NN 300 w500 DanSudadas ussiSunmmnaznaunsfidannudusi R
700 Safnsusadas gaud pH 8 Panmmnasnawazimaanntw i oUSanm FeCl, R
270 300 (i 500 dafniudafas Lwﬁﬁmmmrm:ﬂauamw’ﬁ‘lagmﬁamﬁmﬂ’mﬁwﬁmﬁu
700 fisdnTudonas

WeResonBanmmnasnas (Wet Sludge Volume) itfadbnanduduuand aniu
namsnanaaludai
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@1INN 4.18 USuaminaznawu (Wet Sludge Volume) fiasn 60 wifilald FeCly

= l:‘ o L i s
L'U%ﬁ']‘i‘ﬂil@ﬁﬂﬂ%ﬂﬂ'ﬂQJL?JE{.I’U'H:LL@FIWNFM

Sununinaznaunsviadlald FeCly tuwmymuaznau (min)

pH Dose 300 mg/l Dose 500 mgl/l Dose 700 mg/l
8 40.00 48.30 20.00
9 38.30 45.00 45.00
10 43.30 58.30 73.30

PNNTIT 418 WU fignaznesasnaduduas FeCly Ivinfiu 300
UasnIudafns 1,ﬁ‘ﬁ_f%mmmnmznawilwqﬂﬁ pH 9 Lvifu 38.30 fssRatdafas Niany
W duyinny 500 fafinSudadias ‘Lﬁﬂ%mmmnmnamﬁl’uj@ﬁ pH 9 Ny 45.00
lnfRasdafioy uwssfinnududu 700 faansudadans 1ﬁ'ﬁmmﬂwnm:nam‘iwqﬂﬁ pH 8
Winfl 20.00 dsaRasdafas

‘ Wet siudge volume when using FeCl, as
coagulant at dose of 300 mg/l
80

i 70 ,
< 60 1 :
f s
> 40 -
5 30 | 40 383
w 20 J
3 10

| \

pH& pH 9 pH 10
|

d = i L, 7] £ e B 1 &
NMNN 4.60 JSanmuninaznauwad FeCls ) pH 6199 anududu 300 Saansudadas

A 1 I:l @ G = o G 3 =
INATY 4.60 WU NOUBNTH 300 UaRnTudaRas USumnnaznaunansg
- & X \ a g 4 P - et
o pH thaduan 8 1w 9 watSumninaznawiuannywida pH sy 10 Tawil
USunninaznawlyininu 40, 38.3 uas 43.3 URAAGIADEAT CNUEeL
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Wet sludge volume when using FeCl; as
coagulant at dose of 5§00 mg/l

80 ——M —— —_— —_— s
70 ‘ |
60

50 4
40 |
30 |

Wit slucige volumre (mif)

10

pH 8 pH 9 pH 10

ﬁ:‘ z‘ i G @ e — 8 i Fa
NINN 4.61 USsnannaznauvas FeCls 91 pH A E ANAVATU 500 YRFNTUFANAT

PINNINWN 4.61 WU NADUTH 500 JaEnsudafas USunmmnaznauanas
‘.:' .n' r{’ 3 e r_-: A’ r_'l' 1_-1 , T =1
Wa pH tWNIHAIN 8 Liu 9 udiSunmninaznawiNaannAwile pH Wailu 10 Taws

JSinmnnaznaulyinny 48.3, 45 ua: 58.3 Infaasdaaas eud1aL

Wet sludge volume when using FeCl, as coagulant
at dose of 700 mgh

__ 80 - =
I
60
o
3
ol S iz

pH 8 pH 9 pH 10

i l:‘ i et At ] A i Em
NN 4.62 Samnin@znaued FeCly 1 pH @13 § A0LUUYW 700 URRNIUGARNT

P - [T o o Ry e o o
PINMNN 4.62 WU IANLTUTH 700 AadnTudafas YSunmmnaznawiNais

a P - . s L me
o pH 1 RLTUAN 8 1ilu 9 uaz 10 anuday lasfilSunmmnaznauyiniy 20, 45 uas

73.3 infAaIdafas udau
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Woet sludge volume when using FeCl; as coagulant at different dose

80 e e e e e =
70 '

Wet sludge volume (ml/)

L

volume sludge ofdose volume sludge of dose volume sludge of dose
300 mghl 500 mgfl 700 mgfl

@mpPHE mpPHY [gpH10

: Al 5 3 S, 3 e 5
NN 4.63 YSanmninaznawiald FeCly uasniuasnaw Aaadutwianaioni

= ' o o as
NNMIKA 4.63 WU Binmmneznawmewismsindalasuraumslawenniadis
A Lo e =3 =1 B 1 (=3 s (=Y S [] A
nANUTNEW 300 wez 500 daansudadasiluwilialuluieniadernu naafie Ba pH
e ) ¥ a a X & | [ ¢
2890208 WULRUIANAUIN 8 1Tu 9 USanmmnaznaudzaass uetila pH vasaatns
:‘ = cl: 3 ﬂ' &‘ i A [ LS - - Qs [ -
wuFeRalye 10 dSanunmineznawasifadu saufenudydu 700 Jadnsudaiias
a & ' oA = L = o
USumninaznawinytiuazindadiaiie pH 1WLAKN 8 1w 9 us: 10 aNdeL
PINNANTILATIEAN9D6 aelT Friedman Test for Several Related Sample
i o o o
(K Related Sample) LiSautfisunnuuandisvasiFanmninaznawsials Fecl; 11wy
=1 A et s L= L i x_‘= =3 J
sieznaulasRasanfitads pH usstfaduanududu wuh Binmmnaznauiifietwls
ueinziRdbpHuazRIBAMITNTw iuandsnuotnslidamfnymeshia (P-Value > 0.05) ud
a w A ¢ q w 4 4
Juwalstunezyih iR umneznawafefauiilas
& & a s aaa ad a X a a &
mittlasnmsanatuieledn  Uffteeifnfeiuanmaduweianse lsdlu
wurunislavangiatu ezldaznaunveavainleasanlad (Fe(OH);) damums
+ " - P
FeCly + HO —— (Fe(OH);) + 3H + 3CI' 4y FeCl; \ilummlsznaumaniiuszy
A (=3 A 3 @ & i S G
mmmammmmmnm%‘eLﬂuualmnﬂmﬁanmaw:nau FeCl, lauduniudszgauvas
mémﬂmmﬂuﬂma:mnuammmmwui’a wqﬁn'smmwnﬂ:nawaamgmﬂluméﬁ
astFunaasusuusulanld Fecl, Wumnuaznausmansautseoniaiiy 2 uwuw
nefe  IWI9uINYBINITANAZNEN anwuenIanaznauszdianwusiuiuTIungy
(Coagulation) IwWRBALAZTIINIIIURETIIRATIIEETAN UL NIIANALNEUL LU R RS

- & . 5 [ » " ar
11U w19 (Accumulation) losuantuwrasaznaunusilaatnstaion
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wansnsslaRnsantRnumnaznesifiediunnmsit FeCl Wuamsmiuaznaun
] =y ; - r=1 = oL lﬂl L= 3
pH 9 uaz 10 YSmannaznanfitieduiuwi iyl lufemafoinuaanudatuwess
a & . oa e o da o A S @
FeCly Wiadunamfa YSnmmneznaugarief 60 Wmmmﬂm@wu BaFuitpgnlan
' ﬁ' g | =) o O G G :’ L=
Lﬁamsﬂ‘szna‘umﬁmmjmnmuﬁﬁmwﬂwLnammumﬁ%mmmrmm&mmamﬂuwm
' a J o [P = U G O .
atnaundetnierizfifenSaninlaeWionenadudInuuULnaIN g wduNEIIEMe
naradN pH 8 ‘w‘uihﬁ‘%mmmnmnauﬁaﬂmmﬂmﬁwﬁugﬁa 700 {sAnsudasas
G ] =t B A -7 a‘ é e =Y
ﬂa‘uW‘u’nflﬁanmmn@lznau;lﬁ%anmuaﬂmuanﬂ%ﬁmm&:ﬂauﬂuamq@ FaFuiivgu
P | A = 4 . o a
@ e pH 8 SallanzlndanuilunaisunnninpH 9 uas 10 Sevildiesnaunas FeCl,
A Qe r A - - L4 LY A’ B lﬂl =1
m@ﬂmlummLﬂuﬂs:qmnman'mmlmﬂunma‘lﬂmwu‘ﬂ@ulmﬂizﬁ;aumﬂﬂmnmmﬁ
-} = :’ G A’ﬁ = W o 3 =% (::i
‘Wﬁ@’ﬂE]GLL?.IGI%WW@3ﬂauﬂﬁﬁltﬁ§$uﬁlﬁtﬂmﬂLWF;I‘HLT‘I@TT‘ITS'J&IHQ&HJﬂﬁ@‘l:ﬂﬂ%LN&ﬁﬂﬂﬁﬁTﬁ@ﬂﬁ]g
1Uf%e1Au Bicarbonate Alkalinity lusiheznewuasifougiilluninlaasanlediu
. .. & & - o o as @ » a i
Bicarbonate Alkalinity LR N 39vinlvwWiasdudnuuasiihwinunnidaanaznanuss
INTI0aIN WU (Dense and Compact)

4.4.3 53naninaznan (Wet Studge Volume) Ritn8an1suadia uangsai’u
Tagla cationic Polyelectrolyte ifluarssinaznan

d3uimmneznaw (Wet Sludge Volume) ﬂamﬁamwﬁﬂﬂuaﬂgLﬁ%’ﬂﬂalﬁ'
Cationic Polyelectrolyte Lumsrauasnanuannsidaiarnf 4.19

' = | ar . .
#1919 4.19 Y3umnaznan (Wet Sludge Volume) filaan 60 w1# Liiald Cationic
Polyelectrolyte t{lugssinaznan

d v e
PHanmnnaznaundndadialt Cationic Polyelectrolyte 1 Huanssiuaznan (mif)

