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Thesis Title Treatment of Oil and Grease in Wastewater from Palm Oil Mill and

Biodiesel Production Processes using Immobilized Lipase

Author Miss Lalita Bulad
Major Program Environmental Management
Academic Year 2015

ABSTRACT

Oil and grease which contained in wastewater are the main problems of treatment in
anaerobic systems. It also reduced the biodegradability and interfered the treatment efficiency by
microorganism. Therefore, it is necessary to remove the oil and grease before treatment by
anaerobic fermentation. This study used the immobilized lipase as a pre-treatment and it was
found that it exhibits the oil and grease removal in the palm oil mill wastewater and also the
biodiesel wastewater by 33.48% and 58.82%, COD decreasing by 36.41% and 63.43%
respectively. Moreover, the free lipase pre-treatment process could remove oil and grease content
in the palm oil mill effluent and biodiesel wastewater by 42.29% and 58.82%, and their COD
contents were decreased by 44.56% and 66.12% respectively. These pre-treatment processes also
effected on the biodegradation and biogas production abilities of treated wastewater. The removal
efficiencies of oil and grease content in palm oil mill wastewater pretreated by immobilized and
free lipase can be increased by 54.74 % and 61.31 % and the methane product also were increased
by 31.24% and 38.65% respectively. For the wastewater from biodiesel production, oil and grease
was reduced by 59.01 % and 65.29 %, and the increasing of the methane production is 76.24%
and 87.73% respectively when this wastewater was pretreated by immobilized and free lipase
before biogas fermentation. Although the result obtained from free lipase experiments were better
than that of immobilized lipase is more appropriate when it can be reused. The study of
immobilized lipase reuse found that the immobilized lipase can be reused six times for palm oil
mill wastewater treatment and five times for wastewater from the biodiesel production while the
reduction of enzyme activity at 50% was used as criteria. Each experiment that reused

immobilized lipase, its activity was decreased.
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PCL-AH 1% Pseudomanas cepacia Amano
PFL 1%0 Pseudomanas fluorescens Amano, Biocatalysts Ltd.
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ana = = wady 1 2 oA 2 Y9 ° Ia
UPATe Feezligaauiian luazanihmieazaei ladosun Tasmsiiueweu laidaszan
o w 9 ] A o Y A o = Yo o 1 A wAa [] ?,’ A
inalegluveuwaidimua Iivsoriunda inudinateaies lguania liazaeimse
o Y ¢ A o A o A A o Y 1 Aaan o Y
i Tuanaveson lsiireunuesTasmsiFouiusziall e ldmsisalgaseildeds
aottlosazamnsmiinduun1dlu1den awisaldannzlunmshilgaseiuanaislen
Ia 1 3 (Y] a % { A, o
ouleisase1d uaiuegiumsidenyiavesdinateiily 33mseseg Jeeusoni 114

sz Teani ldn e nannanms lsou laidasey
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d
1.2.9 Yoaveaeulwin ezl
Y d X A 1 ay ¥ 49! o
doaveson laiaiegl Ao awsanuaoguugil lagevunazdidinisn
o ] § 3 4§ o Ia
I lugeiites (pH) nhevuiienSeuifiounuou leidase (Gonchar and Auslender
~ A a - YY andq ¥
1996; Bayramoglu ef al., 2002) 3lomaiiunanssuraziadesmmvoaon ol 188135714
o Jd o %’ o o @ 1 4 ]

manzay ansariueu lyinduunlds 1dvi ldaniserih I srussvuuuuaetionld wu
521U Packed bed reactors (PBR) 55U Fluidized bed reactors t461$ 3¢ 11U Continuous stirred tank

I Y 3/ dyds! o 1 o o [ o
reactor 11/ UA U ‘I/N"LJ"IJumJETJSNWJi@QTLI (Supporter) UASANHUSUDITUNHTN (Substrate)
P =i [} o Y a a’d o Y A % d a £ =\
ulyiniunesahidesi lduignsnamisomauldamiounueuladusgniuazi
1 4 [ Ja 1 4 ¥ J
simgnnleeunums lseulsivase Usal erunlae, 2547) uenainiinis ldeu laa]
= o 9 o a a 9 ] 1 d' a Y
a3l Tugadimnssuih Iiansoduiiumsnda laod1eaeiilosuazniugunIsHaa laa

a S Y1 9 o a 1 o

FuITaueNNaNan0nIMeY by ladisuazaiuisalseu laivareriasiunuly

a 4 o 9 1Y Ly Ja A
ﬂismumiwamﬁ%ucﬁau (E]iﬂlu TUNIANAANAN 2556)

% Y

A y 4
1.2.10 IEmsnsawaz daacminarsililumsasvou s
ax = J ] I~ as 1 A d‘ 1Y o Iy d’
Fnsasegiiou laaiutiailu 3 35 vg Ao MsFeunuaITeeiy Msiou
] Y S d‘ é =\ = [ dy
YINLazMIvieru (U5d omnlaes, 2547) Galsieazooanall
ad 4‘ YY) (v . . . = g Y
1. M3 FoNNUAITBI5Y (Carrier binding method) N3A3 10U Jysid18n13
A v o o o Y _ ax A ax o . .
FouNUAI5095U a5 14 335 Ao A5MIAAFUNINIEAIN (Physical adsorption method)
ax A Y o a . . . axy A Y Y J
M IFeNAINUTE 19901n (Tonic binding method) LATITNMITHOUAIGWUTL IAIUAUA
(Covalent binding method)
1.1 35M3QAFUNIINENIN (Physical adsorption method) D N139A
[ 4 dal a o v A ] % an = addy (=
Fuvostou leiuuiNuAInIeuenveIa15e95uN luazatell T5n15as 93U 50 all
1 an d' [P= Y] A A é’ A= [ 1 4
Hansznuae Inseglauia ieenn lulnuszniinadusazusandameiusz o la
v W o J 2w A a é’ Qddy I o .
AuAls0eSueeuNIn Fanusenavu szt usiuse lalasiau (Hydrogen bonding) 1154
@ 4 o 1 J A ] 3 .
AMUADIIA (Van der waals force) HAZUTINTENTEHEUN Tlyeuiin (Hydrophobic
. . Qddy = =Y Jd Y I 9 [ @
interaction) 1Az 35 01N NAARDNINTTNVOUU TaiTaanties luanbuz Yo INTHYUAIV
A v o o . t4 P o
U 1y iiNesUAUFUAIATN (Stereospecific effect) MIATAOU lwia187THY 1A Taomaw
o o v A 9 =K 9 ~ Qa/ 9 d‘ YA v W gz
msazargeu lminudisessunldnsanmeldanzimungauna e 1dumssusu aniiu
oA = v o v Aa Y = 7Y axA gy o
neneu laiiNgnasseendien1snses Arsessunionldnssgiioulaiare3si ldun
14 . 1 v W 4 . = .
WU In'lud (Bentonite) 1UANITUA (Activated carbon) auaameuvoana (Calcium

phosphate  gel) LLﬁ?W?H (Porous glass) Tnaunsa (Acid clay) ﬂﬂ’ejahluﬁ(Kaolinite)
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a . a 4 a ] Y axy a d =2 kY
BTQNU (Alumina) LASWOAINDITITUYIN LFU uils peaanau a‘ﬁmiwameu‘l%umﬁﬂma

U

[
1 a2

o 3 ax A 1 ¢ o @ Y
miﬂﬂle‘U‘ﬂNmt’Jﬂ1W11Ju3ﬁmi1/lﬂw1/lq¢1 31190 L!ﬂl@uulcﬁuﬁ’qﬂﬂ@ﬂﬂ'lﬂﬁjﬁﬂ\?ﬁllllﬂ\ﬂﬂ

U

=t

99910013 94NT2IIE M TuananeounIn (Chaplin and Bucke, 1990; Murray ef al., 1996)

=D

{

an A Y a . . 3. a
1.2 uﬁmiwaumﬂwuﬁz"laaaun (Ionic binding method) 79 N13
A 1 do @ o A ] ¥ Y o a @ ] @ v Aa
L"]f@ll5$‘H’ﬂﬂl@uvlcﬁllﬂllG’]']i’E]\ﬁ°]J‘Vllllla$aTﬂuTTﬂﬂi%Wuﬁ%vl@@@uﬂ AIDYNAITIDITUNUIY

ngvlal [

7 { { 1 a 3 4
TdaSagdioulaida0951 1dun arsnfioyyauanldoulszy vu wodudgnalsa
. a J o < ] o o JY
(Polysaccharide) tazWoaweI dunTed 1udn Fvouyaszyludisesivuas luoulaideq
1 (% 1 I . 1 (Z
ANNNU LBU mullwmugaﬂiz@um (Anion) (¥U ﬂ@jﬂﬁ)zllmaﬁ (Glucoamylase) Haza?
o 1 I
sesulioyyailizgau (Cationic) 151 DEAE-cellulose 11a2 DEAE-sephadex 11dw
y v d
1.3 M 3t¥eu1eWuHEzIAIaUA (Covalent binding method) 7O
A [ 1 d o @ ] 9 Y] o’ng I Aax A A o o
MIFOUNUTLIENIRY laliuAIT 0T uAIenUS: Tannaua 35 Hiudsitenihinuuin
= 4 an Aa o o v s & o q ¥ ¢
Nga 1110991035 UTuTINTzITEnINdITesT U ueu laiuians awn i ldeu leivge
pon11NA250950 1de1n uaselinsesonge1niag31A1g9 (Chaplin and Bucke, 1990) W12
s a 493 dy o Y Y d =X [ 49! 1 a ~
Tanauainavutiozh i Inseaivosou loinsagUud sy nusoguvgil naz pH <

9 493 ~ ~ [ dy 1 ya 4 = =3 Y
?LlllﬁQvl,ﬂjJ'lﬂeUullagﬂ'J'lmJlﬁﬂﬂﬁﬂ’l‘WH’ia'I‘Llfl]gﬁﬁwaiﬁﬂﬂﬂiiulﬂu]’lcﬁﬂa@aQLWﬂQLLﬂLﬁﬂu'ﬁ]ﬂ

e

v 2 A A o [ 9!% =2 Y Qddy o Y a o A
UUN UM ENa VN ¥ (Huckel ef al., 1996) mimqgﬂmmwmmmm% 7 1599U

Aasl . A 9 Ly 1 s
. ’Jﬁ“lﬂEIZI"U (Diazo method) 79 fﬂiﬁiNWl&‘ﬁ%i%ﬁ’JNlﬂull%’mmz

@ 4

% o Ao = ~ 2 o
ﬁ?ﬁ@ﬁﬁﬂﬂﬂ@uwuﬁqﬂfJgI“BLUﬂu (-N+=N) LFYNNISUIUNTITUIN "lﬂ@gic];llﬂwsb'u

q

1 (3

(Diazotization) 15U A25895UNY Aromatic amino group (R-Y-NH,) uaf ANAIEANNITN 1

NaNO, / HCl Enzyme
B-Y-NH, ——* (R-Y-N =N)CI —* R-Y-N=N-enzyme

Diazonmum derivative
aumah 1 Jgnsenlaos TaTnedsu

Y
ad A

7a Yy % Y a1 a
ulminawsaaianuse Taruaua Tae 51 1aun eulainlvjosi Ty
a S A aa A [ a a
oase ou lwinivydia leansonyiluedn leasonsa
4 Y d
v. Amawendenusz1Ing (Peptide binding method) Ao M3

A ' J (% v Y o J 2 A o A
L%”E]lli$W'J'l\ﬂlllﬁf]ﬁl’é]uulclflllLa%@l’Ji@ﬁiU@’JUWH‘ﬁ%Lﬂﬂqﬂﬂ (-CO-NH-) 93 2 anHU AD
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% = 1 4 a [} a o Y
1) A19095VUNYATUONTA (-COOH) taznyoz i 1u (-NH,) gnii 14

I o A 1 aan 1 .4 . . 4 o
Wueywusn laol§azer 151 eyWuTUe Acid azide, oyWUTYDINAD 130 10 Taslyauun
o J J < Y Yy A v ] a J o 1 aan A o
uazoyWuivenae 13a 1Wudu uduvounuvyez i Tuveuou lul dred19 nse1nan

[ o ya v 4 [ ~
5ﬂﬂﬁﬂgﬂﬂ11ﬁlﬂu@1§wu‘ﬁﬂa@llﬁﬂ HEANANEUNITN 2

S0C, NH, - enzyme

R-COOH —* R-COCl *  R-CONH-enzyme

3 [ o

~ Aaan ~ Y v J 4
aumsi 2 Ugnsenarsesiugninditlueyiusaaelsd

] 1 o a J
2) 1darsarumiu laun m131u'lad lud (Carbodiimide) Woodward’s
I (% @ s A @ Ja 3 ] 1
reagent K 1fludananadraniusznlding dovuszull Indinaduudrasmumivezgnilaes
NAUAUIIAUAN

a

an a 5y . A A Y
. ITNSIANTINDAaNA (Alkylation method) 79 NITIFOUAIINUTE

U

TarnauAsera1anyez i Tu (Amino  group) nyTue@n (Phenolic) 5 onysalasa
(Sulfhydryl group) veuou lainunyia’lad (Halide) ¥03825095ULDY Alkylation HAAIAY

aunsn 3

BrCH.COBr Enzyme
Cellulose-OH —*  Cellulose-OQCOCH.Br ———»
BrCH,COOH, dioxane
Allylation

—* (Cellulose-OCOCH,-enzyme

aunIn 3 Ugnsemsiaunyoana (Alkyl)



13

as A o %4 Ny A . . <3|
4 AFNIFONNWHTZAIFATTNTUING (Bifunctional reagents ) uJu

d‘ @ [ (% s Y d' é d' 1 1 a o [ (% [
ﬂm%@umimsuﬂmau"lcmmﬂmmmmmi]zmf@mzmnwg@zuiummmsmsmuwgaz

Aa s A < A Y A v o
HTuvewou e msyeuyernduninarsiinding 1wy nga15adleq (Glutaraldehyde)

T A

R~ 4 A A o 1 a o v W <Y ax Y a
"Iﬁllﬂll’ilaﬂhlﬁﬂ 2 1Y ‘Vlﬁ'lll'lii]L“lf’i]llﬂ‘]J‘ﬂ13@311T‘L!"’IJ’EN@]’Ji’ENiﬂﬂﬂlﬁ)uhlclmﬂﬁﬂ’.lﬁﬂﬁﬁiﬁ%w

