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ABSTRACT

The effect of temperature on the sources of organic acids and sludge when phos-
phorus was biologically released was evaluated in this study. The sludge used in this
study was obtained from sequencing batch reactor processing the swine wastewater.
Temperature is one of the most important parameters influencing the phosphorus
release. As a result, the rate of phosphorus released was increased as the tempera-
tures were increased from 5 to 30T regardless of the sources of organic acids used.
Under anaerobic conditions, as acetate, propionate, glucose, and domestic wastewater
were used as the sources of organic acids, the corresponding activation energy(E.)
values were 49.83, 55.82, 54.61, and 45.44 KJ/mol, respectively. Temperature
coefficient( 9 ) values were 1.0676, 1.0826, 1.0748, and 1.0698, respectively. There-
fore, the rate of phosphorus released was increased as temperature was increased,
whereas, the effect of the sources of organic acids and temperature on the activation
energy and temperature coefficient values were minimal. When the sludge previously
adapted to acetate as external organic source was used, the activation energy and
temperature coefficient values were 44.94 KJ/mol and 1.0570 respectively. The effect
of temperature was minimal. These values obtained from the sludge previously
adapted to acetate were smaller than those from the sludge not previously adapted to
the same organic acid. This suggest that the sludge previously adapted to acetate was
less dependent on temperature than that not adapted to the acetate.
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B d7E HEE Q WEA /718 35 2 FAEAA} acetated] A A Foj Fo WE
2xo g¥e BEEy] AT Aotk AYo o] & A E FUHFE Aelste 5 I
2] ¥L8-Z (sequencing batch reactor) 238 AH AT =& A9 H&EA IA YL
X E QAteln §718 EFEE 57t 5~30C2 Z7Htd wat 9 WEEze $7H0 &
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729 Qo] waA AR (E,) FEL 27} 49.83, 55.82, 54.61 R 45.44 KJ/mol°l %A
o =3 2ERAASL(4)E 42 1.0676, 1.0826, 1.0748 % 1.06980|0cth. welA] Qle]
2 g o 257 2714 mel v s AA 7RI FA43UA] 2 LEEYASTE
2HE K78 25Y £59 4L & o7} YU AL AR ALl acetatedl 2 EE
S8R & o] &Y A AR g L L= RFATE 42 44.94 KJ/mol R 1.0570°1%4
th ol ALHA e £oAZ BE doj ztzte 3(49.83 KJ/mol R 1.0676) 2t} ZH
Moz wgo] a0 &As} acetated] AHH] HLE Aol HEEA @2 AEn} YA
oz 259 9L A v ¢ F U
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2 59 9YIF F A2RT ohlz} A9 A
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of g Aert s aFEc AEHH A
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QA A= T gt ol ok QA M IFUA
o thg A7} viEs AA Q A FB &9
2 gajo] BL o o] gl7] o}, £3), I
& AMAAC] Feldta o FHT ALY 257}
20°C o4} ol vr 2 9l X FAF A &
o] ggg naA & F Qo 2xE U AA
Y E AT e A weEdre JFE Fa
B {71 8o] njHE AX W2 Fxde 712 A
ggo 93g ). 5~35 C @A 2=t F
7¥gol wet el W& 43 Frtdthe Ao
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Brdjanovic £7& #4452 acetate® FYstn
¥71-5719 23& Fo§ SBR ¥HZ 20TolA &
Qe 2R E ol&3d L2 E 5~30TE WA

A FAUA BEYoz 49E st 2 23 &=
7t &7 AR ollet ¥y AT FAE
kineticEol Aot J3& njHcte AL FBEHY
o] Pr1Z2AA 2 WE &= X acetated] A
3 %7} 20CAA 7HF ke A& R
£, ¥7|9t &7] EBPR(enhanced biological
phosphorus removal) 814 &= ¥l e
BHeEsE A LERAASF(9)E Ao
¥yl 2 37 A4 HE L=2FAF 44
1.078 2 1.0579¢ 2a8ct® ol& EBPR
A 2571 el AA u|Bol v G2 activated
sludge model No.2(ASM2)(Henze et al, 1994)
oA AlRteE AAE HAAS(0=1.120)E=
B & gho]® heterotrophs ¥+ fermentation
o] A%(9=1.070)9 #AH}E ¢ &+ ANTH?

