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IMPROVEMENT OF TREATMENT EFFICIENCY OF ORGANIC MATHERS IN
WASTEWATER FROM PAINT INDUSTRY BY ADDING POWDERED
ACTIVATED CARBON IN FIXED FILM AERATION PROCESS.

KANCHIT CHUTIPAISAN 4936951 ENTM/M
M.Sc.(TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)

THESIS ADVISORY COMMITTEE: USANEE UYASATIAN, M.Eng.WINAI
NUTMAGUL, Ph.D.

ABSTRACT

The objective of this study was to investigate eéffect of adding powdered

activated carbon to fixed film aeration processtlom wastewater treatment efficiency.
The wastewater used was effluent from paint fatsarlgemical treatment process. Their
COD values were in the range of 673-1,383 mg/l. pbwdered activated carbon used
had the iodine number of 950.
The results of adding powdered activated carbothatdosage of 0 and

4000 mgl/l to fixed film aeration process with thgdraulic retention time of 48 houfs
and the sludge retention time of 30 days of thet xperiment, showed that COD could
be removed by 76.6 + 4.4 and 82.3 + 3.0%, respagtiThe influent COD was 979.3 |+
217.3 mg/l, and the effluent COD were 221.6 + 2&1dd 168.3 + 22.0 mg/
respectively. Powdered activated carbon could erthdhe COD removal by 5.7 |+
2.1%. In the second experiment of the fixed filmaéien process at the same hydraulic
retention time and the sludge age, it was found titgh the dosage of powdered
activated carbon at 0, 4000, 4500, 5000, and 55§ @OD could be removed by 72.8
+7.5,75.9, 78.4, 79.0, and 83.6%, respectivehe ihfluent COD were 942.1 + 136.6,
935.2, 807.0, 816.0, and 891.0 mg/l, respectivahy the effluent COD were 253.6| +
67.6, 215.0, 174.0, 171.0, and 146.0 mg/l, respelgti Therefore, the fixed film
aeration with adding powdered activated carbondcautrease COD removal by 3.1,
5.6, 6.2, and 10.8%, respectively, compared toahe without powdered activated
carbon and could save the cost of powdered activedebon in an ordinary adsorptipn
unit after the biological treatment for removal@®D to meet the effluent standard.

KEY WORDS: WASTEWATER FROM PAINT INDUSTRY / POWDHED
ACTIVATED CARBON / FIXEBILM AERATION PROCESS

137 pages
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-Surface area () Min 1000

- lodine number (mg. /g) AWWA ®4 Min 950

- Carbon tetrachloride adsorption (ASTib7-88) Min 40 (% w/w)
- pH 9.0-11.0

- Ash (as packed) Max 8 (% w/w)
- Moisture(as packed) Max 10 (% w/w)
- Apparent density (g/cc.) Min 0.5

o w %1 a A Y Ao [ A d
I?Jma§$UUU1Uﬂu1lﬁﬂﬂ1%1uﬂ1i’Jﬂﬂllﬁﬂﬂﬂﬁgﬂ‘ﬂ 3.3 uazesndsznoussuy

Y v
Tfaidenaaslanasdn 3.4

—

= y :
517 3.3 Tumaszuuaiiminaenlalunsdive

Y



A3 A Inena MIAWIUNTNAADY 24

. . '
51 3.3 Twaaszunhiaii@enl4lunsise (o)



JuNaIngay unIneaeuting M.y, (naTulagmsusmsgunaden) 25

B
2 — ; )
7 : i 3
i ¥] i )
L ¥ W :r
: £ ¥
[ = 3 i I i
- [~ =
= i i
) 1
|II |II
I
(11} (11}

Enj T E B, o
j ’ 5 & B
:i% o :i% S
[H] ! u[F i
.-: s f'; .-: h
i - i E
A i : B
= = t &
2 =
(1) ui
(] L5

A
o Wr ¢ ¥ f f © o
; Py ; 8 E ey | ¥
i B 3 i P & e
o PR i H i R A
B R : B 2 e : s}
o s = =
> i (1]
B 0 ) 1
e - 5 RN > 3
i Lo vl (1}
i i PRAL RS -
i [N

= i
i ]
2 z
i
Ti | =
] 3 Q
[ L
8
d
=1
;F

H C/ o % 90’ { =%
511 3.4 oamdlsznouszuvniatndenlelun1sise

Y



AT3FA %A lnea MIAWIUNINAADY 26

v v
o =
33 duaenlylumsnaaes
%’ = ) ] o Y g’/ dyc:\’ ?:’ A A o =\ 9
u’llﬁﬁlﬁ’lﬁﬁﬂu’lu161“]511Jﬂ131’1ﬂa@\‘]ﬂ5\1u&ﬂuu1lﬁﬂﬂWWUﬂ’IiU’]U@ﬂWQLﬂNLLﬁ?ﬁ]’]ﬂ
o v g = a A 9 (% d‘
5$1J1J1JTUﬂu'llﬁﬂ"’UfJ\‘]Ii\‘]\‘]’luwaﬁﬁcﬂ'l‘l]'lu ?’NETJVI 3.5

? o a
Uuaeny

A58 1 (PFLUIUMTUNIANIAUAY)

YY)

o e A o W o
INDUAY 1 (‘H1!ﬁﬂﬁ1ﬁiﬂﬂ13~lﬂ“ﬂ‘l«!ﬂ1ﬁﬂﬂaﬂ\‘i)

|
v

DUAVDINIA (ATZUIUNMTUNTANIITININ)

U S
FEUNWAFUUAIUITITITUS

d' o o %‘ = a A 9 A o %’ =) o a v
sUn 3.5 sepvihyaideves Isenumaagmiuniitgeuiinmsive

U

4
U

34 YUABUMIAUHUNTNAADY

3.4.1 msm"laiﬂumammmi@ﬂ%’u (Adsor ption isotherm)
v . . a o
msvmaawflai«umammms@ﬂw (adsorption isotherpmsauniglugil
= = 1 [ AR L @ 1 Y a A o w = '
Y0I% 1oAY IHIIUNNTUA IuA0g 19 uFeNHIUNTTTan1aall uazallo Tameounis
@ a A = = 1 [ AR L @ 1 Y a A o w =
AaUa3auNIg 1ugve 1T ToAve NI IUANNTUA I ITENHIUNTTTANI9TIN N

uaannlssnuranamiiu w3t ASTM D 3860 — 89a (reapproved 1993) Standard



o

UNAINGIAY UM INIRINTIAD M.y, (naTuTagmsusmstanaden) 27

practice for determination of adsorptive capacftacivated carbon by aqueous phase
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9 2 A 4 . .
WeaveSa ¥93As1evian Standard methods for the examination of water
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d’ ada 4 a d
M1319N 3.2 ITUATICHNITIUADIAN 9

Wniimes WA
oy, pH Electrometric method
poNFOUazaTeN (wn./a.) | Membrane electrode method
1967-30, SV30 (wa./a.) | Settled volume method
%To@, COD (un./a.) | Closed reflux, titrimetric method
iiTod, BOD (un./a.) | 5-Day 20°C BOD test
A15UVIUA0Y, SS (un./a.) | Total suspended solid dried at 103-105 °C
MLSS (un./a.) | Total suspended solid dried at 103-105 °C
MLVSS (un./a.) | Fixed and volatile solid ignited at 550 °C
TKN un. /a.) Macro-Kjeldahl method

Total phosphorus  (un./a.) | Ascorbic acid method

H { a 4 Aa P o < o 1 v
ﬂ151\1ﬁ 33 ﬂﬂiﬁiﬂﬂﬁﬁlﬂWﬁWﬁﬁJmeiﬁ‘w1mimamﬂmu%qmﬂum’amwmc]

< @ ]
ANVAIDE
a J @ @ A A
LRERFVTL aFuaan AN 1 (YAAIVAN) AN 2 (YANAADY)
%’ = v A [ %‘ Qy v A v o %‘ Qy
IGE! R} SPSTIVRNTR QN aFung
91MA NNILUL GRTRGH NNITU
o, pH NI NI NN NI NI
19a3-30, SV-30 - NN - NN -
Y
29NTWIUALA1BYN - NI - NI -
%To@, COD NN - NI - N
o 4 o 4 o 4
11Te@, BOD nnaan - ndam - nnaan
fsuuIuaey, SS NI - NI - NI
MLSS - NI - NI -
MLVSS - nndlev - nadlav -
v Y
TKN IIRLER - - - -
v 9
Total phosphorug  {i4a%4 - - - -
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3 = a a o v ¥ A A a
Wumsanwidseansnmveanszuiumsiniaduge NAUAN

U (% ] 4 a =KX A . = [
aunuNuaasluszuu@ueIMALIUAI AN (fixed film aeration process) WSeuneunums

1A 1 v o d a a Jd a 4
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a A k%4
Tiaemwaﬂam‘um

a 4 g { ! o 4
wamsamiwﬁmammaﬂymmmuu%aﬁwmﬂ”ﬁmuamuﬂﬁu53mﬂ

a a ¥ Ao V. ¥ 2 A -
Tsanumanaminuniunlglumnaassnsall H519a2BeaauMANLIN U LAZAIANLIN A

A A o =
TaglAUNAUTAIAINITIN 4.1

Ad' ' A v %’ a A o w = Y a A
M1919% 4.1 f’nlﬁlaﬂﬂl@ﬂﬂmaﬂymgmﬂﬂuuﬁﬂﬂWTLlfﬂiTJﬁJﬂ‘Vﬂ\HﬂlllLa3ﬂ1ﬂiiﬂﬂ1uwaﬁﬁ‘ﬂ1

Y

d’ o Y
Punhnlglunisnaaes

o, GAUGRIRERTTI L
WIS ADT - -
N1TNADIN 1 NITINADIN 2

o, pH 6.9+0.2 7.340.2
%1of, COD (. /a.) 1026.0 + 191.2 942.1 + 136.6
1iTod, BOD (. /a.) 414.5+10.6 552.7+105.1
ATV IUQDY, SS un./a.) 78.8 + 64.5 36.8+57.4
TKN (. /a.) 35.0 -
Total phosphorus un./m.) 0.01 -
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a J v ¥ v o w
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a1 v 1 A
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4.2 wami‘nﬂamm"laimmammmigﬂ«i’fu (Adsorption isotherm)

=

dy I A = v o d 1 ( = =
ﬂﬁﬂﬂﬁﬂ\i“]qfﬂulﬂ‘Hﬂﬁ‘ﬂﬂa’EJ\‘]LW’E’Jﬁﬂ‘HWﬂ’NllﬁNWHﬁﬁ%W’JNﬂiN1m%I@@ﬂQﬂﬂﬂ
FuldduanududuvesdTodfinaooy @u7% Standard practice for determination of
adsorptive capacity of activated carbon by aqueous phase isotherm technique F9vz lans1nli
~ J . . 3 . A LA J =
1380731 adsorption isotherm 12z 32111 11/ 1aun15v09 Freundlich %30 Langmuir NNA1799

Tag Metcalf & Eddy (2003)

[ a d
4.2.1 wamsnaassriim lolsmenmsgagumsdunsglugivesilonves
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0.5, 1.0, 2.0, 5.0, 10.0 uaz 20.0 51 a3 1 luvra Ml ldanududuvesnaa i uiudmIAy
0, 500, 1000, 2000, 5000, 10000, 20000, 50000, 100000 LA 200000 UA. /a. MNSIA 11UIA
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a1 I unsesniunay o guugivos Tagldszoznarduda 2 ¥ 1us uazihdiodaimu
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MINIUNAVLAD 1NTOIAI18NTLAIYATOI GF/C  UDI Whatman  11d2111191 14 llviins
a 4 v o [ {
WATIZHHIAT T0R 1AZAIUINKI x/m VINAUNT x/m = (C,- C) V/m A3 19N 4.2
= dd' o [ 1 %’ Y] 1 v w 4
Tag x/m = Y51121909% ToANYNYATUADHUIBUIHITNVOINIDUANNUA (WN./N.)
Yy 9 = a0 o
C, =anuduIuYeIT loAnauMIQATY (Un./a.)
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d' o v J 1 ~ o Y 9 ~ A 1
M19519N 4.2 ﬂ'J”IiJlelWH‘ﬁi%W’JNﬂ%?J”Iﬂ!ﬁ1ETIQﬂﬂﬂqﬁJ"hJﬂ']_lﬂ31%L%Nmumﬂﬂﬁ1i1ﬂlﬁﬂﬂ@gﬂlﬂﬂ

G

=y

Y a A o W Ay a 9
uuﬁfﬁ/]N’]Uﬂqju’]Uﬂvn\uﬂul!ajﬁnﬂii\%ﬂuNa@]ﬁ‘ﬂ’]ﬂ’]u

V) (m) (c) (C).(V) (69) (x/m) | (C)/(x/m)

Solution | Grams of COD COD COD

sample carbon Concentration | Constituent | Constituent

volume remaining in remaining absorbed

solution in solution

(ml) (2) (mg/l) (mg) (mg) (mg/g) (g
100 0.00 1113 111.3 0.0 - -
100 0.05 857 85.7 25.6 512.00 1.67
100 0.10 699 69.9 41.4 414.00 1.69
100 0.20 534 53.4 57.9 289.50 1.85
100 0.50 384 384 72.9 145.80 2.63
100 1.00 323 323 79.0 79.00 4.10
100 2.00 250 25.0 86.3 43.15 5.79
100 5.00 185 18.5 92.8 18.56 9.97
100 10.00 140 14.0 97.3 9.73 14.39
100 20.00 99 9.9 101.4 5.07 19.53

naveyalumsiah 4.2 Werwnm adsorption isotherm AMUTNUNITVDI Freundlich

E1

Y
Yo A

g Langmuir 1Aqail
1. Freundlich adsorption isotherm equation
x/m = K, Cel/n
F4
3
nazaumstorndoulailu
Log(x/m) = Log K.+ 1/n Log C,
A o v v J 1 o 1 a KR 9
DU IANUAUNUTICHIN x/m NUAT C, Uuﬂ5$ﬂ1ﬂﬂ51wa@ﬂ1§ﬂﬂﬂ$1ﬂ
duasanfianudumn 1/n aagili 4.1 waz ldaums @.1)

2.2762

0.0001 C, 4.1)

X/m

Taglian R’ = 0.9890
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FREUNDLICH ADSORPTION ISOTHERM y=0.0001x=2"%
R?=0.989
1,000
100t
o :
£
=
'| | | | L1 {1 I | | | | | I | | | | L1 {1
1 10 100 1000
C (COD Concentration Remaining in Solution, mg/)

Y @ 1 [V @ ' 2
319 4.1 Freundlich adsorption isotherm LAAINITAATUH IOAVDIHINIUANTUA IUAIDE19UN

Y

A A o o IS
INNIUMTUIUANLAY

2. Langmuir adsorption isotherm equation

x/m = ab C /(1+bC)

wazaumste@enlaily
C /(x/m) = (1/ab) + (C /a)

A o o 4 1 ' @ (% A Y
WU IANUTUNUTICHIN TEHIN C, /(x/m) NU C. ﬂ\‘]gﬂﬂ 4.2 Llagllﬂ

aums (4.2)
C,/(x/m) = -0.019 C_ + 14.30 4.2)

Taglin R = 0.616
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LANGMUIR ADSORPTION ISOTHERM
25
y=-0.019x +14 30
20 1 R?2=0.616
= 15
5 _
X 10 -
S
5 i
: ) 200 400 €00 800 1000
C (COD Concentration Remaining in Solution, mg/l)

H Y] 1 v o o 1 %’
311 4.2 Langmuir adsorption isotherm HeAINIYATUH T0AVOIHIDUANTUA TUAI08 191 1T Y

Y

=

nruMIsttanaai

1 o a A = =
INNIINAADN W1ﬂ1]’lﬂjqﬂ‘1/]@llﬂ1§ﬂﬂgﬁﬂﬁ1§@u‘ﬂiﬂﬁlu§ﬂeﬂﬂﬂ"])’Ii’]ﬂ‘ll@ﬂ
J v o @ 1 %’ A A o @ ) ) a A ) 1w a £
muﬂmuﬁiumamqmmsmwmmsm‘umnNmmgmﬁnﬂiiwmwaﬁﬁmmu f’ﬂﬁllﬂi%?ﬁ/]‘ﬁ
mMsaaaule (coefficient of determination: Rz) U84 Freundlich adsorption isotherm Jaumnu
[ Y
0.9890 4g4N71909 Langmuir adsorption isotherm 311 ua0N 1¥e1N15U09 Freundlich
x/m = 0.0001 C.**" (4.1)
1 1 v o d [ @ a A = =
AMNFAUNITNUIT DIUNVUUA 1 NTY fﬂlﬂiﬂ@jﬂ"]ﬁﬂﬁ”ﬁ@u%iﬂ‘lugﬂeﬂﬂﬂgﬁiﬂﬂ 11!
o 1 ¥ A A o w Ay a o v v 4 Y 9
@]'J’E'JElNlJHﬁEI“VIWWHﬂWﬁUWUWVINLﬂiJL!aﬂ%WﬂIﬁﬂﬂ1uWﬁ¢lﬁ‘ﬂ1U1u1ﬂ 5440, WWOANUUUUU
=\ A A ] ¥ o [ ] ~ s 1w
miaﬂwmaaagalummﬂmmu 120 UN./Q. LALAIANIN Kf uag 1/n UAUNINDU 0.0001 LAY 2.2762
(n= 0.4393) Mwa1ay Tag Mckay tazane (1982 8190911 Melgoza-Aleman 1182 Morales-
Y o 1 1 d‘ d‘ = [ YA A ] U =® [ g’/
Guzman, 2009) "lﬂuuzmm ATANN n ﬂl!ﬁﬂ\?ﬂ\‘lﬂWﬁﬂﬂcﬁUulﬂﬂﬂJﬂWﬂQﬁ%ﬁ')N 299 10 ANUHUIN
< 1 ] a a = = o 1 %’ A A
ﬂ1ﬁﬂﬂﬁ@\1%$lﬁu'ﬂﬂ'ﬂllﬁuﬂiﬂaluﬂ13f§]ﬂ‘ﬁ)’ﬂﬁ159uﬂﬁElclugﬂﬂlﬂﬁ“ﬁiﬂﬂiuﬂﬂ@ﬂWﬂuuﬁﬂ‘ﬂWTH

o w a 1 @ v e 1 8
M31117AMaUA a9 T59UNAN AN UV IHIDUANITUAT AN
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[ a d
422 wamsnaassrim lolmmenmsgagumsdunsglugivesilonves

=S

v LY Y 2’ a0 o =S v a A 2
MIUANNUAT U NFS AR IHNTTNTAMITIM NN SINUNAATINTNY
A o ¥ a4 A o w ~ v A a B o
o1 UFTENAIUNITUTITANITININUAI910 TTINUNAATNITIUNINIAG
[ v a = I = = [ @ o 4 ] =3 %
naaoa o Tsmoumsgasualsounsd lugUvesd ToAvo o unuiiug wuReInuns
1 Y] a A J = = U Y L %‘ A A
naaesma lo Tymoumsgaduasounsdlugiuesd Todvesrmenrunuiiud luindoinu
mstiamanaiudian Issnuwnaadnuluiive 4.2.1 tagfmuIai x/m 910aUNT x/m
=(C,- C)) V/m A9013 199 4.3

d' o v J 1 ~ o Yy 9 ~ A 1
M13194N 4.3 ﬂ'J”IiJfTiJWH‘Hi%W’JNﬂ%?J”Imﬁ1§TIﬂﬂ@,ﬂqﬁflﬂﬂ']_lﬂ'J"IiJlfUiJGIJ‘l!GIJ’ENﬁ1§TlLWai’)@§JﬂJ@Q

Y a A o w = Y a A Y
mmammumimuﬂmwam‘wuamestwammmu

V) (m) (C) (CH.(V) (x) (x/m) (C,) /(x/m)

Solution | Grams of COD COD COD

sample carbon Concentration | Constituent | Constituent

volume remaining in | remaining absorbed

solution in solution

(ml) (2) (mg/l) (mg) (mg) (mg/g) (g
100 0.00 243 243 0.0 - -
100 0.05 227 22.7 1.6 32.00 7.09
100 0.10 216 21.6 2.7 27.00 8.00
100 0.20 196 19.6 4.7 23.50 8.34
100 0.50 141 14.1 10.2 20.40 6.91
100 1.00 102 10.2 14.1 14.10 7.23
100 2.00 48 4.8 19.5 9.75 4.92
100 5.00 17 1.7 22.6 4.52 3.76
100 10.00 5 0.5 23.8 2.38 2.10
100 20.00 2 0.2 24.1 1.21 1.66

naveyalumsiah 4.3 Werhwm adsorption isotherm AMUTNUNITVDI Freundlich

RY

Y
Yo A

g Langmuir 1Aqail
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1. Freundlich adsorption isotherm equation
x/m = K.C,"
2 = Y 3
uazﬁumﬁummwu"lmﬂu
Log(x/m) = Log K, + 1/n Log C,
A o @ v J 1 [ 1 a KR A
WUV IANUFAUNUTICHIN x/m NUAT C Uuﬂi$ﬂ1‘lﬂﬂi1waﬂﬂﬁﬂﬂ‘ﬂ$l’lﬂ

IuaTINANFWIINY 1/n 9937 4.3 nag Idaums (4.3)

x/m = 0.7571 ce”*™" (4.3)
Taslin R’ = 0.9944
FREUNDLICH ADSORPTION ISOTHERM y = 0.757x0EeT
R?=0.994
100

5

3

£ 104
E L
X

1 i i i i i i

1 10 100 1000

C (COD Concentration Remaining in Solution, mg/l)

Y o ' [V { o ' 2
311 4.3 Freundlich adsorption isotherm LEAINITAATVE IAVDIHIDIUANTUA 1UAIDEINN

=S d’ 1 o % =
INAIUNMTUIUAN N ININ

2. Langmuir adsorption isotherm equation

x/m = ab C /(1+bC)
wazaumstieidon 1

C /(x/m) = (1/ab) + (C /a)

A o v o ' ' @ [ A Y
DUIUIVIANVUTUNUTIETUIN T8HIN Ce/(x/m) Ny C, ?’Ngﬂﬂ 4.4 Llﬁgl’lﬂﬁllﬂ13

(4.4)
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C,/(x/m) 0.024C_ +2.928 (4.4)

Tagiian R’ 0.817

y=0.024x +2.928
R2=0.817

LANGMUIR ADSORPTION ISOTHERM

C/(X/M)

0 50 100 150 200 250
C (COD Concentration Remainingin Solution, mg/l)

4 o 1 [ o 1 ¥
317 4.4 Langmuir adsorption isotherm LErAINTAAFVT ToAVDIHIN AN UA TUATIDIIUNTY

U

PruMITaNaFIMN
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NNMINADDI a1 le Tmeunisgagua1sounsdluglvesd lofvens
[ ] Y] o @ [l %‘ A A o @ =S 9 a A Y [
DIUNUNUA I UAI0I U NTENHIUNITUITANIFININUAI910 TSI URAATNIT U A
4
duilszansmsanaula (coefficient of determination: Rz) U84 Freundlich adsorption isotherm U
1 v
ANNINY 0.9944 HIgINI1UDY Langmuir  adsorption  isotherm A9 U AN IF a5
Freundlich
x/m = 0.7571 ¢ (4.3)
1 1 Y 4 o o a L
INTUNITVDI Freundlich WU DIUANNUA 1 ATN AIW130QAFUEITOUNTE U
= =) @ 1 %’ A A o w = Y a A Y 4
sivesdTedludredrnindenmunisinianedinmudinnlssaurdadniiula 18.0
A Y 9 A = Yy a A A T W 1 A 1 o
un. NN IUF Tod lurudenmagnIny 120 ¥n./a. HazAIAIN K, 1ag I/n 190101
0.7571 1Az 0.6614 (n= 1.5119) ANa1RY 1A Mckay uazane (1982 8199914 Melgoza-

9 o 1 1 d' d' = [ YA A ]
Aleman 481 Morales-Guzman, 2009) ”lmzuzunw AN n mmmmmmmu‘lmumag

1 o 2 < 1 o a L
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o w a A = A 3 @ v A ] '
MIMIAaIsouNI g luglvess loANszozaUNUANVINUANDINIA 48 $2 113 Tasulig
3 A
MY 2 N1INARDY AD
3 a (] % %’ o % 2}‘
MINAaRIN 1 AUHUNINAaD lagHUATZeZNaINNIvDIsz UL 1Ee
o [ (91}/ y < { 1A 1 [ Y] 4 [
dmsumsnaaeansaeyai 48 52 Tue Taegai 1 (ganrugw) Tu@umsnunuiiuaadlug
a 1 { a 1 [ Y] o [ .
@AURINIA dIUYAN 2 (YANABDY) ANKIDIUAUITUA 480 NTU (4000 UA. /8.) Fanududu
' v o A A Yy Y ' @ a A
Yo unuiudnaen s laanwanisnaasiian le lameumsgaduaisduniolugiues
~ = 1 % o o %’ A A o w = 9 a a Y
3 ToAUDINIDIUA NN UA U UTINHIUNITINTANIFININUA10 ITInUNaaTNIIY Tag
a 1 [ 4 < [ H a [ @ o o
IAUTTVUBINADILDY WUNTZNITZUIIFAN1IZAIMN (steady state) HAZIAVHINTUANTUADD
QU 4 1 % 4 ‘g‘ g (%3 =)
Suay 16 5y Ne'11910 T2 UV WD I1INATNINLNOUIFDDONIND AALDINIALTZ 10
[ a 4 [ [ a d a Al %‘
Tuag 3.9 a3 MeiNEI9IgAZNOU 30 TU HAMIAATIZHABIMTHIMeIa19e Turindadh
%‘ A A o w = 9 a A ) v Aa
52U (HUAeNEUMTINTaNIaatud191n 159nuRana Uy anz luduauerma uag
v ¥4, . v 4 4 A 4 aeoaq 2o A .
nanrumsiiiaudd uaaslumsan 4.4 naggdn 4.5 Feaalea luindenmiunisinia
= 9 a A 9 1 @ J 1A = %‘ Qy A
MUATLAIIN ITINUNAATMTUNIND 979.3 + 217.3 WA./A. FIUAE 19A 1UUININRNIUNIT
o { " Aa 1 v W S 1w 1 %’ Qy
faudlrvesyanaaosi lUANHIBIUALITUANIND 221.6 + 28.1 ¥A./a. 1Az 1@ 111N
A o w 9 A A 1 v o 1w = g 1 ~
NHIUMITITALAIVOIYANADINANHIDIUANTUAIMINY 168.3 +22.0 Un./a. FuTuaunde

v 9y 1 A Y v A ' o A 2 o A
HAINNTEVULVIFANICAIN (steady state) 1423 20 YU AD FINIUN 17 UNTIAY DIIUN 5



o

UNAINGIAY UM INIRINTIAD

M.y, (naTulagmsusmsaunaden)y 41

o & a 7 a s {
NUATWUD N.A. 2552 (ﬂiﬁlazl%ﬂﬂwaﬂ1§’JLﬂi1$‘ViW1i11JL@]@§¢IN‘]Gluﬂﬁ“ﬂﬂﬁf]ﬂﬁ 1

NNANUIN V)

H [ H 1 : a g %,‘ g
M13197 4.4 AuRaouazANlouDUNIATIIN (S.D.) veImlmeia1ee luriudadiszuy i

2 4. o w v a { 1 a 1 v o J {
ﬂﬂﬁw1uﬂ1ﬁﬂ1ﬂﬂllé}3 Llag'ﬁﬂ1']3Gluf]\1L@Nﬂ]ﬂ1ﬂm@ﬂ“§ﬂﬂﬂﬁ@ﬂﬁ1ﬂlﬁuWQﬂ1uﬂ3J3J‘Ll@] wazh

a 1 Y <] (% v A &
L@]?JW\‘]'Q”IUﬂlIlIUﬁ 4000 WN./Q. TTIZLIAUNUNNVDIDIUANDINIA 48 3109

Wne35
@ o o ¥ o wn
ANHUSTNUAVUDIUNTY - o % 8 8 " % (§
c. a) > S = % g »4
h = =
. ., mag | 6.9 - - 19793 | 4145 | 955 | - ;
HUFYVITSUY
SD | 02 - - 2173 - | Ba7| - -
bidw o2l 0 | 6o | 5130 - - - 13382 | 5493
anne RGRLY
Tugy | fufug | SD | 02 | 02 | 852 | - - - | 856 | -
1A tay mae | 77 | 69 | 2450 | - ; - 13979 | 5,09
91N# ARGRY
Sfug | sSD | 02 | 03 | 390 | - - - 704 | -
L I - - 216! 50 | 298 | - ;
Shied | maou
fums | DNud | SD | - - - 281 | - | 162 | - -
11179 = F
. 1 mae | - - - 1683 ] 36 | 193 | - ;
tad RGRLY
ﬁ’uﬁuﬁ SD = = = 220 = 77 = =

a oA 1
WA - WM ToU onriu pH wag SV-30 Uwiae un./a.