Y

1@ (Schiff base) LLAAIAITUNITN 4

. -2H.O
Carrier-NH.+ OHC-(CH,).-CHO + H N-enzyme —

——» Carrier-N=CH-(CH,).-CH=N-enzyme

Schiff base

A aan 9 a
aunsn 4 Ugnssmsassyue

a

y YY) (Y] I
2. M aveNNUMII995UA5)D38193(Ugi reaction binding) 111

Q

BwavvesmsidarsUseneonlulnsenselszneudlonylaaelfazer ivu o Ty

U

lasen'lud (Isocyanide) ©adlad (Aldehyde) Alau (Ketone) A15UBATA (Carboxyl) Ay

= . Y dyw @ 4 Y = ] 1 aan J dal ] [ =< d
194U (Amine) °I/I\“I‘LJG]'J?E]\“Ii'UL!aglﬂuhlclfllﬂgﬁﬂﬁllﬂghl?ﬁ@ﬂgﬂiﬂu’l’ia’lu’ﬁ]ﬂ%ﬂ@ﬁ]ﬂ%ﬂﬂuﬁﬂ fa

Q

=

1011 11AA N-substituted amide 151 M3FOUAVAIT0ITUAINUYNT0193 IaeaIT095 DTN

ez

ﬂ”lg‘]Jﬂﬂ“?fa (R-COOH) HAAAITUMSN 5

CH,

R-COOH * CH,CH,CH,NC + CH,CHO + enzyme

GRERERT) CH, (3-dimethylaminopropylisocyanide)

CT—[E. CH,

—* R-CONCHCONHCH,CH,CHN

Enzyme CH

~ aan a
aunsh 5 Ugnenea



14

aan F) Y dy @ v A ] ?_.,’ = 1 14 a o
ﬂ{]ﬂifﬂﬂlN@]uu @]’Ji’eN'i‘]J“I/IlliJagaifJHWNﬁy.ﬂﬁiJﬂﬂcﬁaWﬁui’mﬂﬂ

1 a

IR A g a v A J
maaxmmeu‘lwmuﬁmmiu (HzN-enzyme) mﬂuummzwmﬂ”laﬂ (Acetaldehyde

U

Y ] [
(CH,CHO) ua¢ 3-dimethylaminopropylisocyanide Auasazaenanuaiumal 6 ¥ 1uan
e 6.5 #91l5uTavansazarwlalainanin 0.5 ueiuea (0.5 N HCl) 2z latou ladn3agallu
ANy UL N-substituted amide

2. BmaeniuszlasmsiasunyiInesa (Thiol, -sH) fula
Aas

=

[ d . =2 g A ] J @ o R
#alwa (Disulfide) Fuiluismsaseguuusanasuny Ineoavesou luduazar5oaiuma

v
- 9 v

=2 ) d A J 2’, A d A =\ ] 1
ﬂﬁ@liﬂgﬂ’)‘ﬁuﬂﬂuﬂﬂ\im ﬂﬂmaullwgﬁmﬁmmummmmau‘lwgamﬁum&"lfvmaa 134]

=2 =2

v @ P ] ] ' . a ]
Jagiuniimsanuinisaseanueu laaiin lulivyg Ineea wu weae: luaa Fesdoudnmn

mo0a (Thiolation) 1¥nureu laminew

asl

ad d' . YY) v Y d' Y '
¥, I MawoniuszNUMsessuAIeIToUT AN
Y 9 o s . 2
1) m3lauilalasadled (Dialdehyde starch, OHC-starch-CHO) 411

@ o Aa T A 4 ] Y I @ @ v o ] a 4
Glﬂi@ﬁﬁﬂﬂllﬂll@a@]la@ 2 LB mmmimﬂummﬁﬂumi%Uﬂuwyjazﬂuﬂlmmuqmmmu

U

Ugnsendlua 1dun msesegiiulu

Y 3 o o A
2) M3 1% Poly (4-formylmethoxyphenol) methacrylate) 111Ua23509517
= Vo A P ' ana ° ana o ' Aa P v Y
Hjoan lean haodfnsen azihignsenumioz il Tuvesou lasdufeanude n
Aas 9 v 2 Aad “ qe
3) AIFMIATNNUTENIDLUAU (Guanidine)

4) Jmsasagiioulmisauiu Iaunnes

Y
adn A o

ad A . . o Jd =2

2. M 31WoNVI (Cross-linking method) M57i0u Taing g5 Hond
an Y o A A o oan Y o ¢ 1aady 1y Y o o ¢
pmsadaiusntinieunuismsaiaiuss Inuaud uaisil ludeclddrseasy o la

] @ 4 J 4
wzgnasegog 1A Taemsad1aiuszienu19 (Cross-linkers) 2119 Tuanavouou lai Tag
P AT FoUUNNHTNIMFONTZHI19 2 TuananIonINNI1 (Bi-or multifunctional reagents)

£ v ¢ "o < 1 Iy
Fatiwaldou losivare Tuanamiznguiu nareilulwanalvaazaieii1dieoas

A as = dall Y a 9 4 1 Jd o 1 A

110991035 MsAseilne Idinause Tnrnauaszrae Tuanaweu 1y @reg19d1515ouY19

[ o J

1 J
(Crosslink ~agent) 1AuA NgA15ad 1@ (Glutaraldehyde) onwus lolanTe laguua
. . . o . . 7|
(Isothiocyanate derivative) az@yWus 1o 14l nua (Isocyanate derivative) 1oz lud laog To-
a [
IUFAY (Bisdiazobenzidine) 13)1A1L
ad |l 4 . I ax G da
3. 35M3tieHy (Entrapping method) 1135 n13a5 931 luuus e lyiodsy
[ 1 1 a 14 A ] Y Ia Yy A A Y
IAugesinavesmaieneamwes (Polymer) nsovoruou laidase lidatoursnoon 1l

= 1 Y . =< g Y Qddy 1 =2 4
ﬁ”li‘ﬁﬁJW”l‘Ll]lﬂ (Semipermeable membrane) mimqmullwmmﬁuummwmmsmamu"lcm
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Y ax o ax A A o an A =) A ) = '
AIYITUVVYABVUASITLIFOUUIN L‘L!’E'N%Tﬂﬂﬁﬂi\i'J‘ﬁuﬂzulﬂJllﬂ'lil‘lfﬂilwu‘ﬁglﬂilﬁlﬂc] IEUIN

'y a s A ' Ay s 7
Lau"lcvuﬂuweamai (Polymer) HIDUAUINULUTU (Membrane) memam@u%mmm@u%u

v
v W [

W Yo = A =2 o ' v q Y 1 A Ao o o ¥ = Y =
ulllulﬂﬂllﬂﬂﬂﬂﬂjwquﬁﬂﬂﬂﬂﬂﬂulﬂﬂ LW]{ﬂzgﬂﬂlqalﬂﬂgﬁlUUﬁmﬂlﬂsﬂ']ﬂﬂ Quuﬂﬂﬁ’]u’]ﬁﬂﬁl‘ﬁﬂﬁq

9 a g 4

@ s ' s { wa
Lau"lcvu"lﬂﬂﬂ%ummmmammzmﬂﬂizﬂaumm VLKA mﬁﬁmmmmzﬂmﬁuuw
Y

q

=<

1 @ 7Y an A o Y
UANANNU miﬁiﬂt’au"lclmmmﬁuﬂﬂwmmmmmhmiﬂi

;

¢
iﬂwmmu"lwaﬂm

ee

o]
=
=

29)
2

Y
=

~ 3 9 A A Y = ’aq ¥ o A & Y axAan
L‘WENLaﬂ‘Ll@Ellll’E]WIEJ“]Jﬂ“]Jﬂ'IiGIiQL’E]uhl“]ﬂJTIGlGBWLl‘ﬁ%‘VINLﬂlI HINTIAIIAIYITUND

62 LU Ao
. . = dy o % A 1 Y F2
3.1 Enzyme inclusion m’u‘mmuuumu%ngﬂmmawaﬁu"h

1 1 a 4 $ 1 ?,' 1 'o [ 4
Molugesnvisuesa1sneawes (Polymer) i liazateriedaasiuaue aswaaslunini 1-1
AqYr Y dan 2 3 A P A A A P
asldveduou laidisiorniluaisnedmes535u11@ (Natural polymer) W3 0@ 13 WO ANDS
o 4 . I Y =l (dedy 9 = a a 9 Y
FUATIZH (Synthetic polymer) N lamswToneu lsiisHazdosdonylinvesarsneawos v
[ P 9 A a a I a I'4 A (a a o
mungaunueu ladn 1y iesnasunsisvazinatlunedmesazlidgnsongunsaousi

Tiadosmmaeaeu lmideely1a

~ =< /Y a1y .
NNN 1-1 mmﬂLau”lcmmmwaﬁmmu Enzyme Inclusion

N http://agri.npu.ac.th/publication/

. . dy 4 ] 9
3.2 Micro-capsulation uvviitou ladazgnveru 13 lunailgaving

<} { A A 9 a ' 9 Y ' J Y o
L’dﬂ‘l/]llﬂmﬁiJ‘]JGIEJ’E]iJGI,WﬁWﬂJN‘Bu@]Wﬂ!!,"m-f]f]ﬂulﬂ umau"l,cmmuaaﬂm"lu"lﬂ muamclu

q

das dy 9y A

~ ~ Y o Aaan a = 14
NINN 1-2 ﬂ1im‘iiliJl’fJuUlG]ﬁJ’J‘ﬁu%$Gl’t]\‘]ﬂ’J“]JﬂiJﬁﬂTJZ‘I/]GlGD'VIT]J;;]ﬂiEJT’UmZLﬂ@]ﬁ’ﬁIWNM’E]i

a 3’; 1A 4 {
(Polymer) 191@ Inziiuaziinanonanssuveaau lui (Enzyme activity) 1'ld


http://agri.npu.ac.th/publication/
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= = 7Y a9 . .
NNN 1-2 ﬂwmimu"lcmmmw@nmmu Micro-capsulation

N http://agri.npu.ac.th/publication/

' < = ¢S Y o = = o o & w

'afm"liﬂmnmmmau"lcnmmmmmmﬁmwmﬂq 129N INDULALHAY
= d’ [ 1 g 1 1 o 4 [ = 3’; Qy [ d'

RFTGEN Lummﬂﬁmamam’mi}mwaﬁ’amimﬂummmu”lwwmmagﬂmﬁu ANNINN 1-3

A = = A Y  a g Vo P ] =
NUAAIDININITIWVDINTZUIUMITHs Beu laindoafinnsandauaduey lyiing 14 lunsasa
1T A 4 % o 1 o
ANINTTUUDAUBY T3] (Enzyme activity) A210AIA (Stability) HaZANNIUNIZADNITN
aan .. @ { 9 [ { 1 o
Unsen  (Selectivity) Aangan g lunisase msdivanzimuzauaonisns sou la]

=N

2 A wad Yy A o = o = P q ¥ oA
m@mumumumﬁgua% ANADAUNYINUNITAI Wﬁﬂﬂ'lfl'ﬁi\“ltﬂuulcﬁn !,‘W'Ovl,llﬂlﬂl't’]uulc]fll‘ﬂ
=

= a A @ =\ v 1 ~ o Y
maqtymﬂﬂ%ﬂiswaamimmawmmmmmeﬁmasmzu”ﬁlﬂiﬁﬂuamﬂm

selectivity ~ pore size, particle

Enzyme Canvier
Activity, stability, Properties formy, shape,

Process

development

3 Conition
pH, ionic strength, temp
binding chemistry

Post-treatment
pH, consecutive,

modificati on, washing

A = 7
NINN 1-3 ﬂiZU'JuﬂTiﬁi\H@uvlclﬁJ

‘Q' %
N1 aauagan Cao (2005)


http://agri.npu.ac.th/publication/

17

1.2.11 woatliiadalvlu (Polyphenylsulfone)
ana ] I a d a < A 9 43!
woantada Iy (Polyphenylsulfone) 1 unodiuossiarlanas19UUIN
yauoes (Monomer) vod luiluea (Bipheno) Fuiludiudszneuivilinaradninny

a o

ufanss numuuazasgy uaz 4.4-lanas 15 lafliiadia TWu(4,4-Dichlorodiphenylsulfone) Tag

'
a @ JaAA o

an YR~ o a a [ = < ~ 1
woantasa IMudailumoes Tunaraanwoawesnianyae 11sela Uanuuda miled nuao

a 1

=1 anaAa [ d‘ 9 = dd’ Y 4
gavgigauaznuaedisall weantaga lunlylumsAnyiNFenianisa1in “simanis-
ana @ 9 o ] Fak 1 ~ I
woalaca vl (RADEL® Polyphenylsulfone,)” lodayanyalgadn PPSU Ngas luanaily

Y v
(-C,H,-450,CH,-40CH,-4CH,-40-), umuﬂimafgamﬁﬂ (Weight average molecular weight)
A 63,000 AFNHAONNAIDYN 14-20 NFUAD 10 UIN AWMU n 20/D MIAY 1.672
QUNNNNATNT IUFTU (Glass  transition temperature,Tg) 208 DI ALTYd LAz

q U

WUWUY 1.29 NSUADNAaaNT N 25 IR IsaITd

1.2.12 ma@nvagedulvnuweanl Hadululu
=~ a A= 9 1 1 [ 9 I a A
PHUWANDT UM THUBE LN HaY 15U N5 T usFunanilaesu
. VU o o 3~ Y o S v ~ a s
loo0U (Ton exchange resin) 1¥lumsihaninds 1olumandwnssy fudu eliunedmesh
Y a o Y A g a = J . a J .
lannsssumaausaimihnidunsa-wa dindle g (Nucleophiles) aunua (Ligands)
{ a o @ 1
woslane uazasuaniasuilszy elunedmes Iaonala) 151 Polyvinyl amine v213on'1d
@ =) gi v KR A a [} = Y v a s A
eINUaNIAUAIIEHUHa 8T UAoY YoguudalmstauneluInnuneaiuestNon1s
29 Y = A A Y o A P ) ? A
Yszgndly FamsaungetuldinuneaueivzlsznoualonszuIums 2 TuaoU Ao

o o o < Z a 1 F) A
1. muﬂﬂuﬂ]ﬁﬂflu!ﬂi‘ﬂu Lﬂu"uuﬁEJum’imuwghlumimﬂlﬂﬂﬂﬁw

v ]
=1

] a 4 Y o Aaan o . . ]