Dose (mg/l) pH 6 pH7 pH 8
0.3 1svfin 5 Livin s aifiu 5
0.5 LiAin 5 130ihiu 5 Yaifiu 5
0.7 Lsivfin 5 Wifin s 3ifu 5

) A:J 1 = a4 o A’ et . LY D 0 > =
MNATNA 4.19 wundTnsimneznaudifialumenisiitaalogissiniie
fumsls Cationic Polyelectrolyte fi3anmumnaznaudiann @2 lifin 5 Ssddasdadias
5 ;ﬁ-’ - b - Qe e N -
lunnanzmmeanas Makd@dswldh fiennBunamisanuduiuves Cationic

A r=3 ‘l =1 £~y L 1] =
Polyelectrolyte Mii@uii3unmdann (0.3 -0.7 fadndudofiay) wsrwWdaniizwalininn
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P2 = B o A a & % 3 = &
LﬁJaL‘Lr%ﬂ'i_lL‘ﬂElllﬂllwﬁBﬂﬂLﬂ@T%’@?ﬂﬂ’]'ﬁl’ﬁmﬁﬁﬂjLLQ$ FeCls uassiseznan IUYMT
I3 = [ d ks o = 4 = J = o a a' ]
'5'1&!@3?7@%1@]Bﬂ?ﬁtﬂﬁ:Lﬂ%ﬁ’}ﬂIW&L&Ja‘i %Gﬂﬁlﬁﬁﬁﬂ@ﬂﬂtﬂﬂ”ﬂ%’ﬂﬂN‘[ﬂ‘i{iﬁﬁqﬁ‘ﬂ&%ﬁuﬂg
= | ] = o | gt
LL"i‘NLL‘NL&JE}@m@ISﬂﬂ%ﬁﬁ&!’]'ﬂﬁLLWﬂﬂﬁlﬂ@l

4.4.4 Fuannaznaw (Wet Sludge Volume) aanfanisnaslauanpiazi
Taal% Micronized Chitosan 1Hlwa1T5sasnon

nmmnesnew (Wet Sludge Volume) admiampwaslauanniatiulasls
Micronized Chitesan ({uaNSTINASNORLFAINA IGGI01T197 4.20

1 | ] a o, .
Q1511 4.20 fSanamnaznan (Wet Sludge Volume) Aitaan 60 wift Liiald Micronized
Chitosan (J#a1757862N0%

A L . . . (=T
Piunmmneznauasniaiialy Micronized Chitosan WugsTINGZREw (M)

Dose (mg/) pH 4 pH 5 pH &
60 ezt 5 -10 Uszanmu 5 -10 Uszanm 5 -10
80 dsrann 5 -10 sz 5 -10 tlszanme 5 -10
100 ilszannt 5 -10 Uszanm 5 -10 dszanm 5 -10

o e Ao & R
NN 4.20 wuiidinamneznaniitindsnensatiiaetagtaige
semslE Micronized Chitosan fiUfainmnineznaudn fiz deanm 5 - 10 isdfasdatas
lunnanmzmamenss vofl Sullsguldh AernBnamlaenaduiumes Mioronized
. d - | 1 Fo - gt [ = 4:1 (=3 J ¢
Chitosan fdiuditSinaclsiann (60 -100 Nsdniudadas) usswianfAeduivuradnia
= et 9 9 L] & G =l 3
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Alurm FeCl, Micronized Caticnic Polyeléectrolyte
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Comparison of turbidity and wet sludge volume when using alum as

coagulant
60 m—m —— 3 - : —
50 4830 46 ?Di
40 4 35.00 - '
| B8 Turbudity
' 30 | |
2170 ;
20 4 ! mwet
| sludge |
10 'f frest)
| | I
!
| 0 | 3 |
1 2 3 4 5 6 F i 8 9

1 =pHE.dose 500.2 = pH 6 dosa 800, 3 = pH B dose 1000, 4 = pH 7 dose 500, 5 = pH 7.dose 800, & - pH 7.dase 1000,

7 —pH 8 dose 500, 8 = pH B, dase B00, 9 = pH 8, dose 1000 ( dose unit= mghi
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‘ Correlation of wet sludge volume and residual turbidity
when using alum as coagulant
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Comparison of turbidity and wet sludge volume when using FeCl, as
coagulant
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Correlation between wet sludge volume and residual
turbidity when using FeCl; as coagulant
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Coagulants Highest Turbidity Fastest Flocculant  Lowest Wet Sludge
Removal Settling Volume

(%) pH,dose (x 104 pH,dose (mif) pH.dose

m/s)

1. Alum 83.54 6,500 1.56 8,500 21.70 6,500

6,800

8,500

2. FeCls 90.75 10,500 2.71 8,700 20.00 8,700

3. Cationic 79.33 7,05 3.38 6,05 <5 nine
Polyelectrolyte pH, dose

4. Micronized 84.28 6,60 1.70 6,05 5-10 nne
Chitosan pH, dose
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.- = Lo » B A =1 =
van laglvdSuramnasnauasmdanianasiiten 60 wif luiqnq FMENARS 68 &
USinmnaznaud shfiiu & fsdaasdaiias



UNN 5

e/
dTduasyaidnauny

myanaaTiilumsaneznautaz S pmneznauwmeRa Imstsaenang
1‘3’1L%Eﬂaaﬂmmwﬁmﬁ%mﬁamﬂﬁjmmaumﬁLﬂﬁ lapldmssiuaznaw 4 #dia ldun
IR Wainnralsq Iwﬁﬁﬁaim'lmﬁﬁﬁgmﬂm: Micronized Chitosan Svluusazas
nuaznaufiTnmmesss dvesadluiasiiBmsmaed Samemimenssluusiss
FTTINPZNOUSIH F1I8 Nenadf pH 6, 7 4as 8 anuuTwyaIg s&uLYinnL 500, 800
uRz 1,000 HadnTudadias sruneinnaalye nasadd pH 8, 9 uss 10 ANUSTUIES
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5.1 HANTING aaaLﬁaﬁﬁﬂ'&:ﬁﬂﬁmwmﬁﬂwﬁ'@mmﬂ% (Turbidity Removal)
| 4 = i

5.2 WanImaraJlWamaaTsInsanaznaw (Flocculant Settling)

A
5.3 wammessdNawdIvnanInaznaunitnie (Wet Sludge Volume)
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NNATIN 5.1 WU ma"lmm*iﬁmLﬂumwmmnauﬂmﬁﬂﬁmwm*jmummmw
gegafia Souar 83.54 A pH 1AL 6 anaduTuTessduyintY 500 Jadntiudases IGE
SalfiWedaaaalse (FeCl;) Lﬂumﬁa;J':ﬂ..,ﬂaulﬁﬂnﬁﬂﬁmwﬂﬂmumﬂ’nwumm
Wi uTaga: 90.75 i pH L viafy 10 aandudu 500 fadntudades tiald Cationic
Pmlyeiectmlyte HIURITI NN E% 11&‘1J"J"‘ﬁ“r’]ﬁﬂﬂWﬂﬂEU’mﬂﬂ’l’m&Iuﬁﬂﬁ@!L‘ﬂﬂﬂﬂ‘iﬂﬂﬂm
7933 71 pH 7 ardutwnindy 05 fadntudsdes usedald Micronized Chitosan 1T4a3
TIUANOU “L*ﬁﬂ'i:ﬁﬂﬁn’]wn'ﬁmwmnmjugaqﬂLﬁﬂﬂmanaz 84.28 9 pH ¥y 6 Ay
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i wudn idaSansalsd (FeCl) Jlasfnimwninindaanagugegarrinny Saua:
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Coagulants % Turbidity Removal pH ,Dose (mg/l)
1. 81THY (Alum) 83.54 6,500
2. Wainaanlss (FeCls) 90.75 10,500
3. Indefszquan 79.33 7.0.5

(Cationic polyelectrolyte)
4. Micronized Chitosan 84.28 6,60

AIINAIININ 5.2 wuiﬂﬂizﬁﬂ%mwmsﬁﬂﬂ"ﬂﬂﬂmjwamﬂ'a:ﬁﬁﬂm:nw
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NN 5.3 WU Seldesdunluasrivesnan 7 pH 8 aududy 500
JafanTudadag ﬁé’mm%mmﬂﬂ:ﬂamaﬁﬂgaqmﬁwﬁu 156 x 107 Wasdad i nas
Hiald FeCl, 1inmimuazneu wuiii pH 9 anuuTwivinAu 700 Isdnsudadias i
é’ﬂﬂﬁaﬂﬁﬂnﬂ:ﬂaumﬁ'ﬂgaq@i,ﬁ"lﬁ'u 271 x 10" wasdaiwft lald  cationic
Polyelectrolyte 1 ugsTinnznen fipHridL 6 arandudu 05 Jadnsusades &
é’ﬂﬂL‘%’:ﬂwcﬂﬂm:ﬂaumﬁﬂgaqmﬁﬁu 3.38 x 10 a3 waziiiald Micronized
Chitosan [T ua13530aznaR WUifipH 6 Aty 100 SadnTudaies 56515
miﬂﬂ'ﬂ:ﬂaumﬁﬂgﬁqmmﬁu 1.70 x 10 asdad i
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WU §137IUaznan Leln Cationic Polyelectrolyte ﬁﬁ'ﬂmﬁamwnm:ﬂamaﬁngaqﬂ
YN 3.38 x 10”7 R nATnHamIneaa Lt DMBaIIIMIANGLNaWadIvaIuda:
m'mum:ﬂamﬁaﬁﬂtmé’mﬂﬁjmmﬂﬂ:ﬂaumﬁugﬁqﬂmﬁmimnﬁ'nmﬁﬂuﬂﬁzﬁ'ﬂ%mw
NIANALNaULERI [§aIa1Tef 5.4
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Coagulants A@TUIINT pH, Dose (mg/l)
ANRENOWBEE (v},
(X 10 m/s)
1. §1950 (Alum) 1.56 8,500
2. iWe3nnaalsd (FeCl) 2.71 9,700
3. Indwafilszauan 3.38 6,0.5
(Cationic Polyelectrolyte)
4. Micronized Chitosan 1.70 4,100
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Coagulants USanmnneznau pH, Dose(mgh)
(mifl)
1. 81983 (Alum) 21.70 6.500
6,800
8,500
2. ia3nnnalsa (FeCly) 20.00 8,700
3. InBLnailszquan Tajiin 5 7IN< pH, Dose