SV-30 111128 ua./a.




A3 A Inena HANTNARDALALINTAHANITNARDY 42

—l— il el Sa NI e a A a AT ugsd

AvLag luaadinatnied

—— mdkashud e asiaannaaa

8.2

8.0
7.8

7.5

pH

7.4
7.2

7.0

R T R T R TR TR - R R M - - - L @,;g« o
oF 6% 6T T BT BT BT BT T T T T ST T ST TS Y
SR A S A

()
5
7’\
]
‘37
>
~5
>
%
5
Z

v Ad o 1 S
AUNNUAIDY N UUTY

—8— D2 ludaufina 1nm s a-aege e g

DO Tuaudinannnd

—— D2 ludfinannduasgannag

8.0

7.0

6.0

5.0

4.0

DO (ain/a)

v
¥ 2 A

1 a d a g 3 o w
i‘ljﬁ 4.5 wamim,ﬂswﬁmmmwwimmaimm(’lumgﬁmeﬁﬁzuu ummmumimumzﬁ'ﬂ nag

'

v a { 1 a 1 v o { A U v o
ﬁn133114'0»1mummﬁ‘umﬂgﬂﬂﬂamﬁ"lnmummuﬂnnu@ LlﬁZﬁL@MWQQTHﬂﬂﬂuﬂ 4000 wn./a.

3 o v A o
TZYZLIAUNUNNVDIDIUANDINIA 48 "]f')IiN



JUNAINAY YHIINGIGINHAD .. (maTuTagmsuSisdanedon) 43

—— 53U LR annnsenaeRe Je )

SV-30 ludadanannad

1,000.0 —a— 5-30 LufafLanmEn e AR
900.0
800.0
700.0
600.0
500.0
400.0
300.0
200.0
100.0

0.0

SV-30 {(ua./9.)

N A R R N N~ A R A L R R G R <§' o o
PRSP P IR SR OIPR P N S O R e

e
R N N Nt R NN

AN ]

v Ad o 1 S
AUNNUAIDY N UUTY

—B— [ atio " fuaana o sge e e

F/M Ratioluaaduannid

—— kM <atn T Slannn RS EnE g

0.090

0.080

0.070

0.060

0.050

0.040

0.030

0.020

F/M Ratlo (kg BOD/kg MLVSS.d)

0.010
0.000

13 s.a. 51 24 s.a. 51 15 u.m 52 28 u.a. 52

4' a g a d %‘ = 9 %‘ Qy A o w 9
‘i‘lJ‘VI 4.5 Nﬁﬂ1i’JLﬂ‘i1$‘I’iﬂ"l“lli’NWﬁ"lllWli’JWlN‘”]Gluu%ﬁﬂl‘lﬂi%‘u‘lj HIMNNAIUNITUIUALLAD LA

v A { 1A 1 v o { a ' v o
ﬁﬂ1’3811!'0\1miJf’J"lﬂ1ﬁ“Uf’J\il“]2ﬂ‘l/lﬂﬁi’)\iﬁ]lmﬁll%m1uﬂllllu¢l ua:'ﬁmummuﬂwum 4000 Wn./a.

S o v A < 1
TLYTLIAUNUNNVDIDUANDINIA 48 ‘]f'JTlN (9®9)



A3 A Inena

Wﬂﬂﬁ‘VIﬂﬁﬂﬂuﬁzamiiﬁwﬂﬂﬁ‘ﬂﬂﬁﬂﬂ/ 44

MLSS (un./a)

—B— ML3S Tudafiuainidsia-sgne s

MLSS Tudaafuainid

—— MLSS Tufafuanesia-sanasa

12,000.0

10,000.0

8.000.0
6,000.0
4,000.0

2,000.0

0.0
13 s.A.51 19 s.a.51 28 sa.51 19 wa 52 23 wa. 52 28 una 52 4 aw bz

v Ad o 1 S
AUNNUAIDY N UUTY

MLVSS (an./a)

—B— M LY SS T fse vmAnaas avdau

MLVSS Tudadanainie

—— M LYSES T Bue AL ayRaang

9,000.0

§.000.0
7,000.0
6,000.0
5,000.0
4,000.0
3,000.0
2,000.0
1,000.0

0.0

13 s.A. 51 24 s.n. 51 15 u.a. 52 28 u.n 52

4' a g a el g = 9 %’ Qy A o w 9
‘i‘lJ‘VI 4.5 Nﬁﬂ1i’JLﬂ‘i1$Hﬂ"l“lli’NWﬁ"liJWli’JWlN”]Gluu%ﬁﬂl“llﬁ%‘u‘lj HIMINATIUNITUIUALAD LA

an

v A { 1A 1 v o { a ' v o
nﬂuaqmummﬁmmﬂmwﬂamﬁ"lumummuﬂwuﬁ uazﬁmummuﬂwum 4000 Wn./a.

=Y v A < 1
TLYTLIAUNUNNVDIDUANDINIA 48 ‘]f'JTlN (G))



JUNAINAY YHIINGIGINHAD .. (maTuTadmsuSisdanedon) 45

SS wnFadrssu —e— 55 dhsshenn
250.0
200.0
z 1500
=
=S
w
@ 100.0
50.0
0.0
RN AL A M R L AT O I R e
o 6 o o & 0@ o0 e @ @ e @ @ @ @ e o & 8
S N A A A AR A
v A g @ ] %‘ =
UNNUAIDYINUUTY
oo Lo v | —m— 35 drd ke iaTes. dus e e e
SS wAvifiH N5 TR o
140.0 —— 55 Vi sidas s e vasa
120.0
100.0
€ 800
[~
2
@ 800
400
20.0
0.0
N D AR AN A R A R R RN
D I S S S N T S ST S SRS PR
N N N AR . D N BN N T AT B A >

4' a g a el %‘ = 9 %‘ Qy A o w 9
‘i‘lJ‘VI 4.5 Nﬁﬂ1i’JLﬂ‘i1$‘I’iﬂ"l“lli’NWﬁ"lllWli’JWlN‘”]Gluu%ﬁﬂl‘lﬂi%‘u‘lj HIMNNAIUNITUIUALAD LA

v A { 1A 1 v o & { a ' v o
ﬁﬂ1’3811!'0\1miJf’J"lﬂ1ﬁ“Uf’J\il“]2ﬂ‘l/lﬂﬁi’)\iﬁ]lmﬁll%m1uﬂllllu¢l ua:'ﬁmummuﬂwum 4000 Wn./a.

IS o v A < 1
TEYTLIAUNUNNVDIDUANDINIA 48 ‘]f'JTlN (9®9)



A3 A Inena HANTNABDALALINTAIHANITNANDY 46

BCD “II"IL?]'EIL‘ISI'ﬂi:]_ljJ —— BOD vnHawseuw

430.0

425.0

420.0

415.0

410.0

BOD (in/a)

405.0

400.0

395.0

390.0
13 s5.m.51 14 s5.0.51 15 s5.m.51 16 s5.A.51

v Ad o 1 S
AUNNUAIDY N UUETY

—— R0 ddaitinunrs i o Fsin-safs e )

BOD 11915111 ka9

— w2 a1 ks
—— BZD Arfirisua- s Tew drwe e mea a

8.0

7.0

€.0

.0

4.0

BOD (un/a)

3.0

20

1.0

c.0

13 s.a. 51 14 5.7 51 15 s.m.51 16 s.a. 51

A g 2 XA o W )
UNINUAIDY N UIMNNHIUNITUIUALAD

4' a g a d g = 9 %’ Qy A o w 9
i‘lJ‘VI 4.5 Nﬁﬂ1i’JLﬂ‘i1$Hﬂ"l“lli’NWﬁ"liJWli’JWlN”]Gluu%ﬁﬂl“llﬁ%‘u‘lj HIMNINAIUNITUIUALAD LA

v A { 1A 1 v o { a ' v o
ﬁﬂ1’38114'0\1LmJ@"Iﬂ1ﬁ“U’rNG]2WI/lﬂﬁi’)\iﬁ]lllmll%m1uﬂllllu¢l uaz'ﬁmummuﬂwum 4000 Wn./a.

=Y v A < 1
TLYZLIAUNUNNVDIDUANDINIA 48 ‘]f'JTlN (G))



JuNaINgas Yn1IneaeNving

.y, (maTulagmsusmsaunaden) 47

COD (31n/a)

1,
1,400.0
1,200.0

1,000.0

—e— CCD dniHenghseum

COD i Feand15=uu

800.0

800.0

600.0

AL AN AN A A AR SR O ¢
RSO SRS P, N
SRR A D A A L

&
7o ®
>
%o
‘Dl
<5 2
<% 2
2%
2%
FART)

v Ad o 1 S
AUNNUAIDY N UUETY

COD (n/a)

) ¥ & ks
—— CC0 wriAd wn s Taud e one maums

COD 1infisfinwnisiitnuan

L E . .
—&— CZO wriis un- s Tandaa e v esa

€00.0

£00.0
4000
3000
2000
100.0

0.0
9 P G g @ <o" <o'1' Qv gv 65" {o“' 45" 69' 65" Qv o
B R R N S S SR ey

B R PPN RN PP P v

v ad o 1 ’o‘ Qy A o w 9
AUNMNUAIDINUIVINNHTIUNITUIUALLA

4' a g a d %‘ = 9 %‘ Qy A o w 9
‘i‘lJ‘VI 4.5 Nﬁﬂ1i’JLﬂ‘i1$‘I’iﬂ"l“lli’NWﬁ"lllWli’JWlN‘”]Gluu%ﬁﬂl‘lﬂi%‘u‘lj HIMNINAIUNITUIUALLAD LA

v A { 1A 1 v o { a ' v o
ﬁﬂ1’3811!'0\1miJf’J"lﬂ1ﬁ“Uf’J\il“]2ﬂ‘l/lﬂﬁi’)\iﬁ]lmﬁll%m1uﬂllllu¢l ua:'ﬁmummuﬂwum 4000 Wn./a.

S o v A < 1
TEYTLIAUNUNNVDIDUANDINIA 48 ‘]f'JTlN (99)



A3 A Inena HANINAADIAY INTANANITNARDI 48

NSNARDIN 2 ﬁ%ﬁLlﬂ”li‘Vlﬂa@\‘lﬁlﬂlﬁﬂﬂﬁnﬂﬂ”ﬁﬂﬂaﬂﬂﬁ 1 TngmnuaszezIalnn
%‘ o w %’ = 9 3 3}/ d' o d' [P
HUDITEUUINUAUUTIT IV TUNITNAQADINIADIYAN 48.0 ¥4 Iﬂfﬁjﬂ‘ﬂ 1 llm&mm
1 v o J v A [ { a 1 v o d
punuiuaasluduavoINIA (ﬂgﬂﬂi)'ﬂﬂll) f’f’J‘L!GIjﬂﬁ 2 (ijﬂ‘ﬂﬂﬁi’]\i) UFIDIUNUNUA 4000
a 1 [ AR L @ @ { (% 4 2
un. /a. HAZIANAIDIUN NN UADN U 16 N3y ‘ﬁma"lﬂmﬂszuuamﬁmmmﬂmimmmu
X v A @ a § o o a ]
FP0onNoUANINMALTZIINIUAL 3.9 AAS Lﬁﬂiﬂ‘]&l”l'f)”lfé@]%ﬂ@u 30 U TagausUUeEI
1 4 o [ { A a a 1 [ AR L
@mgﬁaqﬂuﬂszmizuumﬁqﬁﬂnmaﬁ (steady state) saziu YT UM IIANHIDIUN LI UADN
[ o 1 v o
IUAL 6 NIV (50 UN./a.) wﬁmmmﬁ'm?ummmmuﬂmuﬁ 4000, 4500, 5000 tLae 5500 Un./a.
a g a ARl %’ s 9 %‘ A A o = )
ADNITAUATICUATIUDINITIUIADTA TN Twdndanssuy HUFINHUNITUIUANIUANLAIND
a A Y v A %’ Qsl A o Y ~
Ti\i\i”li!ﬂﬂﬁﬁ‘l/]”llﬂi!) ganzlunuanemd uazinanmumsitaual uaaslunisian 4.5
~ KX 1 Aas A 2 o A 0w 2y a o v 1w
LLﬁ%gﬂ‘V] 4.6 F9A1% LoA IHUNTeNRIUMTTITANIUATLa2910 T59NURNAATNIY 1NN Y
1 1A = %‘ z:" A o w 9 ~ 1 Aa 1 (% o d 1w
942.1 +136.6 Nﬂ./a.ﬁ?ﬂﬂ”l“]iii’]ﬂii!ﬂﬁ/]\‘]‘VINTL!ﬂ15‘]_|11JﬂLLa’J‘I/Illllm§JW\1E]”IuﬂiJiJLl@]Wnﬂll
v

[ %} 2 A o w i a a 1 o
253.6 +67.6 Un./a. waza1d loa luiinanriunisiiaudnsuams@unaa i ud

4000, 4500, 5000 ttay 5500 wn./qa. N 215.0, 174.0, 171.0 1ag 146.0 un./a. MUAIAY (9

&

a J a Jd {
iwaz@&mmammmawwwwmmaﬁmm“lumﬁmamﬁ 2 INNIANUIN A)



o

UNAINGIAY UM INIRINTIAD M.y, (naTuladmsusmsauadon) 49

]
gz:ydl o

H S g v QI a
5197 4.5 aﬂymzaummmmz?{m%swu ‘L!”ITNV]N”I“L!ﬂ151J"I‘LIﬂLLE’1}’J uazan1z lunuau

o MAveIgAnaaeIi ludurea A LTUA taziAuman 1uAuTUs 4000, 4500, 5000 11AZ5500

< o v a &
WN./A. TTIINUNUNNVDIDIUANDINIA 48 3109

Wnes
o am y o A
v = n
ANHUSTUUAUDIUUTY % 8 ; 8 8 % S (§
7 o @ = g
Y. mag | 7.3 - - | 942.1 | 552.7 | 36.8 - -
HUFYVITEUY
S.D 0.2 - - 1366 | - 57.4 - -
T .
, may | 7.9 6.5 | 4694 | - - - 12,859 | 2,086
WD
anne | L L .
5 WNUA | SD 0.2 0.7 | 482 - - - | 280.1 -
Tuaq —
- AN 4000 | 8.1 48 |350.0]| - - - 3,085 -
{2\ ,
WIDU | 4500 | 8.2 73 13000 | - - - 3424 2,710
21N1¢ o o s
AUUUA | 5000 | 8.0 7.0 |2500| - - - 3,152 2,790
n./a) | 5500 | 8.0 7.1 |250.0 - - - 3,730 | 3,242
JPHRY y
Y ' nay - - - 12536 153 | 59.1 - -
NN | AU
WU Ywafud | S.D - - - 67.6 - 36.6 - -
M3 1A 4000 - - - 2150 - 24.0 - -
1a | W0 | 4500 - - - 174.0 | 15.0 | 13.0 - -
udqr | susud | 5000 - ; - 1m0l 53 | 130 | - -
Wn./a) | 5500 - - - 146.0 | 7.8 | 28.0 - -

a A 1
HNAHA - W1§11JL@]’E]§§H‘] Elﬂl’ilu pH ag SV-30 UriIe un./a.

SV-30 11178 ua./a.



A3 A Inena HANTNABDALALINTAIHANITNARDY 5O

7.8

7.6

T4

7.2

pH

7.0

6.8

6.6
4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 5200 5300 5400 5500

9y 9 1 v o J
ANUAUUVUUDINIDIUNUNUA (UN./Q.)

DO El“ll,ﬁ'ﬂl,ﬁllaﬂﬂ']ﬁ —B— DO "L A a1 ETE TR ETL

80 e DD "L D IR ST AR A8
70
6.0

5.0

4.0

DO (nnfa)

3.0

20

10

0.0
4000 4100 4200 4300 4400 4500 4600 4700 4300 4200 5000 5100 5200 5300 5400 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

2 A o

v Y 9
511 4.6 ﬁﬂl&lﬂl%ﬁﬂﬂﬂﬂl@\iuﬂaﬂl“ﬁ}ﬁzﬂﬂ mmwmumimumsﬁa wazdnz luguaue e

{ 1A U v o J { a 1 v o A a A
ﬂumﬂm‘ﬂﬂamﬁ"lumummuﬂwwl Lmzﬁmummuﬂwumiuﬁu 4000 uﬂ./a.uazmmwu%ﬂ

@ 3 o v A o
AUAL 50 UN./A. 2SI UNUNNVDIDIUANDINIA 48 G]f'JIlN



JUNAINAY YHIINGIGINHAD .. maTulagmsusmsaunadon) 51

—— =V-30 e fiuannm FRE e E L Ep

SV-30 lTudadiuainie

—— 2-3] e fuann- FRs S Raa-a

600.0

500.0

___400.0

300.0

SV-30 (wa./a

200.0

100.0

0.0
4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 5200 5300 5400 5500

Y 9 1 v o J
ANUUNVUVDINIDIUNUUUA (UDN./D.)

—B— FM Ratio ludufuainisaawgaeie qu

F/lv Ratio Tudauduaanad

e Fifd Fatio Tudafuanidaagannags

Cc.1C0

C.0g0

C.0g0

0.070

0.060

C.050

C0.040

C0.030

F/M Ratio (kg BOD/kg MLVSS.d)

C0.0z0

0.010

0.000

4000 4500 5000 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

H H H Y { ) o v v a
511 4.6 aﬂymzﬁwmmmsﬁmﬂﬁ'ﬁwn mmﬁmumimumzﬁa wazanz luguaue e

i 1 a ' v o 7 { A ' v o 2 a A
"Uﬂ\i"]qfﬂ‘ﬂﬂaﬂ\iﬁullllﬂllﬂ\iﬂ’]uﬂllllu@ llazﬁlﬂMWQﬂTNﬂnuuﬁﬁNﬁu 4000 Mﬂ./ﬁ.ilﬁZLﬁnlwuaﬂ

o 3 o v A @ '
IUAY 50 UN./A. TSI UNUNNUDIDIUANDINIA 48 G]f'JIlN (90)



A3 A Inena HANTNARDILALINTAHANITNARDY 52

MLSS 1%5'{1@‘1]@‘]?1’]?1 —— M _55 "o fiuannner aenem e
4,000.0 e M _S S T S0 ek SaEnneeg-
3,500.0
3,000.0
'E.'- 2,500.0
=
— 2,0000
2]
A
= 15000
1,000.0
500.0
00
4000 4050 4100 4150 4200 4250 4300 4350 4400 4450
Y 9 1 v o
ANUVUYUYDINIDIUNNNUA (UN./].)
M LVSS 1uﬁﬁLﬁ3|a']ﬂ']FT —— W LVES Tadafuann rel o 4e eI g
3,500.0 —— WLVES Tufufiannifcasganaaa-
3,000.0
2,500.0
<
€ 20000
G
[7p]
2 155000
-
=
1,0C00.0
500.0
0c
4000 4500 500C 5500

9y 9 1 v o J
ANUAUUVUUDINIDIUNUNUA (UN./A.)

¥y 9

1 o %’ o Aa { ) o CY v A
suf 4.6 ﬁﬂHﬂlZﬁll‘]J@‘Uﬂ\iu'llaEJL‘ﬁ}ﬁZU‘U mmﬁmumimmué’a wazaaz luguane s

{ 1A U v o J { a 1 v o A a A
ﬂumﬂm‘ﬂﬂamﬁ"lumummuﬂwwl Lmzﬁmummuﬂwummﬁu 4000 uﬂ./a.uazmmwu%ﬂ

o 3 o v a o 1
IUAY 50 UN./A. T2 UNUNNUDIDIUAUDINA 48 "]5'3111\1 (99)



JUNAINAY YHIINGIGINHAD .. (maTuladmsuSisdanedon) 53

SS “II"IL?TEIHT"I'? z1 —— 3= JuFrighseiy

3000

2500

50.0

00
4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 S000 5100 5200 5300 5400 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

o

R TR TR L TR h [ RE ot T st o W N )

SS HaiiafisInnIsU AL

—m
160.0 —— =5 AR unnstTanETae wrrviasag

140.0

120.0

100.0

B8C.0

8S (un/a)

B6C.0

40.0

20.0

c.0
4000 4100 4200 4200 4400 4500 4500 4700 4300 4900 5000 5100 5200 5300 5400 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

Y Y
o

1 o %’ a { 1 o CY v A
sui 4.6 aﬂum:auummmﬁmm’]’ﬁzuu mmﬁmumimmué”; wazdaz luguane e

i 1 a ' v o { A ' v o 2 a A
"Uﬂ\i"]qfﬂ‘ﬂﬂaﬂ\iﬁullllﬂllw\iﬂ']uﬂllllu@ llazﬁ!ﬂMWQﬂTNﬂuuuﬁﬁNﬁu 4000 Mﬂ./ﬁ.ilﬁZLﬁnlwuaﬂ

o 3 o v A o 1
IUAY 50 UN./A. TLILIAUNUNNUDIDIUAUDINA 48 "]5'3111\1 (99)



A3 A Inena HANTNABDALALINTAIHANITNARDY 54

—— BOD drFastseun

BOD iinEading=uu

700.0

€00.0

E00.0

400.0

BOD (an/a)

3000

2000

100.0

0.0
4500 5000 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

—a— SO0 dAs R ansI AL e e e TR

BOD ifiafs1nn15U10nnE"

¥z

—&— 00 Al nnsi T Feie aare s

300

250

200

15.0

BOD (unia)

10.0

5.0

0.0

4000 4500 5000 5500

Y 9 1 v o J
ANUUNVUVDINIDIUNUUUA (UDN./D.)

¥
A

H H H ) o v v a
511 4.6 ﬁﬂl&lﬂl%ﬁﬂﬂ@lﬂl@\iuﬂaﬂl“ﬁlﬁzﬂﬂ u'WNﬁW']uﬂ']iU']UmLﬁ}’J wazdnz luguaue e

{ 1A U v o J { a 1 v o A a A
mmﬂm‘ﬂﬂamﬁ"lumummuﬂwm Lmzﬁmummuﬂwummﬁu 4000 uﬂ./a.uazmmwu%ﬂ

o 3 o v A @ '
UL 50 UN./A. TLYLIAUNUNNUDIDIUAUDINIA 48 G]f'JIlN (90)



JUNAINAY YHIINGIGINHAD .. (maTuTagmsuSisdanadon) 55

COD i ngadsruy —e— COC fudindhiners

1,400.0

1,200.0

1,000.0

800.0

coD (an/a)

600.0

400.0

200.0

a.o
4000 4100 4200 4300 4400 4500 4500 4700 4300 4900 £000 5100 5200 5300 5400 5500

Y 9 1 v o J
ANUUNVUUDINIDIUNUUUA (UDN./D.)

coD ﬁ.]ﬁ'_a ﬁ HAnAIsUIdEuay —= SO0 P T R R TRt e o

e SO0 A s e A n i avia ag-

450.0

400.0

360.0

30C.0

250.0

200.0

COD (ain/a)

150.0
10C.0
50.0

0.0
4000 4100 4200 4300 4400 4500 4600 4700 4800 42C0 5000 5100 5200 5300 5400 5500

9y 9 1 v o J
ANUAUUVUUDINIDIUNUNUA (UN./Q.)

2 A o

v Y 9
511 4.6 ﬁﬂl&lmgﬁﬂﬂﬂﬂl@\iu'llaﬂl“ﬁ}ﬁ%ﬂﬂ u"WNTlW']uﬂ"IiU']Uﬂ!LZ%}’J wazdnz luguaue e

{ 1A U v o J { a 1 v o A a A
ﬂumﬂm‘ﬂﬂamﬁ"lumummuﬂwwl Lmzﬁmummuﬂwummﬁu 4000 uﬂ./a.uazmmwu%ﬂ

o 3 o v A @ '
IUAY 50 UN./A. TSI UNUNNUDIDIUAUDINIA 48 G]f'JIlN (90)



A3 A Inena HANINAADIALINTANANTNARDIY/ 56
a A o v a A J = = a =< ard A
4.4 1Jﬁgﬁ‘nﬁﬂ'W‘Iﬁl‘ir!fnﬁﬂ1‘i]ﬂf;ﬂ5@Hﬂﬁﬂﬁlugﬂmﬂﬁ“lii@ﬂ‘ll@Qﬁ%ﬂ‘].l!ﬂ?»lﬂ1ﬂ1ﬁ!!1l‘uﬂﬁﬁ1/‘lﬁ?»l‘ﬂ

a 1 v o d
AHANDTUDNNUA

~ a d 1A = %’ = 9 %’ A A
ANANIITNAADIN 1 HALATIZHAIE loAvoad uT 155Uy (HUFINHIUDT

D.