Tgvoanodmos aa1snldinl§nser luesdu (Nitrating agent) sinitluasazaionsandu
1 a v a A Yy 9 aan Y g’/ = 4 a 1
senannia luas nuagnsadanlas ndudu Ufns e luasduiudilse Tesiun lumsi@umn]
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pH 8.40-8.59 -
COD 175,000-545,000 mg/L
BOD 105,000-300,000 mg/L
Total Solid 15,750-49,050 mg/L
Suspended Solid 10,224-28,790 mg/L
Grease and Oil 37,580-44,330 mg/L
Volatize Fatty Acid 200-400 mg/L as CaCO’
Alkalinity 350-450 mg/L as CaCO’
Nitrogen 268-420 mg/L
Methanol 7,690-7,940 mg/L
ﬁm: m;aiifﬁ (3999 LAZAUL (2551)

Grease and Oil 7,00-1,5000 mg/L
COD 60,000-150,000 mg/L
BOD 30,000-60,000 mg/L
Suspended Solid 1,500-5,000 mg/L
fin: leun azduns (2552)

pH 11 -
Grease and Oil 15,100 mg/L
Carbon 14,800 mg/L
Nitrogen 64.7 mg/L
Solid content 2,670 mg/L

A37: Suehara et al. (2005)
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2.1.4 m3tadl Usznevudie
@) e umsndaoulas] an
- o lyd lalamanmsmatianeain Pseudomonas fluorescens
- woaniada Wy (Polyphenylsulfone)
- luTasiuudu (Nitrobenzene, CHNO,)
- luNUDa (Methanol, CH,OH)
- 139 1uAsN (Nitric acid, HNO,) 65 %
- nsagaI3 MANAU (Sulfuric acid, H,S0,) 96 %
- laiiaez¥n1u1ee (Dimethylacetamide, DMAc)
- leas13ulaiasa (Hydrazine hydrate, H,N,H,0)
- ngM5aa lad (Glutaraldehyde, C,H,0,) 50 %
-lowwdn Tafeunoamna (Dibasic sodium phosphate, Na,HPO, )
- T Twwan I@eunodina (Monobasic sodium phosphate, NaH,PO,)
@) maniinnzrnonssuve sl et
- i-TuTasWiathduiian (p-Nitrophenyl palmitate, C,,H,.NO,)
- fi-1uTas¥uea (p-Nitrophenol, C,HNO,)
- 2-Tnswuea (2-propanol, (CH,),CHOH)
- lasmeudnd 100 (Triton X-100)
- ANDISUN (Gum Arabic)
- TanRounsueiug (Sodium Carbonate, Na,CO,)
-lawanTmAsurodwla (Dibasic sodium phosphate, Na,HPO, )
- TuTuan TaReunoaineg (Monobasic sodium phosphate, NaH,PO,)
3) maniiiyinnzsauvoaelass) ikt
- 19N1UBQA (Ethanol, C,H,OH) 99.5%
- AN iiaeuDg (Coomassie brilliant blue G-250)
- nsavloana3nidutu (Phosphoric acid, H,PO,) 85 %
- 81311033 1 11/5AU BSA (Bovine serum albumin)

- lawwdnTmAsunodla (Dibasic sodium phosphate, Na,HPO, )

- T Twwan Ts@eunoaiia (Monobasic sodium phosphate, NaH,PO,)
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@ mandildnnzialed (cop) Hf
- n5A¥aNITN (Sulfuric acid, H,SO,)
- wesATiFama (Mercury sulfate, HgSO,)
- Fanesdanla (Silver sulfate, Ag,SO,)
-HuuuInsau (1,10-phenanthroline)
Tuaen@eoulalnsue (Potassium dichromate, K,Cr,0,)
-wloSagaaailaz lawsa (Ferrous sulfate heptahydrate, FeSO,)
- eFauan Tudlausama (Ferrous ammonium sulfate, Fe (NH,),
(S0,), . 6 H,0)
5) i Snazilon (BOD) figat
- uamtiaaa (Maganese Sulfate, MnSO, .4H,0)
- Tandouie 14@ (Sodium azide, NaN,)
- nsAFaN23 NI (Conc. H,S0,)
- Tasiden'laasen lue (Sodium Hydroxide, NaOH)
- TasiRen'ls Tosaia (Sodium thiosulfate, Na,S,0,)
- Tnunangonlalalasiaunoala (Potassium dihydrogen phosphat,
KH,PO,)
lalwunasonlaTasnunloama (Di-potassium hydrogen phosphat,
K,HPO,)
-uila (Soluble starch)
- wouTuiiiounae'lsd (Ammonium chloride, NH,CI)
-laladenlalasnuremvaaae laiasa (Di-sodium  hydrogen
phosphate heptahydrate, Na,HPO,.7H,0)
- N3AYA lan (Salicylic acid, C,H,0,)
- uaaiFeunan 15@ (Calcium chloride,CaCl,)
- wunibdeusamiaedaz lawsa (Magnesium sulfate heptahydrate,
MgSO,.7H,0)
- 3aza1enIaganI3n (Sulfuric acid solution) 1 N
- lo3nnanlsaienaz laiasa (Ferric chloride hexahydrate, FeCl,)

- msavane Iadenlaasenlod (Sodium hydroxide solution) 1 N
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- msazanelafenlaasen lud (Sodium hydroxide solution) 0.1 N
- asazaenIasanI3n (Sulfuric acid solution) 0.1 N

®) naniidSnazvinaesea (Glycerol) et
-1onaulnanea (Ethylene glycol, C,H,O,)
- msazane iAoy laason 1o (Sodium hydroxide solution) 0.05 N
- msavane TxRenlaason 1o (Sodium hydroxide solution) 0.1 N
- esazae Ao lansen led (Sodium hydroxide solution) 0.125 N
- 13a2a19nIATaNI3n (Sulfuric acid solution) 0.1 N
- msazang laReunes e (Sodium formate solution) 1 N
- Tupen@eon lalasaunnian (Potassium hydrogenphthalate, KHP)
Jlalosifenaaseusisaiane laiasa (Disodium  tetraborate

decahydrate, Na,B,0,.10H,0)

- Fluedvl51@u (Phenolphthalein, C,.H,,0,)
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- asazane ooy lansenlad (Sodium hydroxide solution) 0.1
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A sa s = A A AR
1IN IATIEHNINTswen leiasegduazdSuaTdsaundanizuu
a 4 d R 1 o = 9 o 4 = aara [
wodwesvouou ladassgUnuiraimsaisdioiuss Iannauavuweliuneadiadu T
d =X Y] 1 aAa o Y] ~ I =3
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AT NN 3-2 ﬂ1ﬂi]ﬂ5§3JLE]uUlG]53JG]§\1§‘]J

Avnssuenlaad (U/mg protein) Ysuna T sauveaou lad (pg/mi)

Ja Jd =K Ja Jd =K
ou'lmioasy ou'laia g ou'lmioasy ou'laiag g
845.57+0.03 772.01+0.24 50.784+0.27 27.094+0.18
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A A 9 d = 1 ? o o ? a
M0 3-3 Az auvens ey lxias sy desaarniniuuag luiuluiige

S | szezna | ThideTseawaiariunhdy VideTsenunanly Todera

LHY duda | asaluiudase | nawesea | nsaluiudasy | nawesea
oulasl | (v (%) (%) (%) (%)

(LUAY)

12 7.68+0.07 5.12+0.08 3.70+0.02 7.08+0.08

1 24 8.40+0.07 5.60+0.49 4.07+0.03 8.06+0.33

48 7.70+0.02 5.37+0.08 3.62+0.05 8.12+0.08

12 8.170.04 5.35+0.08 4.03+0.09 7.94+0.16

2 24 9.38+0.05 5.75+0.16 5.23+0.02 9.18+0.16

48 8.29+0.04 5.54+0.16 4.18+0.02 8.86+0.16

12 8.56+0.09 5.40+0.08 4.01+0.16 7.3740.16

3 24 9.34+0.07 5.90+0.16 4.6320.11 8.40+0.16

48 8.60+0.22 5.8240.33 4.04+0.07 8.23+0.24

vhidea 6.66=0.05 4.14+0.33 3.60+0.03 6.16+0.08
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= A ' ¥ o Y (A ~ = ¥y L2

free fatty acid, LCFAs) uagnaiyoseanazalgadluinnlnlsumnaslonazarsrniuiy
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(Jeganathane et al., 2007) Iael/5uad Tofaza1oU unNLUIU 9.26 % uaz 18.01 % FI019UHAAD
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A ¥ o v A 2 ~ = 2 42 2 A 9
A13199 3-4 YSunaniniuuas lviiunasaaazdSunad Tedazarsinnmuvuis 145z eznan
o Aaan Aa ] ' 4 1
Tumslgnserlalaslasa 24 ¥2Tus uazlduruweonlminiegy 2 nag 3 uru
' 1 901 o 2 Bo’ a
(1 UAUYUIA 1 A5.%1) 90U UTe 120 ml nSULNFeInMsHaa luToAtsauay

? a v 3w d o w
Wuge lsenuanaiiuliay auaiay

? a Y a v 3w < ? a a =
T uuaﬂiiwmﬁﬂﬂumuﬂmu mmﬂmﬂmiwam"lﬂam«m

A1 SCOD (mg/) | A10&G (mg/!) | A1SCOD (mg/l) | A10&G (mg/l)

Aouldion laf 49,000+6,387.49 2,270+4.00 118,889+10,478.93 17,140+4.00

vidal4ou laaf 54,000+4,242.64 1,326+9.90 145,000+7,071.07 6,638+10.61

% (LW/a9) +9.26 -41.59 +18.01 -61.27

o 5’493 [ [ [ 9 v o 1 1
mshauveaeu lsiyuegiuatenateiade Sidedeaena iz aw

a 4 A ] o 9 é v Y =\ a
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NAITDI WU WA IALITUNZNONNANVWENTUINIANIN 5 % Uag 3 % ANAIFY 9280
aQ 4 p 9
nanssuveuou T lanla (Bitenmiller e al., 1970) tou'la3i latlaamd¥e Achromobacter

a A Y = J o S Y 9 ' <

lipolyticum zB@nanINTsNanaule lnawe lsaduns1zHANA NI NTUNINNI 10 % 1Tu
(Y] v a g
FuaaIn (Khan ef al,, 1967) Han13anadvednanssueu aidnalinnueausaluns
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lusiudaszuazndwosoagega Iaensa luiudaszuagndosoanuiu 37.13 % uag 35.92
o [ g [ g @ 4 v Aa = A 3
% dmsurudslssnuanaiuhay aselviudassuazndiroseaiuuy 54.24 % uay
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A A Y d 2R ? o @ 2 a o ]
AT NN 3-5 ﬁﬂ'ljzﬂlwu']gﬁ?ﬁu@qﬂ'lﬁalslﬂﬂuulcﬁuﬁﬁqEJE]ﬂﬁa']fJu']?JullagulGU?Jualuu']lﬁﬂﬁ'JﬂfJ'N

A A v ! %’ = ! ’é o
NRADIWATITIUUNTIABDUINAU 1:6

Sy | szeznm | thidelssnuaiarhinhdy | dhidelsanundalo Tedma
pulyd | duda | nsaluiudase | ndwesea | nsaluiudase | ndwesea
(LLF) (B1.) (%) (%) (%) (%)

12 1.02+0.07 0.9240.08 0.58+0.02 3.63+0.08

1 24 1.23+0.07 1.05%0.08 1.08+0.07 2.53+1.96
48 0.78+0.02 1.05%0.08 0.73+0.09 3.68+0.16

12 1.13+0.02 1.1120.16 0.90+0.04 4.37+0.33

2 24 1.3620.04 1.2040.08 1.18+0.07 7.25+0.16
48 1.06+0.05 1.05+0.08 0.99::0.02 4.55+0.24

12 1.18+0.07 1.27+0.08 0.72+0.07 4.49+0.16

3 24 1.67+0.02 1.42+0.16 0.97+0.04 5.81+0.08
48 0.9620.13 1.03+0.16 0.79+0.04 4.7240.16

e 1.05+0.39 0.91+0.16 0.54+0.04 3.28+0.24
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= o w ~ A a = a Y34 X Y] ' )
"l‘UT?JﬂL%’ﬁ ALY Llﬁﬂﬂiuﬂﬁﬂﬂ 3-6 ‘Ll’e)ﬂfﬂ1ﬂ‘Ll’lJ33JTEL!"])’I?JﬂﬁzaTﬂMTﬂLWNﬂluﬂ’Jﬂwuﬂu
a = A2 2 J v a
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o ¥ a Ay A ' A A o ' ' 9 d o a2
ﬂ“]JuHﬁEJVIU]JJ‘I/]'IﬂTHi]’E]i]'N NUIINITIDIWNNOATIAIU 1:6 mﬂslmau'lcmmﬁm'lmmu 219
< g a A 1 o A = y 9 g o Y = o & [
lﬂu!,Wi1$'LHlﬁEJ‘VIUlll1/]']fﬂiL%’E]ﬁ]N1Iﬂ’NllLGUNGUHGU’E]QH'IiJuLm%UlGUiJHQQ FIDIVYVYINTININIU
¢ Yy v ? o o A a o ¥ o
eummu"lc]m lWi1$ﬂ’ﬂiJl"lliﬁJH"ll’é]\‘]unJHLm%U],"llllu‘ﬂll1ﬂlﬂul’lﬂﬁ13ﬂiﬂﬂﬂEl\iﬂ'li‘l/l'l\ﬂu"ll’élﬂ

ou'lr3i1& (Khan er al., 1967; Eitenmiller et al., 1970) usiog13 13Aa1ua13In1sfnyIsIuI

' o = o A A A
ngumu"lcmmmawmmﬁmai}mwumu
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~ 2 ¥ o v A ~ = 244 2 Yy A Ao
ATTNNN 3-6 ﬂﬁMWmuWNulla%qﬂJNuﬂaﬂaﬂllag‘lr%iJ'lﬂ!clfjﬂﬂa%a'lfJuTVILW?JGUuGU’E'Nu'ILﬁfJVIW'I

] 1 o Aaan ] 1 P4
M31999190AT1dU 1:6 Tneldszeznainlfnier 24 92 Tus uaz ldunuon la]