(Cationic polyelectrolyte)
4. Micronized Chitosan Uz 5 - 10 1N 9 pH, Dose

NETIIN 5.6 USumnanes naumﬂﬂﬂmm'mzm*ﬂammwumwaﬁmumﬂ
ﬁmmﬂ:nauﬂﬂmﬁaﬁhﬂqﬁ‘lﬂgﬂﬂqﬂﬂﬂ Iﬁﬁﬂtﬂﬂtﬂ‘ﬂﬁﬂﬂ‘ﬁ:ﬂqﬂ?ﬂ Micronized Chitosan
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Chitosan) ifluasmiuaznay faldiianmnaznau (Wet Sludge Volume) waen nsisas
Twarnavdinninfasiiunid  @sduusziiodenanlsé) [umsyinecnau

- o
5.4.1 MIAFIRANNAFINN 1

IMANANTNARBIIUT=ENTA WA @ AU ztRaNUT=ENTnwnsthue
ﬂﬂuﬂguﬁgqﬁqﬂ'na»&ﬁﬁﬂ;.1ﬂ:namwia:-nﬁﬂmﬁawmmﬂ%ﬂmﬁUuﬂ's::ﬁﬂ%mwmﬁ
ﬂwﬁ'ﬂmmﬂmmﬂﬂﬂ"ﬁaﬂwwﬁ 5.7

#1919N 5.7 LLFi'zlmﬁﬂuﬂi:ﬁﬂ%mwmﬁﬂﬂﬁmm'lmjugaqwmmﬁmm:ﬂamwia:'ﬂﬁﬂ

Coaguiants % Turbidity Removal
1. T1IFN (Alum) 83.54
2. Wa3nnaslid (FeCl3) 90.75
3. Ind El‘fﬂ‘f:‘i}.'t_l’m (Cationic Polyelectrolyte) 79.33

4. Micronized Chitosan 84 .28
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ANGITNA 5.7 ijaﬁwﬂixﬁﬂ%mwmiﬂwﬁ'@:mmgimaamﬁam:nauu@ia:ﬁﬁm
mﬁﬂaﬁw“umﬂﬂi:ﬁﬂﬁmwnﬁﬂﬁﬂ“ﬂmmﬂuﬁqaﬁqﬂ‘lﬂﬁa ﬂﬁq@a RINECRE)
FeCl; > Micronized Chitosan = Alum > Cationic Polyelectrolyte

san Jaasldh dfiasaundud 1 fiesnn Fecl, TuszAmiawnnstinta
mwmaiugaqmngaﬂ'h ﬂi:f‘ﬁﬂ%mwmiﬂwﬂ“ﬂmm@mﬁmﬁm Micronized Chitosan WLax
Twﬁﬁgﬁnim‘laﬁﬂi:@mﬂ U Waldarsduiusniriveznaulfdse ant nwnnssada

2 1 = a5 & = L
mmqugamﬂwaamﬂfnﬂﬂaﬂﬂi:a}mn Aney

= = =
5.4.2 niTRgIkann@EgIun 2

IMNMHANINAINWIBGITINIANSzNawtady WatuedausSinisanasnau

mﬁugﬁqmaamﬁwm:ﬂamzr&iamﬁﬂ AT LT U U= BN A waisanasnaw
LRGN A1 5.8

#1519 5.8 LﬁumﬁﬂuﬁmﬂL%mmﬂﬂtﬂaumﬁug;mqﬂmaamﬁmm:ﬂamwiamﬁﬂ

Coagulants ﬁﬂﬂﬁ'}m‘iﬂﬂﬂ:ﬂﬂmﬂﬁﬂ {(v),
(x 10" m/s)
1. §158% (Alum) 1.56
2. \No3Anaa 158 (FeCl3) 2.71
3. IwdLy a“:fﬁ‘.i:'ilq'lﬂﬂ (Cationic Polyelectrolyte) 3.38
4. Micronized Chitosan 1.70

"IN 5.8 L;‘jaﬁﬁmwL‘*’:’iﬂﬁﬂﬂﬂ:ﬂaumﬁngﬁqﬁmmmﬁ?uﬂ:namwiﬂ:*uﬁﬂ
mﬁmﬁ'lﬁumné’ﬂﬂﬁﬁmwnﬂ:ﬂwmﬁﬂﬁ*}ﬁqﬂﬂ'ﬁ’ﬂﬁqm [ueadt Cationic
Polyelectrolyte > FeCl, > Micronized Chitosan > Alum

FI%H el Ufiesauadisoudi 2 Hineann Fecly, fidamisimsanaznon
Lﬂ'ﬁﬂgﬁﬂﬁﬁﬂ'ﬂﬁﬁmmnﬂ:n auadoiald Micronized Chitosan WiwanITiusznon
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54.3 MINgIaNuagIwd 3

g . ; o &
AIMHAMINAIBIF ISV M nasnay daiadBinmmneznaudgafifietu
PINTNRFUTIIUGENBULAASTHR RIS =8 nEmw uass lassers9d 59

.r:i = | q: .r:t: =a ;E‘J =y i [=1
#19741 5.9 L']E‘Eiiimﬂﬂiﬁﬁj’]mnﬁﬂﬂiﬂﬂuﬁﬂE.E@TﬂLﬂ@"i.I%’il’iﬂﬂTjL@lilmmEJ@'IETJE%LL@ﬂi"ﬁ%@

Coagulants YU Inaznaw (mi)
1, snsdu (Alum) 21.70
2. tla3nnss 139 (FeCI3) 20.00
3. InRuuastszguan (Cationic Polyelectrolyte) laiLfise 5
4. Micronized Chitosan | sz 5 - 10

.r:i .dl » -:i Fm J L & Qs ;l- Jj F="1 3’

ANENS19N 5.9 L;Jamiﬁmmﬂ’mm:na%ﬂmﬂwmﬂﬁmmwmqﬂ L AGU

= i i - AL ; ::=I i
ﬁﬂﬂmﬁmmmﬁmw:nauuﬁa:ﬁuﬂmL’%ﬂamﬂumniﬁmmmﬂﬁaﬂﬂumﬂqﬂiﬂmﬂﬁﬁ;ﬂ
-1 Qe J - - " - »
19 Cationic Polyelectrolyte < Micronized Chitosan < FeCl; < Alum

s t‘ o 4 T = :1 .:i ::i - a =

arh Seal e sandy sunfigiuh 3 esmiield ndfiinlaslarisequon
WAz Micronized Chitosan iustnuasnawinldifeBununinasnaudininfmsdauuas

F ¥

WaSnaae lsdiuassiuaznass

5.5 TNSENWITLAN 1Z978l

Sl X o 1 L T d T 1 = AJ =
fatnanmsfwina [ Fadisldmsuaznousaszria  lwaiims@andSanm
] =1 l:i [} [T = II
sITUaznavkdarriavzifanianzrammanas ﬂmlmnﬂﬂ%mmmnﬁxﬂaumqﬂ
& = 1 LN = L) F | A P o/ Y T -
gaTiimsanaznaudaudnai lag asfy §anh pH 8 anudutu 500 Jsdnsusiafas
= = LTI T S o A i £ F= 'y
Wetnnaalsaiiansl pH 8 anudiudu 700 adnTudelias wdalnlaslaridssauan
A o LV = -1 s 1 = . - . ':i
LRany pH 6 AL TuT® 0.5 BafnTusdaRas Laz Micronized Chitosan L&an# pH 4 f114l
|- T - =1 =1 LT 1 = [} Bt Cr -&
Wade 100 8fnIuaoias eI IRLEAI e aIenssh 5.10
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-=i K 3 a 1 L Ea| 1 1 - [ :" Fh
@19791 5.10 @0t IaIuIMe [T e a g datn 1 Sas

Coagulants ralie Dose 15w énlddne
(Un/nn.) i filgdeiin (LY
GhI 1 8913 ae7)

(mgfl) (kg/1)
(a) (c) =

(b) b10° (c*a)
1. §13F% (Alum) 5 500 50x10° 25x10°
= & -
2. IND3AnaatIa (FeCly) 15-30 700 7.0 x 10 0.02
o g 7 -5
3. IwAeflszguan 100 05 50x10 5.0x10
(Cationic Polyelectrolyte)
4. Micronized Chitosan 500 - 1000 100  1.0x10  0.01

HAYINA: 1 s1atadaTTINasnaninTa lastszuiuaunoseana wm ﬁqmﬂu
2549
2 MIAIUIAN MR N T/ S N M B ST IN RS NAULYN LU

lasldidfaTiuditievasmsailunisdsu pH wasieSauasazans

1 F—1 d Q L
5.6 N15LSHIIA HUHANTTMARDIN EWIBHATDIANITINALNOUNENEAN LW NI TLIUR
L =
@198 NBUARTINARUFL

. a 'E f -1 - .ﬂi =}
WBWIRITIINASNOUM 4 THARITHNANURANINARA AN OMITRAVDIFITIAN
arnawfilnunzanfgaluntstidadairinfoaassuauuaulas ArsmandaTid
mianarnaugeiign inannaznaununiadfias pH vanie mandeniisiiug

detie 1 8as 'naaﬁmﬁuﬂ:namwia:m'ﬁﬂﬁuﬁ'uﬂ:i:ﬁﬂ'ﬁmwﬂwﬂﬂﬁ'ﬂﬂﬂmju LA
| PR~ .:‘
HA LGaIAN TN 5.11