- P y 2
famaniudr91n 159 upan iy masminu 9793 + 217.3 unJ/a. HININEIUMNT

Yy 9 A

o w Y ~ T Aa 1 v o 7 A " W o A 1
‘U”rumm’mawﬂwmamllumummuﬂmum RAYNINY 221.6 + 28.1 UN./A. LA UININNIY
o w { a 1 v o { 1 v
ﬂ1§‘UTUﬂLLf§}’JGUﬂﬂ‘gﬂﬂﬂa@ﬂﬁl@mFNQTHﬂiJlIHGI 4000 WN./Q. NAUNINY 168.3 + 22.0 Un./a.
9

Aa A o w { " Aa 1 [ Y] 4 [
arulszaninmmsmiag loAvosyanaaoeil IAUADIUANTUA 1110 76.6 + 4.4 %

{ a 1 v o J 1w v & a A {
uam@wwﬂamﬁmummuﬂuuuﬂ 4000 Wn./a. M1nU 823 + 3.0 % Asludszansninm

A 2

a J v o [ @ {
INHUYUIINMTANHIDIUNNNUA 4000 WD/ NINU 5.7 + 2.1 % aaanluasan 4.6 (@'

A9 IMUINUIINNANUIN N)

d‘ a A o v A = A A 1T a U v o J A a
M13194N 4.6 Useansnmmsmang loAvosn1snaassi 1 ‘VlllllmllNQﬂTHﬂNNH@]LLﬁ%V]mNNQ

U v S o v A o
ﬂ”ll!ﬂiJiJ‘Ll@T 4000 ¥UN./A. TTYZIAUNVNNVDIDIUANDINIA 48 GH'JTEN

A loaued | maleaves | Uszaninw | Uszaninw
Huden 1NanFIY M3 ARERIRNILS
YANTNAQDA FEUL m3aianda %lon % oA
(Wn./a.) (un./a.) (%) AU
(%)
o | luduwanu
yanl | o, 979.3+217.3 | 221.6+28.1 76.6+4.4 -
U
L | Aumen g
YN 2 979.3+217.3 | 168.3+22.0 82.343.0 57+2.1
4,000 1./a.

A a J1 A = %’ = 9 %’ A A
ANANIITNAADIN 2 HALATIZHAIE loAvoIU NT 155U (HUFINHIUDT
o w = Y a A Y ~ " Aa U @ @ 14 A 1 W
mumnNmzuummﬂiiwmwa@ammu) GIJE’JQijﬂﬂﬂaﬂ\i‘ﬂlliJmiJW\iﬂ"IUﬂiJiJumﬂaEJL1/11ﬂ‘]J
1 a g1 A = ? o 9 2 o A o w =
942.1 + 136.6 Un./a. AIUNAVATILHAY oA NFo15 U HUFINHIUNITUIUAN AN
a { & a 1 v o
uﬁ"mnhmumm%mﬁm)mmsyﬂmamﬁﬂsmmmsmummuﬂmum 4000, 4500, 5000
\ % o o ?’)‘ L:" { T
iHag 5500 un./a. 11Ny 891.0, 807.0, 816.0 LAz 891.0 WN./a. MINAIAY HagHININHIUMS

o w { 1 a 1 [ o 4 $ [ 1 %’ le {1
mmuﬁ'umawﬂmamﬁhmmmmuﬂmumﬂaamm‘u 253.6 +£ 67.6 Un./Q. AIUIININAIY



o

UNAINGIAY UM INIRINTIAD M.y, (naTuladmsusmsaunadon)y 57

miﬂwﬁmgé’wawwﬂamﬁ@umdmﬁuﬁuéf 4000, 4500, 5000 4ag 5500 WA./@. (NINL
215.0, 174.0, 171.0 1a2146.0 ¥n./a. AUAIAY ﬂiz?m%mwmiﬁwﬁ’ﬂmaamawwﬂamﬁ‘laj
Rumam A uTUARGoTY 72.8 + 7.5 % uazilsz@ninmmsiisad Tedvesyanaasaiiiy
HIBTUANIUA 4000, 4500, 5000 1AL 5500 UA./A. IND 75.9 , 78.4 , 79.0 1AL 83.6 % ANAIAL
ﬁﬂﬁuﬂizaw%mwﬁlﬁwﬁumﬂmi@umdmﬁuﬁu@f4000, 4500, 5000 L1 5500 UN./Q.4N1NL

3.1,5.6,6.2 18z 10.8 % aua1al Awaadlum1inan 4.7 (@@10619013AUININMANUIN )

d' a A o w A = A A 1A ' v o A a
M3197 4.7 Y52anENNNITMIadg leaveIn1snaassi 2 “VIuliJL@liJWQﬂ1Hﬂ3J1JH@ILLﬁ$“VIWI3JW\1

UNITUA 4000, 4500, 5000 L1AL5500 BA/A. TZELIAUAVANVOIRUALDING 48 52 139

mMalon | malea | Uszansnw | Uszaniaw

YOI | voIUINg 151119 15111
FANTNADO @oidh | AU ¥ Tof ¥ ToAMn
o w Y A dy
sTUy | 1auan (%) ATEVETAT
(un./a.) un./a.) (%)
p L 942.1 253.6
gad 1 | ludumeaunuiud 72.8+47.5 -
+136.6 +67.6
AUADTY 4,000 ¥n./a. | 891.0 215.0 75.9 3.1
fusue
4,500 un./a. 807.0 174.0 78.4 5.6

SURU 4,000

R
>
=h.
(S}

Yn./a. 1ag 5,000 un./a. 816.0 171.0 79.0 6.2

finuas 50
5,500 Wn./a. | 891.0 146.0 83.6 10.8

un./a.

{ 4 o % o J 1 a A o w
%1ﬂ%ﬂyﬁ1u@nﬁﬂﬁ 4.7 Lﬁ@u11JT‘ri'1ﬂ']13Jﬁ'1JW°H‘ﬁigﬁ’ﬂx‘lﬂﬁgﬁﬂﬁﬂﬂNﬂWiﬂWﬂﬂ

= = 1 Y 9 1 YY) I/ A v A @ ~
%I@ﬂﬂﬂﬂﬁ]’ﬂuLelliJGUWUfNFNﬂWuﬂiJiJuﬂmmJﬁluﬂilmeﬂﬂWﬁ @Ngﬂ“ﬂ 4.7



AT3FA %A lnea HANINAADIAY INTANANITNARDIY/ 58

UseENSnmn1sard Tafraimanngaad
86.0
I B ssEniaiwa-sendadla Suaasanaaas
———Lriear (R nEs v rias i elvsS Ta S s vidne 1)

34.0
£ 820 Y= D0.0016% + 71965
'g F*=0.7458
fa 80.0
& ' .-""/
< — u
c — B
s 78.0 —
g ‘.‘-_____//
Lo
.5 76.0 — |
= _—
. =
« 740 —

. ///
720
70.0 . . . . T T T T
00 500.0 1,000.0 1,500.0 2,000.0 2,500.0 3,000.0 3,500.0 4,000.0 4,500.0 5,000.0 5,500.0

Y 9 J v o
ANUANVUUDINIDIUNNNUA (UD./AQ.)

d' v o v a A o w A S o 9y 9 J v o
i‘l.l‘ﬂ 4.7 ﬂﬂuﬁllwu‘ﬁiz‘Vi’JN‘ﬂi%ﬁ‘ﬂfﬁﬂ1Wﬂﬁﬂ1%ﬂGb’IfJﬂﬂ‘UﬂﬂiJL"’lliJ"’Uu"ll@QWQQTHﬂlIiJ“HGI

Y

]
= a

J v o a =R A o Y
mﬂgﬂ‘ﬂ 4.7 fnil@]llI?Nﬂ11!ﬂllllu@]a\111!531]1]L@]lli’]”lﬂ1ﬁl!ﬂﬂ@]§ﬂ1/‘lﬂ1]ﬁ]$ﬂ11ﬁ
a A o w A a A dy A a v v o A dy A o
ﬂizﬁ‘wfﬁmwmimﬂmﬁemwu"uumamummuﬂuuumwumﬂ"uu ﬁ’liﬂ@lﬂﬂﬂcﬂﬂiﬂﬂwq
U v o d ' dy v = Y ] o 9/9' 4” Aa
muﬂuuuﬁmmum%gﬂ&l’aElffmﬁl‘mwamWﬂaﬂﬂallﬂmwmﬂ uazmﬁlﬁﬁuv\l‘jwuﬂmmm
' v o Y & A o q Ya a A a e )
ﬂ'IUﬂiJjJu@ﬂﬂﬂﬂ Gﬁﬂﬂaﬂﬂ‘ﬂﬂ’liﬁmﬂﬁﬂWﬂ%LﬁﬁN (synergy) HINAINAITNYDIAA1IININFINN
1 91::' [ = I A = 9 a aan [ Y]
VIJJVlﬂﬂgﬂﬂﬂ%ﬂlﬂﬁﬂulﬂuﬁWﬁ‘ﬂﬂ@ﬂﬁﬁ’lﬂﬂ%‘]“ﬁ’JﬂWWVlﬂ ﬁu‘ﬁﬁ!u15]’]ﬂﬂ13lﬂﬂﬂ§]ﬂifﬂ§l@ﬂu
' 1 v o ' X o
(interaction) iz‘*mNmmuﬂuuummzﬂqma%w %Qﬁ@ﬂﬂé}ﬂ\iﬂﬂ51ﬂ\ﬂum@ﬂ Robertaccio g
Amy (1972, 1973, 1978, 1979 9198911 Sublette tazAMIL, 1982) ANV ATLUIUMTAVRA
1 v o J a J o v A a A = a A A
ﬂ'luﬂiJiJu@lﬁ\ﬂuig‘ﬂ‘ﬂLWN@1ﬂ1ﬂL!UU§I$ﬂﬂuuﬂﬁuﬂiﬂﬂWﬂﬂUI@ﬂ GlfI@ﬂ U a1I0UNITIINYDY
1 a J { 1T Aa U v 4 Y
?fmﬁlmﬂVlﬁjamﬁzuumummmmumﬂamiﬁﬁ"lm@mmmuﬂmm@ Llﬁgﬁ@ﬂﬂé}@\iﬂﬂ
= . Y =X Ay 1 = =
N1IANYIUDY Perrotti 148¢ Rodman (1973 E)NﬂﬂuZhang uagnue, 1991)1’]1@ﬂﬁ’]’3ﬂ\11’]ﬂ‘]&]{]
A o i‘ = 1 v o . . 2 a aan
!ﬂﬂ?ﬂﬂﬂTﬁV‘IH‘K‘!ﬁﬂ1WV]1QW?ﬂ1WﬂJ@QNQﬂ1HﬂNNU@] (bloregeneratlon) G]NLﬂﬂi]ﬁﬁJf‘]ﬂﬁfnsU@Q
P A A o vy ' v o & ° aaa v
Li’]ullglflwlllllﬂ‘ﬂljEJWENﬂﬂﬂﬂJTLLagLLW?LGIHI'IJJ(IUEWEHGU@QW\Tﬂ11!ﬂllllu9'] !,Laz‘vnﬂgﬂiﬂm‘umi
A @ = Y A o Yo =K o Y a 1 A @
ngngadu Fevz ldarsngnaasy lad 3 ldinanslanlacsaisiigngaguoonu

1 v o d ] a a1 4
(desorption) HONFWUVBIKIDIUNVITUALAZYNERTaY Tnegaunsdae 11 naziliold lincar



o

UNAINGIAY UM INIRINTIAD M.y, (naTuladmsusmsaunadon) 59

=

. 9 v Aa A o w =Y Yy 9
regression Uszaunshduasesznae Ysed@nsnnmsmaad 1eanua NI udIuveang
U v o d Y
ﬂ1uﬂllllu@l‘1]$ulﬂﬁllﬂ1ﬁ

0.0016x + 71.97 4.5)

<
Il

U52aNTMINMTMIAY LoA (%)

Tagh y

U v v d a a o A
X ﬂ'NiJL“lgl}ﬁJ‘ﬁju‘ll@\iW\iﬂ1uﬂ3J3Ju@I (Waansu/ang)

Y 9 A Y] " W =
NFAUNT (4.5) i]%ulﬂﬂ311"llﬁu§liiﬂhﬂ1ﬂ’31h‘ﬁum1ﬂﬂ 0.0016  HUIWYDI AN

o A

1 o Aa A o w 1 a a d { [
ausuiudmnlszansnmlunsiisad Ted lduinnnszuu@uoimanuuasaiaunlu'la

v o oA

a 1 [ o d 1w [ Yy 9 1 Y d' %
AUADIUN VN UAININD 0.0016 (N1UYDIANNVNTUVDINIDIUN UL UAN 1F AN 1dauny Y
A J a A o w A A Y 9 1 v o d 1w =< 1 o
A9 A1 UszANTANMITAIAT IANANWANVUNIDIUANNUAININDY 0 ND./8. FUNINL
[ a a o w y 1 [ o d 1w
71.97 % 1azINMINAAINUMNUTZANTMUMITHIa% ToAnANUTUTUHID AT UANIAY
Y] 4 [ I~ [
0 Un./a. IMNY 72.8+7.5 enfFeumeudunsiszunadireniiduass aziulanlndines
4
AU wazamauilszansmsanauls (coefficient of determination: Rz) Lf&'uﬂswﬁmmmu 0.745
] ~ YR @ [ o Y4 1 1 v W s A 1
uaaaNnaumIn it udumnulumsdszunamanuduius serinmao s uiuaninan
a a o W (Y] ¥ 1 a 1 % v s A a
Uszansammanead loda ldluszauniia uams@unaoiunuiuamuluszuudueIna
KX a 7 [} a a = 9 1 Y]
nuvasaianluarsaunu 6848 wn./a. ¥elavinnanisnaassniarle Txmeunisgad
a A J ~ = 1 o ] o %‘ A A o w =S Y
a159uNIoIugveed ToRveanan uAuTuA TudNFeNHIUNIT1NTAN1TININLEIN
A A 9 £ A ' 9 o A A Yy Y
Tsanumananinu msizazauassarleoie taznmsaunauoNyAN VLT UUDINT
1 @ Y] 4 a a d 1 1 %’ Qy o ]
aunuudasluszuuaueimanuuasalau1du1nnan 5500 un/a. WU UININFAIUG
A g’/ ¥ 1 [ @ o v 1
ANAZNOUIETUIZIAZNOUNIAZNOUFDUAZALNDUNIDTUN NN UANQADONNIAIY FIN1AI
@ { Aav g Ay v o < . .
vAveenInnazneui 19 1uns3sen Tl e sasusns 1L ueaLde (solid loading rate)
ti' A dal Y o g’/ = J = 9y [ A %’ Qy d’
amnruld aaiulumsanwiae lUfaausnuz ldveeunave 0 naznouys 0nT0 111NN
Y] 4

] @ 4 @ J %’ . o [ o [
HIuDIanaz oo iamd loalugiazaiei (dissolved COD) dmivii l)mianuduiiusg

' a A o o A a2 o Y 9 ' v o J
i%ﬁ’)Nﬂi%ﬁﬂ‘ﬁﬂWWﬂﬁﬂWﬂ%Iﬂﬂﬂ‘iJﬂ’JHJL‘lIlIGlJuGIJfNNQﬂTHﬂNNHGI

45 mafSeuisumldnslumsfausaz hifunsnuiuiudluszuu@ueimanuuna
Wdalumsmdamsdunidlugilvesdlen

MINMINARBITITEIATS MU sTUURNeIMAIILATITEL Anarnih 48 T,

o1gAznoutszuI 30 Fu M3 TedduRumasiunemnneeInTswueaa NI sy AW

UY3EMANIZNINPATIMNTIN RITUN 2 (W.A.2539) DONAUNITLIIFVYNA 1599711 WAH.2535 0



A3 A Inena HANINAADIALINTANANITNARDY/ 60

¥y 2 [ 1 a o o %} L A a [
Avualiminadia® Tea Ly 120 un/a wdssmiad lodlwinsninuamunasgiulaely
Y] v v w Al o w o w %}
NILUIUNMIPATUTIIUAIVBIRIDUNLIUARBINATITNTANIITINN UM smaas Tod 1w

Yy H 4
NINUNAITIU s IUINUINANNITVON Freundlich adsorption isotherm A1

0.6614

xm = 0.7571 C, 4.3)

T v o J Y o a J
NFTUNITUD Freundlich WUINDIUANNUA (m) 1 ATY ﬁ'ﬁﬂiﬂﬂﬂ%ﬂﬁﬁﬂuﬂ%ﬂ

'
2 A °

= = @ v H Y = Y a A 9 14
Glugﬂﬂl@ﬂ“lfi@ﬂ x) Glumasmmmwmumium@mN“mmwummﬂiiwmwaﬂﬁmmu%

Y
o

18.0 un. iWoanududud Todluindenmaosg (C) iy 120 un./a. TagldfSeuiion

alF1e 13 ua13199 4.8

d‘ =1 1 FIA ti' 9 9 U [ o s A @ tﬁ' o w
3191 4.8 fseumsuamlgsaglunsnaeslsueamnuiuamylunsgadusssuaunenian

= = g tg‘ o o 2}‘ =S d' L4 a 1
miaﬂiummmﬂizumJmﬂmmammmummmgm

Maxled | A1 loa WU mldae | dszuda
woun | newhu | fuduan | JasAasian | arlde
MINAADY N | esgu | desldin UDIAN mw/
M311ia Tumsga | owdwiud | auw)
1édn FUFTIINAT | 60 VIN/AN.
un./a.) (un./a.) un./a.) (Ln/avy.)
Tueumanu
NIg o o s 221.6 101.6 5,644 339
AUNUA
nAaRy 178
. ANADIUN U UA
Nl 168.3 48.3 2,683 161
4,000 un./a.
Tueumanu
Lo 253.6 133.6 7,422 450 -
1IUA
35 -
@UMY | 4,000 215.0 95.0 3,555 210 240
AR ,
. R 4,500 174.0 54.0 3,000 180 270
n2
fusiud | 5,000 171.0 51.0 2,833 170 280
un./a) | 5,500 146.0 26.0 1,444 87 360




o

UNAINGIAY UM INIRINTIAD M.y, (naTulagmsusmsaunaden)y 61

{ <3 1 a a d { A 1 [ o 4
N3N 4.8 ILTUNTLUVANDIMAUDUATINANNANAIDIUANITUA 4000,
° ) o 1 9 Y] 1 v o J A
4500, 5000 waz 5500 ¥n./a i Indserdanlgorelums lgweounuiuamylunsguiums
Y 1 o o =S o w A = %} Qy A a 1 a 3 a
AATUBITUAINDINNTTNTANIFINN UM smIad Tea Tuihnaimuanas g1y AndluRu
{ o { I’
U518 209 (1AYIIN 178 VIN/GNUIANINATYBINIINAADIN 1 LA 240 VIN/GNVIANNAT
{ 4 %} o w
Y9ININAADIN 2), 270, 280 LAT 360 VIN/GNUIANNATVDIUUTY MUAIAY (31A1VDIHY

[ v o oA Y o
DIUANHUAN 1F IUNITAIUIN 60 VIN/AN.)



A33%A 4@ lwena ajnaniInaasaazvoiauoLuy/ 62

UNN 5

ﬂ”;i‘l.lﬂﬁﬂ”liﬂﬂﬁﬁﬁ!!ﬂ%%ﬁ!ﬁﬂﬂ!!%%

JA A

aw I 1 v W a
NI13IYU Lﬂumsﬁﬂmﬁqwasummmuﬂmuwmuaﬂmzuumummmmu

De

KX ad AA a A o v ¥ a W%‘dadl o w a9
asaflan nuaedszansninnsitladnge Iﬂﬂi‘]ﬂ!uﬁfﬁliﬂ‘ﬂW1uﬂ1§‘]_l”|1Jﬂ‘VlNLﬂlle’Jil”lﬂ

v J

a %‘ @ [ 1 ] ] U (%
Tssnuwaadnnihu duindedinaniiand Tedegluee 673 — 1,383 un./a. uazranunuiug

AQ Y 1 . . 9 = A a 1%
‘V]‘lGlﬁJﬂﬁl iodine number 950 ﬁ”lll”liﬂﬁ?ﬂﬂﬁﬂ”ﬁ‘ﬂﬂa@ﬂl!a%m@!ﬁu@uu3‘1Uﬂ1§ﬂﬂy1lwmlﬁﬂ1ﬂ

De
e

51 ajUwaminaaes
1 v v o o a A = = J i 2
. ADIUNUUUA 1 NTY 'ﬁ”lll1§ﬂﬂﬂgﬁﬂﬁ1§@uﬂ§ﬂiugﬂﬂ]ﬂﬂ"ﬁi@ﬂﬂl@ﬂﬁ?@ﬂ”lﬂu”l
A A o w A 9 A a 9 Y A Y Y As A A '
@enrunsthtaneaingivn Isenunaagnitnu llﬂ 5.4 Un, wmmmjmmcﬂaﬂmwaaag

Tuu@eminy 120.0 un./a.

E4
o

1 1% ) 4 [ @ a A J = = @ [
2. BIOUANNUA 1 ASY ENT0QATFUAIIOUNI I U1 veeE ToRvenied 1
A A o w = 9y a A Y 9 A Yy 9 A aaA
@enrumMsTaneFia e Issnunaadniiu 14 18.0 un. Nanududus Toan
A ' Y o W
aeag Ui u@emIny 120.0 un./a.
H H 1 Aa 1 [ Y] 4 { A
3. 91nMINAaedn 1 ganaaesN Aurma Ui uiuALaZyANAaDINIANAY
1 [ o 4 a a { @ %’
UV UA 4000 ¥n./a. adluszDUANOIMALULATINAY AT2ez1Ia10N11 48 %, ©1Y
ALNDU 30 TU FINITONVAY 109 IAdIRDUNIND 76.6 + 4.4 % LAL 82.3 + 3.0 % AUAIAY LAY
= = %} Qy A o Y A 1T @

113 109 IUNINAILNITINTALA ARASNIND 221.6 + 28.1 UN./a. AT 168.3 + 22.0 UN./a.
o o 1T A = g = 9 d' T W d’ =
ANaIAY 1Aen1d loAueatUFeUITEUVURANINDY 979.3 + 217.3 wn./a. WolFeuiew

Aa A o w 1 a a PN 1 Y] o 4
UszANTANMTAIAE TR WUINTLUWANDIAALUUATINANMANNIDIUANNUA a1115D
o v A angy 4 X a =R A AY 1A VT v o 1w
Maad Tod IAMNAUIINTZULALDIMALLUAS W aUN IAURID LA LTUAMINY 5.7 + 2.1 %

H H 1 Aa 1 [ ] 4 { a
4. 10MINAA0IN 2 YANAaoIN NIANKID AV UALAZ YANARDINIANKA
P

DUAITUG 4000, 4500, 5000 LAz 5500 ¥n./a. adluszUANOIMALUUAITINEN NTzeza

AN 48 B, 01gAZNOU 30 U A WNT0MIAT Tod Inemas 1AMy 72.8 + 7.5, 75.9, 78.4, 79.0



o

UNAINGIAY UM INIRINTIAD M.y, (naTulagmsusmstunaden) 63

1 90’ Qsj H 1 o %3 1 %
uay 83.6 % Mmud1ay taziad lealurinanmumsiiauduniny 253.6 + 67.6, 215.0,
1 901 1 %
174.0, 171.0 uag 146.0 ¥n./a. Mud1ay Iasa1d loAvusatiudemnssuuminy 942.1 + 136.6,
o w A = a A o o A =
935.2, 807.0, 816.0 LAy 891.0 un./a. Mua1wY sWetlsauneulseansnInn1snIad lea
1 a = A d A Aa v Y] ] 4 o @ = 9 A dsl
NUNITLVVANDIMALUUATINANNIANRID LA NI UA auTamsad Tad lamuiunsz Uy
a a d { " Aa 1 v W S 1w o W
BN UA3INA WA THANHIO LAV UANINY 3.1, 5.6, 6.2 1A 10.8 % AUEIAL HAIN
Y 1 1 v o I a A o w a A =\ =
mMinaaoauaadliiiunmnunuiuallszansmulumsmvamsouniglugivesslon
A 2 ' Ly
svau Tanmin
a a o { a 1 % ] 4
5. FTUWANDINALLUATINAUNANAIDIUANITUA 4000, 4500, 5000 UAE 5500
= a Aa 1 d' 1 a 1 [ o =1 9)%‘ Qg’ d‘ 1 o w Y o =
wn./a Hszansamgannszuui i@umeounuiugd dadinnaimumsiniandidand
: - y 2
A% ToANUNIATTIUAUNINIUINGIN TTINURATINATIN AN TEMANTENTNYATINNTIY
v A o A ~ ) Y %’ z:" A 1A =\ (=N
RTUN 2 (W.#.2539) DONAUNTZIIHLYAIA 159910 W.7.2535 Afvua Iidnediand Ted lumu

'
v o Jda

120 wn/a uavzgrelnilszudamldnielunmsldmeausududamulunszurunsgadu
Y

v
A A a 1 a

1 0o w o w %‘ o I~ a
535uAIA0INMITan e EIm I lumsmaad loa luihnandununiniasgiu aaduNu
o %’ o w
Usgunar 209, 270, 280 LA 360 VIN/GNUIANNATVDIUNTY MIUA1AL (31A1VDINY

[ % ) o’d’ EY o
DUANHUAN 1F IUNITAIUIN 60 VIN/AN.)

9 = Q' a
52  YotauouuzlumsAnH TR
=1 = = 1 [ [} o’d' a a =R a 7
1. AISUMIANYIDINAVDINIIIUA NN UANAYAd IUTZUVRNINAUUAT AN
d‘d A 1 . . d‘ dy A v ?:} d‘ 1 d‘d 1
nupuauAvedal iodine number  NGIUU ¥I0IAINNUINNINNIT 48 FU. NUAD
a a o w %} =
szansaminiiannge
I 1 o ) s A a
2. arsimsanyinudlu T 18 Tums lgmaousuiudnauaslussuu@dy
R A Yy v ' v o & Aa o 9
21NIALDUATINAY TAGINUANWTVNUVUNIDIUANTUA NI1TUIVUIAVDIDIANALAD U H
[ @ < . . A A dy 9 A A %’
A0S VOATINTZUDIUN (solid loading rate) MNNAIUAIY LaZ/HTONITUINTNTOIU
v 7

Y { 1 % 4 QJ 1 901 - o o %3
nanrutInnazneweIamd lod lugilazaiein (dissolved COD) d s uwianuauus

' a A o v A a2 o Y 9 ' v o J
i%ﬁ’)N‘IJi%ﬁﬂ‘ﬁﬂWWﬂﬁﬂWﬂcﬁIﬂﬂﬂﬂﬂ31wlﬂlhﬂluﬂlﬂﬂwﬂﬂ1uﬂhhuﬁ



A33%A 9@ lnea vnagluuvauysain ne/ 64

MmNl sz ansmmnsiyaa1sounssluindevea1sanunaa g ua1en AU
1 [ o 4 a =R A

auANNUaad lusEDURYeIMALUUAS WA

IMPROVEMENT OF TREATMENT EFFICIENCY OF ORGANIC MATTERS IN

WASTEWATER FROM PAINT INDUSTRY BY ADDING POWDERED ACTIVATED

CARBON IN FIXED FILM AERATION PROCESS.