) ) \ =) g o 3 Bo’
2488 3 UHU (1 LAY YU 1 A5.91.) Ao1311A51 T 120 ml S1MSUUUTEIN

a %’ g Ly 4 o w
msnaa 1 ToAwataziudean Isanuiniuildy sudaay

i Ve lssnuaiarhiiuhdy vdennmananluledsa
A1 SCOD (mg/l) | A1 0&G (mg/l) | A1SCOD (mg/l) | A1 O0&G (mg/l)
Aouldionlesi | 16,500+707.11 997+82.02 54,000+2,828.43 | 6,215+7.07
vaaldenlasd | 20,000+1,414.21 414+35.36 69,500+4,242.64 | 1,885+5.66
% (i/an) +17.5 - 58.48 +2230 - 69.67

o U

9

wonantdamunlumsinlgaserlalas lagea (Hydrolysis) USuimnsa

v a = ~ ~ H 3 a a = A 2
lviiudase ndwesea uazd lofazarertivesindsninnszuirunisnaa lu ToAmamuay

1 %l =y (% %’ [y 4 3’; %l =y d' 1A g = d’d = g).l =
nnInidsveslssnuanainivhdunaiiden ivenwazindsnive s dnnalsuu
Y o v I I o Y A Aa ] @ ¥ A
Hiunas lviunanaannnigls s1dlunszdpvazindeniinnuuana1any Tagyiude
a = = I Aa v o %l g . . . A

nmsnan luTedwalanwiludiasuuuuiinluiii (Oil in water emulsion) 1484910013

& A a aaa =2 ° aaa 4 any d A ' 3
Juddouayninaanigaserdiufesvesmsinilgnsemsudiodmes ladunlagaaiu

3 U

Aana [ go’ = [ sol ] s A I ?:’ o ?:’ Y I 1
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3 a Y 9 ¥

o ' 9 d Y o o E @ A Aa
anwiiludiaru memﬂmau”lfamﬂaﬂﬁawummmz”lmuu“lummﬂmmzﬂummﬂwu

oY

A ]

< o o H Y @ @ Ja A
aomzithuiniulunihmsedoniniulnilaa (e5y Wuwednaana, 2556)

Y do w o a A [
35 Wi’l"llENﬂ151‘15!913!"’15“‘]]11Jﬂ1!1!ﬁﬂ!ﬂ0\1ﬂu

o w v

Yo 1 = . A d o @ ¥ @ 3
M3 1982159M19%2910 (Biocatalyst) #3otou lasidhnsumdatiniunay lugduluii
9

a2 a A A a A P y a = 9y 9 o w @ A A
LﬁﬂlﬂuﬂW\i!ﬁ@ﬂﬂMﬂiZﬁﬂﬁﬂ1W LmGluuuﬁa%ummmlmummumuuaz‘lmuuqq LNy U

AumAlinYsIsMsNNeg@ay sy msldnszuiuns lauenpasu nszuIUMIAzNEUADY

[ o I o & aw A

HUUBALINA LazNTEUIUMIATY 1JUAY (Woolard and Trvine, 1995) Aainluauiseni
9

A Y Ia A o o ¥ o o 2 a v ¥ o < o A
Lﬁﬂﬂi%tﬂu]'l“]iuﬂﬁ§$LW@ﬂWﬂuﬁJuLLagﬁllsUllu’ﬂ’ﬂﬂﬁnﬂu%ﬁﬂiiﬂﬂuﬁﬂﬂ‘L‘HN‘L‘!‘]JTGEJLLGS’JHTLZ‘TEJ

9
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Y da Jd =X o @ &, Y ?,’ S :’ Y d
3.5.1 wamﬂmau‘lmuaaﬁxuazmu"lmumsmmﬂmmﬂumsaﬂiiaammuuﬂmu
A4 9 o ) o o ¥ oa K g '
i]'lﬂﬂ'li‘V]‘]J‘I/l’J‘I!L’E]ﬂﬁﬁ‘VILﬂfJ’J“U’ENﬂ‘]JﬂﬁGl‘]J’L’E]‘LllIG]ﬁJUﬁJﬂuHﬁﬂL‘U’E}W}u‘WU’N
L= Aa A U 9 o w %’ v Y g =
mu"lcmuﬂizﬁmmwﬂ’awuNqﬂumsmwumuuaz"lwu“lumma (Sharma ez al., 2001;
Nakhla et al., 2003; Jeganathan et al., 2006; Jeganathan et al., 2007; Mobarak et al., 2012;

. = = ) o o 3 A o
Domingues et al., 2015; Meng et al., 2015) 3aulasinwins lgeu lasithiaindes ssanvana
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A o v

g o 4 dy 9 A I Y = =<
iiuthdaudesduilosnnilugaamnssundrng lunaldvesdszme Ine Fawamsanun
1T A g (Y] %’ [y J o o [}
wuManEaEauianmMemntazialveinds Issnuanauniuldundumsiniaaie
A == I 9 A 1A ~ 3’/ A A 5g o Y]

o lmidasyiidavananiios lmd TeAanarua 34,000 mg/! JUSuaniniuuay lvdu 1,210
= o o 9 Ia = = = g’/ Y g Y
mg/l Famsihiameeu lmidasrarusoantsuudloanavuald 44.56 % antiniuay

™ Y o A ¥y I o o ¥ sa A
Tudu'ld 4670 % dwaaaluaisian 3-7 waaaldmiuimsiiniaaeeu leidased
a a 1 o [ o 9°/ ] Y] ao) 1 1% [} Ja
Uszantnmasudagedmsumdatniuuag ludulwinge uavadinmsdesdeon lsidase
=Y Y 1 =3 = =S sol Q' da! o v
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I [ ao) @ Y] sol aan a o I
Wumaninmsdeniniunas luiuluindeTasdfnsenlalas lagavesen lmildnaredu
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(V/V) (%)
pH 4.75+0.01 5.18+0.01 -
TCOD (mg/l) 68,000+2,828.43 | 54,500+4,949.75 19.85
SCOD (mg/l) 52,500+£707.11 | 31,250+353.55 40.48
0&G (mg/l) 3,032+21.21 2,600+91.92 14.25

480:20 TS (mg/1) 41,110£113.14 | 40,445+700.04 1.62
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pH 4.82+0.01 5.31+0.00 -
TCOD (mg/l) 74,250+353.55 | 57,250+1,767.76 22.90
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0&G (mg/l) 3,492+7.07 2,865+7.07 17.96
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pH 5.25+0.02 5.45+0.01 -
TCOD (mg/l) 84,000+2,828.43 | 62,750+1,060.66 25.30
SCOD (mg/l) 60,250£353.55 | 29,000+1,414.21 51.87
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(V/v) (%)
pH 5.90+0.00 5.91+0.02 -

TCOD (mg/1) 95,000+£7,071.07 | 60,750+1,060.66 36.05

SCOD (mg/l) 84,000+0.00 | 48,000+5,656.85 42.86

0&G (mg/l) 5,284.5+38.89 3,972.5+95.50 24.83

250:250 TS (mg/l) 56,765+134.35 53,720+141.42 5.36

SS (mg/l) 26,630+466.69 | 24,110+268.70 9.46

VS (mg/l) 27,380+169.71 25,895+63.64 5.42

Alkalinity (mg/l) | 1,905+21.21 1,365+7.07 28.35

VFA (mg/l) 7,672.5+3.54 2,755+21.21 64.09
pH 6.020.02 5.95:0.04 -

TCOD (mg/l) 102,000+7,071.07 | 68,000+2,828.43 33.33

SCOD (mg/l) 99,000::4,242.64 | 62,000+2,828.43 37.37

0&G (mg/l) 5,414.5£38.89 | 4,232.5+31.82 21.83

200:300 TS (mg/l) 59,995+205.06 56,895+417.19 5.12

SS (mg/l) 31,010£6,972.07 | 28,550+296.98 7.93

VS (mg/l) 28,085+91.92 26,585+106.07 5.34

Alkalinity (mg/l) | 2,052.5+3.54 1,517.5+10.61 26.01

VFA (mg/1) 7,890+84.85 3,087.5£17.68 60.87
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pH 6.75+0.08 6.52+0.20 -
TCOD (mg/1) 79,500+4,242.64 39,000+707.11 50.94
SCOD (mg/1) 66,000+2,828.43 25,500+3,535.53 61.36
0&G (mg/l) 1,680+:88.39 650+24.75 61.31

owlaidase | TS (mg) 57,925+1,039.45 43,970+14.14 24.09
SS (mg/1) 35,280+311.13 27,370+608.11 22.42
VS (mg/l) 34,700£678.82 | 29,010+1,173.80 16.40
Alkalinity (mg/l) | 1,090+14.14 520+42.43 52.29
VFA (mg/l) 7,99014.14 1,635£21.21 79.54
pH 6.85£0.08 6.65+0.08 -
TCOD (mg/1) 81,500+2,828.43 |  42,500+1,414.21 47.85
SCOD (mg/l) 78,000+2,828.43 | 34,500+2,121.32 55.77
0&G (mg/l) 1,772+42.43 8027.07 54.74

oulaia5ag)) | 1S (men) 59,960:84.85 46,985+49.50 21.63
SS (mg/l) 32,840+197.99 27,690+240.42 15.68
VS (mg/l) 24,700+424.26 | 21,070+1,286.93 14.69
Alkalinity (mg/l) | 1,235+35.35 725435.35 41.30
VFA (mg/l) 7,515421 1,780+42.43 76.31
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pH 5.84+0.07 6.68+0.04 -
TCOD (mg/l) 62,50041,414.21 36,00042,121.32 42.40
SCOD (mg/l) 60,000+5,656.85 35,500+707.11 43.22
0&G (mg/l) 1,595+130.81 95043.54 40.44
Shduis TS (mg/l) 30,97542,736.50 25,80542,467.80 16.69
ANALNDL SS (mg/l) 26,180+2,347.59 22,6404+876.81 13.52
VS (mg/l) 27,8804254.56 25,040+311.13 10.19
Alkalinity (mg/1) 1,705421.21 825+35.36 51.61
VFA (mg/l) 2,845+63.64 1,030+56.57 63.80

pH 7.2840.04 6.44=0.01 -
TCOD (mg/l) 56,000-+2,828.43 26,50041,414.21 52.68
SCOD (mg/l) 55,000+2,828.43 22,00042,828.43 60.00
g 0&G (mg/]) 1,254+53.03 420+17.68 66.51
ANANOU TS (mg/l) 43,680+3,026.42 34,125+1,124.30 21.88
. SS (mg/l) 20,170+240.42 17,350+466.69 13.98
oulisqsy | VS meh 26,6504353.55 24,7104834.39 14.78
Alkalinity (mg/1) 1,295+42.43 46542121 64.09
VFA (mg/l) 4,155421.21 1,190+56.57 71.36

pH 7.5040.04 6.4420.01 -
TCOD (mg/l) 58,000+2,828.43 29,50042,121.32 49.14
Sy SCOD (mg/l) 50,000+2828.43 23,500+707.11 53.00
ANALNDU 0&G (mg/l) 1,279481.32 536+14.14 58.09
N TS (mg/l) 38,485+799.03 30,970+480.83 19.53
oulratasy | SS me) 19,980+141.42 17,150+353.55 14.16
’ VS (mg/l) 25,970442.43 22,8904692.96 11.86
Alkalinity (mg/1) 1,48070.71 695+21.21 53.04
VFA (mg/l) 4,090+14.14 1,380442.43 66.26
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pH 8.49+0.02 4.77+0.01 -
TCOD (mg/l) 173,333+5,773.50 | 164,333+2,081.67 5.19
SCOD (mg/1) 159,000+4,242.64 | 132,000+6,000.00 16.98
0&G (mg/1) 17,425+106.07 16,200282.84 7.03

48020 TS (mg/l) 126,500+707.11 | 124,100+1,979.90 1.90
SS (mg/l) 43,300+485.39 43,033+75.72 0.62
VS (mg/l) 43,450+777.82 42,700:282.84 1.73
Alkalinity (mg/]) 6,400+70.71 5,963+53.03 6.83
VFA (mg/l) 1,093.75+44.19 956.25+26.52 12.57
pH 8.05+0.03 5.45+0.11 -
TCOD (mg/1) 183,000+5,773.50 | 171,000+2,000.00 6.73
SCOD (mg/1) 162,000£9,165.15 | 134,000+5,656.85 17.28
0&G (mg/l) 17,630+56.57 15,965+21.21 9.44

450:50 TS (mg/l) 135,800+282.84 | 131,750+1,060.66 2.98
SS (mg/l) 45200+1,436.80 | 44,567+547.84 1.41
VS (mg/l) 45390+707.11 | 43,550+2,050.61 4.05
Alkalinity (mg/1) 6,813+88.39 6,013+53.03 11.74
VFA (mg/l) 1,112.5£17.68 912.5+53.03 17.98
pH 7.81+£0.02 6.16+0.01 -
TCOD (mg/l) 200,000+7,320.51 | 181,667+2,081.67 9.17
SCOD (mg/l) 172,000+4,618.80 | 138,000+5,656.85 19.77
0&G (mg/l) 17,710+14.14 15,390+70.71 13.10

400:100 TS (mg/l) 141,750+1,060.66 | 138,000+1,555.63 3.35
SS (mg/l) 51,1334957.98 50,040+60.00 2.14
VS (mg/l) 47,700+565.69 45,105+459.62 5.44
Alkalinity (mg/1) 7,075+35.36 5,800+282.84 18.02
VFA (mg/l) 1,237.5+17.68 937.5+53.03 24.24
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(V/V) 111ja
pH 7.70+0.02 6.13+0.06 -
TCOD (mg/1) 204,000+9,000.00 180,000+7,081.67 11.76
SCOD (mg/l) 184,00048,000.00 144,0002,000.00 21.74
0&G (mg/l) 17,875+106.07 15,075+106.07 15.66
350:150 TS (mg/l) 148,800+282.84 141,100+848.53 5.17
SS (mg/1) 52,000+£310.48 49,987+90.18 3.87
VS (mg/l) 49,100+141.42 45,595+1,704.13 7.14
Alkalinity (mg/1) 7,482426.16 5,4314203.29 27.41
VFA (mg/l) 1,450+35.36 950+1,031.25 34.48
pH 7.65+0.04 6.06+0.04 -
TCOD (mg/l) 208,000£6,928.20 175,000+5,686.24 15.87
SCOD (mg/l) 192,00049,618.80 | 147,000+14,142.14 | 23.44
0&G (mg/) 17,950+141.42 14,750+70.71 17.83
300:200 TS (mg/l) 158,350+494.97 148,600+565.69 6.16
SS (mg/l) 54,213+331.26 51,793+384.36 4.46
VS (mg/l) 53,840+1,923.33 49,050+212.13 8.90
Alkalinity (mg/1) 7,663£123.74 5,075435.35 33.77
VFA (mg/l) 1,400+70.71 1,055+70.71 37.94
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pH 7.44+0.05 5.78+0.14 -
TCOD (mg/1) 212,000+6,928.20 165,667+7,094.60 21.86
SCOD (mg/l) 196,000+12,220.20 | 140,000+14,142.14 28.57
0&G (mg/l) 18,0254+35.36 13,885+35.36 22.97