2 dAFoME 3718 2M acetate, propionate,
glucose @ EA85e] %o did G843 24
9] acetate Mgy ©g =9 J%E Y
AYg Bito] AR (E) ¥ SZEZASF
(6)8 ot Az vz - YEFoZA 44 1 A
g 49 £ % #e 7EXEE AT
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Fig. 1. Activation energy in biochemical reac-
tion.
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£#H X g 33] o]} M3l o] &3} ol WM&
2ol EAgte #7185 2 A4 kg o &
ghg ALAR(NO2-N, NOs-N) & siAA17]17] ¢
gtolct, SBRY 9 4] fill(0.1 hr)-aerobic
(13 hr)-anaeobic{7 hr)-aerobic(3 hr)-settle
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o] &3Ath, SBR %94l 9 AAA u|AEL] HjF B
gaM3lE {537 98 v ] GACE AlFsEe
Nl & wgZele g% AAFHAMEA
acetate® FYAH Fof <1 AA PAYEL acetate
o] AgAALn e iz Uy YT
FEHFE AATANE FYste F&HA. of
o =413 /1B FEE FY F ieRue
TCODe: ¥%7} 300 me/L7t HEE FUA3ATH
ezl ke 38 paddled AX3 EF
& 98sA sHen, E7) 2 ¥ 7] AL time
controller® air pumpol &3t A3

3.1.2. 584 dEAl 0|88 RIIZ

Acetate(CH3COO"), propionate(CHaCH2COO)
9 glucose(CsHi206)E CODer ¥ = 10,000 mg/L
2l stock solution® A =3t o] &3A T TA| 85
B CA seAage Y 2/ JAPAA F
AN nPERE AAANZ F AAFE o) &3A
ojw HE4 HAPA H7IER o]&F EAFFY
TCODc: 2 SCODe, X+ 2H¢ 171.2 2 67 me/L
o), T-P ¥ TKN ¥%& Zz 42 2 378
mg/Lel R tt.

3.2. Ay

Ed7e 9 e 4718 FF % €AY #
718 Hga R g 259 9L wAN AF
Agez R HA 4P 4 2dd /Y
2N 94 & FUste wgE £3AE /I3 {7
E 250 o1& 9 W tiXE 2x9 9L #
ZFatgict. Fig. 29 Zo| vg2E 4749 &4 &
€28 ol &fon Ztz} vkgxe &FL 700 mL
olitt =& ¥ A 2AE FAAA F7] AstA
443 Ang FujselA drare AL Jt2E
#93led A&7}t Fol EoriA] RIZE G
F¥HE magnetic stirrerg ol 3o W9
ol YPIES Tt 2x2E $22E A3
o 5~30C Alel2 HAA FAt. €A & 24z
dkg-zd 500 mLY FY FRen, K7ER
EAEE FUANA & ASole iRV F
TE Ay 98 £HAE FHE wgEd]

5P - Samplisg Peint R - Reactor MK, : Magnetic Stirrer

Fig. 2. Experimental apparatus for phos-
phorus release.

Table 1. Feed nutrients composition for

batch test
Nutrient Stock solution| Feed quantity
composition g/L mL/500mL
MgS04 - TH20 22.5 0.5
CaClz 27.5 0.5
FeCls - 6H20 0.25 0.5
Phosphate buffer
KH2PO4 8.5
KoHPO4 21.75 0.5
NasHPQ4 - TH20 33.4
NH4C1 1.7

100 mL2 F¢3dch oluf wkg-2o MLVSS ¥
T 3,000~4,000 mg/LelAtt. 24zt wkg-zZole
9B &7]1EZM acetate, propionate, glucose ¥
A4 E FYs e acetate, propionate %
glucose® stock solution2& A 2§ A& WX
el CODc¥E 300 meg/L7t HEE FY3idh.
TA B A folle EAMES 948 400 mL F
gatd o, ojy %7 WrgZule] TCODe: TE&
137 me/Lel9tt. £, 4% #7189 pHE F
Jog giol o} ojn g AU TF
2 98 Table 13 2 77 YYEHE gzl
o Flatdct.?