AT3TA YA INAA 4936951 ENTM/M
.. naTuTagmsusmsaaunadon)

A a a o A J = a o
ﬂmzﬂisumsmﬁﬂmmamwuﬁ D QHAY QUSIADYT, AN, IUY Yauna, Ph.D.

unagiuvanysel

1. VNN

1.1 Mnuazanudnyvefym

v '
o a A

1 a 4
dndenuininngulssniugadivnssuranamiiuvziosndsznovuog
a A A = [ 1 v = =)
a131szneudunIdndesaalsen Farueanundaaiuvesmanuanilsnluzivesiileq
1 1 = aA 'o 9y 9 o w %} ) g’z =
aamanuanlsnlugivesd Teanaid uazdedlgnszuiumstiadudonalsvunoy a9
Tagna lgunumsihtiaediaioszlsznoudie nszuiumsiian1enenIn nszuIums
v A %’ { 1 a
ifamaail taznszurumaiianiesdinin uailosnniudenuainngy Issnunaadni
Yy A 7 A A dA v & o v ¥ a D)
Tulesnlsenovvesa1slsenovdunsdngesaatven aauun1siad g Iaglessu
a L= ) = L=\ o % \ = = YA
AueImsuaiioded19Re101992 ltfisane lunsthiaaanuandsnluglvesd Toaldi
a1 y 2
AUAVTARIUIATIUANNININNINNTTINUYAA NI TNV TENMANTZNT YA INNTIN
RV 2 (W.7.2539) 9ONAMNILTIFUYA]A 159911 W.A.2535 g a0 ld
& a . i o o [
Taem lilasiszneudunsdndesaasenaziinialasldnszuiumsgaduaie
1 v o 7 . A o a A g [ 1 & Y
21UNYITUA (carbon adsorption) IWBAATU131/5ZNOUBUNIINGDITA1BEINAINA1D FIN1T 1%
Y
9 a < a
MIYUALNA (granular activated carbon, GAC) Uag¥UANI (powdered activated carbon, PAC) EGN

s 1 Y ?x‘a Y 1 Y v A [ v o J
e ldaregalunmsasnuiuduuazmlyaelumsdsvauanmaiunuiuag



o

UNAINGIAY UM INIRINTIAD M.y, (naTulagmsusmItunaden) 65

o v ¥ a 1 v o J o w U 1
msihtaiudesemsausanunuiuaasuszuviiasuuaznows Sonan
4
FZUULNWAN (the powered activated carbon treatment process, PACT) Flynn (1974, 1975 GRNGR
Tu Sublette 1oz AMY, 1982) na1INAsNGaTaIwN19FIN W i lduazgnaaduld wie a15h
i Y o w J { a J v o
goodaie lagmazgnaasula szuuthiauuuaznewsaninaauman unuiudaniso
o w J dy Jyy a A A 1 o w J Jq 9
mMaaansmaril ldmelszansamngeniszuuiniaunuagnewsasssua Tag @ 1divawa
1 A = n 9 @ Y o @ T A
Nmsanasvesansngesaatendinmlilauazgngasy 1@ luszumhianuuaz news and

a J v o Jd a o v 2 1 {1
MTANAINTUNNNUA INAITINNITYNAAFVINTUU AIUNTANAIVOIATNIOITAIININTININ

Y 1

vy v Y A 2 ' o ¥ ' 0o q ¥
"lﬂmuazgﬂ@%u"lﬂ ﬁﬁﬂﬂﬂﬂ@l“b’ﬂma”lug]ﬂﬂﬂﬂﬁﬂ”lEJV]N‘B’Jﬂ1Wﬂ’JEJﬂa]1ﬂ1JN@EJN wazyi1a

U U

i‘ g A A U Y] o ) YA ~ o Y a =Y dy a A
WUY\IQWHV]N’NJBQQ"IHﬂNNu@]llﬂ@ﬂ ﬂﬂllﬂ‘ﬂ‘vn‘lﬁlﬂﬂﬁﬂ”l?]glﬁillulﬂﬂﬁnﬂﬁ1i‘ﬂ898?[@18%1\1

= W ya o A I A = 9 a aan 1
Glf”Jﬂ”IW"bJ"lﬂV]QﬂﬂﬂgﬁﬂlﬂaEJ‘L!L']J‘L!ﬁTiTlfJ@fJﬁa”lfJTnﬂGlnﬂ”IW]lﬂ ﬁ”ll;ﬁiﬂll”ﬁnﬂﬂﬂlimﬂﬂaﬂifnﬁﬂ
o 4

AU (interaction) 53 NINHIDIUANTUALAZNGUYATN 1Az Perrotti 11AZ Rodman (1974 819041y

Zhang nazamz, 1991) lalauydgiui mslanildesarsiignga Fuoenun (desorption) 1ia

v
v

aan S . . Y A A =

mmJ;]ﬂimmauau”lcﬁwQﬂwamaﬂmmauaﬂ (exoenzymatic reaction) LIIUANITYIY
1 a VA 9 1 U v W 4 1 == = ) 4

Gllu”lﬂclﬁiyl,ﬂUﬂ’JW]%3&%111168‘}11!31/\1?1!51]6\1NQﬂ"I‘L!ﬂEJlI‘H@] ummﬂmsafommswamullwma

a & "9 1 [% Y] Y 1 o aan U d'
FUADDNU «mfumwsmflﬂiugw;mmmmuﬂwwﬂmwmw uazmﬂamamumswmm

U U

o o

Fu #99z Ida1sngnaadyldd e liinanisdantassarsignaadueonui (desorption)

£ U U U

U v o J ] a A
UINIWTUUBDINIDTIUNNNUA Llﬁzgﬂﬂ@ﬁlﬁﬁmiﬂ&li}ﬁuﬂ%ﬂ@l@iﬂ

[

) @ a =< A . Aq o
AT UTLVUANDINALUDATIN AN (fixed film aeration process) plalumisman

=

a o %,‘ v a
#150UNTI U uTY %1ﬂﬂ1iﬁﬂ‘]&ﬂﬂl@\‘l Wanner (agade (1988) WUNTLUURNDINIALLUUNTI
Al & I o o 3 U ' J . @
Wam?ﬁLﬂumi‘umﬂun?*fammzmnmwaumimﬂ@um (activated sludge process) N1
ad A G o Y (3 ddy ]
NIZUIUMIWAUFININ U3 (fixed film process) M IAMIIWAIVOINZNOUATY LIaZTIY

o & a a a d a ' A
EI‘UENﬂWiL%iﬂJUWI’UIﬁﬂl@ﬂﬂau‘ﬂ%ﬂ“ﬁuﬂlﬁ%{uﬁlﬂ ag  Gebara (1999) WUIUDNIINISINY

9
v

Uszaninmmlumsandrvesaznoundl didwanaaoilszansamlunissisat Tod dang

ee
e

' Y o

' ' o 3 aw
ﬂ13J13ﬂﬁﬂﬂfl“]gf}‘mﬁlalufnﬁﬂ@ﬁiN5$UUU1U?’]H1L%81@83’JN@Q]J’JEJ mﬂmawaﬁi’mﬁ}u NI1TIVYAIIU
=2 =2 a 1 v o J a =KX = =~ [ 1 a
%\‘]ﬁﬂ‘]&l1ﬂ13WlllFNﬂWHﬂlJlJu@lﬁ\‘lﬁluﬁz‘U’UWlllfﬂﬂWﬁl!‘U‘U@lﬁ\W‘lﬁullﬁﬂﬂlﬂﬁlﬂﬂﬂﬂWiU]’NWmW\i
U v o a KX a2 = o Ay ¥ 9 I
ﬂ11!ﬂlliJu@]ﬂﬂlu53ﬂ‘]JW]?J@1ﬂ”IﬂLL']J1J@]§\1V\Iall G]Ni’]”H]Ll”lNaﬂqﬂm11‘ﬁlﬂullu3ﬂ10‘1Uﬂ1§

7 o w %‘ = 1 a A Y 1
svilgeszumhiimindevesngulssnugaamnssuraaanmiuas i

w

d av
1.2 ﬂigﬂi%ﬂﬂﬂﬂli’)ﬂﬂ1i'3°ﬂﬂ



A33%A 9@ lnea vnagluuvauysain ne/ 66

A

Y
1. nwlszansamlumsmsamsounideosaarsenluiindesain 159 unan
= 9 9 a 1 v o a KX A =\ o " Aa
aminudemsdumaausuiudaslussuu@ueInauuuas alay nFeumeusuns ik
1 o @ 4 a R
AU NNUARS UL UVIRNIMALLUATINAY
= 1 Y o a A = = A a
2. Anwinlgaielunismsaaisounsdluzilvesslon TagszUUNANRNT
1 [ @ 4 a KR A =1 [ 1A 1 @ Y] 4
ausuiudadlussuuauemauuuasaldy WSeumeusuns ludumaausuiudasly

a =L =~ J
STULANDIMALVUATIN AN

1.3 AIAUUUIAAIUNTIVE

MsauRIo A uTudaslusz RN IMALDVAsS NS Ra A1 IE S Y
(synergy)iioaninmsiialasendesusznismedusuiuduasnguyain Seor1uiy
Uszansamlumssisamssuniddesaaisernluindeainlssanunandnitiu e

= (2 ]

@ a a o Y
L‘LI%EJUL‘V]El'Uﬂ‘Uﬂﬁ%'ﬂ’J‘Hfﬂﬁ‘UTUﬂGlui%‘U‘UWIMfJWﬂWﬂLL'UUﬂ?\‘lwﬁiJL!agS;HﬂJﬁI'JEJﬂWiﬂﬂG])'UﬁI’JEI
' v o J X I [ 1 1 Y
DIUNVUUA GTNL'IJuﬂWi'U'Jﬂﬂu‘ﬁﬁillﬂ1i$W'JNﬂ1iﬂ@ﬂﬁﬁ1ﬂﬁjﬁﬁl‘ﬂqa%wua$ﬂWiﬂﬂG])”Uﬁl’Jﬂ
' v o Y g A o A 1 o Y v 1 9 ] o w v A
DIUNVUURA ﬂﬂﬂu%ﬁiﬂi‘ﬂﬂﬁTJ%%“VnGlTﬁJﬁgﬁﬁlﬂﬂ1ﬂ@ﬁ51\1ﬁuﬁﬁl‘ﬂ1‘ﬂﬂﬁluﬂWiﬂﬂGlf'UVlL!EJﬂ

1 T v o A 1 91 v A J v o Jdo @
DONUINNNNIN LUASATDTUNUUUA T‘ii’E]ﬂfl“lﬁ]1EJGlHﬂ15ﬂiUﬂuﬁﬂ1Wﬂ1uﬂNNu@lﬁTﬁﬁU
o 1 v o Ja 1 g o w 1
ﬂig‘U’Juﬂ1ﬁﬂWb"Uﬁlﬂﬂﬂ1uﬂuwu@lﬁllﬂﬂﬂ1iﬁ1ﬂuu LLEW@1‘1]’1J1’1Jﬂﬂ1ﬂ31Nﬁﬂﬂiﬂ1u§lﬂﬂlﬂi

= g YA a1 32 Y
%I@ﬂiﬁhﬂmﬁNUﬁWWHN1ﬁi§1uﬂmﬂ1wuWﬂimﬂIiNWH’q%ﬁTﬁﬂiiNulﬂ

1.4 VOULYAVDINITIVY
1 o a A I = = ' v o
1. i leTsmeunisgadua1sounsdlugive st ToAueananiunuiua lu
(3 ' ¥ o A o w = ' o a A d = =
dedini@eimumaiiiamanil uazar le lameunsgasuasounidlugivesdlofves
v o g o 1 3 o = ¥ a A )
HIOTUANTUA THAIRE 1T ENAILNTNTANIINNIAI9IN 159U TNITNY
= a A o a =R a 7 d' a
2. ANEIIEANTMUMIMNUVBITZVUANDIMANDUATIH AN NANAY
U [ ARL o a A = A a3 @ o A ? A
oA lumsmsaasdounaglugiuesa TeAanszozanAunn 48 %3149 (1H0991NUNTY

~ [ a a Y = 4 a A S
“VIZJWWﬂﬂQiJIi\‘]ﬂuQ@IﬁWWﬂiiNWﬁ@lﬁﬂWUWHﬁ]ghﬂiﬂﬂﬁgﬂﬂﬂﬂlﬂﬁﬁ1ﬁﬂi$ﬂﬂﬂﬂu‘ﬂiﬁmﬂ’ﬂﬁl

v
AR A v A

3 o 1 a o Ao ]
qdarygan 3$ﬂgmauﬂ‘ﬂﬂﬂﬂ’33lnﬂﬂ'ﬂﬂﬂ@l (24 “]5’311]\‘]) 1”ﬂ153%ﬂu‘ﬂﬂla@ﬂ1%ﬁgﬂzlja']lﬂ‘l]ﬂﬂﬂ

48 2 T119)

d H 'y [y
1.5 Uszlarrinmanazlasuainaudde



o

UNAINGIAY UM INIRINTIAD M.y, (naTuTagmsusmstanaden) 67

o w a

o Y = a 1 v W S A Al
1. Ml udesnamsaureaunuiua gy methiag15ounsdaoy

Y
o

Y a a o ) [ i o w
?fa181811ﬂﬁjﬁﬁlﬂig’ﬂTL!fﬂi@lﬂcﬂ’ﬂ1ui$UUl§IM@1ﬂ1ﬂLLUUﬂ§QV‘IﬁﬂJ RV STV RIG T R R ER INNILS

s 9 a A Y
“VINLﬂﬂJLLﬁ’JGU’ENIiNWHNﬁ@lﬁ‘lfn‘iﬂu

9 4" A J

A Y I @ o v ¥ a Aa a
2. LW@GlGBLTJHGIIfJNaWHﬁWHGlHﬂ1iﬂiﬂﬂ§\‘]55UUUWU@uuﬁﬂﬂNﬁ'ﬁﬂucﬂiﬂﬂ@ﬂ

U

v
A v

ameenved Issnuraadniiutes Issaudug aldymmanuandsnlugluesdToands
- g 2 o A
AUNIATFIUAUNINIINGDIN TIIIUPAAIHNTIN MY TENMIANTENTNYAAINATIN RLVT 2

(W.71.2539) 9ONAUNTLIIFYAA 159970 W.A.2535

2. MIAUUUNINAADY

v Y

=~ a o g dy I =~ a o a wa
NTANHIIIYAIIY Lﬂuﬂ1iﬁﬂ‘]&l1'§‘ﬂﬁli$ﬂﬂﬁﬂ\‘lﬂ§]ﬂ§lﬂ15 (laboratory scale) Yo
9

~Aq U 9 o o w o A A = 9 <
naaeanl¥luminaasiaeandosnuszuuininindevesIsanunaadniinu lasnalil Tag

v
= =

%‘ ' o % a J . .
Tdhindenrunsihianiuniidie FeCl, uaz Tnamwo315z9ay (anionic polymer) 9105211
E4

o @ o A a A Y A o A I =< " ¥
mmmmamaﬂiwmwammmu N1INAABINITIUIU 2 YA (ijﬂ‘ﬂ 1 L‘]J‘Llijﬂﬂ?‘]_lﬂll G]f\‘]]'lllhlﬂ

[ o

a 1 v o A 9 o =1 ~ I =< ?x‘a
mzumamﬂmumwahmmuummﬁa‘uma‘uwamsmaamazﬂ;w 2 Lﬂi!“]jﬂ‘ﬂﬂaﬂﬂ) EINNIN
I a R ad Aa 1 A A o a A
ﬁ@\iijﬂﬂ”li‘ﬂﬂa’ENIJJLli?.ﬂJ‘]JW]iJ’01ﬂ”lﬁl!ﬂ‘ﬂ@iﬂ‘l/‘laNVI?Jﬂ”IElIWQLL‘LIU@]ﬂLu@Q Haudsoasen
o 2 U v o d v A 1 a 4 1
Tl”lﬂ”liﬁﬂ%l”lﬁ@ TJ5111'51!?’]31%&6191}%6191}1!61]@\1WQﬂ"IMﬂEJiJU@ﬂUENL@]?J@”Iﬂ”Iﬂ AIUNIULADIUAS AT

YDIWITIADS NAIVAULAAIAIANTIIN |

Y a 4 ' a A
mswﬁ 1 W1511!@’65!@%?]15[]@\‘]1’\1TﬂMWI@i“ﬁﬂ"]‘UﬂiJ

1 a s
s AVOINT 1T A05 7N
Wsimes AU
AN
=~
W0, pH 6-8
4
anunduvesd Tod luruderiiszu, oD, (un. /a.) 750-1,500
S o &
zezAUNUNN, HRT (31 Tu3) 48
Y
oasmstlowindy (@n3/0.) 2.5
91gALNOY, SRT (M) 30
Y

pondauazaeti luduaueIne, DO wn. /a.) >4

2.1 ginsaiililumsnaaes



A33%A 9@ lnea vnagluuuauysainie lne/ 68

Y
szuvihiadudedmsunsnaasy ﬂi%ﬂ@ﬂﬁlﬂﬂ

(% v @ 1

o (o 3 a . Yo 2 a Ay

1. o9dSuanniuge (equalization tank) Gl%ﬁWﬁ‘i‘UWﬂ@]?l’t’]EJNuuﬁEl g11® Tema

JU ROT260A-L125 1910 Inatenau yuafsuasnd 260 ans 3119 1 69
4 ¥ de v o _ 49 o
2. 19393gUUT  (pump) NlHiuyiia metering  pump 811® ProMinent §U
o a T o { ' J o

CNPA0308PVT209A01 6@351N15g1 8.5 an5A0%2 149 NTaguds 3.0 113 1uau 2 ya Togu
¥ Y 1 o a
hnnssliuanmihid@edngoudueins

3. 09UANOINA (aeration tank) yIANAIEAN AR 120 Aas meluussy
dnatanardan USua 42 8as $1uau 2 ga woumoeruAueInsaz FINueINA - (air
diffuser) ¥HAUNINT 1Y

A

4. 1AT0UANDINIA (air pump) 1Flumsanemaliyaunidlasldinsoudy

91MABRD NITTO (MEDO) ju LA-45B U311a501mg0T 45 dasaou1il s1u2u 1 1509
Y

@eldnuduaneImanaeIya)

5. AINANNANEAN (plastic media) Nld U UANOINIA 42 BATADDI (35 % VDI
U5110309)

@ I @ o a

6. D9ANAZNOU (sedimentation tank) (Hunenanirvnwaraanlauazinge

dmFuanagneumMUaI IFUAUAUENA1T 0.20 AT YUIAAINY 7.5 AAT TIUI 2 %49
Y v Y v Y

7. §35D1NNINNTTVY (effluent tank) 1 m5us0ITUINNNINTTUVITRN LY

d' Y 1 o =S A v a o
19 Tema 31 CEN100B-L5X6 1910 Inatonau v11a1f3uasnd 100 ans 9119 2 g9
1 v o J . Aq 9 =
8. WNDIUNNUUA (powdered activated carbon) nlylunmsneasstsunalszuin

30 N lansu U1 iodine number 950

2.2 TUADUMIAUUUNINAADI
2.2.1 msm"leimm@mmms@mcffu (Adsorption isotherm)

o a A I = =
ﬂ”mnﬂamm”laimmammmss;]ﬂqmmsaumsaiugﬂmawiamm
1 [ L @ 1 2 A A o w = 1 @ a A Jd
wmmﬂuuumﬁlumamqmmwmumimmwnmu LlagﬂW"l@TG}fl‘l’]@NﬂWiﬂﬂ%UﬁWi@uﬂﬁﬂ

= =) 1 @ % L Y] 1 %} = A o Y] = Y
Glugﬂ‘ll@\‘]“]fjf]ﬂ‘ll@\‘lPNE]TL!ﬂlllluﬁaluﬁ’JfJEﬂ\iHH’G’fEJ“VIWTL!ﬂ13U1Uﬂﬂ1ﬂ“ﬁ’]ﬂ1Wl!ﬁ’J%1ﬂ
T5901uMan @MU M35 ASTM D 3860 — 89a (reapproved 1993) Standard practice for
determination of adsorptive capacity of activated carbon by aqueous phase isotherm technique X

2 o A
JYACIDYAAIU



o

UNAINGIAY UM INIRINTIAD M.y, (naTuladmsusmsaunadon) 69

'
a2 oA °

9 9
1. ﬂi\‘]&Liﬂ“Vlﬂﬁ’t]‘Uﬂ‘U‘HHﬁEJ“VIWTL!ﬂ1i‘UTUWVIN‘V]NL?‘I?JLLE%I’N]Wﬂ
Y

Tsanunaadniiu Guiinsnaasslasnsauindendiunisiianiuaiedian
Y
Tsanumasamiuasluviatadsuasvina 500 v.a. 10 1o luag 100 1.8 MPUUALN

MRS 0, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 t1az 20.0 n3u a3l luva 1714

v 1w

ANV UTHVBIHIDUA NI UAINIAD 0, 500, 1000, 2000, 5000, 10000, 20000, 50000, 100000
Y H 9 v '
ag 200000 ¥A. /A, AINAIAY IUNITNATDY isotherm ATINADINATOUN VU UTINHIUNT
Y
1ianaFnmualnn Isanunaaaniiu Tasdutiumsnaasaru@eIfuasasn

2. haaann Tude 1. liliduaiesniumay o guugiives Tasly

G

FTILNATUND 2 % 119

3. 1hdegnnrmumInunauual lunsesdrenizaunies GE/C

o

%’ { o a 4 1
994 Whatman 132111119116 lvihnsimsizvivinens lod
4. MUV x/m NNAUNSI x/m = (C,- C)) V/m uaziIAl x/m uay

C, T vuaidu isotherm YuUATEAENI N log-log

]
= % ! %‘

= = ! C
xm = YSuavess loANgnaatuae I8 IMIINUDIN

U U

[ o ) o
DIUNVNUA (UN./N.)

Y 9 = a o
c, = ANUAINTUYDIF ToANDUMIAATY (Un./0.)
Yy 9 = =S [ Y]
c, = ANVTUTUVDIH TDANAINITYATY (WN./a.)
vV = 133195909920819N1 W NAADY (W)

222 MIBUAUNINABY (Start up)

A o Y Li’ a S J 9 v A = ) 1
LW@%WiWL“B@?ﬁuﬂﬁEILL'U‘UGlGIf’f]'lﬂ'lﬁaluﬂﬂl@lu@’lﬂ’lﬁuﬂ'ﬂuv\lﬁauﬂ@u

(3 a

o Cd 2)‘ o g a % a
Msnaaesuad e TﬂEJﬂ131!”Ilflfﬂi]ﬂ1!‘1/]%ETLLa3G]’JﬂaNW@”I?(G]ﬂi]”IﬂﬂQL@]‘JJ@”Iﬂ”IﬁGIJE’N

] v %’ = 9 v

Tsanurananniu ladudvermavesszuuihatindedmsumanaass laslaaznou
&’ a d v a 1 o a @ a o a %‘ {1 o w
1FPYAUNIINIAL 60 AnT tazladinaanaradnniay 42 ans Mm@ uFenIuMITe

Y o o A a a 9 Y3 o Y A a g
Lm’ﬁnﬂixu1J‘1J”|‘1JGI‘VINLmJGU’eNTSNRANEW]?W]”IU”I‘LJ ‘l‘ﬁlﬁllﬂ\ulafJLﬂﬂLﬂj@QL@]N@TﬂTﬁ AMMNUU

v
a

9 Y a A o Y o W = a Y A dy
LiiJ']J@LlLl”ILﬁEJ‘V]NTL!ﬂ15‘]_|T]_|ﬂl!a”Jﬁ]”lﬂi%ﬂ‘ﬂﬂ”lﬂﬂ%"lﬂlﬂiﬁl@ﬂiiﬂﬂTHWa@ﬁ‘VﬂUTL! INDLDY
A

A 1 A Y R o Aa < %‘ = a 4 a I Y 1
YAUNTIULVUABLIUB Lla’Ji]\‘]ﬂH‘L!Llﬂ1§Lﬂ‘]_|UTLﬁlelﬂ’Jmi”I%WW”ITIiJm@5@]1\10] llmm pH, COD

1Az MLSS 3Nz N3z U gan12zaaf (steady state)  duna laainilsz@nsnimnisaani

2.2.3 MIiNaaoy



A33%A 9@ lnea vnagluuvauysainm ne/ 70

Y Y Y
lumsneasensalauiunMsnaeaouAusL UV AUNFTIFIMS UM
?,‘, { " Aa 1 @ @ 4 v A 1 { a
NAADINI 2 A Tagyan 1 lumursniuniniudaslududnena (yaniuay) augai 2 @y
1 @ Y] 4 v A a o g a [
penunutiudasluduAneINIA (YAnaaed) laoauszuuioaimstouinde 2.5 ansao
¥ T34
v Y
AINAADIN 1 AUHUUMITNAAD IAgMUUATZEZIAINNUT YITLUD
o v ¥ a o @ ) ~ ] ~ 1 a 1 v o o ]
hiainded1msunsnaaesnidosyan 48.0 ¥21us Taeyan 1 lidumeaunuiudaclun
a 1 { a 1 [ o 4 % .
ANOINIA (YAAIVAY) FIUYATN 2 (FANAADI) IAVHIDIUANIUA 480 NTU (4000 NN, /A.) F9
Y 9 ' v o dA A Y Y ' o
anududuveswsnuiuiuaniaonldlavinwanisnaaesrinle lsmeunisgada
a A J ~ =) 1 o o o %‘ A A o w =S Y
A159uNI o Iug1veed ToRveanan uANTUA TuNFsNHIUNITINTAN1TININLEIN
Tssnunaadmi Taoauszuuedaoliio N5z NIssUDINGaN1I2AN (steady  state)
a [ 1% o o [ I { [ 4 Qs‘ j‘
HAZIANAID LA UADNTUAY 16 5N N1e1U91ATZUVOUEIDINIINNTNINENBUFD DD
nnduAveIMALTzINMINAZ 3.9 §a 10N IYAZNOY 30 TU
AMINAADIN 2 AULUNITNAADIADILDININAITNAADIN 1 1A
Y Y Y v ] 1
MUUATZEZIANNINY0ITz LN ITodIMTUNMINAA0INITDIYAT 48.0 32119 Taagai
1A 1 % [} 4 v Aa 1 H a
1 hidumeounuiudaslugudueinis (ganiugu) AIUYAN 2 (FANAAD) IAVAA
[ ] @ 4 a 1 ] ] L [ [ { [
DUANITUA 4000 UN. /. LAZIANFIDIUA VT UADNTUAE 16 ATN Ave llanszuuou
) 9 4 )
HeININMINIAZNOUFPENINAUANINATZMIMIUAE 3.9 AT 1oTNBI01gAZNOY

@ A a J v o @ @
30 TU uaziNTINUMSANRIDIUNNNUADN IUAE 6 NTU (50 un./a.) %uﬁmmg%’u%’ummm

DUANITUAT 4000, 4500, 5000 LA 5500 UN./A.