140

6 ULHMULUR) MBETIAN|E B USIGIM]FELALMILE TGN GY B iuiBLIEH

1ewAjodolg uesolyd
19°0. 00L0°0 £CY 'H aIpoY 0l-G 01') 00! ¥ P3ZILOIOIN
Aahmao_
ag o} pajadxs
ale s)oeye alh|oaos|aAiod
6822 G0000'0 06'9 120150J0IX0300 G > 8C'E G0 9 D(uone)
1268 01200 Ct'2 abues Hd dipioe 0002 122 002 8 te =R
¥0'¥L G200'0 129 I fenpisoy 0L'LZ 9G'L 00S g wnpy
(/fw)esogq  Hd
(%) pajeal] UoRIPUOD (I (S/w)  OLX
leaowsy (1L Ayeq) Iayy Apualld SUIN|OA Buines uon|puo)
Apiqan | 1500 Hd ejuswuctauy  obpng Joan ueinoool4 winudo sjuen|beon

MENHATCEYLBREILNALACLBLIILILLUN REILNATUNBUSLIRLILLELE F@mprﬁmﬁﬁmm@:wrcmzﬁg LI'G BELELE



141

PINETA 511 WU Iwddiaalaslariszeuanfuriievassmsnuasnawd
L%Nﬂﬁﬁﬂ‘ﬁqmlﬂﬂ’ﬁﬂ’}ﬁ@ﬁﬂEIEi’!ﬁ'ii"lLﬁEJﬂﬁElﬂLLﬂ%LLﬁll Rt lisamSimonasnay
m?ﬂagaqmﬁﬂﬁ‘ﬂ 338 x 10 Lwasaadund ﬂ‘%mmmﬂmmauﬁﬂq@ fa Lfiv 5 affas
dafias pH wihilawiniy 6.9 Seldlnfidasanuiunstsuazniudn pH FININATTI
Qmﬂﬁwﬁﬁﬁma:m%ﬁﬂﬂ%ﬁﬁL%‘Juﬁaﬂﬁwmﬁﬁu pH SnsanstlseBnimwmsinta
AUy Sows: 72.89 ﬁ{i&ﬂﬁﬂﬂﬁiﬂl‘ﬁﬂﬁ%ﬂ%ﬂﬂwﬂﬂﬁﬂﬂﬁﬂ@E-ﬂ@@u@iﬁﬁﬂ'ﬁiﬁﬂ%ﬂ’lw
mﬁﬂﬂﬁ'ﬂmmﬂuﬁlﬁnﬁu‘lﬂ Insanzfusnssuimiumsthta s pH L 6
anuTudwies 0.5 Hafnsudaiay ﬁﬂﬁaﬂ'ﬁlﬂﬁ’mﬂwﬁﬁLﬁﬂiﬁﬂaﬁﬁﬁﬁ;mrﬂ%ﬁmm
drandae

fnTUasTINaEnauTiefn g e Lﬂﬂﬁﬁﬂﬁmﬂmm‘fﬁau‘hﬁme} U5z NaUAWLE?
wui pH wasthTeen1éun FeCl, uas Micronized Chitosan A9usinasWils=amann
mathifeuszdaridinisanasnaudoutiifion s ssudSinomnaznaudifes
wnnhEsnuaznouriiein  SnmsltBnnesdudeuiannidins Wl e etaand
mslflwaddalaslatilszawn Swiumammas mﬁr’awmmmmagﬁnﬂﬁﬁﬂmwﬁ 5.1
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AN TUNFIIRZAY

1. AFiaTauansazaie (Stock Solution) 194 Cationic polyelectrolyte 0.1%
1aes 0.1% solution = 1,000 mgh 1w stock
1. %307 Ind8idaleslar (Polyelectrolyte) 1551 0.125 ndai
2. wwsdlwihndulBunas 125 mi Awideyl3lu dnines
3. muaTiiasanodweiasnuss (Stirrer)
4. M9 Stock Solution 284 cationic polyelectrolyte B ﬂ@laami’l ﬁﬂﬁéﬁ‘i
4.1 MINAFOLU polyelectrolyte finadudn 0.3 ppm %38 (mgf) Thida
Stock Solution of Polyelectrolyte 153195 0.03 ml ldlwiérosnfiarnesavsfunes 100 mi
4.2 MIMesaL polyelectrolyte fAnnudidu 0.5 ppm #38 (mgh) Thila
Stock Solution of Polyelectrolyte U3anas 0.05 ml ldlwirdnatinaflasnasauiBanas 100 mi
4.3 MINAROU polyelectrolyte famuduty 0.7 ppm #3a (mgf) Tl
Stock Solution of Polyelectrolyte USanas 0.07 ml l€lwihsnatinefiesneasauifinas 100 mt
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2. N131@383 Stock Solution 289 Micronized Chitosan
2.1 %3 Micronized Chitosan US31m 1.25 3
22 landlusindu 180195 100 mi
23 nwanldacanudineiasmums (Stirer) 1Jua 15 -20 wfi Winde
Micronized Chitosan Ej'ﬁli”]
2.4 1anse azdAndudu 1801@T 1 ml tlaazany Micronized Chitosan amaa
2.5 whindudiuiinda 150185 25 ml wgwsa B0 15 -20 wn
26 flsarasawnua 9rle Micronized Chitosan 1udu $asax 1 wia 10,000
fafnfudedas luniaazdan Sauas 1
2.8 3Tn17879 Stock Solution 184 Micronized Chitosan Lﬁaﬁﬂmwﬂaauﬁﬂu
udnzaMuLTutuinlda i
2.81 mMINAEOU Micronized Chitosan i a17uL3L9% 60 ppm w3z mg/l
Tli1le Stock Sotution V83 Micronized Chitosan U5anas 0.6 ml lglwinehagafiaznagay
131197 100 ml
282 M3INARAY Micronized Chitosan i A LT 80 ppm wia mgh
1@ Stock Solution 784 Micronized Chitosan U5anas 0.8 mi 1dlmidnadafiermaseu
11331615 100 m |
2,83 MINAEU Micronized Chitosan # a1 ulTuTY 100 ppm wia mgil
Tule Stock Solution UA3 Micronized Chitosan 15anas 1.0 mi lglwindhatnifesnasey
1501617 100 mi
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anuliunia-sing (pH) 2 59
& (Colour) (unanfnulnuoat) 300
AUNT=64 (Hardness) (unJa,) 500
Fannwssudsfinzanld (0s) =, Ak ey nm) 1,500
Inén (Fe) ' (@n/m) 50
wnIniE (Mn) @n/s.) 5
Naauas (Cu) @nJa.) 15
AInsq (Zn) - ' @n./a.) 15
A1 (Pb) (UnJa.) 0.05
Tasidluy (cr) (un./a.) 0.05
unaidioy (cd) WnJa.) 0.005,0.05
waoa'lsd (F) (unsm) 15
lwem (NOyasn) i o) o L1
5Tof (BOD) . . T 7 o = {l.ln.m) T B .
InaWofuuunfitiy (Total Coliform Bacteria) | (Bufiwi00us) e
Adalnaefuuunfiin(Faecal Coliform Bacteria) | (BuRdwioows) | .
angue = htianunzenalitin 100 Sadniudes luzu caco,
N = idanunssdadiv 100 Sadniu@ns lug caco,

= Tandlu (Cr hexavalent) d1gaqaﬁuau1ﬁ"u‘w;ﬁu 0.05 Nafnu/ans
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audammni’ WL

1.& niuuazIs

- - b 5 ¥ b -
(Colour, Odour and Taste)
- - . -
2 guwnal (Temperature) CIERERLGICUEY
-n - T T b b - (Thermometer) TaumsyinTs
Wiusanie
aarudluniauazdns (pH) z = o 59 59 59 - wdasiannuduniausssng
w0317 (pH meterjaaiiiusin
Wil Electrometric
4 mandLauszany (DO) un/a. P20 5 60 40 20 — Azide Modification
5.11l8d (80D) unia. P8O | 15 20 40 - Azide Modificationfigainnil
20 ssmuwaldomiuie 5
fnvanu
guvniiiengulninefins _ .
LB WLEW 100 Multiple Tube Fermentation
WU P80 T 5,000 20,000 - -
HEH Technique
(Total Coliform Bacteria)
7uunfiunauWaoalad I
< * LB WLEW100 Multiple Tube Fermentation
ey P80 b 1,000 4,000 3 E=
HER Technique
(Fecal Coliform Bateria)
8. luara (NO3)lumiae
unJda. - bl 50 - Cadmium Reduction
ulamsu
g unulandle (NH3)lwme )
UNJa. - bl 05 - Distillation Nesslerization
Tulanau
10.Wwaa (Phenols) un.fa. - ] 0.005 - Distillation, 4-Amino antipyrens
11.789Uf (Cu) Atomic Absorption -Direct
unJa. - b 01 -
Aspiration
12.34mfis (Ni ) Atomic Absorption -Direct
un.fe. - 5 01 g
Aspiration
13.WaHNTUR (Mn) Atomic Absorption -Direct
unfa. - b3 10 3 .
Aspiration
14,8908 (2n) Atomic Absorption -Direct
unfa. - b 1.0 -
Aspiration
15.unndloy (Cd) 4 0.005* Atomic Absorption -Direct
un.fa. s 5 =
0.05™ Aspiration

god : R Gaaisd " o

URRINNT : YizmeemenTIunIiwesouwin® ety 8 (w.e. 2537) sanmusrluwsnmiyRsusiussinmamamn
- - - - TR - 4 -l
Fauwndauurmd we. 2535 Gy rwuaanemugumwiluudahdiu ARuluTsienaunen sy 111 aoufl 16 3 &9
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Tufl 24 numwut 2537
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twamaﬂ.[ﬂﬂaﬁuas Micronized Chitosan
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160

ayaIUNIEYDI Micronized Chitosan

Faw BTETIT

CORPORATION LTD. 205BI67 Tk O B Sk Asiga,

MPHUMR NG MONT HABLE 10332 TriliAng

TG DUUETULY ETSYERTE i Fawdramd nace.

Micronized Ehit

Specification Sheet

Product : Fine grade chitosan made from fresh sh irmp /

¢rab shells.