T ¥ 4YL acetated] H-EE £2AE /A
I 3 E4 4ge wkgx MLVSS F=7F 3,000~
4,000 mg/Lel £ 35t 2 oo Agude
A AR ddT Y.

ol el AYolM AR AHE #7118 FYF €3



Al Fez AlFH3l 045 um membrane
filter2 3P er, &4 Y= MLSS(2540-
solid), MLVSS(2540-solid), TCODc:(5220-COD-
C&D, HACH), SCODc:(5220-COD-C&D, HACH),
PO/ -P(4500-P-E)oIQ}. fle] 2% YEEL ©
% Standard Methods”$t HACH DR-4000Uel
gAs &3t
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3.76¥ k. @A Q) HE SEE XAt A
b Aol & HolnR <l ulA o] ©WrA =
A 1 WEsted UM =7 8T g
Ade & F et

Fig. 4(a)ellM BE uish Zo] FE RE /7]
B oM 2=rt ot mat v gEre
AMH oz Frietnt ole 25Ut S1gel wa
97 {7180 T|YE HE W F5EE 128 A
98 U2 AA uYE AE el Y3 wese
ZF7HAA poly-Pe] Ea&Erst Frigel et
Q9] #E £%t F718ke Aoz AlRHEr. Fig.
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Fig. 3. Time vs. phosphorus release concentrations for the acetate, propionate, glucose and
domestic wastewater on temperatures.
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Fig. 4. (a) Comparison of the correlation
temperature vs. POs>-P release rate
for the substrates, (b) comparison
of the correlation 1/T vs. Ink for the
substrates on temperatures.

BEHT $9F &5 WM Q9 #E 271
2 702 BAA}. Arrheniusd] 2] ¥H 2 (2)
AgAA 1/T¢ Inke] 4BBAE Fig. 4(b)el 1}
Bhlon 1 A3 o] &% BE F7IEEA HAF
A DS & F UV

Fig. 4(b)ellA At&d 71€7|(-E/R)¢ yEHE
74232 %718 7Y Arrhenius2] o] 9324 (2) %
#718 254 8434 UA gE Table 201 UE
Wi, Acetate, propionate, glucose B EAI3
S & AR g& 732 49.83, 55.82,
54.61 2 45.44 KJ/mol& & Ao}t iich

2 () 23 718 FRE =ERFAFE Y
23}e] EW acetate, propionate, glucose 2 EA
Bh4=oll A 242} 1.0676, 1.0826, 1.0748 £ 1.0698
2 B0l & atelrt gt

ol oA B QAFeA o83 RK7IE acetate,
propionate, glucose ¥ EAESE FYFAE o
Q WA $AgeUA) gt ¥ LERAAFEST A
3 vlag A3, 259 9% /718 FR et
g zol7t gitke AE ¢ F U

4.2. #2{X|2] Acetate HE f - Foll &
of HEAl 2o A

2 A& SBR A9 v E7)A FEHFE FY
atol wjorgt 2122 acetateo] HEEHA ¥ &
2 2] ¢ H]Z7|A] acetate® FYU3H acetatedl A
<d £HRAE 47 o] 83t F7IEY acetated
Z3Q e W, 8 4YE 5 230 &
HE 258 Felo AR @ % EEAA
8 43 v sttt Acetateo] HEE €A &
7IX 3 R71E2M acetate FYA Fig. 59 vebd
A o] %7} F7tgel we}  BE S5 F
13E BEE I