250:250
TS (mg/1) 164,500+707.11 151,25041,060.66 8.05
SS (mg/1) 60,500+220.00 56,333+366.79 6.89
VS (mg/1) 59,300+424.26 53,500+141.42 9.78
Alkalinity (mg/1) 7,782+115.26 4,781+44.19 38.56
VFA (mg/l) 1,468.8+ 8.84 862.5+ 88.39 41.28
pH 7.44+0.05 5.78+0.14 -
TCOD (mg/1l) 225,000+7,071.07 141,000+5,773.50 37.33
SCOD (mg/l) 220,000+6,928.20 125,000+8,000.00 43.18
0&G (mg/l) 18,135+63.64 12,700+282.84 29.97
200:300

TS (mg/1) 168,550+777.82 150,100+1,272.79 10.94
SS (mg/1) 61,807+£277.37 56,847+£352.33 8.02
VS (mg/1) 60,700+989.95 51,150+6,858.94 15.73
Alkalinity (mg/1) 8,225+70.71 4,763+88.39 42.09
VFA (mg/l) 1,629+26.52 937.5+17.68 42.45
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pH 6.94+0.04 6.02+0.00 -
TCOD (mg/l) 60,333+1,527.53 | 49,667+3,214.55 17.68
SCOD (mg/1) 27,333+2,516.61 20,000+1,414.21 26.82
0&G (mg/l) 6,008+116.67 5,100+110.31 15.11
480:20 TS (mg/l) 136,055+77.78 131,055+289.91 3.40
SS (mg/l) 49,180+395.98 47,740+1,583.92 2.93
VS (mg/l) 67,280+28.28 65,640+254.56 2.43
Alkalinity (mg/1) 4,338+300.52 3,13148.84 27.82
VFA (mg/l) 1,419+26.87 956.254+26.52 32.61
pH 6.84+0.04 5.82+0.03 -
TCOD (mg/l) 63,167+2,254.62 48,833+763.76 22.69
SCOD (mg/l) 29,500-+500.00 18,000+7,071.07 38.98
450:50 0&G (mg/l) 6,353+470.23 4,956+31.11 21.99
TS (mg/l) 138,275+1,513.21 | 131,640+954.59 4.80
SS (mg/l) 52,960+141.42 51,240+1,103.09 3.25
VS (mg/l) 70,370+438.41 67,5204£226.27 4.05
Alkalinity (mg/l) 4,525+35.34 3,138+53.03 30.65
VFA (mg/l) 1,595+70.71 962.5+17.68 39.66
pH 6.73+0.01 5.7240.01 -
TCOD (mg/l) 66,500+1,802.78 | 43,000+1,732.05 35.34
SCOD (mg/l) 31,00042,000.00 | 17,000+1,414.21 45.16
400:100 0&G (mg/l) 6,718+208.60 4,278439.60 36.32
TS (mg/l) 138,490£664.68 139,0854247.49 8.34
SS (mg/l) 54,640+1,866.76 55,000+141.42 7.93
VS (mg/1) 73,070+£664.68 71,960+197.99 6.99
Alkalinity (mg/1) 4,938+88.39 3,538+53.03 38.48
VFA (mg/) 1,688+53.03 993.75+61.87 44 .31
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pH 6.63+0.03 5.48+0.02 -
TCOD (mg/1) 69,833+1,040.83 42,000+1,000.00 39.86
SCOD (mg/1) 34,000+2,000.00 17,000+2,828.43 50.00
O0&G (mg/l) 6,378+173.24 3,697+46.67 42.04
350:150 TS (mg/l) 141,100+1,555.63 128,175435.36 9.16
SS (mg/l) 61,230+834.37 56,740+1,329.36 7.33
VS (mg/l) 76,790+1,088.94 72,940+1,244.51 5.01
Alkalinity (mg/I) 5,438+88.39 3,200+35.36 41.15
VFA (mg/]) 1,890+17.68 1,000+990.00 47.09
pH 6.85+0.06 5.43+0.02 -
TCOD (mg/l) 73,833+3,329.16 39,333+1,527.53 46.73
SCOD (mg/l) 37,333+£2,516.61 14,000+8,485.28 62.50
0&G (mg/l) 6,313+236.88 3,25144.24 48.50
300:200 TS (mg/1) 143,380+3,210.26 |  142,355+360.62 11.18
SS (mg/l) 64,380+£339.41 63,810+551.54 7.10
VS (mg/l) 82,550+806.10 79,120+1,103.09 4.16
Alkalinity (mg/]) 5,513£194.45 2,975+35.36 46.04
VFA (mg/l) 1,900+35.36 900+35.36 52.63
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(V/V)
pH 6.58+0.03 5.41+0.01 -
TCOD (mg/l) 79,833+1,443.38 32,500+2,291.29 59.29
SCOD (mg/1) 41,333+2,929.73 12,500-+8,485.28 69.76
0&G (mg/l) 6,038+180.31 2,895+60.81 52.05
250:250 TS (mg/l) 146,590+2,177.89 | 127,800+1,060.66 12.82
SS (mg/l) 67,350+2,531.44 60,470+£466.69 10.22
VS (mg/l) 84,380+1,753.62 80,530£692.96 9.30
Alkalinity (mg/I) 5,725+35.36 3,031£26.52 47.06
VFA (mg/]) 2,088+53.03 993.549.19 52.42
pH 6.43+0.06 5.315+0.01 -
TCOD (mg/l) 84,000+763.76 25,000+2,081.67 69.68
SCOD (mg/1) 45,333+3,329.16 9,500+2,121.32 79.04
0&G (mg/l) 5,805+127.28 2,015+24.04 65.29
200:300 TS (mg/l) 149,110+1,583.92 125,425+445.48 15.88
SS (mg/l) 72,710+£466.69 62,760+1,753.62 13.68
VS (mg/l) 91,080+1,753.62 80,440+509.12 11.68
Alkalinity (mg/]) 5,988488.39 2,806+44.19 53.14
VFA (mg/]) 2,144+8.84 987.5+3.54 65.87
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pH 7.19+0.04 6.62+0.05 -
TCOD (mg/l) 62,000-+2,828.43 55,500+707.11 10.48
SCOD (mg/1) 40,750+3,181.98 29,000+12,727.92 28.83
480-20 0&G (mg/l) 6,893+3.54 6,2324120.21 9.59
TS (mg/l) 133,080£169.71 | 129,400+1,979.90 2.77
SS (mg/l) 48,640+593.97 47,5204848.53 2.30
VS (mg/1) 61,610+834.39 60,390+£127.28 1.98
Alkalinity (mg/1) 6,400+70.71 5,463+53.03 14.64
VFA (mg/l) 1,335421.21 1,120+14.14 16.10
pH 7.15+0.05 6.47+0.04 -
TCOD (mg/l) 65,500+£707.11 54,250+1,767.77 16.54
SCOD (mg/l) 43,000+707.11 27,000+1,414.21 37.21
0&G (mg/l) 7,005+28.28 5,885+137.89 15.99
450:50 TS (mg/l) 137,9004197.99 | 132,935+1,209.15 3.60
SS (mg/1) 51,550+£636.40 49,820+622.25 3.36
VS (mg/l) 63,750+1,060.66 | 60,370+3,068.84 2.16
Alkalinity (mg/1) 3,960+56.57 3,180+84.85 19.70
VFA (mg/l) 1,460456.57 1,165+7.07 20.21
pH 7.04+0.06 6.12+0.16 -
TCOD (mg/l) 69,250+1,060.66 50,5004+707.11 27.08
SCOD (mg/1) 46,000+2,828.43 24,500+£10,606.60 46.74
400100 0&G (mg/l) 7.240+353.55 5,092148.49 26.91
TS (mg/l) 140,335+968.74 130,285+615.18 7.16
SS (mg/l) 54,020+989.95 50,990+70.71 5.61
VS (mg/l) 67,630£3,379.97 | 64,310+£1,937.47 4.91
Alkalinity (mg/l) | 4,145+63.63961031 3,095+7.07 25.33
VFA (mg/l) 1,590+28.28 1,005+14.14 36.79
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(V/V)
pH 6.95+0.01 5.96+0.05 -
TCOD (mg/l) 72,750+1,060.66 46,000+1,414.21 36.78
SCOD (mg/)) 49,750+353.55 24,500+707.11 50.75
0&G (mg/l) 7,460+£91.92 4,757+£28.28 36.23
350:150 TS (mg/l) 144,59043,507.25 | 131,600+1,979.90 8.98
SS (mg/1) 58,320+141.42 54,330+919.24 6.84
VS (mg/l) 71,6504919.24 67,920+2,291.03 5.21
Alkalinity (mg/1) 4,625+106.07 3,030+197.99 34.49
VFA (mg/]) 1,700+14.14 995+106.07 41.47
pH 6.79+0.15 5.76+0.01 -
TCOD (mg/l) 76,000-+2,828.43 38,000+2,828.43 50.00
SCOD (mg/l) 50,000+1,414.21 23,50043,535.53 53.00
0&G (mg/l) 7,570+14.14 3,797+56.57 49.84
300:200 TS (mg/1) 149,510+3,521.39 132,905+1,421.28 11.11
SS (mg/l) 62,470+1,767.77 56,660+£791.96 9.30
VS (mg/l) 76,000+3,111.27 71,740+650.54 5.61
Alkalinity (mg/]) 4,950+84.85 3,130+183.85 36.77
VFA (mg/l) 1,715+49.50 870+£28.28 49.27
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(V/V)
pH 6.52+0.04 5.53+0.03 -
TCOD (mg/l) 80,7501,060.66 35,000+1,414.21 56.66
SCOD (mg/)) 57,500+3,535.53 23,000-+2,828.43 60.00
0&G (mg/1) 7,523+639.93 3,537+28.28 52.98
250:250 TS (mg/l) 154,5204+721.25 134,55542,199.10 12.92
SS (mg/l) 66,970+42.43 60,210+1,258.65 10.12
VS (mg/l) 80,650+2,333.45 74,350+1,173.80 7.81
Alkalinity (mg/1) 5,200+113.14 3,165+21.21 39.13
VFA (mg/]) 1,885+49.50 960+28.28 49.07
pH 6.46+0.02 5.42+0.02 -
TCOD (mg/l) 85,250+1,767.77 28,500+707.11 64.81
SCOD (mg/l) 59,750+1,060.66 19,000+4,242.64 68.20
0&G (mg/l) 7,648+60.10 3,135431.82 59.01
£00:300 TS (mg/1) 160,6004820.24 |  146,965+799.03 14.09
SS (mg/l) 71,260+480.83 62,400+£961.67 12.43
VS (mg/l) 85,710+410.12 79,240+1,301.08 8.72
Alkalinity (mg/]) 5,730+197.99 3,6254120.21 47.21
VFA (mg/]) 2,100+28.28 1,100+42.43 55.87
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pH 4.07+0.07 6.19+0.11 -
TCOD (mg/l) 34,000+3,098.39 | 29,667+2,081.67 12.74
SCOD (mg/1) 18,333+1,527.53 14,667+2,081.67 20.00
0&G (mg/l) 788.342.89 71129.70 9.81
480:20 TS (mg/l) 13,025+106.07 12,050+70.71 7.49
SS (mg/l) 2,230+172.43 2,090+80 6.28
VS (mg/1) 7,985+190.92 7,295+233.35 8.64
Alkalinity (mg/1) 631+132.58 505+7.07 19.97
VFA (mg/l) 1,045+35.36 795421.21 23.92
pH 5.19+0.02 6.40+0.03 -
TCOD (mg/l) 38,000+4,898.98 | 31,667+2,516.61 16.67
SCOD (mg/l) 20,333+2,081.67 | 14,667+3,055.05 27.87
0&G (mg/l) 760+8.66 646+33.94 11.05
450:50 TS (mg/l) 13,435+21.21 12,100+14.14 9.94
SS (mg/l) 3,090+111.36 2,820+20.00 8.74
VS (mg/l) 8,895+77.78 8,090+127.28 9.05
Alkalinity (mg/1) 1,418.8+150.26 1,075+35.36 24.23
VFA (mg/l) 1,225+35.36 905+49.50 26.12
pH 5.92+0.03 6.60+0.06 -
TCOD (mg/l) 43,333+1,154.70 | 33,333+1,527.53 23.08
SCOD (mg/1) 24,667+2,516.61 15,667+2,081.67 36.49
0&G (mg/l) 741.742.89 596+33.94 19.64
400:100 TS (mg/l) 13,905+7.07 12,385+21.21 10.93
SS (mg/l) 4,130+131.15 3,740+468.61 9.44
VS (mg/l) 9,880+28.28 8,980+169.71 9.11
Alkalinity (mg/1) 2,356.3426.52 1,750+141.42 25.73
VFA (mg/l) 1,350+35.36 970+21.21 28.15
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pH 6.14+0.16 6.73+0.03 -
TCOD (mg/l) 55,000+5,000.00 | 37,000+1,000.00 32.73
SCOD (mg/1) 28,00043,605.55 15,667+2,081.67 44.05
0&G (mg/l) 723.345.77 546+22.63 24.48
350:150 TS (mg/l) 14,435+49.50 12,035+49.50 16.63
SS (mg/l) 5,2104253.25 4,413430.55 15.30
VS (mg/l) 11,150+212.13 9,510428.28 14.71
Alkalinity (mg/]) 2,796+277.19 2,045+35.36 26.86
VFA (mg/]) 1,476+17.68 1,010+35.36 31.57
pH 6.81+0.01 6.90+0.10 -
TCOD (mg/1) 58,500+3,331.67 35,167+763.76 39.89
SCOD (mg/l) 32,500+1,802.78 | 15,333+3,055.05 52.82
0&G (mg/l) 691.7+£2.89 475+35.36 31.33
300:200 TS (mg/1) 14,990+14.14 11,810+14.14 21.21