Specification :

Appearance
Micronized powder
Odor

Deacetylation degree
Solubility

Moisture

Viscosity (7% sotution 1% acup) °

Ash content
Heavy metals
Total plate count
E. Coli

Coliform bacteria
Samonella

off white powder

160 mesh sieve
odaorless

W% =5

Soluble in organic acid
10 % max

50 eps

2% MRAX fwith coleium supplement)
10 ppm max

less than 10.00/ g
Absent

Absent

Absent
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OPTIMER® 9916 _

Dry Cationic Flogoculant

PRODUCT DESCRIPTION AND
APPLICATION

OPTIMER S916 ks a high charge, sationic, dry
fiocculant designed &5 ridu strial, mumicipal,
recycle and CPEand mfining sludge dewatering
applications. OPTIMER 9516 can be used as 2
settling aid in primary dlarification. This product
functions well with 4l types of equipment
including twin-belt presses, screw presses,
dissohved air fiotationfinduced air fotation, plate-
and-frame pregses, vacuum fiker presses, as
welt as high shear applications.

PHYSICAL & CHEMICAL ~

PROPERTIES

Form Powder

Cajor : While

Qdor None

Salubllity inWater  Complate

ACTTVE CONSTITUENTS )
- Acrylamide m—polymer hagh amomc charge.
“REGULATORY APPROVALS

Please refar to the Malerial $afety Data Sheel
{MBDSE) for the most recent approral
miformation.

MATERIALS OF COMPATIBILITY
Compatible Hat Compatible

304 58 Mild Steal

16 55 Alumninumn

" Ptasite 5000 Brass
Piasite 4005 Nickel
Plasite 7122
Palyethylens . Vingt
PVC
Viton
Tefion
Buna-N
Hypaion
Polypropylene

i

M\ ALco

Protiud Bulletin

DOSAGE AND FEEDING

The proper.make.up of dry pol products
fequies a four-sten srocess: feeding, wedtting,
{oixing ang'aging, Al sleps ar i ige

a 'salation of maximum activity, Dry
poiyme is fed into & high energy wetting devica
that premvides maxdmum di ion. Foliowing this
process, the solltion [s fed nfo a tank and
receives @ gentla mix cychs 1o achieve meadmurt
activity, The mixEd solution is then fed to a holding

tank for a period of aging, genasally 30 minutes or
greater. This proguct e miadeTp at
concentratk resater than | Polymar
solutions that have praperly made up and >
aged can be fed using sither gear or tiaphragm’ -~
Pumps. As with all pumps, and especiily with high
viscosity products, flncded suction is strongly
tecommended.’ The quality of water used-to-rrake

s

>
o«

P the polymer i Fiportant. Avoid using piant

fecycie water of olfiér stiurtes high Tn suspended
solids, mineral salts and iron with 2 pH beiow 6.5
or above 7.8. A diution aging tank is

ENVIRONMENTAL AND TOXICITY
DATA

Refer to the Material Safety Data Sheat {MSDS),
SECTIONS 14 and 12, for the most current data.

SAFETY AND HANDLING

A5 with any chemical, OPTIMER 8918 should be
handled with responsible care, When considarnng
ther use of OPTIMER 9946 in a parfiadar
appication, the Malarial Safety Data Sheat must
be reviewed to assurg that the imended use can
be sccomplished safely. All precautions described
in the MSDS should ba strictly followed when
hangiing DPTIMER 8916,
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[1_ TCHEMICAL PRODUCT AND COMPANY IDENTIFICATION |
PRODUCT NAME OPTIMER 9916
APPLICATION : FLOCCULANT
Date issired 2211272003
COMPANY IDENTIFICATION
CHiNA: ONDEQ NALCO {SUZHOL) CO. LTD TEL: 86-512-58255001 FAX: 85-512-68250130
INDILA ONDEQ NALCT INDJA LIMITED TEL: $1-33-22172066  FAX: 91-33-222G6858
INDONESIA; PT ONDEQ NAL O INDONESIA TEL: §2-27-8753175 FAX: B2-21-E753167
KOREM: ONDEQ NALCL KOREA LIMITED TEL: 82-2-789-5961 FAX: B2-2-7E6-3140
MALAYSIA: ONDED NALCO (MALAYSIAY SDN BHD TEL: §03-5568 4118 FAX: BO3-5565 5955
THE PHILIPPINES: ONDEQ NALCO PHILIPPINES INC TEL: 63485451550 FAX: B3-49-5453442
SINGAPORE: ONDEQ NALCO PACIFIC PTE LTD TEL: 6568614011 FAX: B5-6862 0850
THAIEAND: ONDEQ NALCO THAILAND LIMITED TEL: 66-38-355-160 FAX: BE-38-055-168

See Section 16 for address information.

EMERGENCY TELEPHONE NUMBER{S] : Sea section 16, for Emergency Telephone Numbers.

{2. _ [COMPOSITIONANFORMATION ON INGREDIENTS

CHEMICAL DESCRIPTION : Catianic high molecudar weight acryfamide copolymer
Basedho"r_{c_y;_n_a_zard evafuation, none of the substances in this product ate hazardous.
GHEMICAL NAME 7T caswNo % (wiw)

Ingredients determined not to be hazardous : 100

3. | HAZARDS IDENTIFICATION

HUMAN HEAL TH HAZARDS - ACUTE

EYE CONTACT
Can cause mild irritation.

SKIN CONTACT
May cause imtation with prolonged contact

INGESTION
Nat a fikaly route of exposure. If swallowed a jelly mass may form which In digestion may cause blockage.

INHALAT KON
Not a likely route of exposure, Repeated or profonged exposure may irritate the raspiratory tract.

HUMAN HEALTH HAZARDS - CHRONIC
No adverse effects expected ofher than those menticned above.

|4. | FIRST AID MEASURES

EYE CONTACT
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Brush off excess powder, immediately flush eye with water far at least 15 minutes whiie hoiding eyelds open. if
syraptoms develop, seek medicai advice.

SKIN CONTACT

Brush off excess powder. Remove contaminated clothing. Wash off affected area immediately with plenty of
water. if symploms develop, seek medical advice. .

INGESTION
Do not induce vomiting without medical advice. (F conscious, washout mouth and give waler to drink. [f reflexive
vomiting vccurs, rinse mouth and repeat administration of water. Gat medical attention.

INHALATION
Remove o fresh air, treat symptomatically. If symptomns develes, seck medical advice.

NOTE TO PHYSICIAN

Based on the individual reactions of the patient, the physician's judgement should be used W controd symptoms
and elinical condition.

L5.__]FIRE FIGHTING MEASURES ]
FLASH POINT : _ Not"ﬁammab_._i;- :
EXTINGUISHING MEDIA, S

Foam, carbon dioxide, dry powder, other extinguishing agent suitable for Class 8 fires. For large fires, use

water spray of fog, thoroughly drenching the bumning material. Water mist may be used to cool clased
containers,

UNSUITABLE EXTINGUISHING MEDIA
De not use water unless flooding amounts are available,

FIRE AND EXPLOSION HAZARD
May evolve oxides of carbon {COx} under fire conditions. May evoive oxides of hitrogen {NOx} under fire
condiions. May evolve ammonia {NH4} under fire conditions.

SPECIAL PROTECTIVE EQUIPMENT FOR FIRE FIGHTING
in case of fire, wear a ful face pasiive-pressure self contained breathing apparatus and protective suit.

16-__ [ ACCIDENTAL RELEASE MEASURES ]

PERSONAL PRECAUTIONS

Restrict access to area as appropriate until dean-up aperations are complete. Use personal protective
equipment recommended in Section 8 ({Exposure Controls/Personal Protection). Stop or reduce any leaks if it is
safe to da s0. Venidate spil area if possile. Have emargency equipment (for fires, spills, lkeaks, etc.) reacily
available. Spil may be sfippery.

METHODS FOR CLEANING LIP

Sweep up and shovel. Redlaim into recovery of salvage drums. Wash site of spifage tharoughly with water.
Gontact an approved waste hauler for disposal of contaminated recovered material. Dispose of material in
compliance with regulations indicated n Secton 13 {Dispasal Considerations).

ENVIRONMENTAL PRECAUTIONS

This product may pase a risk fa the aquatic-acosystem if released. Preven!t material rom entenng sewers or
waterways. - )

[7. | HANDLING AND STORAGE ]
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HambLING

Oo nat get in eyes, on skin, on tlothing. Do not take intemnally. Use with adegquate ventitation
dusls. Keep the contaners closed when not in use. En_gu_n_a all containers are labelled.
STORAGE CONDITIONS

Stora in suitable labefled containers. Store the containers tightly clased. Siore separately from oxidizers. Keep
in dry place.

. Avoid generating

SENSITIVITY TO STATIC DISCHARGE
Dusts in sufficient concentration may be ignitable by static discharge.

{8.__ | EXPOSURE CONTROLS/FERSONAL PROTECTION

OCCUPATIONAL EXPOSURE LIMITS

Exposura guidelines have not been established for this product. Availahle exposure limits for the substancels)
are shown bekow,

OCCUPATIONAL EXPOSURE LIMITS TWA

STEL
mgim3 mgm3
ACGIHTLY
RESPIRABLE NUISANCE PARTICULATES 3
INHALABLE (TOTAL) NUISANCE PARTICULATES 10
PARTHCLES MOT OTHERWISE REGULATED 4 10
Kong
PARTICLES NOT OTHERWISE CLASSIFIED 19
Malysi
RESPIRAGLE PARTICULATES . 3
QSHAPEL
RESPIRABLE NUHSANCE PARTICULATES 5
HHALABLE (TOTAL] MUISANCE PARTICLLATES 15 (totaf gust}
P
INERT OR NUISANCE PARTICULATES, RESPIRABLE FRACTION ]
INERT OR NUISANCE PARTICARATES, TOTAL DUST 5
Thaiand
INERT OR WUISANCE DUST, RESPIRABLE 5
INERT OR NUISANCE DUST, TOTAL 15
ENGINEERING MEASURES

General ventiation is recommended. Local exhaust ventilation may be necessary when dusts or mists are
generated.