d
3. HaN1SNAAILAZIDITUNANITNAAD
3.1 WansNAasIn lolwMeNvaIN39AYU (Adsorption isotherm)
1 o a = = =
%Wﬂfnﬁ‘ﬂﬂaf]\‘lﬁWﬂflf]TGm“Vl@llﬂWiﬂﬂG]ﬂJﬁWiﬂuﬂﬁﬂiugﬂmﬂﬂcﬁIﬂﬂ VBDINN
J v o I @ 1 %’ A A % = ) a A Y 1w a £
amﬂmu@ﬂumamqmmwwmmsm‘umnNmuummﬂiiwmwa@]ﬁmmu ﬂ1ﬁﬂﬂ5$ﬁ‘1/l‘ﬁ
msaaaule (coefficient of determination: Rz) U84 Freundlich adsorption isotherm Jaumnu
[ Y
0.9890 9 §3ININ1VUDN Langmuir adsorption isotherm A l¥auns Freundlich
xm = 0.0001 C.**" (1)
[ 1 v o [ Y] a ~ ok ~ =) Y
AMNFUNITNUIT MIDTUNUUUN 1 NTU ﬁ”lll”liﬂﬁ]ﬂcb”ﬂﬁ1§@uﬂiﬂiu§ﬂﬂl@\‘]°ﬁ1@ﬂ1ﬂ
A Y Y As A A ' ? a " w 1 A "o
5.4 Un. LEJB?I”N?JLGIJNGUHCD'I@@VIL‘WE}@@EJ‘I‘L!UTLE‘TEJWI”IﬂU 120 UN./A. UAZAIANN Kfu,ax 1/n tNNU

0.0001 1A% 2.2762 (n= 0.4393) AUE1AD 1a8 Mckay lazam (1982 8198411 Melgoza-



o

UNAINGIAY UM INIRINTIAD M.y, (naTulagmsusmsaunaden)y 71

9 o 1 1 d' d' = [ YA A ]
Aleman 1182 Morales-Guzman, 2009) lauuzii111 A1nel n Anaasteamsgaduldaiinieg
' v & < 1 o a o
FENIN2 D910 AWUMINMTNAALIIZTUNANUEIT0 Tunsgasuasounsolugueq
= =S @ 1 %’ A A o w =\ 9y a A Y 1 v W =
FTod ludreg1aindenrunsdanuaiing 1910 159 URaa TN TUUBIRID TUANTUAT
AN

1 o a G ( = =
nazaInMInaaeInIal lo Tsmeunsgadua1sounsdlugluesd ToAvoang
v @ Y] o (Y] ] %’ A A o Y] = 9y a 9 '
MuUAUTUA TuA08 19T UTeNKMIUNITINTANINFININNA2910 TN UHAATNITIU A1

'
duilszansmsanaula (coefficient of determination: Rz) U84 Freundlich adsorption isotherm U
v Y
ANMINY 0.9944 ¥9g9N91UBI Langmuir adsorption isotherm @911 16115 Freundlich
x/m = 0.7571 ¢, )
1 1 [ 4 @ [ a L
INAUNI3VD Freundlich WU sOMUANTUA 1 DTY 1130QATUAITDUNIE 1Y
4 ¥ H 1 1 (=% 1 H
gUvesdTonld 18.0 un. ieanudududTod linindonmaesgminy 120 un./a. uazaraed
v

T o w [ <] J
K, 18g I/n M101 0.7571 1ag 0.6614 (n= 1.5119) ANAIAY AIUUIINNIITNAADIVLIHUIN

(g 1 %’

o a o {1 o w
ANUANNITD IUMIgaFUaIsoUNsdluglvesd Toa ludiodain@enmiumsiinian1aginiw

Y Y 1

] a A 9 1 Y Jdo A A1 9 o Y o 9y a
182910 TSI NUHAAT M TN UV IR TUN U UATID N UAIADUD 1A uaz"lﬂm"lﬂcl%ﬂizmu

9y 9 ' v o JAq v Aa ~ o &
mmmmummmamﬂuuuﬁﬂﬂummummﬂm% 2 (qufﬂ‘ﬂﬂa@\i) ANU
9

Yy 9 U v o 7 = ~ °
ANUVUUVUYUDINNDIUNVUUN = (243-120)11?1.“’])’1@@/@.1!“?78

= = 1 v o
181Iﬂ.‘3]51®ﬂ/ﬂ.ﬂ\‘]ﬂ1uﬂlmuﬂ

6848 un./a.
Y 9 ' v o IAQ W v a A ' A
ﬂ’JHJLGUiJGUuGU@QWQﬂTHﬂNNuﬂﬂi“ﬁiuﬂﬂWmﬂWﬂWﬂijﬂﬂ 2 (“Ijﬂ“lflﬂa@\‘l) ulﬂJﬂ’JﬁLﬂu
= A v Yy 9 ' v o ¢
6848 UN./A. mga@ﬂi%mmmmummmmuﬂuuu@l 4000 un./q.

a ad a (YT
3.2 wamiﬂﬂaawmszumﬂumn1mmum‘%awauﬁmumdmnuuum‘lu

=

MIMIAaIIoUNIE

'
3 A

msmamﬁ 1 ﬁnﬁumsmaaﬂﬂaﬁmumzaznmﬁ’ﬂum 48 “]?’JIEN VYNISUUY
o o 3 ) @ g { 1 Aa U v o J (%
el nded iU Inaaeanidoya laegan 1 (3anUnY) lu@uRaounuiudAaslugy
a U { a 1 v o J Y X
BUDINIA ﬁﬁusljﬂﬁ 2 (‘]qfﬂ“ﬂﬂﬁ@\i) IURIDIUNUNUA 480 NIV (4000 UN. /A.) c?iqmmmgfu%’u

' v o I A I ¥ ' o a A

GU’ENPNQWHﬂNNHGWILaﬂﬂal“vulﬂiﬂﬂwaﬂﬁ‘ﬂﬂaf]\‘l“ri‘1ﬂ1l1’6Icﬁm’E]iJﬂﬁﬂﬂ“h"Uﬁﬁ@uﬂiﬁlﬁlugﬂﬂJ@Q
= =) U [ Y] L %} A A o w = 9y a 9
Gﬂ’ammmmmmu@iuuuﬁammumi‘umﬂmwamwummﬂiwmwammmu Tﬂ‘il
a ' ' 4 o ' { a ' v o
L@]Uﬁ%UU@EJNGI’E)Lﬁ’EN %uﬂﬁ%ﬂﬁi%ﬂﬂlsﬁﬁqt’fﬂTﬁﬂ\iﬁ (steady state) LLﬁzmllW\‘lﬂTHﬂiJllu%?]ﬂ

H ] Y k4
UL 16 NTY ﬁﬁWElvlﬂ%Wﬂﬁ%‘U‘U@ulﬁ@ﬂllTﬂWﬂﬂﬁ“Vl\‘]@I%ﬂ’E]'HL‘?S@@@ﬂ‘ﬂ1ﬂﬂ\1l@m@1ﬂ1ﬁﬂigu1m



A33%A 9@ lnea unagluuvauysaini lne/ 72

[ a i o Y] a g a Al %’
Tuag 3.9 aaT 1BTN101gAZNDU 30 TU HANTAATIZHAIVEINITINIADI AT Tud e
?,’ a A o o =\ 9y a A 9 So} Qy A o w Y
5201 (WUFeNAIUM511T9N1UANLA2910 T59NUKNAATNITNY) 1Az NINAILN1T11Ta0a 2
~ =< = = %} A A o w = 9y a a 9
nanalua15199 2 B d led luduaeNmIun1511Tan1aalud191n 159U Naa T N1
1 @ 1 1 %} 2 A o w { 1 a
WA 979.3 +217.3 un/a. @umd lea luthnenriumsthiaudvesganaaeei iduwa
1 v w S 1w U %} Qy o o {
UANTUAIIND 221.6 + 28.1 UN/a. tazA1® 1od luhnanrumstiiaudvesganaaeei
a 1 @ o S 1w ' I 1 { ] 1 H
AUAIDIUANTUANINY 1683 +22.0 un./a. Fuduaundenasnszuusganiigai
9 o A 1 v A = o A v
(steady state) 1189 20 TU 7D FIIUN 17 UNTIAV DITUN 5 QUAHUT W.A. 2552
H 1 H 1 H a g %’ %} Qy
M3197 2 ArndeuaraleuUNIATIIY (S.D.) ¥oIWI Mo Tuindenssuy Wing
H [ o w v Aa $ 1 a 1 % ) 4 { a
rumstiands nazanz luduaneimavesganaaee iauan uA T tagiAupg

U v S o v A o
muﬂmw‘f 4000 ¥UN./A. TTYZIAUNVNNVDIDIUANDINIA 48 GH'JTlN

WReS
o o wa 3 a 5]
ANHUSTUUAUDIUUNY - o % 8 8 " %3 c§
= | A > S 2 2 s €
h = =
Y oy may | 69 | - - 19793 | 4145 | 955 | - -
HUFYVITETUUY
SD 02 - - 2173 - | 7137 | - -
bidw | o2l 25 | 6o | 5130 - - - 13382 | 5493
anny TRRLT
Iy sufug | SD | 02 | 02 | 852 - - - 856 -
ax 1Ay mav | 77 | 69 |2450| - - - 13979 | 5,09
21017 RRT
S | SD | 02 | 03 | 390 | - - - 704 -
Tidw | pde - - - 2216 50 | 298 - -
NN | w90
1 @ Y] 4 S.D = = = 28.1 = 16.2 = =
WIUNIT HUUA
it 1 mae - - - 1683 36 | 193 - -
1én W0
< | SD - - - | 20| - 7.7 - -

a 7’ A 1
HNNA - W1513JL@]’E]§’$H‘] Elﬂl’alu pH ag SV-30 U128 un./a.

SV-30 ¥¥iU78 ua./a.




o

UNAINGIAY UM INIRINTIAD M.y, (naTulagmsusmstunaden) 73

AMINAADIN 2 MIIUMINAADIABILDININATNARDIN 1 TASMNUATLEZNAIND
P Pl Y H ! H [N
wesszuuthiaindedmiuninaaesnsaesya 48.0 ¥alus  Taeyan 1 liduwa
v @ v 4 v A [ { a 1 @ Y] 4
MUNUNUAITUOUANDINMA (FAAILAN)  AIUFAN 2 (FANAADI) IANKIDIUNUNUA 4000
a 1 [ Y] o 19 % { % 4 Qy
A /8. uaziaumaunuiudonIuaz 16 3y MmeldanszuusuiieanIIIAMININENBY
Y ]
1FPPONNAUANDINAY TN IUAL 3.9 AT 1NoTNEI0IgAZNOU 30 TU TABIAUTZ DY
1 4 ] [ H A =Y a 1 [ Y] o
ADIDIIUNTENITZUING AN 1I2AIN (steady state) AZINUYTMIUMTIANHIDIUANTUADN
[ [ v [ Y] P
Juaz 6 SN (G0 uR/a)  AUTANUTUTUVDIHIDIUANITUAN 4000, 4500, 5000 LA 5500
a d a g %’ = 9 %‘ = d' ] o w =
UA/A. HANISAATIEHAVOINITIADTA19Y TuduFedseuy (udenriumsthianianil
9 a A 9 v Aa %’ Qg’ d' 1 o Y] 9
1A291A 1TINUHAATNIUIY) @01 IUDUANDINIA LAzt ININFIUAITINALE? naaa Ty
~ < 1A ~ Y A oA o w Ay A a 9 "o
A15199 3 F9A1% 199 TUU UFeNH1UN1511TAN 1AL 1A TTINUHAA TN WD
1 1A = %‘ z:" A o w 9 ~ 1 Aa 1 (% o d 1w
942.1 + 136.6 un./a.a2ua® Toa luiinanrdiunisiindandn i@ unao 1 uduiudmin
1y 4

[ %’ L A o w { a a 1 o
253.6 +67.6 Un./a. uaza1® loa luinanriunisiniaudnsuams@unaa ui i ue

4000, 4500, 5000 Liag 5500 UN./a. (NN 215.0, 174.0, 171.0 tiag 146.0 UN./a. AINEIAL

o J
3.3 Uszansmmlumshdaasounsaluzivesdlonvesszuuia
=2 Aa(d A a v v v d
9 IMANDUAS ST ANTURNMID AT UA

d‘ a d 1A = %’ = 9 %’ = d' 1
ANANITNAADIN 1 HALATIZHAIE loAvosd uT 152U (HUFINHIUNT

D.

- P y 2
famaniudr1n 159 upanam iy masminu 9793 + 217.3 unJ/a. WININEIUNT

Yy 9 A

thfaudrvesyanaaesii iEumea wiuiud mSeniiy 221.6 + 28.1 unJa. wazthiaiiiu
msthiaudrvesyananesidunt g 4000 un./a. mAoiy 168.3 + 22.0 un./a.
Fufudszansnmmsiiag Tedvesyanaaesi lilRunssuiuiug whiu 766 + 44 %
LAz vRIYANARDITIANKIE LANITUS 4000 Wn./a. 1M1y 823 + 3.0 % Sodudszansamd

A 2 a 1 v o 1w o {
LWN%H%1ﬂﬂ1§L@]NWQﬂTUﬂNNu@] 4000 YN./A. MNU 5.7+ 2.1 % ﬂﬂllﬁﬂﬂiu@1§1ﬂﬁ 4

D.

= 1

A a S Aas A 2 a9 3

INNANTITNADDIN 2 Wﬂ’Jmi”l%?iﬂ”lﬁlfiﬂﬂ"llﬂﬂu”llﬁﬂl‘ll”ligﬂ‘l_l (UUTINHIUNTT

o o =\ Y a A Y ~ [ 1 @ Y] 4 ~ 1 W
‘UTUGW]NLﬂﬂJLLa’Jﬁﬂﬂji\iﬂuwaﬂﬁ‘lfﬂ‘iﬂu) Ell’e)Q“quﬂ“lflﬂafN‘V]U],JJLGINWQQWHﬂNNHGILﬂaElL‘VHﬂ“]J
1 a S 1A =) %} = 9 %’ A A o w =~
942.1 +136.6 Un./a. ﬁﬂuWa’Jl,ﬂi1$ﬁﬂ1%1@ﬂﬂlﬂ\‘lu1!ﬁm‘1ﬂizﬂ‘lJ HUFINHAIUNITUIUAN AN

a { a 1 v o J
Llﬁ%}ﬁ‘ﬂ1ﬂ1'§\‘]\ﬂl‘mﬁ¢l?’fﬂ1ﬁ1u) %@Q‘gﬂﬂﬂﬁﬂﬂﬁlﬂhﬂﬂﬂ1uﬂuhuﬁ 4000, 4500, 5000 taE 5500
1w o w 2 A0 o w
un./a. minuy 891.0, 807.0, 816.0 Liag 891.0 UN./A. MINAAY Lm%lﬂ‘ﬂ\iﬁWTHﬂTi‘iJTIJﬂLLé}’J‘llfN
{ " Aa 1 v W 4 { 1T @ U %’ Qy i o w

Ggﬂwﬂamﬁ"lumummuﬂwumﬂammﬂu 253.6 + 67.6 UN./a. ﬁ?HHWﬂQﬁW1Hﬂ15U1UﬂLLé}’J

YDIYANAADINAUHIDIUAUITUE 4000, 4500, 5000 LAZ 5500 UA./A. 1NV 215.0, 174.0, 171.0



A33%A 9@ lnea

1Az 146.0 un./a. auday Uszaninmmsmind lofvesyanaaned lu@unsounuiua

unagduunawysainmines 74

v J

H LY Aa A o w { A v [ o 4
MAUMNY 72.8 + 7.5 % uazlsz@nsnImnisniag loavoiyanaaodnaurIn unuiua

4000, 4500, 5000 L@ 5500 WA./@. (NIND 75.9, 78.4, 79.0 11T 83.6 % AINAIAL AU

v v Y
ﬂigﬁﬂ‘ﬁﬂ1W‘V]LWNﬁu‘ﬂ1ﬂﬂﬁl@mﬂﬂﬂ1uﬂuuu@{ 4000, 4500, 5000 i 5500 wn./a..n10Y 3.1,

5.6, 6.2 1A 10.8 % MuaIAL adaaslua1sen 5

Ad' v A ? a 9 ¥
AT NN 3 ANHUSTUUAVDIUUTYUVITSUD U

Y
=Y

v
=

MINAIUNITTY

o

1iauda nazaninglududy

o MAveIyanaaoIi ludurea A UITUA taziAuran1uAuTUs 4000, 4500, 5000 11AZ5500

<3 o v a &
WN./A. TTISIAUNUNNVDIDIUANDINIA 48 3109

WIReS
@ o o ¥ o wn
ANHUSTUUAVDIUUNY - o % 8 8 i % (§
=l cla | S| & |7 |5 |4
. ) mag | 7.3 | - - | 942.1 | 552.7 | 368 - -
UUFYLVI1TSUY
SD | 02| - - 1366 | - 57.4 - -
Tuduma mae | 7.9 | 6.5 | 4694 | - - - | 2,859 | 2,086
1 o @ 4
an1e | DIUNUUUA SD | 02 | 0.7 | 482 - - - 280.1 -
Tuds | @umegiu | 4000 | 8.1 | 48 | 3500 | - - - 3085 -
G} fufud | 4500 | 82 | 7.3 | 3000 | - - - 13424 | 2710
01Md (wn./a.) 5000 | 8.0 | 7.0 | 250.0 | - - - 3,152 ] 2,790
5500 | 8.0 | 7.1 | 2500 | - - - | 3,730 | 3,242
, v | MiAwme | w@s | - | - | - 2536 153 | 590 | - -
HININ . v o @
, UNNNUA | SD | - - - 67.6 - 36.6 - -
WIU - ;
[IUNIDTU 4000 - - - 215.0 - 24.0 - -
. Auiua 4500 | - - - | 1740 | 150 | 13.0 - -
UYI1UA
v (un./a.) 5000 | - - - 171.0 | 53 | 13.0 - -
e
5500 | - - - | 1460 | 7.8 | 280 - -

a 7’ A 1
HNNA - W1311JL@]’E]§§H‘] Elﬂl’ilu pH ag SV-30 U128 un./a.

SV-30 ¥¥iU78 ua./a.



o

UNAINGIAY UM INIRINTIAD

M.y, (naTuTagmsusmstanaden) 75

d‘ a A o v A = A A 1A U v o A a
M35199 4 Yszansmnnismoas loAvean1snaaesi 1 m"lumummuﬂwummzmmm

U v S o v A o
muﬂmw‘f 4000 UN./A. TTYZIAUNVNNVDIDIUANDINIA 48 GH'JTlN

M lonaved | mdleaved | Uszanimw | Uszaniawn
Huden NN ARERIRNILS ARESIRSIL
FANINANDI 52U mythiauda %o #loAn
(un./a.) (un./a.) (%) AU (%)
L | ld@uwenu
yanl | 979342173 | 221.6+28.1 | 76.6+4.4 -
Auiua
L | Aumsauiuiug
Pan 979.3+217.3 168.3+22.0 82.3+3.0 57+2.1
4,000 un./a.

d‘ a A o v A = A A 1A U v o A a
AN S Use@nTammsmnd leavesnisnaassi 2 m"lumummuﬂwummwmum

IURITUA 4000, 4500, 5000 L1AL5500 VA/A. TLILIAUNVANVOIRUALDINE 48 52 114

Ml | Axleaved | Uszansamn | Uszansamn
YoIuude | 1nanFu ARERIRNILS ARERIRNILS
q‘;ﬂﬂquﬂaaq F) o Y =) = = A
@IsEUY | MItiauan % o9 % Toan
(un./a.) (un./a.) (%) LAY (%)
4 e 942.1 253.6
gadi 1 | luduseaunuiud 72.847.5 -
+136.6 +67.6
AUHIDTY | 4,000
Lo, 891.0 215.0 75.9 3.1
1IUA un./a.
ITUAY 4,500
807.0 174.0 78.4 5.6
L | 4000 un/a. | wna.
ol .
HAZINY 5,000
o 816.0 171.0 79.0 6.2
AU un./a.
50 Un./a. 5,500
891.0 146.0 &3.6 10.8
yn./a.




A33%A 9@ lnea vnagluuvauysainm ne/ 76

a 1 v o a KX A o Y a A
ﬂﬁl@lllﬂ\iﬂ11!ﬂ1l3Ju¢la\1611!3$‘U‘UL?I?J’EJ1ﬂWﬁLLU‘UGIﬁ\‘lV‘IﬁﬂJ%%‘Vﬂﬁlﬁﬂﬁ$ﬁﬂ‘ﬁﬂ'}Wﬂ1i

' ]
[ v JdAa

° as ad X2 A a4 ' ) 2 A o ' v o Tt
ﬂ1ﬂﬂcﬁiﬂﬂlwumu1u@l@luW\L]ﬂ'IUﬂllllu@l‘Wllll']ﬂsUu ?”TV]'Lq]ﬂE’]@Gﬁﬂiﬂﬂp‘l\iﬂ']uﬂuuu@llﬁa']u@']‘ﬂ
P
A A

i
a U

' 2 v 1 ° & v o Y =R
andesaa1eNeBINNAIena lnueeds tazih Iiluyiuidvesaumniud 1450 dana'ln
A o Y a A A a A = ) YA o A <3|
nhldinean1zia5u (synergy) tinanashdosdaten1esdinin i langnaagunlasuilu
Msigesdalen1edininla auvquininnisinalnserneni (interaction) 5EHI19W
1 v o J 1 ¥ o
UNNTUALAZNANYATN FIFOANADINUTIBITUUDY Robertaccio ttazAme (1972, 1973, 1978,

{ v a 1 [ Y] 4 a
1979 8199911 Sublette uazANY, 1982) ANV NTLUIUMTANAIIIUANTUAa TUTLDVIAY
1 o v A S A =) a A S Y~ 1 a
IMALLUAZABUITIANNNTONIA 107 & oA uazasounIdngssaalsen laan sz Uy
DIMALUUALNDUITIN IANNID U NITUA HazToAAR0INUNITANYIVSA Perrotti LAY
oy C oA
Rodman (1973 819091uZhang nagame, 1991) 7 ldnadanguinernumsiuaninma
A 1 ] o 4 . . é a Aaaa (d’ == <
FINTNUDINIDTUNNIUUA (bioregeneration) Fanaa1nlRnserveveu laifuuaniFzonas
1 9 [ [ o 4 o aan [ d' @ é Y
ponutazunsid T Tugwyuvesmanunuiug uazinlfiseduasigngadu davg laes

Y

A Yo = o q9a ' ~ o .
Tlﬂﬂﬂﬂcb'llllﬂ@n ﬂﬂﬂTiﬂLﬂﬂﬂTiﬂaﬂﬂaﬂﬂﬁ1iﬂgﬂﬂﬂgﬁﬂﬂﬂﬂﬂ1 (desorptlon) u@ﬂg‘W?uﬂl@QN\i

£l G

v W 4 1

1 a d 4
amnuiudnazgndesaatslaogaunione 11 uaziliold lincar regression Uszumns

9 1 Aa A o v A = Yy 9 1 [ 4 9
IUATITENIN ‘]Ji$?ﬁ/]‘ﬁﬂ”l‘Wﬂﬁﬂﬁlﬂ%T@ﬂﬂUﬂ’ﬂlﬂ"Uiﬂm‘UﬂQWQE]”IuﬂiJiJuﬁi]?.illﬂﬁllﬂ”li

y = 0.0016x + 71.97 3)
Tagh y = Useansmnmsmand 1oa (%)
1 v o Jd Aa a o a
x = ANUTUTUYDINIIUAITUA (Haansu/ang)

v J

Y 9 d'd 1 @ [ Y = U [
1AFUMT (3) 32 1anT1IdUATINTAINNUTUNIND 0.0016 HUIEDI HIDTUAUTUA
A a A o w = Y J a KX A ~ 1 Y a
udszansamlumsdidadled lduinanszuu@ueimauuuasaiany  nluldidums
v @ @ Jd 1w 1 Yy 9 1 @ o c’d' 9 d' % A [
DIUANHUANIND 0.0016 9N1UVDIA NNV UYBIHIDTUANLNUAT 19 A NAsINAALNY Y A A
Aa A o w { v [ Y] S 1w v LY
UszANTMNMIMIAT ToANANUTUTUHIDIUA VT UANINY 0 UA./a. FUNINY 71.97 % uag
v Aa A o @ A A Yy 9 1 v W S 1w =
MNAINABDINDNYTLANTMNAITAIVAT ToANANMANTURIDIUANLUANIND 0 ¥A./a. U
1 LY 4 [ [~ 1 @
ANNINY 72.847.5 % ionfFouneunumstlszuadieniiiduase azmuldnlndifeany
[ a 1 v W s A a =R A 1 a a = 9
uamgaurausuTuamylussuumuoImeuuuasalan lunlsdunu 6848 unsa. H1ld
[ @ a A J = = 1 (% ] o %’
MNWaMINAaedria lo Txmoumsgasua1sounsdluglvesd Toavoansnrunuiiug luih
A A o w = Y a A Y 2 A 1 FI
AENHIUNITINTANITININUAIA 15 INUNANTNITNY s 1zazaulassa l¥91e uazan
[ d’i A 9 9 1 [ o 4 a XK A 9 [
MIFUNALDINUAN WA NV UVBI I UN VUG TuTzVuaNoIMALDUasaan 1¥unn
v 22 A o 2 2 X
5500 Wn./A. PUI UININFIUDIANALNDUITUITTAZNOUNIALND U DUATALND U

1 v @ 4 : 1 [ { a v ?x’l £ 1
2UNTUAMADDNNIA1E FIn1anvuIaueInIanaznounldlunsisensell hiswise



o

UNAINGIAY UM INIRINTIAD M.y, (naTuTagmsusmstanaden) 77

Y 9
%

[ <3 . . { A o 1

FUMILUBIAY (solids loading) NinAn 1 aasiulumsAnuise lduaueuuzIdversvina
[ A %} Qy d‘ 1 % d‘ 7 = =) %’ o g o

YOINIANAZNOUNIONTDINMINHIUDIANAZ no UMD Tam® Toa Tugdazaeird sl

o o 1 a A o w o ' v o d
ﬂWﬂ’JWﬂJﬁNWH‘ﬁi%‘H"JNﬂﬁzf;’f‘ﬂ‘ﬁﬂw\lfﬂiﬂW@@I@aﬂ“}Jﬂ’ﬂhmgﬁJ‘ﬁIu‘U@QW\iﬂTL!ﬂiJiJ‘L!@I

Y
4. agﬂwammﬂamuazmmaummz
a o dy I =~ = 1 v o A a a

NI13IVYU lﬂuﬂﬁf”{ﬂ‘]ﬂﬂ\‘lWasllfNPNﬂTLJﬂlJ3J‘HGI‘V]Lﬂhﬁiiui%ﬂﬂmu@WﬂWﬂLmU
R AL A Aa A ow%’d ygdad'l o w S 9
asalan nuaedsansninveIn1suvau LTy Iﬂﬁlﬁlsﬁuuﬁﬁl‘ﬂﬁ\iﬂWTIJﬂTﬁ‘UT]Jﬂ‘V]NLﬂmLa’J

a a 9 é %’ = [ 1 == = ] ]
mﬂiﬁwuwaﬁammu GlN‘LJ1&ﬁ8ﬂﬂﬂﬁ1’)hﬂ1%1@ﬂ@g1u‘]ﬂ\‘] 673 — 1,383 un./a. NSAN
U v o JAq Y 1 . . Y =2
DIUNUUURN Gl“lfllfﬂ iodine number 950 mmmﬁ;ﬂwamimamuamamuauuz“lummww

A a Y o dy
e 1daatl

4.1 aslwamInaaea
' v o J o o a A = = J T 1
L 0UANTUA 1 A5y au1sogaduasdunsdlugivess loaveidlnd 91
A A o w A9 A a 9 Y A Y Y As A A '
@onrumaihiamanaiiudrnn Issnusaadniiu 14 5.4 un. innudududloanmaoey

Tudu@eminu 120.0 un./a.