SS (mg/l) 6,290+291.43 5,0320+£363.87 20.19
VS (mg/l) 13,085+21.21 10,525+728.32 19.56
Alkalinity (mg/1) 3,302+35.36 2,175421.21 34.13
VFA (mg/l) 1,650+35.36 1,080-0.00 34.55
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pH 7.24+0.01 7.05+0.07 -
TCOD (mg/l) 62,000+6,000.00 | 32,667+2,081.67 4731
SCOD (mg/1) 32,500+1,802.78 14,333+2,516.61 55.90
0&G (mg/l) 69342.52 400+7.07 42.27
250:250 TS (mg/l) 15,545+63.64 10,345+63.64 33.45
SS (mg/l) 7,430+253.25 5,193+197.32 30.11
VS (mg/1) 14,450+636.40 10,425+671.75 27.85
Alkalinity (mg/]) 4,125+59.40 2,263+53.03 45.14
VFA (mg/]) 1,575+35.36 832467.18 47.17
pH 7.75+0.06 72+0.11 -
TCOD (mg/1) 63,667+3,881.58 35,000+1,000.00 45.03
SCOD (mg/1) 36,333+3,214.55 | 17,000+2,309.40 53.21
0&G (mg/l) 658.3+7.64 430+14.14 34.68
200:300 TS (mg/l) 16,070+42.43 10,770+56.57 32.98
SS (mg/1) 8,620+£192.18 6,740+260.00 21.81
VS (mg/l) 17,000£141.42 12,6504735.39 25.59
Alkalinity (mg/]) 4,625+59.40 2,753+10.61 40.48
VFA (mg/]) 1,763+53.03 970+14.14 44.98
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pH 7.35+0.02 4.66+0.00 -
TCOD (mg/l) 20,500+707.11 14,750+353.55 28.05
SCOD (mg/l) 14,000426,000.00 | 9,500+2,121.32 32.14
480-20 0&G (mg/l) 728+21.21 574+10.61 21.15
TS (mg/l) 23,825+190.92 21,760+197.99 8.67
SS (mg/l) 6,230+98.99 5,820+226.27 6.58
VS (mg/l) 13,058 +10.61 11,985+14.14 8.22
Alkalinity (mg/1) 1,513+53.03 1,018+17.68 32.72
VFA (mg/l) 1,098+3.54 700+7.071 36.23
pH 7.33+0.01 4.62+0.00 -
TCOD (mg/l) 23,000+1,414.21 15,500+707.11 32.61
SCOD (mg/l) 17,000+ 0.00 11,000-0.00 35.29
45050 0&G (mg/l) 816+10.61 579+24.75 29.04
TS (mg/l) 24,160+141.42 21,870£169.71 9.48
SS (mg/l) 8,570+212.13 7,930+466.69 7.47
VS (mg/l) 13,98343.54 12,800421.21 8.46
Alkalinity (mg/1) 1,603+3.54 1,008+10.61 37.12
VFA (mg/l) 1,298+10.61 77543.54 40.29
pH 7.33+0.03 4.53+0.00 -
TCOD (mg/l) 24,000+1,414.21 14,250+353.55 40.63
SCOD (mg/l) 19,500+1,414.21 | 11,000+1,414.21 43.59
0&G (mg/l) 973+14.14 629+3.54 35.35
400:100 TS (mg/l) 27,290+254.56 24,265+374.77 11.08
SS (mg/l) 10,820+169.71 9,940+84.85 8.13
VS (mg/l) 14,635+28.28 13,315+49.50 9.02
Alkalinity (mg/1) 1,693+10.61 990+10.61 41.52
VFA (mg/l) 1,935+14.14 1,053+3.54 45.58
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(V/IV)
pH 7.23+0.01 4.48+0.04 -
TCOD (mg/1) 26,500+2,121.32 13,550+353.55 48.87
SCOD (mg/1) 21,000+2,828.43 10,000+1,414.21 52.38
0&G (mg/l) 1,103+28.28 591421.21 46.42
350:150 TS (mg/]) 29,975+21.21 25,90042.43 13.59
SS (mg/l) 14,4004+254.56 12,550+155.56 12.85
VS (mg/l) 15,270+42.43 13,508+74.25 11.54
Alkalinity (mg/1) 1,778+31.82 965+7.07 45.73
VFA (mg/l) 1,473£10.61 730+14.14 50.44
pH 7.19+0.02 5.89£0.08 -
TCOD (mg/l) 27,500£707.11 11,750353.55 57.27
SCOD (mg/1) 23,500+2,121.32 9,500+2,828.43 59.57
0&G (mg/l) 1,531+123.74 711428.28 53.56
300:200 TS (mg/1) 33,195+120.21 27,100+70.71 18.36
SS (mg/l) 18,790+127.28 16,120+1,612.20 14.21
VS (mg/1) 16,658+17.68 14,068+31.82 15.55
Alkalinity (mg/l) 1,868+10.61 890+14.14 52.36
VFA (mg/l) 1,575+7.07 695+49.50 55.87
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(V/V)
pH 7.08+0.07 6.08+0.00 -
TCOD (mg/]) 28,000+1,414.21 8,900+141.42 68.21
SCOD (mg/1) 25,000+1,414.21 7,000+2,828.43 72.00
0&G (mg/l) 1,691+38.89 580+38.89 65.70
250250 TS (mg/l) 32,7254+247.49 25,605+21.21 21.76
SS (mg/l) 22,970+42.43 18,600+113.14 19.02
VS (mg/l) 18,970+7.07 15,475+42.43 18.42
Alkalinity (mg/]) 2,015+7.07 860+14.14 57.32
VFA (mg/]) 1,770421.21 535+49.50 69.77
pH 7.03+0.01 6.55+0.01 -
TCOD (mg/l) 29,500+707.11 6,900+141.42 76.61
SCOD (mg/1) 27,50043,535.53 5,500+£707.11 80.00
0&G (mg/)) 2,02131.82 632+28.28 68.73
200:300 TS (mg/l) 35,715+£219.20 26,200+127.30 26.64
SS (mg/1) 25,790+14.14 19,830+98.99 23.11
VS (mg/l) 20,090+21.21 15,058+17.68 25.05
Alkalinity (mg/]) 2,093+3.54 720+10.61 65.60
VFA (mg/l) 2,090+7.07 525+10.61 74.88
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pH 7.34+0.07 6.94+0.02 -
TCOD (mg/l) 25,000+1,414.21 19,50042,121.32 22.00
SCOD (mg/l) 19,500+707.11 16,000+1,414.21 17.95
480:20 0&G (mg/1) 909-+14.14 773+24.75 14.96
TS (mg/l) 18,7754332.34 17,425+190.92 7.19
SS (mg/l) 2,890+155.56 2,720+268.70 5.88
VS (mg/l) 12,3254813.17 11,705+289.91 5.03
Alkalinity (mg/1) 1,425249.50 1,215+49.50 14.74
VFA (mg/]) 2,215+162.63 1,7604+28.28 20.54
pH 7.13%0.03 6.82:40.02 -
TCOD (mg/l) 26,50042,121.32 19,500+707.11 26.42
SCOD (mg/l) 21,000+1,414.21 14,500+707.11 30.95
450:50 0&G (mg/1) 964+14.14 768+17.68 20.33
TS (mg/l) 20,225+91.92 18,55070.71 8.28
SS (mg/l) 4,2204254.56 3,9404226.27 6.64
VS (mg/l) 15,1154162.63 13,920+523.26 791
Alkalinity (mg/1) 2,160+56.57 1,480428.28 31.48
VFA (mg/]) 2,440+84.85 1,475435.36 39.55
pH 6.99+0.01 6.70+0.08 -
TCOD (mg/l) 28,000+1,414.21 18,750+353.55 33.04
SCOD (mg/l) 24,500+707.11 15,500+707.11 36.73
400:100 0&G (mg/l) 1,029+14.14 773+45.96 24.88
TS (mg/)) 22,995+63.64 20,695+544.47 10.00
SS (mg/l) 5,940+197.99 5,490466.69 7.58
VS (mg/l) 17,2304169.71 15,890+509.12 778
Alkalinity (mg/1) 2,825421.21 1,740+42.43 38.41
VFA (mg/]) 2,575421.21 1,380+28.28 46.41
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(V/V)
pH 6.69+0.08 6.53+0.04 -
TCOD (mg/l) 30,500+707.11 17,750+1,767.77 41.80
SCOD (mg/1) 27,500£707.11 15,500+£707.11 43.62
0&G (mg/)) 1,134428.28 803+3.54 29.19
350:150 TS (mg/1) 23,865+63.64 20,765+190.92 12.99
SS (mg/)) 8,320+141.42 7,510+834.39 9.74
VS (mg/l) 19,185+106.07 17,470+£523.26 8.94
Alkalinity (mg/]) 3,480+28.28 1,925421.21 44.68
VFA (mg/]) 2,705+21.21 1,415+7.07 47.69
pH 6.55+0.01 6.2840.03 -
TCOD (mg/1) 33,750+1,060.66 17,250+£1767.77 48.89
SCOD (mg/1) 31,500+707.11 13,500+2,121.32 57.14
0&G (mg/)) 1,264+42.43 75843.54 40.03
300:200 TS (mg/l) 24,320+183.85 20,530+183.85 15.58
SS (mg/l) 14,2204226.274 12,260+197.99 13.78
VS (mg/l) 21,030+113.14 18,020+28.28 14.31
Alkalinity (mg/]) 4,535+49.50 2,380428.28 47.52
VFA (mg/]) 2,825+35.36 1,420+127.28 49.73
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(V/V)

pH 6.24+0.30 5.95+0.07 -

TCOD (mg/l) 36,500+2,121.32 15,000£1414.21 58.90

SCOD (mg/1) 35,500+3,535.53 12,7504£353.55 64.08

0&G (mg/l) 1,411+101.82 740+28.28 47.55

250:250 TS (mg/l) 25,200+42.43 20,565+275.77 18.39

SS (mg/)) 18,530+155.56 15,230+268.70 17.81

VS (mg/l) 22,135+106.07 18,015+162.63 18.61

Alkalinity (mg/]) 5,070+56.57 2,448+31.11 51.72

VFA (mg/]) 2,960+14.14 995421.21 66.39
pH 5.90+0.01 5.73+0.04 -

TCOD (mg/1) 39,500+707.11 12,250+353.55 68.99

SCOD (mg/1) 42,500+2,121.32 13,000+1,414.21 69.41

0&G (mg/l) 1,559+14.14 605+28.28 61.19

200:300 TS (mg/) 26,790+254.56 20,470+113.14 23.59

SS (mg/l) 21,810+155.56 17,160+480.83 21.32

VS (mg/l) 24,815+77.78 20,285+63.64 18.26

Alkalinity (mg/]) 5,965+63.64 2,170+£56.57 63.62

VFA (mg/]) 3,125491.92 925+35.36 70.40
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i didelsenuasainiuldy YidennmseanluTedra

YIamassnm ml) | % iy YIamassnm (ml) | % iy
1 120 28.82124 265 0.055498
120 24.73627 265 0.087261
2 200 33.34604 350 0.233526
200 30.64637 350 0.236044
3 198 46.37999 127 1.20982
198 50.50335 127 1.789545

4 245 54.57748 285 1.37315
245 55.46998 285 1.27914

5 380 21.89403 190 3.3464
380 28.61688 190 4.15297

6 290 36.40927 200 3.65623
290 39.50241 200 3.64038

7 290 44.95264 149 5.37772
290 42.59431 149 4.61764

8 336 38.46033 195 3.23503
336 37.49119 195 1.456511

9 258 50.46469 155 1.07244
258 46.91989 155 1.34734

10 230 41.16515 32 2.4664
230 43.61561 32 2.54145
11 165 39.65968 70 0.035975
165 37.05219 70 0.03456

12 90 46.03501 25 0.11552

90 37.84177 25 0.117
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Pmamadanm ml) | %imy | YSnamadnm ml) | % i
13 39 61.64320 - -
39 60.19258 - -
14 10 26.43839 - -
10 26.13894 - -
15 5 19.83265 - .
5 32.01928 - .

Y
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YSnamaFImw (ml) | % umu | USuama®Inm (mi) % WNU

1 300 32.31671 300 27.83942
300 32.01837 300 27.00912

2 650 41.10783 450 33.66488
650 41.85923 450 29.56098

3 500 49.50115 600 26.37000
500 48.77913 600 26.35044

4 620 39.53203 480 33.52838
620 38.57275 480 30.14068

5 800 24.50645 570 29.53357
800 23.45128 570 27.30826

6 500 25.38397 735 20.16105
500 25.09445 735 28.43902
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Vhnama®inm ml) | % mu | WSunamsdnm m) | % i
7 480 28.60332 485 38.82999
480 29.60189 485 4499125
8 585 56.85005 845 23.17748
585 53.0326 845 2457788
9 311 44.03113 465 4723618
311 40.89646 465 4251143
10 345 32.38505 800 21.32276
345 29.95754 800 28.92481
11 299 31.89641 505 36.62272
299 30.45922 505 37.81239
12 425 34.09601 375 34.76219
425 32.7022 375 33.29841
13 500 22.88283 290 2821109
500 21.63395 290 28.94162
14 325 32.78818 215 26.69616
325 24.27659 215 2535383
15 185 33.85701 125 28.30667
185 32.11759 125 25.45084
16 250 27.87166 95 34.63937
250 2430678 95 36.68372
17 210 24.06488 60 33.28275
210 24.56412 60 36.97811
18 150 25.22484 45 29.82639
150 26.38047 45 28.10475
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Vhnama®inm ml) | % mu | WSunamsdnm m) | % i
19 - - 50 15.21879
- - 50 13.21790
20 - - 10 15.91468
- - 10 15.03119
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Vhinama®inm ml) | % imu | WSunamsdnm m) | % T