PERBONAL PROTECTION

GENERAL ADVICE

The use and choice of personat protaction equipmert is related to the hazard of the product, the varkplace and
the way the product is handied. In general, we recommend as & minamum; precaution that safety glasses with
side-shrieids and workclothes protecting ams, legs and body be used. In addition any person visiting &r arez
where this product is handled should at least wear safety glasses with side-shields.

RESPIRATORY PROTECTION

Respiratory protection is not normally needed, I dusts are generated, use an approved gir-pusifying respirator. A
dust respirator may be used. W respualory protection is required. institute a complete respratory protection
program incuding selection, fit iesting, training, mainterance and nspection,

HAND PROTECTION

Rasbber gloves, nitrile gloves, buty! gloves, cloth gloves, neoprene gloves, PVC gloves.

SKIN PROTECTION
Wear standard protective clothing.

313
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EYE PROTECTION
Wear chemical sptash goggles.

HYGIENE RECOMMENDATIONS
Use good work and personal hygigne
safety shower available, i clothing is

practices {0 avoid exposure, Keep an eye wash fountain dvailable. Keepa
contammated, remave clothing and thorcughly wash the affected area.

Launder epntaminated clothing before reuse, Always wash thoroughly after handling chemicals. Whan handiing
tis praduct never eat, drink or smoke.

[8:__ TPHYSICAL AND CHEMICAL PROPERTIES

—

PHYSICAL STATE
APPEARANCE

GRoR

FLASH POINT
SOLUBILITY IN WATER
VISCOSITY

Powder

White

Ammoniacat

Not Rammable
Completa
32-3BePs @25°C

Note: These physical properties are typical values for this preduct and are subject to change.

[10. ] STABILITY AND REACTIVITY

STABILITY
Stable under normal conditions.

HAZARDOUS POLYMERIZATION

Hazardous polymerization wilt not oogur.

CONDITIONS TC AVQIG - ~
st 1O !

[, SR -

MATERIALS TQ AVOID.

Contact wiﬂ'@t'na'ﬁg qxiqiz_eig{e,g. chlorine, peroxides, ¢chromates, nitric acid . perchigrale, concentrated oxygen,
permanganate}may genefate heat, firas, explosions andfor toxic vapors. Contact wilh strong.alkaties (e g.
ammenia and is solutions, carbonates, sodium hydroxide (zaustic), potassium trydroxide, calcium hydroxide

(ime}, cyanide, sulfide, hypochiorites,

chlorites) may generale heat, sphattering or bolling and toxic vapors.

HAZARGOUS DECOMPOSITION PRODUCTS

Under fire conditinns:

Qxides of carbon
Oxides of nitrogen
Ammania

114,

| TOXICOLOGICAL INFORMATION

ACUTE TOXICITY DATA -

The following results are for the product.

ACUTE ORAL TOXICITY :

| Species | LO5a

| Testad Substance

—
Rat | = 5008 mgkg | Product i

SENSITIZATION ;

This product is not expected tn be a sensitzer,

CARCINOGENICITY -

4i4
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None of the substances in this product are fisted

as carcinogens by the Intemational Agancy for Research on

Cancer (JARCY), the National Taxicology Program {NTP} or the American Conference of Goveramental Ingusirial

Hygienists {ACGIH),

{12.  TECOLOGICAL INFORMATION

ECOTOXICOLOGICAL EFFECTS :

The tests for representative polymers were pedformed in environmentally retevant water with dissclved organic
carbon {DOC: 4.5 mg/L). The effects on the aquatic arganisims are due to exlemai {nan-systemic) mode of
action, e.g.. suffocation or immobiliZation: In the presence of suspended material 8.9, DOC, the polymers are

bound to suspended material and the bioavailability is substantiaity reduced. As a result, e effects are axpected

to be lower.
ACUTE FISH RESULTS :
| Species Exposure LCS0 Test Descriptor
Zebra danio 3 firs 1-10mgl | Representative polymers tested m water
- with DOC
ACUTE INVERTEBRATE RESULTS :
| Species Exposure LES0 Test Descrptor _
Daphnia magna 48 trs 10-100 Representative polymers tested in water
mad. with DOC
ADDITIONAL ECOLOGICAL DATA :

NOEC on earttworm: > 1000 mg/L (representative Ppolymers)

MOBILITY ;

The product is eliminated from aqueous phass via abiotic process (adsorplion on suspended material) to. a large

extent (> 95 %).

BICACCUMULATION POTENTIAL ¢

Mo bicaccumulation will pceur. The large size of the polymer is incompatible with transport across (he cellular

membranes.

Note: The European hazard classification for ecotaxicity

tesl results, consistent with European guidelnes.

far this product (section 15) is based on the “diny water®

[13. [DISPOSAL CONSIDERATIONS

—

Dispose of wastes in 2n approved incinerator or waste
regulations. Do not dispose of wastes in local sswer or

Emply drums should be tzken for recycling, recovery,

contractor,

NATIONAL REGULATIONS, CHINA
Comply with local regulations.

NATIONAL REGULATIONS, INDIA
Qispose of unused product in accordance with th
and local and State legislation. as applicatle.

NATIONAL REGULATIONS, INDONESIA

Dispose of unused product in accerdance with "Government Regulation No.18/1994 On the Treatment of

treatment/disposal site, in accordance with ali applicable
with normal garbage.

or cispasat through a suitably quatified or lieensed

e "Hazardous Wastes (Management and Handling) Rules 1389°

Dangerous And Toxic Wasle™ (and amendments) as applicabla.

Sis
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NATIONAL REGULATIONS, KDREA
Waste disposal should comply with the Waste Control Act.

NATIONAL REGULATIONS, MALAYSIA

Dispese of in accordance with the Environmental Quality {Scheduled Wastes) Regulation 1989 and other
guidelines issued by DOE andfor local autharities.

NATIONAL REGULATIONS, PHILIPPINES

Dispose of in accardance with Presidential Cecres No. 984-1976 {*The Poliulion Control Law™); DENR
Department Administrative Qrder No. 26-92 {"The implementing Rules ar Regulations of RABSST") and
Presidential Decres No.825.

NATIONAL REGULATIONS, SINGAPORE

Dispose of waste in accordance with the Environmental Health Act (Chapter 85, Rg 11}, Ervironmental Public
Health {Toxe Industrial Waste) Regulations 1990 Ed,

NATIONAL REGULATIONS, THAILAND
Dispose of hazardous waste in accordance with the The Notification of the Ministry of industry Ne 65 E. 2450,

subject : Disposal of Wastes or Unusable Materiais ", “The Nofification of the Ministry of Incistry No, 1B.E. 24571,
subject : Dispesal of Wastes or Unusabie Materats "

[14. [ TRANSPORT INFORMATION

The information in this section is for reference ondy and should not take the place of a shipping paper (bill of
lading} specific ta an arder. Please note that the proper Shipping Name J/ Hazard Class may vary by packaging,
properiies, and mode of franspartation. Typical Proper Shipping Names for this product are as follows.

LAND TRANSPORT

Proper Shipping Name PRODUCT IS NOT REGULATED DURING TRANSPORTATION

NATIONAL REGULATIONS, CHINA
Camply with local reguiations.

NATIONAL REGULATIONS, INDiA
Transporl in accordanca with the Central Motor Vehicles Rules 1989,

NATIONAL REGULATIONS, INDONESIA

Transport in accordance with all govamment regulations. including *Reguiation of the Minisier of Health
No.453/Man Kes/RERXIA 983,

NATIONAL REGULATIONS, KOREA
Land transport shoukd comply with the Ministerial Dacrea of Toxic Chemicats Conirol Law and the Regulations
Regarding the Fire Fighting Techniques Standards, as applicable,

NATIONAL REGULATIONS, MALAYSIA
There are ne regulations specifically governing the bransport of chemicals. Use best practice.

NATIONAL REGULATIONS, PHILIPPINES

Transport in accordance with the Tollowing legislation (as applicable): Presidential Decres No. 185, 1977 {Fire
Code of the Philippines™ and impiementing nides and regulations; Presidential Decree No. 856, 1875 {*Code of
Sanitation®); Republic Act No 6969, 1950 {"Toxic Substances and Hazardous and Nuclear Wastes Control Ac™)
and implementing rules and regulations.

NATIONAL REGULATIONS. SINGAPORE
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Land Transpaort complies with the Enviranmental Pollution Contral (Hazardous Substances) Reguiations 1959,

which foliows the *Specification for Caution Labeliing for Hazargous Substancas” - Simgapore Standars 266
{1384).

NATIONAL REGULATIONS, THAILAND

The product should be transported in accordance with “Hazardous Substances Acts B E 2535", “Notification of
Ministry of Public Health Re: Laba) and Level of Taxicity of Dangerous Articles Which are Under the
Responsibility of Food and Drug Administration 2534 {If appiicable)” and "Notification of Land Transpartation
Department, Subject : Label of truck which contain hazardous material, Motification date : 14 November
B.E.2543 (14 November 2000)".

AIR TRANSPORT (ICAO/IATA)

Proper Shipping Name PRODUCT 1S NOT REGULATED DURING TRANSPORTATION
MARINE TRANSPORT {IMDGAMED)

Proper Shipping MName PRODUCT I3 NOT REGULATED DURING TRANSPORTATION

[15. | REGULATORY INFORMATION 1

NATIONAL REGULATIONS, EURCPE AND MALAYSIA

European:

CLASSIFICATION:  This product is not dassified as hazardous {European Directive B8/379/EEC).

Maiaysian:

CLASSIFICATION:  This product is not classified as hazardous, however, we recommend the {following safety
mstructions:

SAFETY PHRASES:

822 Do not breathe dust.
82425 Avoid contact with skin and eyes.
537733 Wear suitable gioves and eyeface protection.

545 In case of accident or i you feel unwel, seek medical advice immediately (show the label where
possible).

INTERNATIONAL REGULATIONS

NFPA RATING :
HEALTH: 1 FLAMMABILITY: i REACTIVITY: 0 OTHER: -
O=insignificant 1 =Sight 2=Moderate 3=High 4 =Extreme

INTERNATIONAL CHEMICAL CONTROL LAWS

TOXIC SUBSTANCES CONTROL ACT (TSCA)
The substances in this preparation are inciuded on of exempled from the TSCA 8(b) Inventory (40 CFR 710).