Y
o

1 [ Y] 4 [ Y] a = = = % [
2. I0UANTUA 1 nSU ausogaguasaunIdluzilvessTonveidiog19ii
A A o w = 9y a A Y 9 A Yy 9 A aa
@enrumMsTaneFiamudinin Issnunaadniiu 14 18.0 un. Nanududus Toan
A ' Y a W
aeog luiu@emIny 120.0 un./a.
H $ 1A 1 [ @ 4 { A
3.910MINAaeN 1 ganaaosn liaursaunuiuALazyanaaoINANH
1 [ Y] 4 a a { @ %’
2IUAUITUA 4000 ¥n./a. adluszDUANOIMALULATINAY NTzez11a10N11 48 %, 1Y
AzNOU 30 U A150MIa® Tod Taemas TAmMINY 76.6 + 4.4 1Az 82.3 + 3.0 % AUAIAL LAY
A 1A = %} Qy A o @ 9y A [ %
1A% To@ 1uiNanEIunIsINTaLd AN 221.6 + 28.1uag 1683 + 22.0 un./a.
o w T A = g = 9 d' T W d’ =
ANaIAY 1Aen1d loAueat UFeUITEUVURANINDY 979.3 + 217.3 wn./a. WolFeunew
a a o w 1 a a o { A [ ] o 4
U5z ANTMNMIAIAE TR WUINTLULANDIAALUUATINANMANHIDIUA NI UA a1115D
o w A = 9/::' dzj a 2K A d' 1A 1 % v d 1w
M9ad Tod lamuaunIz U@L IMALUUATIla NN T umao AU UAIIAY 5.7 + 2.1 %
4.910M5NAA0eN 2 ganaaeah ludurssuiuiudnasganaaoNfun
[ [ o 4 a a| d {
MUNVITUA 4000, 4500, 5000 LA 5500 UA./a. adluszVVAVDIMALVUASINAN NTZEIA
4 ] -9
AN 48 w1, 91gATNOU 30 Tu @nsafmsadlod laminy 72.8 + 7.5, 75.9, 78.4, 79.0 uaz
o w A 1A = %‘ Qg’ d' 1 o 9 9 1 [
83.6 % aua1ay uazin1d lod 1NN unsIauauNIN 253.6 + 67.6, 215.0, 174.0,

171.0 1Az 146.0 ¥n./a. Mua1ay Tagmd loauaai uaednssuumIng 942.1 + 136.6, 935.2,



A33%A 9@ lnea unagluuvauysaini lne/ 78

o o d‘ = a a o @w A = \
807.0, 816.0 Lag 891.0 UN./a. MUAIAU lu@!lﬁﬂﬂ!cﬂﬂﬂﬂigﬁﬂﬁﬂ'w\lﬂ'ﬁfn%@“]fi’f]ﬂ NUN
A =R A A A ' v o 7 o w A ayy A X a
5$3JUlﬁll’f]']ﬂ'lﬁllﬂﬂﬂﬁﬂwauﬂlﬁilW\‘]ﬂ']uﬂlluuﬁ ﬁ'lll'liﬂﬂ']‘ﬂﬂc])'j’f]ﬂUlﬂlWlﬁUuﬁT]ﬂﬁz’l]’UW]ll
a d { 1A 1 v o Jd 1w o w
'ET]ﬂ']ﬁllfl]Uﬁ?\‘]wauﬁululﬂup\lqa']uﬂuuu@llcﬂ']ﬂﬂ 3.1, 5.6, 6.2 118 10.8 % AMNAAU NADINNTT
Y 1 1 v W = a a o w a A =\ =
ﬂﬂa@\ulﬁﬂ\‘ﬂﬁlﬁuj'lﬂ\‘]ﬂ'nf!ﬂllwu@lllﬂigﬁcﬂ‘ﬁﬂ']WGluﬂ13ﬂ1ﬂﬂﬁ1ﬁ@u%iﬂiugﬂﬂl@qcﬂiﬂﬂ
A X ' o
mindiu liuniin

1 [

5. SEUVANOIMALULATINSUNANHIOUANIUA 4000, 4500, 5000 AL 5500

f
=2 9 3 2 A o w Y o =
DU UIMNNHIUNTTUIUALLAIYIAIN

Y]

= Aa A 1 ~ 1A 1 Y] 4
un./a Nﬂi%ﬁﬂﬁﬂWWQf\iﬂﬂi%UUﬂuliJLGIiJNQﬂTHﬂlIlIHGI
1 a 3L
m%Taamuum*sgmﬂmmwmmmﬂTswmqmmﬂsm G]”Illﬂ'i%ﬂ”lﬂﬂi%‘V]i’NQG]ﬁ”I‘HﬂSSlI
v A o A ~ o Y %’ z:" = =\ (=N
AUUN 2 (W.A.2539) BBﬂGﬂllWS%ﬁGIﬁJiIJ‘EUu@]TSN”Iu W./.2535 V]ﬂ”l?il!ﬂi‘l’il!ﬁ/]x‘lﬂﬂ1%1@ﬂ1ﬂlﬂ1!

'
v v Jda

120 wn/a uavzgrelnilszudamldnielunmsldmeaunududamnlunszurunsgadu
Y

v
A A a 1 a

1 0o w o w %‘ o I~ a
s35uAIA0INMItTanegImnlumsmaad loa luihnendununiniasgiu aaduNu
4 %’ o w
Uszunar 209, 270, 280 LA 360 VIN/GNUIANNATVOIUNTY MIUA1AL (31P1VDINY

UNUITUE 60 LIN/NN.)

v = A a
4.2 ma!aummz‘lumsﬂnmmumu
= = =3 U v o A a a =2 A A
1. miumiﬁﬂy1mwammwmmmnm@mu,mmﬂuﬁwm@mmmmmmﬂWaw
5 v v . A dy A @ ?:} = ' A a A
HAUTUUAUDIA iodine number ﬂqwu NIDIANNUINUINNIT 48 WU, ‘V]Nﬁ@ﬂigﬁ‘ﬂ‘ﬁﬂWW
Y
voINsthau gy
=\ = I U 9 U v o oA a a
2. miumiﬁﬂmmmlﬂu"hJ"lﬂ“lumﬂwmmmJaJu@mmuaﬂuiwumummﬂ
= A Yy 9 1 v o A o v
u‘ufum‘@ﬂa1JTﬂmwwmmmmummuﬂmuﬁ Wi]15’011GUu1ﬂﬂl@ﬂﬂx‘lﬂﬂ§l$ﬂ@uﬁl‘ﬁﬁ1ﬂ150
[ I A 3 a %’ L A [
TUNITLUDILUN (solids loading) ‘ﬁmuﬁm’f’wuaz/w%wmsmwmsnsmmmﬁwmm
d' [ 1A = %‘ ) o [ @ 4 U
ﬁﬂ@]%ﬂi’J‘L!L‘W@’Jﬂﬂ1cﬁjﬂﬂiugﬂﬂ$ﬂ18u1 (soluble COD) @1HIUNIANUAUWUTISHIN

UsANTMNMINIAT ToAnUANUITUTUUDIHID LAY



o

UNAINGIAY UM INIRINTIAD M.y, (naTuladmsusmsaunadeon) 79

IMPROVEMENT OF TREATMENT EFFICIENCY OF ORGANIC MATHERS IN
WASTEWATER FROM PAINT INDUSTRY BY ADDING POWDERED
ACTIVATED CARBON IN FIXED FILM AERATION PROCESS.

KANCHIT CHUTIPAISARN 4936951 ENTM/M

M.Sc.(TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT)

THESIS ADVISORY COMMITTEE: USANEE UYASATIAN, M.Eng.WINAI
NUTMAGUL, Ph.D.

EXTENDED SUMMARY

1. I ntroduction

1.1 Background and significance of the problems

Wastewater from paint factory is composed of sloddégradable organic
compounds. This means that the BOD to COD ratitows. Wastewater treatment
process would require several steps. Typical treatrwould at least include physical
treatment process, chemical treatment process iafayizal treatment process. Since
wastewater from paint factory composes of slowlgrddable organic compounds,
therefore, the wastewater treatment using onlytiaeraystem is not sufficient to treat
the organic compounds in terms of COD to meet tfillemt quality standard

according to the Notification of Ministry of IndugtNo. 2 (B E. 2539) issued under

Factory Act BE. 2535.

In general, slowly degradable organic compoundsti@@ed by carbon
adsorption. The use of the granular activated call@AC) and powdered activated

carbon (PAC) are very expensive in terms of capital and regeneration cost.
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The process by which PAC is added into the activaledge system is
called the powdered activated carbon treatmentgs¢PACT). Flynn (1974, 1975,
as cited in Sublette et al, 1982) reported thatabgvated sludge system with the
addition of PAC could remove non-biodegradable, odusbleand slowly
biodegradable, adsorbable compounds better tharmaheentional activated sludge
system. The reduction of non-biodegradable, adbtel@mpounds resulted from the
carbon adsorption. While slowly biodegradable, doislole compounds were degraded
through some mechanism and the surface of activaddabn could be regenerated.
This synergism was developed as non-biodegradainigounds were transformed to
biodegradable ones via the interaction between dbgvated carbon and the
microorganisms. Perrotti and Rodman (1974, as aitethang et al, 1991) established
a hypothesis that desorption was caused by exoetrymeaction. According to this
hypothesis, although bacteria are too large to stathe micropores of activated
carbon, they can secrete some enzymes which caslty eliffuse into the micropores
and react with the adsorbed substrate. Due to veelslorbability of the reaction

products, the substrate would be desorbed andefudibgraded by microorganisms.

A fixed film aeration process has been used to wenmwganic matters in
wastewater. Wanner et al. (1988) found that thiegss, which was a combination of
activated sludge process and fixed film processjldvenhance the sludge settlement
and inhibited the growth of filamentous microorgans. Gebara (1999) also found
that not only the efficiency of sludge settlememtsvincreased, the BOD removal was

also better. Furthermore, it also reduced the coctsbn cost.

With all above reasons, this research was aimexbnagpare the treatment
efficiency of the fixed film aeration system witlA€ and the one without PAC. The
results of the research might be used to improv&emater treatment system of paint

industry.

1.2 The purposes of theresearch
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1. To study the efficiency of removing slowly biggadable organic
compounds in wastewater from paint industry by aggiowdered activated carbon in
a fixed film aeration system in comparison with ga@me system without powdered
activated carbon.

2 . To compare the cost of COD removal using poed@ctivated carbon

in a fixed film aeration system and the system autipowdered activated carbon.

1.3 Conceptual framework

The addition of powdered activated carbon in fiked aeration treatment
system may cause the synergistic condition dudneoiriteraction between activated
carbon and the microorganisms. This interactioriccenhance the removal of slowly
biodegradable compounds in wastewater from paindtofs, compared with
conventional fixed film aeration system followed &agtivated carbon adsorption. If
this assumption is correct, it could save the caofibn cost of adsorption treatment
unit and the cost of activated carbon or the cbstctivated carbon regeneration. In

addition, the effluent COD might meet the efflugoglity standard.

14 Scope of the study

1. Determine the adsorption isotherms of organmmaunds in terms of
COD of activated carbon in the effluents from cheahitreatment process and from
biological treatment process of paint factory.

2. Study the COD removal efficiency of the fixetirfiaeration system
with the addition of powdered activated carbonhat etention time of 48 hrs (Since
the wastewater from paint factory contains slowlpdegradable compounds,
therefore the hydraulic retention time, hydrauletention time (HRT) should be

greater than normal (24 hrs) This study employed [dR48 hours).

15 Expected results
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1. To obtain the appropriate amount of powdered/aetd carbon added
in the fixed film aeration system in order to tredbwly biodegradable organic
compounds in the effluent of paint factory’s cheamhiceatment process by adsorption

process.

2. To get information for treatment of wastewatentaining slowly
biodegradable organic compounds in paint factoxy @tmers which has the problem
of COD greater than the effluent quality standacdoading to the Notification of
Ministry of Industry No. 2 (BE. 2539) issued under Factory ActBB 2535.

2. M ethodol ogy

The laboratory scale treatment system was usetiednekperiment. The
experimental set was consistent with the typicasteraater treatment plant of paint
factory. The wastewater sample used was the efflirern paint factory’s chemical
treatment process using Fe@nd anionic polymer. Two sets of experiments {set
was the controlled set without the addition of P®Ecomparison purpose; set 2 was
an experimental set with the addition of PAC) weee as fixed film aeration system
with continuous flow. Independent variable was tt@ncentration of powdered
activated carbon in the aeration tank. The comdojparameters and their values are

shown in Table 1.

Table 1 The controlled parameters and their values

Controlled parameters Values
pH 6-8
CODy¢ (mg/L) 750-1,500
HRT (hr) 48
Feed rate of wastewater (L/hr) 2.5
SRT (day) 30
DO (mg/L) >4
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21 Experimental equipment

The fixed film aeration system in laboratory scaensisted of the

following items.

1. Equalization tank of 260 L (Tema brand, modelTRE0A-L125) was

used for wastewater sample storage, made of pgigeth 1 set.

2. Metering pump (ProMinent brand, model CNPAO308RESA01) had
feed rate of 8.5 L/hr at 3.0 bar. It was used famping wastewater from equalization

tank to aeration tanks. 2 sets.

3. Aeration tank was made of clear plastic with Wodume of 120 L. It

consisted of 42-L plastic media, hoses, nozzlessand stick type air diffuser. 2 sets.

4. An aerator, NITTO (MEDO) brand, model LA-45B, svaised for
supplying air at the net volume of 45 L/min to neierganisms in the both aeration

tanks.

5. Plastic media was filled in the aeration tankhwthe volume of 42
L/tank (35% of tank volume).

6. Sedimentation tank was a circular tank with itheerted cone form at
the bottom, made of clear plastic. The diameter\aidme were 0.20 m. and 7.5 L,
repectively. 2 sets.

7. Two sets of 100-L effluent tanks (Tema branddetidCEN100B-L5X6)
were used to store the effluent from wastewateatrment system. They were made of
polyethylene.

8. Powdered activated carbon had the iodine nur@b@r The amount of

powdered activated carbon used in the experimestalvaut 30 kg.
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2.2 The experimental steps

2.2.1 Determination of adsorption isotherm

The determinations of the adsorption isotherms @fawic
compounds in terms of COD of activated carbon ie #ifluents from chemical
treatment process and from biological treatmentcgse of paint factory were
performed according to ASTM D 3860 - 89a (Reappdo¥693) standard practice.
The determination of adsorptive capacity of ac@datcarbon by aqueous phase

isotherm technique was carried out as follows.

1. First, tested with the effluent from paint fagte chemical
treatment process. Started the experiments by @di® ml of effluent from paint
factory’s chemical treatment process to each of5@®Brml Erlenmeyer flasks. Then,
added 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.024nh@ g of powdered activated carbon
into the Erlenmeyer flasks to achieve the concéotreof 0, 500, 1000, 2000, 5000,
10000, 20000, 50000, 100000 and 200000 mg/L, réspsc In the second isotherm
test with effluent from paint factory’s biologicakatment process, the procedure was

the same as the first isotherm test.

2. Swirled the flask to wet the carbon. Allowed ledlask to

stir for 2 hrs at room temperature.

3. Filtered each test and control samples thralplatman
GF / C filter paper, and then analyzed the filseta COD value.

4. Calculated the x/m by using x/m =4C C) V/m
equation and used x/m and f0r plotting the isotherm lines on the log-log pap
x/m = amount of COD adsorbed per weight of
powdered activated carbon (mg/q)
C = concentration of COD before adsorption (hg/

C = concentration of COD after adsorption (mg/L)
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Vv volume of sample taken for experiment (ml)

2.2.2 Start up the experiment

To prepare microorganisms for the experiment, @ sludge
and 42 L of plastic medium from paint factory’s a@eyn tank were put into each
experimental aeration tank. Filled the tank witle tbffluent from paint factory’s
chemical treatment process, then turned on theéamei@tarted continuously feeding
the effluent from paint factory’'s chemical treatmeprocess for culturing
microorganisms. Then, collected wastewater samates analyzed for parameters
such as pH, COD and MLSS until the system reacleadg state. This could be
noticed from the COD removal efficiency.

2.2.3 Experiment

In this experiment, both sets of the wastewateattnent
system were operated. Powdered activated carbometaadded to the aeration tank
for set 1 (controlled set) but was added for séxperimental set). The experiment

was run at the wastewater flow rate of 2.5 L/hr.

First experiment

In both sets of the experiment, HRT was controbedd8.0
hour. In setl (controlled set), powdered activai@mdbon was not added to the aeration
tank. While in set 2 (experimental set), 480 g (#@0g/L) of powdered activated
carbon was added. This concentration of powderéwaded carbon was selected
based on the results of the determination of adsorpisotherms of organic
compounds in terms of COD of powdered activatedaarin effluent from paint
factory’s biological treatment process. The systeas continuously operated until it
was in steady state. Powdered activated carborad@sd at 16 g/day to compensate
for the lost PAC in the sludge discharged fromdkeation tank to keep sludge age of
30 days.
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Second experiment

Proceeded the second experiment from the firstogrielding
wastewater in both sets for 48.0 hour. In set 1pawdered activated carbon was
added to the aeration tank while 4000 mg / L of gered activated carbon was
initially added to aeration tank of the set 2. Bet 2, 16 g/day of powdered activated
carbon was added in order to compensate for thePlAS€ in the sludge discharged
from the aeration tank to maintain the sludge dg&0odays and another 6 g/day (50
mg/L) of powdered activated carbon was also addeachieve the concentration of
4500, 5000 and 5500 mg/L.

3. Results and discussion

31 Theresultsfor adsorption isotherm

From the results of the adsorption isotherms, treefficient of
determination (B of Freundlich adsorption isotherm in the efflieefiom chemical
treatment process of paint factory was 0.9890, whicas higher than that of
Langmuir adsorption isotherm. Therefore, the equatif Freundlich was used.

xim = 0.0001 C&*%? (1)

From the above equation, it was found that 1 g @igered activated
carbon could adsorb 5.4 mg of COD while the comregioh of remaining COD in the
wastewater was 120 mg/L. The constantsadd 1/n were 0.0001 and 2.2762,
respectively. It has been shown by McKay et al8f2,%s cited in Melgoza-Aleman
and Morales-Guzman, 2009) that the n value betwkand 10 indicates beneficial
adsorption. Therefore powdered activated carbahigitest had very low adsorption

capacity.

From the results of the adsorption isotherms, utefficient of

determination (B of Freundlich adsorption isotherm in the effliefiom biological
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treatment system of paint factory was 0.9944, wkwels higher than that of Langmuir
adsorption isotherm. Therefore, the equation ofiktiéich was used.
xIm = 0.7571 C¥&® (2)

From the above equation, it was found that 1 g @i/gered activated
carbon could adsorb 18 mg of COD while the remgr@OD concentration in the
wastewater was 120 mg/L. The value of &d 1/n were 0.7571 and 0.6614,
respectively. Therefore powdered activated carbonthis test had rather low

adsorption capacity.

The concentration of powdered activated carbon usede aeration tank
of set 2 (experimental set) was calculated fromfdHewing equation.

x/Im =18 mg/g
m = ((243-120) mg COD/L)/(18 mg COD /g activated carbon)
= 6848 mg/L

The concentration of powdered activated carbon sbedild not exceed
6848 mg/L. Therefore, the concentration of powdexetivated carbon at 4000 mg /L

was chosen.

3.2 The results of adding powdered activated carbon in fixed

film aeration system to remove or ganic matter

First experiment This experiment was carried out by setting therrebn
time of 48 hours for both sets. In set 1 (contabbet) powdered activated carbon was
not added to the aeration tank. For set 2 (expetiaheset) 480 g (4,000 mg/L)
powdered activated carbon was added. The concentraf powdered activated
carbon was chosen from the results of the adserpgmtherms of organic compounds
as COD of powdered activated carbon in effluentmfrpaint factory’s biological
treatment process. The system was continuoushatgekeuntil it reached steady state.
Powdered activated carbon was added at 16 g/degnpensate for the lost PAC in
the sludge discharged from the aeration tank t@ kdadge age of 30 days. The
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influent (effluent from paint factory’'s chemicaleitment process) and effluent
characteristics of the two sets are shown in TAbIEOD of the effluent from paint
factory’s chemical treatment process was 9793&1L#3 mg/L. COD of the effluent
from the controlled set was 221.628.1 mg/L and COD of the effluent from the
experimental set was 168.322.0 mg/L, which was the average value after ylséem

reached steady state for 20 days, from January Eéltruary 5, 2009.

Table 2 Characteristics of the influents and effluents aodditions in aeration tanks
of the controlled set and experimental set (adgingdered activated carbon at 4,000

mg/L) with the retention time of 48 hrs

Parameters
icti = 2~ = = =l Do
Wastewater characteristics| + |0 J| @ £ 8 = 8 Sl oS s g =)
= |PE|GE|CE|BE|PE|SE|ZE
Influent Mean | 6.9 | - - | 979.3 4145 95% - -
ntiuen SD | 02| - - | 2173 - 73.7 ] ;
Without
powdered Mean 7.7 6.9| 513.( - - - 3,382 5,493
Conditions agg;'s;ﬁd SD | 02| 02| 852 - - - 856 -
in aeration =
Adding
tank powdered Mean | 7.7 | 6.9 245( - - . 3.979 5,096
activated
carbon S.D 0.2 0.3 39.0 - - - 704 -
Without
powdered Mean - - - 221.6 5.0 29.8 - -
activated sh 2o 1 s
Effluent carpon
Adding
powdered Mean - - - 168.3 3.6 19.3 - -
activated
carbon | SD - - - 22.0 - 7.7 ) ]

Second experiment This experiment was carried out by setting the
retention time of 48 hrs. for both sets. In setc@nfrolled set) powdered activated
carbon was not added to the aeration tank whil®04@g/L powdered activated
carbon was added to the aeration tank of set Ze(erpntal set). For set 2, additional
16 g/day of powdered activated carbon was addedder to compensate for the lost
PAC in the sludge discharged from the aeration tankaintain the sludge age of 30
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days and another 6 g/day (50 mg/l) of powderedvaietd carbon was also added to
achieve the concentration of 4500, 5000 and 550QL.nde influent (effluent from
paint factory’s chemical treatment process) anlliefit characteristics of both sets are
shown in Table 3. COD of the effluent from paintttay’s chemical treatment process
was 942.1 136.6 mg/L. COD of the effluent from the contradlleet was 253.6 67.6
mg/L and COD of effluents from the experimentdllseadding powdered activated
carbon at 4000, 4500, 5000 and 5500 mg/L were 2154.0, 171.0 and 146.0 mg/L
respectively.

Table 3 Characteristics of the influents and effluents aodditions in aeration tanks
of the controlled set and experimental set (adgingdered activated carbon at 4000,
4500, 5000 and 5500 mg/L) with the detention tirhé®hrs

Parameters
Wastewater characteristi SRS IS
astewater characteristicy 05 2535|585 85|25 |25
CEGFE|IOE|DE|TE|SE 3 E
Mean| 7.3| - - | 9421 5527 36.8 ; ;
Influent
sb | 02| - - | 1366 - 57.4 ; ;
Without
Vi - - -
powdered| Mean| 79| 65| 4694 2,850 2,086
activated
ot carbon | SO | 02| 07| 482 - - - | 2801 -
~onditions . 4000 | 81| 48| 3500 - i -] z085 -
in aeration| Adding
Tank | powdered| 4500 | 82| 7.3| 3000 - ; - | 3424 2710
activated
carbon | 5000 | 80| 7.0| 2500 - - - | 3182 2,790
(MIL) | 5500 | 80| 7.1| 2500 - ; - | 3730 3242
Without | eon| - | - - | 2536 153 591 - -
powdered
activated | g | | . - | e76| - | 368 - ;
carbon
Adding | 4000 | - - - | 215.0, - 24.0 - -
Efﬂuent powdered
activated 4500 - - - 174.0 15.0 13.Q - -
carbon oo - | 1720 53| 13d - ]
(mglL)
5500 | - ; - | 1460 78| 280 - ;
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3.3 COD removal efficiency of fixed film aeration system with

adding powdered activated carbon

From the results of the first experiment, the ager@0OD of influent (the
effluent from paint factory’s chemical treatmenbgess) was 979.3 217.3 mg/L.
The average COD of effluent from the controlled @eithout powdered activated
carbon) was 221.6_ +28.1 mg/L and the average COD of effluent from the
experimental set (adding powdered activated cadictD00 mg/L) was 168.3 22.0
mg/L. The COD removal efficiency of the controlladd experimental sets were 76.6
+ 4.4 and 82.3 8.0 %, respectively. Therefore, the removal &fficy was increased
by 5.7 +2.1% because of the addition of 4000 mg/L powdexetivated carbon to
fixed film aeration systenas shown in Table 4.

Table4 COD removal efficiency of the first experiment watit and with adding

powdered activated carbon at 4,000 mg/L, reteritrar of 48 hrs

COD (mg/L) COD coD
: removal removal
Experimental set . efficiency
efficiency | . f
Influent | Effluent (%) Increase
. (%)
Without powdered 979.3 | 221.6
Setl activated carbon +217.3] +28.1 76.6+4.4 i
Adding powdered activated 979.3 | 168.3
Set2 carbon at 4,000 mg/L +217.3| +22.0 823430 57421

From the results of the second experiment, theageeCOD of influent
(the effluent from paint factory’s chemical treatrhgrocess) for the controlled set
(without powdered activated carbon) was 9421136.6 mg/L and the average COD of
effluent from this set was 253.667.6 mg/L. COD of the influents (the effluentriro
paint factory’s chemical treatment process) for #erimental set with adding
powdered activated carbon at 4000, 4500, 5000 &@d $ng/L were 891.0, 807.0,
816.0 and 891.0 mg/L, respectively and those dueft COD were 215.0, 174.0,
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171.0 and 146.0 mg/L, respectively. So, COD reme¥tatiency of experimental set
with adding powdered activated carbon at 0, 40@@04 5000 and 5500 mg/L were
728+ 7.5, 75.9, 78.4, 79.0 and 83.6 %, respectivelgrédtore, the removal
efficiencies were increased by 3.1, 5.6, 6.2 an@ 20 because of the addition of
powdered activated carbon to fixed film aeratiostegn at 4000, 4500, 5000 and 5500

mg/L, respectively, as shown in Table 5.