1 40 0.519174 80 2.12344
40 0.557673 80 2.00110

2 25 10.60882 120 4.73450
25 10.50648 120 4.48989

3 50 10.00394 140 6.54290
50 10.3929 140 5.54300

4 155 8.80634 180 3.54053
155 9.59369 180 3.61090

5 110 12.42653 190 6.01076
110 12.71952 190 6.10210

6 155 18.98019 170 10.18688
155 20.18377 170 9.10806

7 200 19.31834 225 8.72171
200 18.64788 225 8.90222
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Vhnama®inm ml) | % mu | WSunamsdnm m) | % i
8 210 18.55915 163 12.32655
210 19.22918 163 11.90657
9 190 7.1619 135 14.82130
190 7.7421 135 14.57000
10 340 6.87041 118 17.55763
340 5.9849 118 15.89294
11 155 15.96184 110 10.2389
155 15.60304 110 9.50436
12 120 34.56037 75 7.33924
120 33.00516 75 8.02877
13 70 4238214 35 8.47248
70 41.94258 35 7.64494
14 55 10.322849 15 7.63290
55 10.335455 15 7.90031
15 35 14.43133 8 3.81051
35 16.0451 8 4.92529
16 32 10.71044 - -
32 11.37099 - -
17 15 8.49 - -
15 6.84331 - -
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MANUIN Y

ada d J
'Jﬁ?l!ﬂ‘ﬂ%’,?’i!i’)unl““ll

aa a ca ¢ = .
1. :uﬁmnmiwmimﬁmau"lmumagﬂ (Winkler and Struckmann, 1979)
1.1 ﬂ]i!ﬂ%ﬂuﬂiW‘lNM‘ig]u p-nitrophenol
13991981522818 p-nitrophenol (pNP) ANMITUTU 10 pmol/ml AI8E1TAZAY
Y
Woawlativmes anududu 0.05 M fitey 8 19 1da1ududu 0.25 pmol/m! 1101 URBINAD
Y
meririlesiRernuldianududumin 0-0.045 pmol/ml 11nsiwilFaninsganaumas
4 4
ANNVE1INAYU 410 nm
1.2 Fmanseuasilumsinnzdinenssuenlalanla
1.2.1 a2a1® p-nitrophenoyl palmitate 30 mg I 2-InswiueadSu1as 10 ml
1.2.2 a2@1® Triton-x 100 YS1124 0.4 ¢ Az Gum arabic 0.1 g luaisazal
Tdeurlealativmes Aty 0.05 M fitey 8 Y3103 90 ml
9 '
123 avarelm@sumivemwalsine 211.8 mg Tuhnaulildfsinas
593 1,000 ml
a a da ) a
1.3 IEmsimszrinonssuenlsitlanladase
Y A 7 Y 9 A A8q
1.3.1 Tessuasazareeu lsinnsiuanududunuiueu lunilsanu
[Wutuvesesazanon lyidease 140 pe/ml
132 wuasazarslude 1.2.1 Y511as 02 ml waunvesazarelude
Y
122 Y515 1.8 ml asluvasanaass nndwwa I 1@

¢ = A A ) ) d Y Y o oa Y o
L’r)u”lclfml'iﬂgﬂm@liﬂmbhmﬂma 1.3.1 Zl]']ﬂutlfe!!fl]fl']{lﬁlslﬂﬂu@ﬂﬁﬂﬂ AU

1% 1 J 1 an 2 <
vaoanaaesnina llgulueeniuquaungiin 37 osruaaded 11u

QU

=
1991 15 UM

d G
1.4 3EmsInnzvinenssmenluitlanlaniegy

=

Y A Jd XK 2 ]
1.4.1 Gl‘ﬁmiEmmiazmmauhumqgﬂmgﬂ@Namuuwummmu UYUIA
ﬂ’SIN 1 em 817 1 cm 914U 1 LI,NIH
a 9 =Y [ 9
1.4.2 mumiagmﬂclwua 1.2.1 Usuag 0.2 ml wauﬂumiazm&iuma
= S 1 Y 9 o a
1.2.2 SIEFRLGE 1.8 ml ﬁﬂﬁluﬁﬁﬂﬂﬂﬂﬁﬂﬂ mﬂumwﬂmmﬂu ey

7 = A~ ) ) ¥ QY Y o oA v
Lﬂuqcﬁuﬁﬁﬂgﬂﬂlﬁiﬂﬂqﬁﬂ’lﬂﬂlﬂ 1.4.1 ﬂ’]ﬂuulﬂ]ﬂ’liﬂl"lﬂﬂu@ﬂﬁﬂﬂ 153 1e]
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ihaeanaaeninan llgulusniuguaungin 37 esrwaidod
< ~
Huna 15 un
A aaa a 9 =3
1.43 Weasunal wgalgnio lesmuasazarlude 1.2.3 15105 2.9
1999 o g X yy ~
ml e Tnundng’d s wii
. o v ' A d‘ 4‘
1.4.4 vinf3ua p-nitrophenol Tagilidasimsganauudsiinnuenau
Y o 1 Ay a @
410 nm  uanhan ldifieununsuinsgiuvesasazalonInsgIu

p-nitrophenol

° Y ' a o = a S
m‘tfiuﬂcl?i 1 Wulﬂﬂlﬁ)ﬂﬂﬁ]ﬂiiul,ﬁ]uhlclm HUIYDN ‘]Jﬁll']ﬂ!l;au]l“ﬁllﬂﬂﬂﬂﬁa']ﬂ

p-nitrophenylpalmitate &2 1% p-nitrophenol (AAYY 1 pmol Melural 1 WA luaaenageoy

NMSAIUIN

a od =2 1 1 [ =) 1 A A
ﬂﬁ]ﬂiiil‘ll’f)\‘llﬂuul"lm@]i\‘]gﬂ (ﬁu’)ﬂﬂ@ﬂﬁuiﬂiﬂl‘l) =49 Wa)x AINTAANAULTIN 410 nm

mmeﬁummﬂﬂwmmgm p-nitrophenol

(15 @5 1U5AUNAAVWNNILTY, ATY)

2. 58msmnzrdSinaddstvluasazanaenlaslanla (Bradford, 1976)

2.1 Jmamssumanilumsinnsridiinallsa

2.1.1 e5azaed w3eu1asaza1ea15d Coomassie brilliant blue G-250 100

mg Tue5110a (99.5%) 131105 50 ml aunsarleaesn (85%) aseld

100 mi wer sy udanlsufFuasdaer pr 1@y 200 mi
udnhlnsesdienszanseaues 41

212 asezarellsaumiasgin wsenaisazatsldsauves  BSA

(bovine serum albumin) AMMITUTY 500 pg/ml TABHI BSA 50 mg U351

Bnasgrohilsaandszaldld 100 m nnfudesedied

Usreonleeen 18U iy 030 pg/ml tieadians

WMATgIUveIaITazate 11/sau BSA
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a a d d
2.2 IEmauanzvidfSanalilsauluela
A o ' P o P P
221 tiladredraeu laindeaaaretinmosnlFlunisasaeu laiui 10
I a 1 4 o 4
ml (nsabduenlaivasy) daueulaiasgiliihasazarooula
NYNATI@UULAUNEAIDS 1x1 om MUY 1 HHY
A ¥ 3 Aa aa =y <
222 @uinaulsieeinleesy 15 Naaaas WSuasiamazilu 25 ml)
Y
2.2.3 8911 6 ml laluviaoanaass miwanasazaed 1.5 ml adlunaoa
d‘dw ] [ Y Y o ay 9 =1 Y o 1 A
naaoaniiaregeg wawldiinu 1913 5 wi udrinmimsganauuag
YoeaITAI0s Az dITazale TUsAUNIATIUNAINE1IAAY 585 nm
o J A d' 9 =1 [
224 ahmmsganaundsi lauufieununsuaTgIuvesTITazale
Tilsaumemianudutuve s Tsauuoidiogna

MIATUIN

AN U9 T1UsAY (ug/ml) = 25 ml x AIMTRANAULEIN 585 nm x 7.5 ml

ANNFUVINTINIATFIUTTAY BSA x 6 ml
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NANUIN U
as a dJ o a
AITMIAANTHAUNI WU UAY

v

d U g
1. M5 THBleAnIvinatazdlofazalsiil (Chemical Oxygen Demand)
[ 4 a
TaedssWanauuvila (Close Reflux Method)
vanmsnal
a 4 1 I [ %’ a
mMaansimad leadlumsiannuanisnveaindes lasaan/seumeulugives
=Y a { a 4 a 4 < o
YSumeengnundeinisldluniseend ladarsounsd Tasldarsaiaeiioiuinlums
a o { I 1 a 4 1 A v
pond ladgalumsazarendunsaun lunmsinsizimadloadissand lagld lalasum
. I Aa 9 o 1 9 a s A A A
(Dichromate) 1) uNHen 1¥AU1INNI1INT 1Fa1500NFUAUGFHADUS 111891ANNEINITO DY
a 79 Y Y @ @ ] a 1 adAa d a 4 a S Jd 9
A0BNT 1A% 1% lanUAI8E19¥HAN19Y 1azITIATITHIIE 00T lada1sounIdaas 1a
ﬂi”‘JJ”Iiu 95 94100 %

ﬁﬂiﬂﬂ)uﬂ]ﬁ’)!ﬂ§1 "r’i

<Y A

. . ~ I 9y 1 a addy a A o
a151/5znov diphatic Anaedulelav: ligneendladaie35il ilosnina1sounss

]
A A 1 C% v

{ I 1 i H [ o a A I
naeilule ldniioglusesineveslen (vapor space) 3z hiduianudieonsladniiu
a o 4 a Aa J o X I
YouUa1 d151Us5znou diphatic vzgneend lad lAuniieusanesdama (Ag,S0,) Fuilu
@ 1 aan ] <3 a Y o aan o 4 4
AN R307 (catalyst) a9l odrglsnauFaneidamasziilgnsernuaaslsa Tus lud
d Aa = a A= U 1 1 1A A A
naz'loTe ladinanz noudsvzgnesnd ladifisausdiu uagdasiadiulvginaninnishil
1 ¥ o ] 1 PR 4 ann a 0 o ~ v d
halide ogluiidaeg1e laun aaelsd auimieldUgnseunaauysaineuinmsildndnas
a 3 o ] ] = = y o 1 A < 1
i@ Hgso, as Il lmihdediaas linasmd Tedluihdedisniinas 1sauinnii 2,000 mg/L
MIIRUAIREAZMIAVIDITN WAV
fuimesialdluwaaudh ‘luﬂimm"lwﬂmJmﬂaumﬂmi@um’%ﬂmﬁa&ﬂmamﬂu
@ ] a a ] a o o a
ared1ee1alduranaraannla a1 ldaunsodnsizd Idiuiinisdunsagayin 1ty
I @ ] { a
Uszum 2 udunudaedns 1 inguvngil 4 esruaaiFod
A A ¢
in0aNauazalnInl
A g aa A A
1. viaeanaaeaMtIuuen IsTaIAA YUIA 16x100 U, HID 20x150 . HIO 25x150
Y. Wianmvhﬁmﬁ A28 TFE 1301900 153amatouna (borosilicate ampules)
<] . < a A ' . = 1 ' =2~
2. InAIUADA (heating block) Lﬂuagmuﬂuwaa (cast aluminum) UFDIVAYS] FOIHIY
= g 1 A ) E my a
AMWAN 45-50 Wi, 1Wugeiz 1ivasansoy lawed

3.1A3091ANUToUNTBIA101 (block heater or oven)
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= Y a d ad G
maaiiFlumsInnzvivazismsnsen
1. msazaeanasgrulnunadanlalnsmun (Potassiumdicromate) 0.05 N
= d' Y d' a
azareTdunaiFonlalasiua (K,Cr,0,) Nouuraigavigil 103-105 0971
= < o [ ¥ o a aa a v a a 9y 9
wrarsee 11unan 2 ¥ 189 4.903 n5u ludinau 500 Tadans wunsagalismaudy 167
A aa a [ [ [ I a
liaaans uazausondamla (Hg,S0,) 33.3 n§u udlSuiSunasIdiilu 1 das
Y G d
2. nsaganI3n3toun (Sulfuric reagent)
a a d o v Al A
wudITazaleFaosvama (Ag,SO,) (reagent grade) adlunsaganin
Yy ¥ Y o , A ¢ w o v N a 9 9 a 2L yy o
WuTU AedaTIdINveIFanessaa 8.8 U aensatal T nivuTy 1 ans neld 2 Tu
A ya d v
e lvFansivaaazaiy
A a a d . . .
3. msazananlalsouduAIAINDS (Ferroin indicator)
azareuuulsaulululamsa 1.485 asu vazmlesasamalululaasa
[ aol < o I a aa
(FeSO,.H,0) 0.695 n¥u Tusinau udrfuiffinesiu 100 Gaddns
4. mnasguleSauenlunilandala (Ferrous Ammonium Sulfate) 0.025 N
azae laveu Tudlswmosa lagalaenys latasa (Fe(NH,),(SO,)2.H,0)
] 9°; ] a v Al A Yy Y Aa Aaa Qy Y3 [ =y I a
39.00 n5u Twihnau wunsadaili3 ndudy 20 Haaans nal31lMdu Ysvilsmanilu 1 aas
Y 9 A o ~ o v
ANUuINIURIIueuvesmsazatouIas eI auen TuHoudaman 14
Y
Taoms Inmsanuasazatomasgiu Inunadou la Tnsmaail

(1) gamisaza1enIasg I TnunaiFonlaTaswaui 10 Tadaas 1Ay

9
o

nauli1fi5inas 100 Tadans
) Bunsadailaz ety 30 Taaaas nall¥Ey
3) lawmsanuasazaroniasgruesauon Tuionsaa Taoly
arsazaemlaTsdwiluduamaes
MIMUIN

AT U9 FAS (N) = U51105 K,Cr,0, 1% (mL) x Anududuves K,Cr,0, (N)

151105 FAS 7119 1nmsa (mL)
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A ) 3 o 1 A A
1. laﬂﬂalslﬁ_lgu']ﬂ31“5‘5]'3ﬂfn\‘lllazﬁ'lﬁlﬂwﬂlﬁw']zﬁiJ AUATTNNIANUINT V-1

{ Y @ 1 3 {
ﬂ']ﬁ']\iﬂ']ﬂwujﬂﬁ U-1 YUIAUVDIHADALLN []J%N'Wﬁﬂj@ﬂ'munlagﬁqﬁlﬂﬁﬁlﬁquﬁu

YUIANADALDY fedth mMIazaw K.Cr,0, | Fawasinsonud Yinasianun
() (mL) (mL) (mL) (mL)
16x100 2.5 1.5 3.5 7.5
20x150 5.0 3.0 7.0 15.0
25x150 10.0 6.0 14.0 30.0

a (% 1 %l 1 1 a d' 9 1 A
2. tulagreerairlaluvaoagos iauaisazaieNn s lun15808 Ao @15aLa1

asg i InunaFonlalnsua 3 Hadans

a

1 v a a A 14 an a 9 9 1 1 Y Y o
3. AvY INNTAFaNIINILIIUA 7 Hadans Uagnrasaund Iy warliny
o ' A a & & ¥ X Yo A
4. vihwasagesl)desn 150 ovmuaaidea 1unal 2 ¥ 1ue vimiune 13 1daun
gunniiReq
a a a 4 1 @
5. 1ladyn veale Tsdududmaeslszanm 2-3 vea werlddnu Tnmsadae

@ o { I g
wlesaueu Tudlsudanls aasazanolasuwiludiaanag

MIAUIN
COD (mg/L) = (A-B)xNx80000
A%
do A= 1Bmasves FAS #1Flums Inmsauuass (mL)
B = 13uasved FAS #14lums nmsadiedianh (mL)
N = anudutuves FAS #15ums Tnmsa ()
V= 1Binanhdedeild (mL)