EURQPE
The substances in this reparation have been reviewed for compliance with the EINECS or ELINCS inventories.

AUSTRALIA
All subsiances i this product comply with the National Industrial Chemicals Notification & Assassment Scheme
{NICNAS} and are fistad on the Austrafian Inveniory of Chemica! Substances [AICS}.

717
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1. miﬁ'lﬁam*lmju (Turbidity Removai)
£y o a (™ [] = L 7 s [
1.1 mmﬁaanmaanﬂ‘lum‘smutaquuma‘lﬁm‘iamﬂuaﬁﬂumnau

Test of Homogeneity of Variances

turbidity of Alum
Levene
Statistic dff df2 Sig._
3.141 2 6 17
ANOVA
furbidity of Alum .
Sum of
Squares df Mean Square F Sig.
Between Groups 3.098 2 1.549 500 625
Within Groups 18.242 6 3.040
Total 21.340 8




Multiple Comparisons

Dependent Variable: turbidity of Alum

171

LSD
Mean
Difference 95% Confidence Interval
(lhpH {J)pH {i-J) Std. Error Sig. Lower Bound | Upper Bound
G 7 1.292000 1.423685 - 399 -2.19163 4.77563
3 1.191000 1.423685 435 -2.29263 4.67463
7 B -1.282000 1.423685 389 -4 77563 219163
8 ~-.1010C0 1.423685 946 -3.58463 3.38263
8 <] -1.191000 1.423685 435 -4 67463 2.29263
7 101000 1.423685 8456 -3.38263 3.58463
Test of Homogeneity of Variances
turbidity of Alum
Levene
Statistic df1 a2 Sig.
7.271 2 6 025
Robust Tests of Equality of Means
turbidity of Alum
Statistic” df1 df2 Sig.
Brown-Forsythe 3.684 2 2.390 .186

a. Asymptotically F distributed.

Multiple Comparisons

Dependent Variable: turbidity of Alum

Dunnett T3
Mean
Difference 95% Confidence Interval

(i) dose (mafl}  (d) dose (mgfl) {l-J) Std. Emor Sig. Lower Bound | Upper Bound
500 800 -1.174333 .373849 093 -2.63078 28211

1000 -2.788667 { 1.227474 .288 -10.03570 4 45837
800 500 1.174333 .373849 093 -.28211 2.63078

1000 -1.614333 | 1.243476 579 -8.60297 5.37430
1000 500 2.788667 | 1.227474 .288 -4.45837 10.03570

800 1.614333 | 1.243476 579 -5.37430 8.60297

K Ll L a J
1.2 mmadaunegiidnininiaanaiwilaly Fecl, illwanssuaznan
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Test of Homogeneity of Variances

turbidity of FeCI3

Levene
Stafistic

df1

dfZ

Sig.

4363

B .068

Multiple Comparisons

[ependent Variable: turbidity of FeCI3

LSD
Mean
Difference 95% Confidence Interval
(pH (J)pH (1-J} Std. Error Sig. Lower Bound | Upper Bound
8 9 -.182333 .294275 .558 -.90240 53773
10 -.059000 294275 .B48 -.77906 66106
9 8 .182333 .294275 .558 -.53773 90240
10 .123333 .294275 .690 -.59673 84340
10 - 8 059000 294275 .848 -66106 77908
Q - 123333 .294275 .690 -.84340 59673
Test of Homogeneity of Variances
turbidity of FeCI3
Levene .
Statistic dft df2 Sig.
1.335 2 6 331
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ANOVA
turbidity of FeCI3
Sum of
Squares df Mean Square F Sig.
Between Groups .041 2 .020 154 860
Within Groups il 6 132
Totat 831 8
Multiple Comparisons
Dependent Variable: turbidity of FeCI3
LSD
Mean
Difference 95% Confidence Intervat
{l) dose {mg/l} (J) dose {mg/l) (t-J) Std. Error Sig. Lower Bound | Upper Bound
300 500 154000 296387 622 -57123 87923
700 127667 296387 682 -.59757 85280
500 300 -.154000 .296387 622 -.87923 57123
700 -.026333 .296387 932 -.75157 .69890
700 300 -127667 .286387 682 -.85260 59757
500 .026333 296387 932 -.68880 75157
f i) a rdl L A - - I
1.3 m-mﬁaaumeanﬂm‘smuammquma‘h’f Cationic Polyelectrolyte
1w
g1I73HATNaY
Test of Homogeneity of Variances
turbidity of poty
Levene
Statistic df1 df2 Sig.
5.168 2 6 050
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Robust Tests of Equality of Means

turbidity of poly

Statistic”

df1

df2

Sig.

Brown-Forsythe

3.758

3.851

124

a. Asymptotically F distributed.

Multiple Comparisons

Dependent Variable: turbidity of poly

Dunnett T3
Mean
Difference 95% Confidence Interval
(hpH (J)pH {i-J) Std. Error Sig. Lower Bound { Upper Bound
& 7 272222 .192524 .540 -.93492 1.47937
8 -.406667 237274 A38 -1.80006 1.08672
7 6 -272222 192524 .540 -1.47937 93492
8 -.678889 .304945 216 -1.84513 48735
8 6 406667 237274 A36 -1.08672 1.90006
7 678889 2304945 216 -.48735 1.84513
Test of Homogeneity of Variances
turbidity of poly
Levene
Statistic df1 df2 Sig. |
.586 2 6 5885
ANOVA
turbidity of poly
Sum of
Squares df Mean Square F Sig.
Between Groups .388 2 .194 1.336 .331
Within Groups 871 6 145
Total 1.259 8
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Multiple Comparisons

Dependent Variable: turbidity of paly

LSD
Mean
Difference 895% Confidence Interval

{1} dose {(mg/t)  {J) dose (mgh} {i-J) Std. Error Sig. Lower Bound | Upper Bound
3 5 094444 311175 772 -.66697 85586

g -.385556 311175 .262 -1.14697 37586
5 3 -.094444 B311175 72 -.85586 66697

T ~-.480000 311175 174 -1.24142 28142
7 3 .385556 311175 .262 -.37586 1.14697

5 480000 311175 174 -.28142 124142

£y = o L™ a : [~
1.4 mwnagaunsaddilstaninmmmaiiaanudwdalflalagnaiiv
A155INATNAW

Test of Homogeneity of Variances

turbidity of chitosan
Levene
Stafistic df1 df2 Sig.
2.406 2 6 A7
ANOVA
turbidity of chitosan
Sum of
Squares df Mean Square F . Sig.
Between Groups 6.820 2 3.410 7.656 022
Within Groups 2672 6 445
Total 9.493 8




176

Multiple Comparisons

Dependent Variable: turbidity of chitosan

LSD
Mean
Difference 95% Confidence Interval
(ypH (J)pH {I-J) Std. Error Sig. Lower Bound | Upper Bound
4 5 -1.848889"| 544915 015 -3.18225 -.51553
6 ~.004444 544515 894 -1.33780 1.32891
5 4 1.848889" 1 544915 015 51553 3.18225
8 1.844444* | 544915 .015 51109 3.17780
] 4 004444 544915 .994 -1.32891 1.33780
5 -1.844444*| 544915 015 -3.17780 -.51109
*. The mean difference is significant at the .05 level.
Test of Homogeneity of Variances
turbidity of chitosan
Levene
Statistic df1 df2 Sig.
398 2 8 .688
ANOVA
turbidity of chitosan
Sum of
Squares df Mean Square F Sig.
Between Groups 1.689 2 .B45 650 5585
Within Groups 7.803 8 1.301
Total 9.4983 8
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Multiple Comparisons

Dependent Variable: turbidity of chitosan

L8D
Mean
Difference 85% Confidence Inferval

{l) dose (mg/l)  {J) dose {mg/} {I-J) Std. Error Sig. Lower Bound | Upper Bound
60 80 -.890000 931148 487 -2.96843 1.58843

100 -1.043333 931148 305 -3.32178 1.23510
80 80 .BS0000 931148 487 -1.58843 2.96843

100 -.353333 931146 717 -2.63178 1.92510
100 60 1.043333 931146 .305 -1.23510 3.32176

80 353333 831146 717 -1.92510 263176

oo e o = . .
2. MINAadaunNWuaaaaaTLIINIIanaAtnaria’dd (Flocculant Settling)

oy o o = e s b
21 MINATIUNWANRYDIDATILIINSANATHAAWIRA YL B‘I?f drvaain

g1z nan

Test of Homogeneity of Variances

settling of alum

l.evene
Statistic df1 dfz Sig.