Table5 COD removal efficiency of the second experimenthait and with adding
powdered activated carbon at 4000, 4500, 5000 &0@ Bg/L, retention time of 48

hrs

COD (mg/L) CoD CoD
removal removal
Experimental set efficiency | efficiency
Influent | Effluent (%) increased
(%)
Without powdered 942.1 253.6
Setl | activated carbon +136.6| +67.6 728475 i
. 4’02_0 891.0 215.0 75.9 3.1
Adding mg
powdered 4,500
activated mg/L 807.0 174.0 78.4 5.6
Set 2 | carbon starting
at 4000 mg/L | 9000 | g10 51 4799 79.0 6.2
and add 50 mg/L
mg/L per day
5500 | e910 | 1460 83.6 108
mg/L

From Table 5, it shows that adding more activateiban in a fixed-film
aeration system could enhance COD removal effigiehbe adsorbed COD could be
degraded through some mechanism and surface o¥asedi carbon could be
regenerated. This synergism was developed by tefsaorganic compounds were
transformed to biodegradable ones via interactietwéen activated carbon and
microorganisms. These results correspond with tildiess of Robertaccio et al. (1972,
1973, 1978, 1979, as cited in Sublette et al., 1982ch showed that process of
adding activated carbon into an activated sludgéesy could improve the removal of
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BOD, COD, and refractory substances. Perrotti andnian (1974, as cited in Zhang
et al, 1991) established a hypothesis concernimgepeneration that regenerated
surface of activated carbon or desorption was chuse exoenzymatic reaction.
According to this hypothesis, although bacteriatacelarge to stay in micropores of
activated carbon but they can release some enzwhieh could easily diffuse into
the micropores and react with the adsorbed substi@tie to this reaction, the
substrate would be desorbed and further degradeaidrporganisms.

Linear regression was employed to estimate thetioakhip between
efficiency of COD removal and concentration of penetl activated carbon as shown

in equation (3).

y = 0.0016x + 71.97 3)
where y = COD removal efficiency (%)
X = concentration of activated carbon (mg/L)

From equation (3), a straight line with a slope0Od¥016 is obtained. It
means that a fixed film aeration system with adgogdered activated carbon could
remove COD better than the system without addingdeoed activated carbon by
0.0016 times concentration of powdered activatathara Y axis intercept is COD
removal efficiency at the concentration of powdesietivated carbon 0 mg/L, which is
equal to 71.97%. The experimental results showatl @OD removal efficiency at
concentration of powdered activated carbon 0 mgds equal to 72.8%5% which is
close to the estimated value. Powdered activatdztbnaadded to a fixed film aeration
system should not exceed 6848 mg/L because theriggrgal results from the
adsorption isotherms of COD of powdered activatatb@n in effluent from paint
factory’s biological treatment system showed tha$ unnecessary. From observation
of increasing concentration of activated carborthi@ fixed film aeration system to
more than 5500 mg/L, it was found that there ammes@ediment, of both sludge
sediment and powdered activated carbon sedimeringnwith the effluent from the
sedimentation tank. It is expected that the sizthefsedimentation tank used in this
study cannot serve increasing solids loading. Thezefor further study, it is
recommended that size expansion of the sediment#iok or filtration of effluent

from sedimentation tank to measure COD in solublenfin order to estimate the
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relationship between COD removal efficiency and tomcentration of powdered

activated carbon should be conducted.

4. Conclusions and recommendations

The study of the effects of adding powdered aatdatarbon in a fixed
film aeration system on the efficiency of the wastter treatment was conducted.
Treated wastewater from paint factory’s chemicahtiment process was usedan
influent. Their COD were in the range of 673 to 33®g/L. Powdered activated
carbon used had iodine number 950. The conclusinpdsecommendations for further
study are as follows:

41 Conclusions

1. One gram of powdered activated carbon couldradsd mg of COD in
the samples of treated wastewater from paint fgstarhemical treatment process

with remaining COD concentration of 120 mg/L.

2. One gram of powdered activated carbon couldrads® mg of COD in
the samples of treated wastewater from paint fgstdriological treatment process

with remaining COD concentration of 120 mg/L.

3. In the first experiment, the fixed film aeratisystem without powdered
activated carbon (PAC) could remove COD by 764.4 % and the average effluent
COD was 237.6 #7.9 mg/L. While the one with an addition of 4,00@/L PAC
could remove COD by 82.3 3.0 % and the average effluent COD was 168220
mg/L. Both systems were run at the retention tihd&hrs and the sludge age of 30
days. Considering the average concentration ofienfi COD at 979.3 217.3 mg/L,
the PAC addition could enhance the COD removatiefiicy by 5.7 + 2.1 %.

4. In the second experiment, the fixed film aeratgystem without the
addition of PAC (0 mg/L) and with PAC at the conitation of 4000, 4500, 5000,
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5500 mg/L had the influent COD of 942.1186.6,935.2, 807.0, 816.0 and 891.0
mg/L, respectively.With the retention time of 48 land the sludge age of 30 days, the
effluent COD were 253.6 67.6, 191.7, 174.0, 171.0 and 146.0 mg/L, respelyti
These showed the COD removal of 76.64#4, 75.9, 78.4, 79.0 and 83.6 %,
respectively. Comparing with the system without RACwas concluded that the
addition of PAC could improve the COD removal afficcy by 4.1, 5.3, 5.9 and
10.5 %, respectively.

5. Fixed film aeration system with the addition mfwdered activated
carbon at 4000, 4500, 5000, 5500 mg/L had bettdopeance than the one with no
addition, even though the effluent COD still exaesgeeffluent quality standard from
industry according to the Notification of Ministof Industry No. 2 (B.E. 2539) issued
under Factory Act B.E. 2535 (not more than 120 mgHowever, cost of additional
use of powdered activated carbon in ordinary altorpnit after biological treatment
to remove COD in the effluent to meet the standadd be saved by about 209, 270,
280 and 360 baht/fmof wastewater, respectively (the cost of powdesetvated

carbon was 60 baht/kg).

4.2 Recommendationsfor further study

1. The effect of adding powdered activated carbaoth Wigher iodine
numbers or with greater retention time than 48dmghe treatment efficiency of the

fixed film aeration system should be studied.

2. The study of increasing the concentration of gened activated carbon
in the fixed film aeration system should be conddciwith increased size of
sedimentation tank (based on increased solids dgadand/or filtration of treated
wastewater from the sedimentation tank to detern@@D in soluble form for
estimating the relationship between COD removactiefficy and the concentration of

powdered activated carbon.
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AW :  Metcalf and Eddy, Inc. (2003)
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L = o
g
A
.
=
AL o
—
-
E =
[N ]
a
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=
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o
=
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2
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o Y v dy
Iﬂﬂ ﬁ1lﬂiﬂﬂ1u’)ﬂ!ﬂ1"ﬂu1@1ﬂ JU
! Yy 9 A =
ﬂ1ﬂ313JLGIJ3JGUH’]JI'ﬂﬂ
v g
5883!;'3@1111!ﬂ15ﬂﬂlﬂ1|

Y
@@Iiwmi"lwammuu?m

SIEERLGE

winoma: vieidluiiadmas

n.2 Dalfnsonszuuagnewsesuniuszuuildugadw (fixed film aeration)

450 un. /a.
48 .

SIEERLGE

< o
5$ﬂ$l3a1ﬁluﬂ15lﬂ1]ﬂﬂ

60 9. /U x 48 WY.

24 %Y. /U

120 a.
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o a d
4.5 ﬂ’J1Nin3J15i’l5]1’03531J1Jﬂ$ﬂ®ﬂ!%ﬁiﬂﬂ1ﬁﬂ1ﬂﬂﬂ313~lﬁﬂﬂﬁﬂi‘ugﬂﬁ1ﬁ®‘u‘n§ﬂ

(Activated sludge capacity)
< a I o 1 o Y 1A
Tﬂamllﬂamﬂi@'aammmmmzmuﬁ'ﬂmuﬂmqmsmammummaammu

U
9 9

9
wiounsimuaaiulsznouaiey Idaeandosnunise Uy AuiuIiInIso0NLUIAILAY

Y o v @ o w A % A o ]
seyuInaulusieensinsthauuudanal (extended ratefstisuoonuud1suns
o v 3 oA A o a A o
iaindengesaalven Taona lazeenuuumszussnnarsounsdlseuin 0.1-0.3
nn. Ulea/nn. MLVSS, Ae1gaznou 20-40 14, 52821901 MUDUANDINIA 20-30 2 143 tazll
MaNuEuIUYeIas neuluduANeIMAlTZuIA 2,000-5,000 UA. MLSS/A. Tagfinuaa1n

Y [ dy
1% umsennuuy Agdl

g IMIIan Iadumzgaga (um, 1) 3.2
Fulszans msaaodsimg (ky, 1) 0.025
At uias anda (ks un/a) 9.0
FulszansFnaman (Y, un. VSS un.COD) 0.6
mamﬂﬁmmuaaaiuﬁmzﬂau (MLSS, un/a) 2,800

45.1 9AIINITHOYARIBAITOINITTUNIE (Specific  substrate
utilization rate, U)

U = S-S
0 X
S Ao anudnduvesasomsngszuulugliled
S fe anududuvesaseiseenainszuylugliiled
= v g v A
0 feo szeznannnuluduaueIma
A < ' 1
X Ao veudaiuassssmedinluhnzneu (MLVSS)
U = 450 uN. /8. —20 wn. /a.
27U x 2,800 17, /2. x 0.8
U = 0.096 ei'h
452 @1gvadnznaugaInnegluszuinia (sludge agedy)
1 = YU -l
Oc

= 0.6 x 0.096 Y™ —0.025 7"

= 0.0326 TR

0 = 30.7 U
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453 MmsasdeundniaIulTuugaFnaee1n1s (F/M
. o o w ' Y = Yy 9 1
ratio) smsaluavIzUUalagnisauauanal F/M  Tissuulanududuyen
<3 ' < 3
YOIV IUa0esLed1e (MLVSS) Usuin 0.8 vesnznounsevoudauyiuasesluiin
aznou (MLSS) mviuan1ilszuna 2,240 un. /a.

AOAITINYTVIUYAFNADD 11T
F/IM = (So-S) (Q)
(V)(X)

= 450-20 1N, /a. x 60 8./

120 9. x 2800 WM. /8. x 0.8
= 0.096 nn. iiTea/nn. MLVSS
MANANSMIUTZUUAL N UITIRTNNMTEEALDD WU AT Tmesaen 7'ld
aglugsvesdnsimsintiauuvanal (extended rat@)mﬁﬁmuﬂ”l’?

454 ¥1N15A59@0UAINITYUIINNAITOUNTIA0UTUIAS
(volumetric loading rate, VLR)
Noas1Ms Inamae = 60 @/

a A Jd
MILVTINNETOUNITARLTNINT
VLR = Sox Q (nn.dTeA/au.u.-Tu)
Vr

= 450 WN. /a. x 60 a. /I

120 8. x 1000 Un. /AN,
= 0.225 nn.0Tod/a.u.-7u

Y
MSIZRTUY ANUAINTOVRITTUUAZNO WS IuN151a (activated  sludge

capacity)luuagUaNo 1NN 120 a. = Vrx VLR
a31mMsiianensims lvamas = 120 @. x 0.225 .1 ToA/a1.u.-7U
1000 @. /a1y,

= 0.027 nn.1ToA/ U

QU o a dJ
4.6 ANNANIAVRIAINA 1T IMWIuMsihTaanuandsalugdarsdunsd
(Fixed-film capacity)
Y o a t:'ddy
mseonuulsaInalanalIaan LN

'
A a

W3 (surface area)l02 @s5.4./av.4.

9 Y H Y
5w 42 ang muuﬁu‘ﬁmmmmﬂaNwmt’f@mmﬁmmmu 4.28 Q7.4 LLAZDATINTYDY

v Jdo o

a A = . . . @
dalea1sounIgvedgaru (biological reaction rate constanfpNUANNUTALOAIING
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b4
[ Y v )

1 a ' 3 @ a %,' a S a
ﬂ181!,1’1f]f]ﬂ“ﬁl‘ﬂu%ﬂﬁuﬂﬂ@mﬁﬂuwﬂl@\?uuaﬂ ANUU @?5]31ﬂTﬁEJ’E'JUﬂaWﬂﬁWﬁﬂuﬂ%ﬂ“ﬁ@mﬁﬂN@lNﬂ

U

aunalannauns
KT K20 eT-ZO
il K, = masiivessanmathiaiigumgiilan
0 = 1.02
K,, 9n31M13111ian1 Ted (removal rate constant)

=

NouHgil 20 DA UFATHE 1NNY 12.16 N/A3.4.-TU

Q

a A 3 a 1w =
%1ﬂ@.mﬁﬂull1@ﬂlﬂﬁﬁlﬂlﬂﬂu%ﬁﬂﬁluﬂigmﬁqﬂﬂ INNY 28 DFsaLs e

28-20

Ky = 12.16 x (1.02)

K, = 1425 0./93.0.-3U

anua s lumsmann1 BoD (fixed-film capacity)

428 15.30.x14.25 N./AN5.1.-IU

1,000 n. /A0

0.061 nn.1ToA/ U

anuasalumsiiamanuanidsnsiung 2 szuy (total plant capacity
= aCtivated capacity +

fixed-film capacity

0.027 +0.061 nn.1 oA/ U

0.088 nn.1 Toa/ U

AMTTUTINAATOUNTE (BOD loading) H8a513 lvarudemasminy 0.042
nn.1Tea/u
onsautlaoans (load ratio of safety} 0.088 = 3.26

0.027

v
a

4.7 annarnsnamznaunmavuluuda Yu

4o X
Usunuazneunmeyu P, = XV

0

= 2,800 x 0.8 UN. /a. x 120 Q.

C

30.7 94 x 1000 W/,

= 8.76  N.MLVSS/u
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Mrualia1 MLVSS/MLSS = 0.8
Suanheagneunmaiy = 8.76
0.8

= 10.95 0. MLSS/

4.8 smmarmnfSnanihnzneuninlsereisesnainszuy

Mvualia X

2,800  WN.MLSS/a.

R

Q = 10.95 (N.MLSS/I%)

2,800 (¥A.MLSS/a.)
= 0.0039 a1.3./3Y

= 3.9 a. /7

4.9 msmuanlSinamzneugawluszuuiiia (Control of ML SS)
Y
W lududveinmaszinisaluguisuiaaznaugadnaieluds Tasyagqy

nyueuaznou lunIanaz N

4.10 AIUNVUAVDIDIANAZNOU

(% IS)

4 < v A { U ]
Lﬁ@\?ﬂ”lﬂ"l]@\ﬂﬂlﬂl!ell']uaﬂﬂ (MLSS) ﬂTﬂﬂQl@]NﬂTﬂ”lﬁﬁi%UTm%Tq JANAZNBDUUA

Re

Y
ANUA VTN muumiﬂummma;a%w'ﬁﬁawmzmﬁmmmaqmﬂaumﬂmuwmaﬂszmm
9 [ ] % Y (%) . % 3 g‘/
WioUY NU 15U MTINAUUMIaI1enaena (flocculate  settling) n1sauaauV Ly
(zone settling)uazmsduauuDAA (Compression settlinghsAmuIUVIUIAUDIN
= 9 ° "o ) 2 T Aq Yo o
ANALNDUIINDIATUIUIINADAITIUIAY (Surface overflow rate?qgﬂuﬂ1ﬂ1%a1ﬁiUﬂ1i%u
[ 9 [ T W 3 &2 VoA Y o o % g’/
UM asanasntazA1nIINTZUaNAd FUTUA N IFFHSTUMTINAWMVVFY 1az5
Y A

1 U 90‘ % 4 ) 1 U
ULV UDANT mmiaammu@mmmuw@mmﬁ‘lwama&lagiuﬁmq 24-32 aU.U./A7.4.-9U

waadluzin na
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5, 75 150 75 g5

3
- | | l—Hole @ 3 mm. @ 35 mm.
& e H++ 4+ + +
SR ‘J ——
gl 2" i lr
. | |
3 I
& Iy
| |
N ||
2 & '
b JE.Y SN Y S %?—%7%

200

30 |
|

=%

o+

H 3 a a
HU@ve: el uladwes

gﬂﬁ n.3 D9anaznou (sedimentation tank)

4.10.1 ﬁmmm@hmiwmwﬁﬂ (SL)

' <

ATNITSUDILLUN = QX

A v %’ Y 1w [

Lo Q = amwmi"lwammmmmmu , AU.U/IU
X = anfSumasuuivase , un./a.

' < @

ATNITSUDILLUN = 60 a1. /U x 2,800 UN./8.

1,000 ¥0./n. x 1,000 A./NN.
= 0.168 1./
= 0.007 1./BY.

o i‘ Aa 1%
4.10.2 MUIURINUNNIVDING (A)

11’??’115@5151158%6@“%\1 (SLR) 1.0 (1-5 NN/ANT.N.-FN.)

A = 0.007 NN./FY.
1.0 NN./AT.N.-BU.
A = 0.007 a7.4.

A = 70 7.5,
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Y

NUNAIVDIDIANAZNOU = 3.14x D’
4
= 70 AT.BU.
D = 9.44 @y,
Y ]
4.10.3 MuIUMIsAT1NAUYeeD (over flow rate)iiloszuyusy
% li'
931M3 Inamao
Y
SAINNAUVRINIANAZADUY = 931M3 Ina
4 da o
WUNAIN
= 60 @. /3
0.007 A15.4. x 1000 8./a1.4.
= 8.57  AU.N/MI.U.-IU
4.11 Ysmnaeendaungarndains (Oxygen required)

1 a 90‘ o v 1 o o 54 901
ﬂh'ﬂ18!,1/1E)E)ﬂclﬂilualuu1flﬂ’ﬂhﬁ1ﬂi‘g@lﬂﬂﬁﬂ1\1114‘11@\15%‘1J‘1J‘1J1‘1Jﬂ141l?’f81’11\1
a0 DveeenFaulszaAnTAImnITHIINYEITIULIZAAAL INTIZATWABNIUDIY
a a Y [ Y a a = %’ a A a [
wigeauTalaa uazilimsnsaauTavesgadwluwililsuuanas UnAszuuaznouss

Wl deamseendnu li1¥lumsdesaasarsdunidlaongui BOD: 0, = 1:1

fvuald easaiutaeass (SF) = 2.0
ANMTUTUVDIA150TMIS (S,) = 450 n./av.4.
ulninesusiiediii Tedd (k) = 1L1-12 A¥k=12)
Bunmeendauiidesns = QkS, x SF

= 60x1.2x450x2.0

1,000 n./nN. x 1000 a1./a1.4.

= 0.065 An. 0,/
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MANHIN VU

NamINAanen 1

2 a
719199 V.1 WY

danzlunuanemea
o v . o FAAIVAN FANANO
un TG EIUREES IR,
ClaiRumas M) | Aumeufeiug
4,000 UnN./q)
13 5.A. 2551 6.7 7.7 7.9
14 5.71. 2551 6.7 7.8 7.8
15 5.9. 2551 6.7 7.9 8.0
16 5.9. 2551 6.2 7.7 7.8
17 5.9. 2551 6.2 7.6 7.7
18 5.9. 2551 6.2 7.6 7.7
19 5.9. 2551 7.3 7.9 7.9
20 5.7. 2551 7.3 7.7 7.8
21 5.71. 2551 7.0 7.9 7.8
22 5.71. 2551 7.0 7.9 7.8
23 5.91. 2551 7.0 7.7 7.7
24 5.91. 2551 7.4 7.9 7.9
25 5.91. 2551 7.4 7.8 7.7
26 5.91. 2551 7.4 7.9 7.9
27 5.9. 2551 7.4 7.8 7.9
28 5.7. 2551 6.9 7.8 7.9
29 5.7. 2551 6.9 7.9 7.9
14 11.91. 2552 6.9 7.9 7.9
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M 3199 V.1 1% ()

a1z luduAneIMa
o v . o FAAIVAN FANARD
un TG EIUREESINY,
Clai@umag i) | (Aumaouiig
4,000 WN./Q)
15 40.91. 2552 6.9 7.7 7.8
16 41.91. 2552 6.7 7.4 7.6
17 41.91. 2552 6.7 7.4 7.5
18 4.9,. 2552 6.5 7.2 7.5
19 4.9. 2552 6.5 7.7 7.6
20 4.9, 2552 6.5 7.7 7.8
21 .91. 2552 6.9 7.8 7.6
22 10.91. 2552 6.9 7.8 7.5
23 10.91. 2552 6.9 7.9 7.5
24 11.91. 2552 6.9 7.9 7.6
25 10.91. 2552 6.9 7.7 75
26 4.9, 2552 6.9 7.7 7.5
27 4.9, 2552 6.7 7.9 7.6
28 10.91. 2552 6.7 7.9 7.8
29 10.91. 2552 6.7 7.7 7.6
30 .91, 2552 7.0 7.9 7.5
31 4.,. 2552 7.0 7.7 7.9
1 N.W. 2552 7.0 7.8 7.9
2 AL, 2552 7.1 7.7 7.8
3 N.N. 2552 7.1 7.8 7.6
4 1.0, 2552 7.1 7.8 7.8
5.0, 2552 7.1 7.9 8.1




A3 A Inena

M3197 9.2 A1V IUa0E (un./a.)
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]

gnzlunuaneINd dhilsfirumsthiiand
v . o FANANO FANARD
o Wuden | yaniugu - FANILAY -
un (AU (IANHS

EEATM, (LA L (aidwws L

AUANTUA) THTER AUANTUA) THTER

4,000 Un./9) 4,000 Un./9)
13 5.9. 2551 65.0 8,950.0 8,094.0 27.0 45.0
14 5.,. 2551 65.0 - - 34.0 80.0
15 5.,. 2551 65.0 - - 35.0 57.0
16 §.7. 2551 168.0 - - 30.0 116.0
17 5... 2551 168.0 5,930.0 5,920.0 18.0 40.0
18 5.91. 2551 168.0 - - 31.0 33.0
19 5.9. 2551 30.0 5,750.0 5,040.0 28.0 28.0
20 5.91. 2551 30.0 - - 24.0 28.0
21 5.91. 2551 36.0 - - 38.0 20.0
22 5.7. 2551 36.0 - - 53.0 12.0
23 5.7. 2551 36.0 - - 26.0 19.0
24 5.9. 2551 21.0 6,610.0 9,646.0 20.0 12.0
25 5.91. 2551 21.0 - - 34.0 16.0

26 5.91. 2551 21.0 - - 17.0 9.0

27 5.91. 2551 21.0 - - 24.0 25.0
28 5.91. 2551 36.0 7.,330.0 6,990.0 49.0 27.0
29 5.7. 2551 36.0 - - 27.0 11.0
14 4.9,. 2552 56.0 - - 58.0 42.0
15 4.9,. 2552 56.0 7,808.0 4,374.0 65.0 30.0
16 4.9, 2552 108.0 - - 54.0 10.0
17 10.91. 2552 108.0 - - 50.0 23.0
18 41.91. 2552 110.0 - - 28.0 28.0
19 41.91. 2552 110.0 4,300.0 4,470.0 28.0 26.0
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M3199 V.2 NTUVIUARE (NN./a.) (AD)

]

gnzluguaneInd dhilsfirumsthiiand
v . o FANANO FANARD
o Wuden | yaniugu - FANILAY -
un (AU (IANHS

EEAT, (LA L (aidwws L

AUANTUA) THTER AUANTUA) THTER

4,000 Un./9) 4,000 Un./9)
20 10.91. 2552 110.0 - - 23.0 20.0
21 4.9, 2552 193.0 4,340.0 4,400.0 49.0 18.0
22 4.9, 2552 193.0 - - 49.0 23.0
23 1.9, 2552 193.0 4,275.0 4,400.0 46.0 21.0
24 1.9, 2552 193.0 - - 24.0 16.0
25 10.91. 2552 193.0 2,610.0 3,890.0 52.0 40.0
26 10.91. 2552 193.0 - - 40.0 28.0
27 .91, 2552 59.0 - - 48.0 18.0
28 10.91. 2552 59.0 2,834.0 3,440.0 40.0 11.0
29 4.9, 2552 59.0 - - 38.0 12.0
30 4.9, 2552 32.0 3,570.0 4,970.0 18.0 16.0
31 4.,. 2552 32.0 - - 9.0 17.0
1 .. 2552 32.0 - - 16.0 6.0
2 1.0, 2552 8.0 2,950.0 3,420.0 9.0 9.0
3 1.0, 2552 8.0 - - 10.0 21.0
4 1.0, 2552 8.0 2,175.0 2,845.0 9.0 20.0
5 N.N. 2552 16.0 - - 10.0 13.0
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NMANUIN/ 114

N

32 A o w Y
HIMINAIUNITUIUALAD

o v . o FAAIVAN FANANO
un TG EIUREES IR,
ClaiRumas i) | Aumouieiug
4,000 1N./Q)
13 5.9. 2551 1,056.0 182.0 142.0
14 5.9. 2551 1,056.0 102.0 73.0
15 5.A. 2551 1,056.0 95.0 66.0
16 5.9. 2551 946.0 109.0 87.0
17 5.9. 2551 946.0 146.0 102.0
18 5.7. 2551 946.0 146.0 102.0
19 5.9. 2551 931.0 163.0 116.0
20 5.91. 2551 931.0 155.0 124.0
21 5.91. 2551 993.0 186.0 147.0
22 5.7. 2551 993.0 179.0 171.0
23 5.7. 2551 993.0 171.0 147.0
24 ... 2551 1,026.0 190.0 152.0
25 5.0. 2551 1,026.0 182.0 160.0
26 5.91. 2551 1,026.0 182.0 160.0
27 5.91. 2551 1,026.0 167.0 167.0
28 5.91. 2551 1,330.0 167.0 160.0
29 5.7. 2551 1,330.0 152.0 152.0
14 4.9,. 2552 1,383.0 371.0 291.0
15 4.9.. 2552 1,383.0 510.0 306.0
16 4.9,. 2552 1,077.0 364.0 262.0
17 10.91. 2552 1,077.0 291.0 204.0
18 41.91. 2552 863.0 246.0 179.0
19 41.91. 2552 863.0 223.0 179.0
20 10.91. 2552 863.0 238.0 179.0
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M3199 1.3 BleA (n./a.) (AD)

dhiafrhumsiaud
o v . o FAAIVAN FANARD
Ui TG EIUREES IR,
Clai@umag i) | (Aumaouiig
4,000 WN./Q)
21 .91. 2552 1,250.0 246.0 179.0
22 10.91. 2552 1,250.0 231.0 186.0
23 U.9. 2552 1,250.0 238.0 193.0
24 4.91. 2552 1,250.0 189.0 153.0
25 U.9. 2552 1,250.0 218.0 197.0
26 U.9. 2552 1,250.0 218.0 175.0
27 1.91. 2552 1,048.0 238.0 166.0
28 10.91. 2552 1,048.0 238.0 190.0
29 11.91. 2552 1,048.0 231.0 185.0
30 4.9, 2552 673.0 198.0 151.0
31 4.9,. 2552 673.0 190.0 151.0
1 N.NW. 2552 673.0 169.0 138.0
2 N.N. 2552 799.0 184.0 138.0
3 1.0, 2552 799.0 230.0 162.0
4 1.0, 2552 799.0 192.0 131.0
5.0, 2552 860.0 223.0 138.0
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M51397 .4 Ded (Nn./a.)
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dhiafrhumsiaud
o v . o FAAIVAN FANANO
Ui TG EIUREES LY,
ClaiRumas i) | Aumouieiug
4,000 Un./q)
13 5.9. 2551 426.0 5.0 3.0
24 5.91. 2551 402.0 3.0 3.4
15 4.9,. 2552 420.0 7.0 5.0
28 1.9, 2552 410.0 5.0 3.0
A5197 1.5 senFUazEI (In./a.)
a1z luduAneIMa
Sl FAAIVAN FANANO
Chidumaunuiueg) (RURADTUNUITUS 4,000 UN./a)