2. VDINUINVINADE (Suspended Solid, SS)
1a873% Gravimetric method

vanmana il
@ [ %‘ 1 9 o Y Y A a o
n303A0810IHIUNTzAINT0d GF/C udnh ldeuldudengamngil 103-105 °C az

v b4

o Y I ) Y Y o o v A4 A 2 = ¥ o < y 1
1/1111%8131141'0141&&14@ UAIBIUTIHUDNINUUYU AD UTHUNVDIVDILUIUYIUADYININIUAND

' Y A
51asdree1aiinly
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FISUMUMIIATZT
1 A %’ A = %’ Aov o J 9 1 1 I dy = o ~
- oymadIufaseiivsonsaseinnsuaniudoulvauas hinaguiuiiomernu
= ( ' ’é = o I Y1 1 Y Y] A 1 g o A % [ %}
Hludrediah deerwi 1 laa lugndeain iesnn ludludumunfvesiediai
[ ] A <3 %’ 1 A o ] [ ~ %’ [ o Y
- A0 NNNVDTIAZ UG 1IDNTBINIDENNININYNara181IA199) 3L 1N
9 4 [ v A 1 o Yy Y1 a a 4 %
ldarlumsnsesuu tlesnndagaziuaainizaunsed s ld laaunueia ilesnngaau
PYUNTLATHNT O
k% U
YBAITIL I
a 4 (Y] 1 { { 9 o 9. =Y
- Jumsdenziasuuvassludleganiarsnazars laun a1z ldnds
H ya Ky I o & 9y o Y
Asnazane laanegiuaz NoW/aITHUIUABEHIBNTZATHNTOIAIY AL HIZABITINITE NS
Nazane'ld Inuaneuiit et
AAa <2 ' A ' @ ' s 2 Ao q ¥
- Tunsanivowdsvna lnguuivassrssaned ludieg1911 Fuiluvesuvanimlvi
1% 1 %’ ] Y v A 1 Y Y 9 a a A [ A o
a06191 lunandnud wu ww 198 wed deuiu gawatadn wiownidaoulalusiues
= v As [I~1 9 o w 1 a 4
@ernunvina vy uau AsmMIaesnneuMI NIz
9 a 2 a (J o 9
- msldnalumsnsesununull Funannmsgaduvesnsza1unses o1z ln
A A S A Y v a Y o q Y A Ay ¥
Hlsuavewdsnazatslagniudauunszaisnsesla mildsummsuvivacen ldvin
a =Wl [ 9 o Y 1 < a = =~ ~ Y ~ Y
M3 zln ligndes Tasazihlddawnnnanuiluese Senrsnanaelduniiga o
1 a [} o a L ]
WUIINTEATENTBY INAMIgAdULaznId laTuIn Arsimsimazd v
A oA ¢
inesianazglnIal
1. A52AILNTD9 GF/C
d’ A o %
2. 11509ND AN UNT O
9 .
2.1 filter older 1% grouch crucible adapter 30 membrane funnel
2.2 29n509A20Y 25 Uaaans d1151 Glass Filter YW1A 2.2 15UAINAT
3. Suction flask 2119 500 HAAANT
4. 1AT0IQATYYINE
ad a d
ABMSAUNIITH

a =

A A A sa Y 9
1. @Uﬂi%ﬂ”ﬂdﬂi@ﬂﬂfflx‘ﬂua%@,NLHEJNV\I?@EJ@VIQ'{MWﬂZLI 103-105 mmwamﬂa‘lmmq

U

Yy 3

I o 2 9y a 14 = o
Wunat 15 Tue naligulueaamaeidssuim 30 Win uasivdmin
A =y %,‘ (Y 1 A Y A 3 [ 1 A a o A
2. L’di’)ﬂ‘]J511”Iiuu”lﬁfli’]ﬂ”l\ﬁ/l"lﬂﬂiMWmﬂI@QLLﬂI\‘]LHJTJuai’)fllllluﬂflﬂfn 1.5 uaansw/ang

3. TNNTTATHNTOIUUNTIINADAUIAG 0IQAT Y INE
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'
[

v ¥ a Y o Y A A A )
4. Gl“lquﬂaHﬂﬂﬂﬁgﬂﬁﬂﬂﬁﬂ\?ﬁlﬁlﬂﬂﬂ Llaﬂlﬂﬂlﬂﬁﬂﬂﬂﬂqmumﬂﬂ'lﬁ LW@iﬁﬂﬁ%ﬂ'l‘]&lﬂﬁ@\‘]

[

AANUNT Y
% ] d‘ Y o A 9 [ = d‘
5. NTOIAIDINNNANNINUALAY TABDIADLITIAIINIATOIYADINA

a Lﬂ' Iy A Y o 1 Aa A J o a
6. ﬂﬂlﬂﬁ@ﬂﬂﬂ@mmﬂﬂWﬁ l¥auaunszaunses uaiildezgiilounsosnoauain

U
9
v a

o Y A a < o
uuuﬂﬂammmamwnu 103-105 99 usaLBea 1Wunan 1 G]f')IﬁJ\?

Q U

L qua A 7 A Y ¥ o 44 2
7. quclﬁlﬂuclulﬂﬁﬂlﬂlﬂﬂﬁﬂﬁgiﬂﬂ! 30 UIN LAIVINTIUIHUNNENUUU

MIAUIN
Suspended Solid (mg/L) = [(A-B) x 1000]
ml sample
de A= thminnszeunsesnoumsiney (mg)
B = ﬁmﬁﬂﬂigmyﬂimwﬁ’qmfﬁmﬁzﬁ(mg)

3. N3 lUIUsTIHEOIENaTaNINAIL (Volatile Fatty Acid and Alkalinity)
19875 Titration Method
d d‘ = d‘ [y
gilnsamazinsesilensadin pH
A e
1. 15093Ad0Y
2. 07159 VUIA 25 Hanans
3101 Tl (Hot plate)
4 1 <3
4. 19399 muiman i (Magnetic Sterrer)
5. UnneS Y119 100 Taaans
= G
ANtz MIASaN
1. sazaensadanian (H,S0,) 0.02 N
y 1] =) (% =Y =) =) an
@ luvadsulsuasaeuvin wunsasanisnaudy 28 Jaaans az'ld
9 9 J o v A A J o a Aaa = I Y A a
ANMUITUTY 1 uaia nsadaniin 1 uesiia 1120 Haaaas e lRladSuas 1 das
d
2. msazaalamnanlaasenlaa
4 o g g’u o a
azaeTmaonlaasonled 4 nsu linau YsulSuas1dla 1 aas
d

ada
IFAUNIITH

'
A

' %‘ a aa d' . =) 1
1. 1198191151185 50 Hadans NHIUMTINILY centrifuge iuLﬂWTZﬁ’Juiﬁ AN

1 4 Aa Aaa
ladanesluaz 50 Uaaans
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o Y v A A d o =y=| 1w =] A 9
2.1 Immsadrensasaiisn 0.02 usiia auNWNINY 4.5 unnlSuasnly
9 1 = 1w
ud lnmsadoauiitewniny 3.0
vy Y
3 ldduldifea (ed1ldmastsuiasdos 19SuiaslndiResnuniEudn) udang

Y3 A a9
Rhdungumngiivios

U

o 4 x> Y = 2
4, qﬂlﬂﬁﬂﬂﬂi%laﬂunaﬂﬁ@ﬂqﬁﬁﬂ 0.02 UvsuQ ﬂ'l‘lﬁl@‘]fwnﬂll 4.0 ﬂu‘]JﬁﬁJ’]ﬂﬁLillgl}u

Y
wag lnmsagosuditewminy 7 wndsuasauga
MIAIUIN

VFA (mg CaCO/L) = 15143 NaoH A1#lunislnmsa (mL) x N x 50,000

\Y%

o - anududuveslwaenlaasen ladnlelums lnmsa (N)
v = Bmasied1eilsl (mL)
Alkalinity (mg CaCO3L) = 1Sasnsadaiiiinilelnmse (mL)x N x 50,000
A%
iie - anududuvesnsagailnilFlums lnmsa (N)
v = Bmasiedeils (mL)

4. indiunaz vty (Oil and Grease)
1A% Soxhlet extraction method
A A o
mﬁmu@uazqﬂﬂim
] o
1. ﬂgﬂﬁﬂ@“ﬁﬂﬂalﬁﬁ
2. 1ATDIQATYYINE
A o ¥
3. 139399 UN
4. 99ana (Extraction flask)
14
5. N3LAMHBNIDAUUDT 40
6. N3ZAENUILA (Extraction thimble paper)
Y v A v QI 9 ] 4 a
7. N'lllﬁ'ﬁu@lﬂlﬂu’Nﬂall lﬁ'uN'luﬂuflﬂﬁWﬁ 11 s UNUNT
8. Glass beads

9. Electric heating mante
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=
a13tndy
v A Aa 9 9
1. nsagaiIF NI
2. 130U (n-Hexane)
1 =) 90’ Q"

3. Diatomaceous-silica filter acid suspension, 10 ATUADAATUDIUINAU
ada d
IBAUAINTH

< o ] H a A a Y 1 v [ Y 9 ' 4
1. 1NUAIDYINUT 1 afT ﬂﬁﬂﬂiNWﬂ!u@ﬂﬂ’N Llﬁ’)ﬂﬁ‘ﬂ pH Eh’il.lf)ﬂﬂ’)'] 2 A8NTA
1 901 @ [] a

leﬁV‘l’Jiﬂ Glu@ﬂﬁWﬂimJ'lﬂl 5 UAANTNDUINIBYN 1 T

) 3 90‘ v v a { v
2. m’%emLmuﬂﬁmﬂmuumuiﬂmwﬁmaauuuﬁﬂim ngﬁﬂﬂﬂﬁjﬂﬂﬂﬁzﬂ'l‘klﬂiﬂﬂ

U

s s { o
199 40 1uﬂ’ijﬂuﬁb‘m®i 1187991 Diatomaceous-silica filter acid suspension Nazae 10 N5y
1 Aa 2 v o A aa Yy A 3 Yy v v 3
ADAATUDIUINAU I1UIU 100 Uanaag ’chl‘iJ Gl“]ﬂﬂif)\iﬂﬂqmmﬂﬂWﬂﬂﬂuW@@ﬂlla’mNWJEJLH
' Y
naudszum 1 ans ﬂﬂuT@@ﬂﬂuL!ﬁQ
¥ ] H 1 Sol
3. ﬂsmmmaﬂwﬁm‘%mm% I HIUHDUNTEATYNTON (‘19116 2) ﬂﬂ“lﬂf]f]ﬂ‘ﬂuuﬁ}ﬂ

4. 1¥auAvnszamnses il ldluiumda ¥ ayuenau Fa lviiuidadae

a a 9

Iq Y Y o o A 1
Ywuos e uanhdalalunuianie

=~ a

s ihduda lleuluisiemviail 103 osesa@od 151ua1 30 w1A 1d Glass beads

Q u

< iy 9 o {
ael1 3-5 1iia wveilosnumsiAeaiguusa

1 =

4 3 v 9 A a & Y o Yy Y A o @ Y A )
6. mumuﬂmﬂ@ﬁma GINUlﬂ‘]/l’lclﬁl!w{lllagﬂu'lﬂuﬂﬂﬁﬂ (’Elmqumwgu 103 9371

= 3 o a ¥ o o
s L e lﬂu&’)a'] 1 (’]5'3111\1 AUYAUINUN A NTV)

q

o A a 1 4 o @ 9 I ) Y o
7. i udalalugasondian iimsana laglsanmniuaiiazalsalsdns 20
] I <
soU/42 19 1lunal 4 9219
< o A < 9 A a I~ 9 Y o 1% ¥ A
8. nawansuanvIaanalunseanaulimaslsuiasdantlesudniilleq lesin

g9l 80 DIA AT DONIULNA

v
=

9 a A a I < o < Y Y
9. aUNYAAUANYUWYU 103 DIALEALTEY T Wuan 15T V]Q(lﬁlﬂuclu{ﬂﬂﬂ

q @

¥ = Y o $ ¥ @ a @
AU (Desiccator) 30 UM nntuwih lilgaimin auYA B NTU)

MSATHIN

Oil and Grease (mg/L) = [(B'A)XIOS]/IHL Samble
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5. Tiled (Biochemical Oxygen Demand: BOD)
10875 5-Days BOD test
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NISAILANYUNIN
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1. MIATINADUAUMWUINAUIID N (dilution water control) HNIHANITO 19U
1A =l a ’cf % ] ~ [} LY j’ Y o oA
nagaumiad Tod Tasdniindlroe19n li'ldlawuzeasluuia BOD 2 v2a 118211 1 vaatiui
=1 1 ~ é 1 v A Y 50; ~ Y [
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a 4 1 [ < [ 1 a

pondFauAunae iorunstuuuiuszozingt s 7u desliaieonsnuaaal (DO,- DO,)
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6. MIIATILHINTA IV UBAST (Free Fatty Acid)

19875 Titration Method
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Y v
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4 = = 4
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7. MIAATLHNABOI0A (Glyceral)
1a83% Titration Method
= =
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A ~ o ' o
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Y Y G . . G v a A 9 9
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= d . . ~
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= d . . &
5. msazaelaaenlaasenlasn (Sodium hydroxide) 0.1 N tasonlagazaiy
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o [ [ I~ a
(3) e 1 uag vo 2 mwauiu udlsulSmasdlu 1 ans
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7. msazaa)afenasmn (Sodium formate) 0.1 N wisen Ingazare Tsaeurloima
4 v
0.68 N5 luiinau 100 aaans
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= < = o ¥ o 9
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[ I a
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[ %’ < [ I a
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Phenolphthalein 5 n51 Tweniuea 95% Usulsuas 1 ans



181

ada ¢
IBAUAITH

3 1 %’ AAA A 9 ' 9 o 1 g %
1. 72981911 : NFANUNAYOTOAUDINI 75% 1BA2981911 0.30-0.50 NT
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a . Y .
8. 1Y Sodium formate 5 ml A8 graduated pipette
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MIMUIN

5anamesea % (m/m) = [(VI-V2) x T x 0.0921] x 100/m

A Aq ¥ (J 1
e V1 = Smasesazaieniaigiu NaOH 714 lnmsadieds
V2 = fSuasvesasazaionasgiu NaoH 114 1nnsa blank
Jd o
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m = ¥aluniigniuveInayesoaninlgnien Sodium metaperiodate
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