3.799 2 6 .086

ANOVA
settling of alum
Sum of
Squares df Mean Square F Sig.
Between Groups .000 2 000 18.905 003
Within Groups 000 6 000
Total 000 8




Multiple Comparisons

Dependent Variable: settiing of afum
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LSD
Mean
Difference 95% Confidence Interval
{1} pH ef aium  (J) pH of alum {l-J) Std. Error Sig. Eower Bound | Upper Bound
] 7 -.00004067" Frerpi 014 | -.000069779 | -.000011554
8 -.00007300 e 001 | -.000102113 | -.000043887
7 8 HhEmmEmey i .014 000011554 000069779
8 -.00003233* bl 035 | -.000061446 | -.000003221
8 6 el R 001 000043887 000102113
7 prEmmTa—— e .035 000003221 000061446
*. The mean difference is significant at the .05 fevel.
Test of Homogeneity of Variances
settiing of alum
Levene
Statistic df1 di2 Sig.
414 2 6 579
ANOVA
settling of alum
Sum of
Squares df Mean Square F Sig.
Between Groups 000 2 000 025 976
Within Groups 000 8 000
Total .000 8




Multiple Comparisons

Dependent Variable: setfling of alum
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LSD
Mean
Difference 95% Confidence Interval
{1) dose of alum {J} dose of alum {I-J) Std. Error Sig. Lower Bound |Upper Bound
500 800 889 1-.000073677 | .000083010
1000 00000233 | *reeress 944 [-.000080677 | 000078010
800 500 [ 00000467 | e 889 [-.000083010 | .000073677
1000 | 00000700 | e 834 |-.000085344 | 000071344
1000 500 944 |-.000076010 | 000080677
800 834 |-.000071344 | 000085344
o a ™ o - - 2 o &
2.2 MINAKIUNVENAYaIDATISINIANAzAawIRAnNa 1T WS aaas L5d
Wuaissnarnan

Test of Homogeneity of Variances

settling of fecl3

Levene
Statistic df1 df2 Sig.
4913 2 G 054
ANOVA
settling of fecl3
Sum of
Squares df Mean Square F Sig.
Between Groups 000 2 000 .660 .551
Within Groups 000 6 000
Total 000 8
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Mulitiple Comparisons

Dependent Variable: seitling of fecl3

LSD
Mean
Difference 95% Confidence Interval

{I) pH of fecl3 {J) pHoffeci]  {I-4) Std. Error Sig. Lower Bound |Upper Bound
8 9 -.00002100 feaisinhin 2309 | -.00006729 00002529

10 -.00000567 ikl 75 | -.00005195 .00004062
9 8 000021000 HEREARE 309 | -.00002528 | .00006729

10 000015333 R 449 | -.00003095 | .00006162
10 8 000005667 el 75 | -.000040862 .00005195

9 -.00001533 il 449 | 00006162 | .00003085

Test of Homogeneity of Variances
settling of fecl3
Levene
Statistic df1 df2 Sig.
4.248 2 6 .071
ANOVA
settling of fecl3
Sum of
Squares f Mean Square F Sig.

Between Groups .000 2 000 2.689 147
Within Groups .000 6 000
Total .000 8
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Multiple Comparisons

Dependent Variable: setiling of fecl3

LSD
Mean
Difference 95% Confidence Interval

{1} dose of fecl3 (J} dose of facl] {i-J) Std. Error Sig. Lower Bound |Upper Bound
300 500 000032000 PRk S .079 | -.00000513 | .D0006913

700 00003333 il 833 | -.00003373 | .00004046
500 300 -.00003200 hiaialsiai 076 | -.00006813 | .00000513

700 00002867 ol 108 | -.00008579 | .00000846
700 300 00000333 ik .833 | -.00004046 | .00003379

500 000028667 il 108 | -.00000846 | .00006579

o o O - <] 1
2.3 msnmaaumaanﬁﬂaaammnammnmnaumamﬁa‘lﬁfwﬁma%ﬂszqmn
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Test of Homogeneity of Variances

settling of poly
Levene
Statistic df1 df2 Sig.
4.027 2 8 078
ANOVA
settling of poly
Sum of
Squares df Mean Square F__ Sig.
Between Groups 000 2 000 2.567 .156
Within Groups .000 6 000
Total 000 8




Pependent Variable: settling
LSD
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Multiple Comparisons

of poly

Mean
Difference 95% Confidence Interval
1} pH of poly {5} pH of poly (I-J) Std. Error Sig. Lower Bound { Upper Bound
6 7 000058333 S 125§ -.00002163 .00013830
8 .000068667 ikl .080 ; -.00001130 00014863
7 6 -.00005833 ik 125 | -.00013830 .00002163
8 .000010333 e 763 | -.00006863 .00009030
8 6 -.00006867 ik .080 | -.00014863 .0c001130
7 -.00001033 FRETIAAL 763 | -.00002030 .00006963
Test of Homogeneity of Variances
settling of poly
Levene
Statistic df1 df2 Sig.
7.010 2 6 027
Robust Tests of Equality of Means
settling of poly
_ Statistic” df1 di2 Sig.
Brown-Forsythe 485 2.695 .661

2. Asymplotically F distributed.
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Multiple Comparisons

Dependent Variable: settfing of poly

Dunnett 73
Mean
Difference 95% Confidence Interval

(1) dose of poiy {J) dose of pal {1-J} Std. Error Sig. _ [Lower Bound | Upper Bound
0.3 0.5 -.00004067 ikl .811 | -.00028364 00020230

0.7 -.00001933 il 728 | -.00014023 00010157
0.8 0.3 000040667 i 811 | -.00020230 | .00028364

0.7 000021333 ko 949 | -.00027273 .00031540
0.7 0.3 0000319333 ik 729 | -.00010157 | .00014023

0.5 -.00002133 THEAREE, 849 | -.00031540 .00027273

a o [ L .
2.4 psnadgaumediAradaaTSInsanananaiaialalalasi

[
wuwd1ssinaznon

Test of Homogeneity of Variances

settling of chitosan
Levene
Siatistic df1 df2 Sig.
6.289 2 6 034

Robust Tests of Equality of Means

seftling of chitosan

| Statistic® df1 df2 Sig.
Brown-Forsythe 3.359 2 2.888 176

2. Asymptotically F distributed.,




184

Multipte Comparisons

Dependent Variable: settling of chitosan

Dunnett T3
Mean
Difference 95% Confidence Interval
(1) pH of chitosar (J) pH of chitosal  (I-J) Std. Error Sig. Lower Bound {Upper Bound
4 5 00047000 e .456 | -.00009171 | 00018571
6 DO00G1BET7 | *+wee 303 | -.00011361 | .00023494
5 4 00004700 | rerrrrer 456 | -.00018571 | .00008171
6 000014667 | *rewveex 671 | -.00006792 | .00008725
] 4 00006167 | o= 303 | -.00023494 | .00011161
5 00001487 | revwes 671 | -.00009725 | .00006782

Test of Homogeneity of Variances

settling of chitosan

Levene
Statistic df1 df2 Sig.

5485 2 6 .044

Robust Tests of Equality of Means

seftling of chitosan

Statistic® dft df2 Sig.

Brown-F orsythe 197 2 2.954 831

a. Asymptotically F distributed.
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Multiple Comparisons

Dependent Variable: settling of chitosan

Punnett T3
Mean
Difference 95% Confidence Interval
{t) dose of chitosz (J) dose of chitosd  (I-}) Std. Error | Sig.  Lower Bound lJpper Bound
60 80 BO0006000 | werees 882 | -.00006840 | 00007840
100 00001533 | revrer 869 |-.00023318 | .00020251
80 60 00000600 | *erxeee 982 [-.00007840 | .00008640
100 00002133 | teereee .933 {-.06022706 | .00018440
100 80 PO00T5333 | *wreees 969 | -.00020251 | 00023318
80 500021333 | wemewws .933 | -.00018440 | 00022708

3. minadaunvaidnasliarmninaznan (Wet Studge Volume)

& = o)
31 mmadeunad AnasdSnasmnasnawd s I 8 sa MR TTINASAEW

Descriptive Statistics

N Mean Std. Deviation ¢ Minimum | Maximum
wet sludge of pH 6 3 | 22.23333 823760 21.700 23.300
wet sludge of pH 7 3 | 42.23333 5.818362 36.700 48.300
wet sludge of pH8 3 | 34.46667 12.508530 21.700 45.700
Ranks
Mean Rank
wet sludge of pH 6 1.17
wet sludge of pH 7 3.00
wet sludge of pH8 1.83




186

Test Statistics?

N 3
Chi-Square 5.636
df 2
Asymp. Sig. 060

2. Friedman Test

Ranks
Mean Rank
wet sludge of dose 500 1.50
wet sludge of dose 800 1.50
wet sludge of dose 1000 3.00

Test Statistics®

N 3
Chi-Square 4.509
df 2
Asymp. Sig. 086

2. Friedman Test

d Y o
3.2 mwmagzaungaatanlRmnamnaznawiislfidodaaan lsdinaissinaznan

Descriptive Statistics
N Mean Std. Deviation | Minimum | Maximum
wet sludge of ph 8 3 36.1000 14.54751 20.00 48.30
wet sludge of ph 9 3 427667 3.86825 38.30 45.00
wet sludge of ph 10 3 58.3000 15.00000 43.30 73.30
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Ranks
Mean Rank
wet sludge of ph 8 1.67
wet studge of ph 9 1.33
wet sludge of ph 10 3.00

Test Statistics®

N

Chi-Square 4.

df
Asymp. Sig.

.097

3
667
2

4. Friedman Test

Descriptive Statistics

N Mean Std. Deviation | Minimum | Maximum
wet sludge of dose 300 3 40.5333 2.54231 38.30 43.30
wet sludge of dose 500 3 50.5333 6.92556 45.00 58.30
wet sludge of dose 700 3 46.1000 26.66702 20.00 73.30
Ranks
Mean Rank
wet sludge of dose 300 1.33
wet sludge of dose 500 2.50
wet sludge of dose 700 217

Test Statistics”
N 3
Chi-Square 2.364
df 2
Asymp. Sig. 307

3. Friedman Test
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Flocculant settling when using alum as
coagulant at pH = 6,dose = 500 mg/l
20
18 4
16
14 -
E 12 -
< 10 4
8 - 7.130
6 1 3.735
4 ]
2 4 0.000 0.577 1'2?0
0 T : T ; d
0 5 10 15 20 25
Time{min)}
o - s2 sl
NTINIIBTT-S UM ;v = T = (0.577 - 0.000}/ (5 - 1) = 0.144
o - 52 -5l
A 5 - 10wl ;v = Tl {(1.290 - 0.577) / (10 - 5) = 0.143

figroam 10 = 15 wift ;v = z_sll = (3.735 — 1.290) / (15 - 10) = 0.489

§2—sl

At 15 -20 wifl © oy o=
12 —11

= (7.130 — 3.735) / (20 — 15) = 0.679

0.14+40,14+0.49 + 0.68
4
v = 0.60 x 10" wasdaIuf

ol & e 1 " 1 a
AU AATUIIMTANALNaWARY (v) = = 0.362 LUALUATAIUIN
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