13 5.9. 2551 5.5 4.8

14 5.9. 2551 5.1 4.8

15 5.,. 2551 4.8 5.1

16 5.91. 2551 5.0 5.0

17 5... 2551 4.8 6.9

18 §.7. 2551 6.4 7.0

19 5.9. 2551 6.4 7.1

20 5.91. 2551 6.4 7.1

21 5.91. 2551 6.4 7.3

22 5.91. 2551 6.8 7.2

23 5.9 2551 6.7 7.3

24 5.91. 2551 6.8 7.3

25 5.7. 2551 6.9 7.4

26 5.91. 2551 7.0 7.3
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M3199 1.5 ponduaza1ei (Nn./a.) (o)

gnzluguaneINd
Sl FANIAN FANAADY
Cludumaounuiueg) (AU TUNUITUS 4,000 UN./a)
27 5.91. 2551 7.1 7.2
28 5.91. 2551 7.0 7.3
29 5.91. 2551 7.0 7.3
14 11.91. 2552 7.0 7.3
15 40.91. 2552 7.0 7.0
16 4./. 2552 6.8 7.0
17 30.91. 2552 6.8 7.0
18 10.91. 2552 6.8 6.8
19 10.91. 2552 6.8 6.4
20 1.91. 2552 6.5 6.5
21 1.9, 2552 6.5 6.5
22 10.91. 2552 6.5 6.5
23 4.9, 2552 6.8 6.5
24 11.91. 2552 6.8 6.4
25 1.91. 2552 6.8 7.2
26 1.91. 2552 7.0 7.1
27 10.91. 2552 6.9 7.1
28 1.9, 2552 6.9 7.1
29 1.9. 2552 7.0 7.1
30 4.7. 2552 7.0 7.1
31 40.91. 2552 7.0 7.3
1 A.W. 2552 7.1 7.2
2 1.0, 2552 7.1 7.2
3.0, 2552 7.1 7.2
4 N.N. 2552 7.2 7.2
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M15199 .6 19a3-30 (Na./a.)
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a1z luguaneIMa
Sl FAAIVAN FANAADY
Chidumaounuiueg) (RURDTUNUITUS 4,000 UN./a)

5.1, 2552 7.2 7.2

13 5.9. 2551 500.0 800.0
14 5.¢. 2551 720.0 690.0
15 5.,. 2551 870.0 810.0
16 §./. 2551 800.0 820.0
17 5... 2551 890.0 900.0
18 5.91. 2551 840.0 850.0
19 5.9. 2551 810.0 820.0
20 5.91. 2551 580.0 810.0
21 5.91. 2551 660.0 670.0
22 5.7. 2551 830.0 820.0
23 5.7. 2551 890.0 830.0
24 5.9. 2551 720.0 680.0
25 5.91. 2551 830.0 710.0
26 5.91. 2551 780.0 740.0
27 5.91. 2551 400.0 610.0
28 5.91. 2551 440.0 360.0
29 5.7. 2551 470.0 350.0
14 4.9, 2552 450.0 310.0
15 4./. 2552 470.0 440.0
16 11.91. 2552 520.0 210.0
17 1.91. 2552 420.0 260.0
18 10.91. 2552 460.0 280.0
19 10.91. 2552 460.0 200.0
20 4.9.. 2552 460.0 220.0
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M 3199 0.6 1983-30 (a./0.) (AD)

a1z luguAneIMa
i FAAIVAN FANAADY
Clidumaounuaiueg) (AU TUNUITUE 4,000 UN./a)
21 1.91. 2552 540.0 200.0
22 10.91. 2552 550.0 200.0
23 1.9, 2552 440.0 250.0
24 4.91. 2552 470.0 280.0
25 4.9, 2552 440.0 270.0
26 4.9, 2552 400.0 210.0
27 1.91. 2552 400.0 200.0
28 10.91. 2552 500.0 270.0
29 10.91. 2552 600.0 290.0
30 .91, 2552 670.0 230.0
31 4.,. 2552 550.0 310.0
1 N.NW. 2552 500.0 300.0
2 N.N. 2552 570.0 320.0
3 1.0, 2552 670.0 260.0
4 1.0, 2552 510.0 280.0
5.0, 2552 650.0 250.0
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MANHIN A

NaNINAADIN 2

2 =
719199 A.1 WY

ganzlunuaneInd
YANILIAN FANAADY
. Fudendh Claidums | @uresuiaiud Sudy 4,000 un/a way
il s MUAITUA) BN Tuas 50 un./a)
Anututuveans | Aeslududneina
UANITUA (Un./a)
19 N.N. 2552 7.0 7.5 4,000 8.1
20 N.N. 2552 7.0 7.8 4,050 8.2
21 AN, 2552 7.2 7.8 4,100 8.0
22 AN, 2552 7.2 8.0 4,150 8.2
23 AN, 2552 7.1 7.9 4,200 8.1
24 AN, 2552 7.1 7.9 4,250 8.1
25 N.N. 2552 7.3 7.8 4,300 8.1
26 N.N. 2552 7.3 7.7 4,350 8.0
27 H.N. 2552 7.3 7.8 4,400 7.9
28 .. 2552 7.3 7.8 4,450 8.1
1§1.0. 2552 7.5 8.1 4,500 8.2
231.9. 2552 7.5 8.0 4,550 8.0
331.0. 2552 7.4 8.0 4,600 8.2
411.9.2552 7.4 7.8 4,650 8.0
511.9. 2552 7.4 7.8 4,700 8.0
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M3199 A.1 W% (M)

gnzluguaneINd
FANIAN FANANO
r Ve Claidums | @ureguiaiud Sud 4,000 un/a way
o F2UY AUANITUA) B0 uaz 50 un./a)
anututuvens | Aeslududveina
AuANTUA (Un.J/a)
6 1.9, 2552 7.4 8.0 4,750 8.1
74.9. 2552 7.7 8.0 4,800 8.1
8 11.91. 2552 7.7 8.1 4,850 8.2
9%.9. 2552 7.7 8.2 4,900 8.2
10 31.91. 2552 7.5 7.9 4,950 8.1
113l.9. 2552 7.5 7.7 5,000 8.0
12 31.91. 2552 7.5 7.9 5,050 8.1
13 1l.91. 2552 7.2 7.8 5,100 8.0
14 1.9, 2552 7.2 8.0 5,150 8.1
15 1.9, 2552 72 8.0 5,200 7.9
16 1.9, 2552 7.2 8.1 5,250 8.0
17 3l.91. 2552 7.0 8.1 5,300 7.9
18 11.71. 2552 7.0 8.1 5,350 8.0
19 31.91. 2552 7.0 8.1 5,400 7.9
20 §i.91. 2552 7.3 8.0 5,450 7.9
21 1.9, 2552 7.3 8.1 5,500 8.0
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M9 7.2 A1V IUAE (un.J/a.)

FANILAN FANADD
v (lipunenu (RuRE RIS GUAY 4,000 un./a
IGE Lo .
o NuIUA) HazNudnNIUaL 50 UN./a)
uh N R T
) aamelu | el | anwdudu | @anglu | ey
wH DUAN FIUMS | VOIRIDIUNN | DAY msihva
e | thifaudd | Sud @wnsa) | ema 1an
19A.W.2552 | 18.0 | 2,835.0 12.0 4,000 3,085.0 24.0
20 N.NW. 2552 18.0 42.0 4,050 19.0
21 N.N. 2552 6.0 12.0 4,100 13.0
22 N.N. 2552 6.0 14.0 4,150 7.0
23 N.N. 2552 50.0 55.0 4,200 12.0
24 NN.2552 | 500 | 3,045.0 112.0 4,250 3,585.0 10.0
25 N.N. 2552 | 38.0 130.0 4,300 11.0
26 N.W. 2552 | 38.0 100.0 4,350 10.0
27 H.N. 2552 | 240.0 3,304.0 92.0 4,400 3,424.0 15.0
28 N.NW. 2552 | 240.0 148.0 4,450 7.0
130.9. 2552 7.0 106.0 4,500 13.0
28.0.2552 | 7.0 86.0 4,550 14.0
39.A.2552 | 14.0 80.0 4,600 16.0
41.0.2552 | 14.0 54.0 4,650 13.0
59.9.2552 | 140 | 2,775.0 54.0 4,700 3,065.0 13.0
61.A.2552 | 14.0 36.0 4,750 12.0
791.0.2552 | 5.0 43.0 4,800 8.0
81.n.2552 | 5.0 54.0 4,850 9.0
9 11.9. 2552 5.0 3,172.0 62.0 4,900 3,152.0 10.0
103.0.2552 | 13.0 70.0 4,950 13.0
113.0.2552 | 13.0 82.0 5,000 13.0
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M3199 .2 AUVINABEY (NN./A.) (AD)

YANIVAY YANAAD
v (ludumanu (AR IUAITUE FUAY 4,000 Un./a
Wuae Yo . 4 oa e
o AUNUN) HagmuonIUaL 50 un./a)
un n 722 Y v 72 1,
annzlu | 1hnan ANuNTe | @nnglu | dinaneu
5311
DA WIUNS | UOIRNDIUNY DAY N15111J@
o o 9 @ 4 Y]
01me | 1auan uA (Wn./a) 1NA a0
123.9.2552 | 13.0 2,800.0 38.0 5,050 2,605.0 12.0
13 ﬁ.ﬂ. 2552 18.0 54.0 5,100 16.0
14 ﬁ.ﬂ. 2552 18.0 2,865.0 106.0 5,150 2,670.0 29.0
15 ﬁ.ﬂ. 2552 20.0 20.0 5,200 16.0
16 ﬁ.ﬂ. 2552 20.0 2,485.0 22.0 5,250 3,150.0 20.0
173.9.2552 | 28.0 25.0 5,300 19.0
183.9.2552 | 28.0 2,390.0 32.0 5,350 3,335.0 18.0
193.9.2552 | 28.0 22.0 5,400 20.0
20 ﬁ.ﬂ. 2552 76.0 33.0 5,450 42.0
21 ﬁ.ﬂ. 2552 76.0 2,928.0 36.0 5,500 3,730.0 28.0
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M3191 n.3 Fed (Nn./a.)
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dhiafrhumsiaud
FANILAN FANAADY
o4 s . (TirAuwa (Aunas A Fudu 4,000 un/a
U Widedhszuy | L L, .

DUANITUA) Lagiudnuay 50 un./a)
anutuduvems | aleveniie
auUd WnJ/a) | Fumsthtiauds

19 N.N. 2552 891.0 230.0 4,000 215.0
20 N.N. 2552 891.0 259.0 4,050 187.0
21 N.N. 2552 950.0 216.0 4,100 173.0
22 N.N. 2552 950.0 209.0 4,150 180.0
23 AN, 2552 922.0 266.0 4,200 173.0
24 1N, 2552 922.0 338.0 4,250 191.0
25 AN, 2552 1,123.0 346.0 4,300 173.0
26 N, 2552 1,123.0 346.0 4,350 195.0
27 N.N. 2552 1,325.0 338.0 4,400 216.0
28 N.N. 2552 1,325.0 390.0 4,450 188.0
13.7.2552 807.0 306.0 4,500 174.0
2., 2552 807.0 266.0 4,550 160.0
331.0. 2552 1,002.0 265.0 4,600 181.0
43.9.2552 1,002.0 230.0 4,650 157.0
5131.0. 2552 1,002.0 230.0 4,700 157.0
6 3.9, 2552 1,002.0 244.0 4,750 171.0
730.9. 2552 783.0 262.0 4,800 155.0
8 1.9, 2552 783.0 302.0 4,850 139.0
9 31.9. 2552 783.0 335.0 4,900 155.0
10 5.9 2552 816.0 286.0 4,950 159.0
11 %.9. 2552 816.0 326.0 5,000 171.0
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M3199 .3 Fed (Nn./a.) (AD)

dhiafrhumsaud
FAAIUAN FANAADY
L4 s . (TirAuwa (Aunasmiiud Fudu 4,000 un/a
Ui Wudadnszu o, o
DUNNUUA) HAZINNDNIUAL 50 UN./A)
anutuduvems | aleaveniiied
UANTUA Wn/a) | Fumsthtiauds
12 5.9, 2552 816.0 229.0 5,050 184.0
13 §.9. 2552 979.0 220.0 5,100 163.0
14 1.9 2552 979.0 294.0 5,150 184.0
15 .91. 2552 982.0 151.0 5,200 135.0
16 1.7 2552 982.0 155.0 5,250 140.0
17 1.7, 2552 887.0 154.0 5,300 135.0
18 1.7 2552 887.0 159.0 5,350 135.0
19 1.7 2552 887.0 159.0 5,400 158.0
20 .91. 2552 891.0 174.0 5,450 152.0
21 3.9, 2552 891.0 177.0 5,500 146.0
a1 n.4 TTod (n./a.)
dhiafrhumsiaud
FARIUAN FANAADY
L4 s . (TiiAuma (Aunas A Fudu 4,000 un/a
Ui Wudednszu o, o
DUNNUUA) HAZINNDNIUAL 50 UN./A)
anutuduvoms | Oledveuhiiad
UANTUA WnJ/a) | Fumsthtiauds
13.9.2552 660 26.7 4,500 15.0
11 1.9, 2552 450 12.5 5,000 53
21 1.9, 2552 548 6.6 5,500 7.8
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M3197 1.5 vonFoHaza eI (un./a.)

a1z luguaneIMa
FANILAN FANAADY
Lo CliRumaausuiud) | (@uresusuaiug Gudi 4,000 un/a taziiusn
o AL 50 un./a)
ANUTUTUYDIN penFuazatetnly
auTUA (Un./a) DUANDINA
19 N.N. 2552 5.5 4,000 4.8
20 N.NW. 2552 5.1 4,050 4.8
21 N.N. 2552 4.8 4,100 5.1
22 NN 2552 5.0 4,150 5.0
23 N.N. 2552 4.8 4,200 6.9
24 N.N. 2552 6.4 4,250 7.0
25 N.N. 2552 6.4 4,300 7.1
26 N.N. 2552 6.4 4,350 7.1
27 N.N. 2552 6.4 4,400 7.3
28 N.N. 2552 6.8 4,450 7.2
13.9. 2552 6.7 4,500 73
2 1.91. 2552 6.8 4,550 73
3 3.9. 2552 6.9 4,600 7.4
411.9.2552 7.0 4,650 73
53.9.2552 7.1 4,700 7.2
6 1.9, 2552 7.0 4,750 7.3
74.9. 2552 7.0 4,800 73
8 11.1. 2552 7.0 4,850 73
9%.9. 2552 7.0 4,900 7.0
10 3.9, 2552 6.8 4,950 7.0
1130.9. 2552 6.8 5,000 7.0
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M3199 A.5 anFIuaza1e (NN./a.) (AD)

a1z luguaneIMa
FANILAY FANAADY
Lo Claumaauiudud) | (@uresusuaiug Gudi 4,000 un/a uaziiy
o anIUAL 50 Wn./A)
ANUTUTUYDIN pendauazaterihly
auANTUA (Un.J/a) DUAVDINA
12 1.9, 2552 6.8 5,050 6.8
13 1.9, 2552 6.8 5,100 6.4
14 1.9, 2552 6.5 5,150 6.5
15 1.9, 2552 6.5 5,200 6.5
16 31.91. 2552 6.5 5,250 6.5
17 3.9, 2552 6.8 5,300 6.5
18 31.91. 2552 6.8 5,350 6.4
19 3.9 2552 6.8 5,400 7.2
20 .91, 2552 7.0 5,450 7.1
21 1.9, 2552 6.9 5,500 7.1
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a1z luduAneIMa
FANIAN FANARD
Lo CliRumaausuiud) | (@uresusuaiug Gudi 4,000 un/a taziiusn
o AL 50 un./a)
ANty | wad-30lududnernms
auTUA (Un./a)
19 N.N. 2552 500.0 4,000 350.0
20 N.NW. 2552 550.0 4,050 330.0
21 N.N. 2552 540.0 4,100 340.0
22 N.N. 2552 550.0 4,150 310.0
23 NN, 2552 420.0 4,200 240.0
24 N.N. 2552 460.0 4,250 250.0
25 NN, 2552 470.0 4,300 270.0
26 N.W. 2552 520.0 4,350 290.0
27 N.N. 2552 440.0 4,400 230.0
28 N.N. 2552 470.0 4,450 310.0
13.9. 2552 440.0 4,500 300.0
2 §i.9. 2552 400.0 4,550 320.0
3 9.0 2552 460.0 4,600 260.0
47.9.2552 540.0 4,650 280.0
531.0. 2552 400.0 4,700 250.0
6 1.9, 2552 440.0 4,750 270.0
731.9. 2552 470.0 4,800 290.0
8 1.1 2552 450.0 4,850 320.0
931.9. 2552 470.0 4,900 330.0
10 31.91. 2552 520.0 4,950 310.0
113l.9. 2552 420.0 5,000 250.0
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M3199 0.6 1983-30 (Na./.) (D)

a1z luguAneIMa
FAAIVAN FANARD
Lo Claumaauiudud) | (@uresusuaiug Gudi 4,000 un/a uaziiy
o anIUAL 50 Wn./A)
anututuvesns | wad-30lududnernia
auANTUA (Un.J/a)
12 1.9, 2552 460.0 5,050 290.0
13 §.91. 2552 460.0 5,100 310.0
14 1.9, 2552 460.0 5,150 320.0
15 .91. 2552 540.0 5,200 280.0
16 11.91. 2552 550.0 5,250 270.0
17 3l.91. 2552 440.0 5,300 250.0
18 11.91. 2552 470.0 5,350 280.0
19 31.91. 2552 440.0 5,400 270.0
20 .71. 2552 400.0 5,450 320.0
21 1.9, 2552 400.0 5,500 250.0




A3 A Inena

A298195 18N IAIHIN

NMANHIN 3

1 ﬁ?@)ﬁhfl‘ﬂﬂﬂ1iﬁ1ﬂ3m%1ﬂﬂ1i1ﬁﬁ 4.6

NANUIN/ 130

Maled | Aaxleaved | Uszansaw | Uszansamn
voauude | nanEIu ARERIABILS Asitiad loa
FANTNANDY ) o . 442
WITzUY | MIthiaudn %109 NNVVU (%)
(un./a.) un./a.) (%)
4| idumanu 979.3 221.6 76.6
U +2173 +28.1 +4.4
L | Aumetuimiud | 9793 168.3 82.3 5.7
%N 2
4,000 un./a. +217.3 +22.0 +3.0 +2.1

o ) Y A A Y A v
ﬂ'lu'lﬂl%'lﬂsllauuaﬂUlﬂ%']ﬂﬂ'ﬁﬂﬂa@\iﬂ 1 ﬂﬁgﬂﬂlm1gﬂ133ﬂ\1ﬂ (Steady State)aj

ot
Sl M Tof M ToAvod Usgansnn Uszansnmn

veuthide | thinaiehunisthiia msthas o msithvas o
RREEATRY uaaun./a.) (%) R (%)
Wn./a) | FAAIUAN | FANAADY | FAAIUAN | FANAADI

17 4.0.52 1077.0 291.0 204.0 73.0 81.1 8.1

18 U.7.52 863.0 246.0 179.0 71.5 79.3 7.8

19 4.7.52 863.0 223.0 179.0 74.2 79.3 5.1

200.0.52 | 863.0 238.0 179.0 72.4 79.3 6.9

210.0.52 | 1250.0 246.0 171.0 80.3 86.3 6.0

220.0.52 | 1250.0 231.0 186.0 81.5 85.1 3.6

23 U.0.52 1250.0 238.0 193.0 81.0 84.6 3.6

24 4.9.52 1250.0 189.0 153.0 84.9 87.8 2.9
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Sl M Tof M oAV Usgansnn Uszansnmn
veuthide | thinanehunisthiia msthas o msihvas o
RREEATRY uaaun./a.) (%) R (%)
Wn./a) | FAAIUAN | FANAADY | FAAIAN | FANAADI
25 U.0.52 1250.0 218.0 197.0 82.6 84.2 1.6
26 U.0.52 1250.0 218.0 175.0 82.6 86.0 34
27 U.0.52 1048.0 238.0 166.0 77.3 84.2 6.9
28 W.0.52 | 1048.0 238.0 190.0 77.3 81.9 4.6
290.0.52 | 1048.0 231.0 185.0 78.0 82.3 43
300.0.52 | 673.0 198.0 151.0 70.6 77.6 7.0
310052 | 673.0 190.0 151.0 71.8 77.6 5.8
1 N.N.52 673.0 169.0 138.0 74.9 79.5 4.6
2 N.N.52 799.0 184.0 138.0 77.0 82.7 5.7
3 N.N.52 799.0 230.0 162.0 71.2 79.7 8.5
4 N.N.52 799.0 192.0 131.0 76.0 83.6 7.6
5 f.N.52 860.0 223.0 138.0 74.1 84.0 9.9
Average 979.3 221.6 204.0 76.6 82.3 5.7
SD 217.3 28.1 22.0 4.4 3.0 2.1

gNA0E1INITAIUIUUDIIUN 17 1.0.52

- Uszansmunsthiad TeAvesganIuay (%)

Yy ¥ 1
A o A A

3 v o o
= @leMminduinszuy — & loAinsnrumaihiaudnnganiunm)

Y

= S o A 9
%I@ﬂunﬁﬂlﬁlﬂi%‘ﬂ‘ﬂ
= (1077.0-291.0)/1077.0 =73.0%

- sz @nSmun1siad ToAuo1gaNAa o (%)

Y
A o

Y Yy H f ° o
= @leMminduinszuy — & loMhnsnrmumsihiaudinnganaan)
4

= A o A 9
F ToRuuaensz U

(1077.0 — 204.0)/1077.0 =81.1%
- UseAnsammstiniad Toanmuau (%)
= szaninmueaganaaed - Uszansnmganiugy

=  (81.1-73.0)% =81%
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2 ﬁ?@)ﬁhfl‘ﬂﬂﬂ1iﬁ1ﬂ3m%1ﬂﬂ1i1\‘lﬁ 4.7

NANUIN/ 132

malen | maled | Usz@ninwm | dszanimmw
veath | wewthina | mstinia msihva
FANTNADO G | s % Tof ol
szuy | dfeudn (%) A (%)
wn./a) | Wn/a.)
A 942.1 253.6 72.8
| li@umaa i -
1 +136.6 +67.6 +7.5
WA | 4000 un/a. | 8910 215.0 75.9 3.1
T
22y 4,500 un./a. 807.0 174.0 78.4 5.6
AN | (FUAY 4,000
> | wnsa uae | 5:000uA/8. | 816.0 171.0 79.0 6.2
iSuag 50
5500 un/a. | 891.0 146.0 83.6 10.8
un./a.
fuanendeyai 1danmsnaaesii 2 fail
Winame | adled | maledvenhinsiisu | sz@niammsinia | Uszaniam
21U RGN mMsthiaudd %o msihva
Ausiud | whszuu (un./a.) (%) Toad
(un./a) Wn/a) | ¥aMUAN | YANAADY | YARIUAN | YANAADY Lﬁwﬁu(%)
4000 891.0 230.0 215.0 74.2 75.9 1.7
4050 891.0 259.0 187.0 70.9 79.0 8.1
4100 950.0 216.0 173.0 77.3 81.8 4.5
4150 950.0 209.0 180.0 78.0 81.1 3.1
4200 922.0 266.0 173.0 71.1 81.2 10.1
4250 922.0 338.0 191.0 63.3 79.3 16.0
4300 1123.0 346.0 173.0 69.2 84.6 154
4350 1123.0 346.0 195.0 69.2 82.6 13.4
4400 1325.0 338.0 216.0 74.5 83.7 9.2
4450 1325.0 390.0 188.0 70.6 85.8 15.2
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Waname | adled | maledvenhinsiisu | sz@niammstnia | Uszaniam
21U vouriude | mminieudiwn./a) % 10A(%) msihiad
Ausiud | whszuu ToRfAY
FANILAN | FANAADY | FAAIUAN | YANADDY
(un./a.) un./a.) (%)
4500 807.0 306.0 174.0 62.1 78.4 16.3
4550 807.0 266.0 160.0 67.0 80.2 13.2
4600 1002.0 265.0 181.0 73.6 81.9 8.3
4650 1002.0 230.0 157.0 77.0 84.3 7.3
4700 1002.0 230.0 157.0 77.0 84.3 73
4750 1002.0 244.0 171.0 75.6 82.9 73
4800 783.0 262.0 155.0 66.5 80.2 13.7
4850 783.0 302.0 139.0 61.4 82.2 20.8
4900 783.0 335.0 155.0 57.2 80.2 23.0
4950 816.0 286.0 159.0 65.0 80.5 15.5
5000 816.0 326.0 171.0 60.0 79.0 19.0
5050 816.0 229.0 184.0 71.9 775 5.6
5100 979.0 220.0 163.0 775 83.4 59
5150 979.0 294.0 184.0 70.0 81.2 11.2
5200 982.0 151.0 135.0 84.6 86.3 1.7
5250 982.0 155.0 140.0 84.2 85.7 1.5
5300 887.0 154.0 135.0 82.6 84.8 2.2
5350 887.0 159.0 135.0 82.1 84.8 2.7
5400 887.0 159.0 158.0 82.1 82.2 0.1
5450 891.0 174.0 152.0 80.5 82.9 2.4
5500 891.0 177.0 146.0 80.1 83.6 35
Average 942.1 253.6 - 72.8 - -
SD 136.6 67.6 - 7.5 - -

@ 1 o { ' v o 1w
Elﬂﬂ’J’E]EJNfﬂiﬂTLJ’Jmﬁﬂ’JﬁJLGi’IIiJGng}uGUfNQWHﬂiJiJHGIMWﬂ‘U 4000 ¥n./a.

- Uszansmunstiad TeAvesganIuay (%)
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Y 9y
@ oMotz uy — & Todrh

Yy
a A

MWNNATUNITY

o

NMANUIN/ 134

NaNd191NFANIUAY)

9y
CAGEI

(891.0 —230.0)/891.0

=S 9

=742 %

- sz @nSmun1siad ToAuo1gaNAa o (%)

=S

Y
@YoMtz uy — & Toda

Y
]

S LIS TRPEATNY]

P v
MenruMshTaa 1IN gNaaes)

IR S
oAU uT VTV

(891.0-215.0)/ 891.0

Pl
o A 9

=759%

v ] Y
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