£7182M acetate® FYUIHA acetatedl HE
B &8iA 9 acetated] HEHA ¥ &HA9

Table 2. Activation energy(Ea.) and temperature coefficient(#) in the phosphorus release with

substrates
Arrhenius equation, Ink vs, 1/T PO, - P release
Temperature
Substrates .
© Linear correlation equation R squared Ea 6
4 ® | (KJ/mol)
Acetate 5~30 Ink = -5993.04 - (1/T) + 15.27 0.947 49.83 1.0676
Propionate 5~30 Ink = -6713.95 - (1/T) + 16.41 0.999 55.82 1.0826
Glucose 9~30 Ink = -6568.18 - (1/T) + 15.57 0.996 54.61 1.0748
Domestic wastewater 9~30 Ink = -5464.88 - (1/T) + 11.68 0.994 45.44 1.0698
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Fig. 6. Time vs. phosphorus release concen-
trations for the acetate on tempera-
tures with acetate adapted sludge.

B Non adaptation
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Fig. 8. Comparison of the 1/T vs. Ink on
acetate for acetate adapted sludge
and non-adapted sludge.

/T Inke 4@BAE Jehi9A Fig. 63 2ot
cl2XH 22&E 71 €7 (-E/R% yEHE /R n
Arrhenius# 9] W3 4(2), $43NAAG & 2=
BAAFE Table 3o JeEPHRTH A7 acetate

BEYA Q1 @A #7188 R €347 Ago) ME ex 9% 1211

o HFHA ¥ A9 gL gt R 2
SEFASE AT A A JEgE ol &3t
Acetated] A€ €A HANIR) & R &
TEFASFE 4 44.94 KJ/mol B 1.0570°]%)
th ol 4.1. "M &% acetatel] HLHA &
2 £21A) 9] acetate FU W A HEA] B4
A % 2 =EFAS7E 242 49.83 KJ/mol
% 1.06762 WEE A ¥lmsle JiHoz F
%A & Aolg VEMAE k). ol F 2
€ acetated] AEHA &L A A& B4
w2 (SBR)Y Y| Z7|A] GEHFE FUFT AL
BA FEd e HgE eXoly dwHog g}
E3 4 ol acetate &) EANBL7] W acetate
Qo] EAsle FEF ol HEH £23%)9} acetate
o9t e &S /A n AP nz A4
o] gt ¥ 2ERAAFI E Ao)§ HolA
%2 oz gt AT UdE FIUEE FY
gl HEA7] Afole AT NG HEA
712 @& Aty FAYNUA G F 2EEA
Aol slold 2 Aolg BY Aoz Algdr)
Acetate® R71EZ o] &4, ool A-LEHA g2 &
2x9] ¢l WEel FAHE S=EFAS(1.0676)
¥ Brdjanovic $”¢ 47 23 A 1.055+
0.0195.ch= ozt E3toy}, acetated] AEd &
PR E o] 83l g W HA=HE LEEAASF
(1.0570)& Brdjanovic 379 @7 A g3t A
9o dXNFE & = AU,

oldel AFZRE KI|EZA acetate® FY3
RE& W A WEA €A} acetated] HEE AF
7t AeHA gL AEg @439 YA] gt ¢ &
SEAAS7 AdA ez sk}, oebA acetate

Table 3. Activation energy(Es) and temperature coefficient(8) in the phosphorus release with
the non-adapted acetate & adapted acetate sludge

Arrhenius equation, Ink vs. 1/T PO - P release
N t
Sludge Substrate ’Iem??cr? ure R squared E.
Linear correlation equation 2 KJ /n.wl ¢
Nomwacetate |\ tate | 5~30 | Ink=-5993.04-(1/T)+15.27 | 0947 | 49.83 |1.0676
adaptation
Acetate |\ etate | 9 ~ 30 | Ink=-5405.52- (1/T)+12.14 | 0974 | 4494 |1.0570
adaptation
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o Ag¢H £A7t HEHA gL eHAEG 2%
of i3 YL Juid oz AA L AL L F U
Aot

5.8 E

HEY AHE T3l P4 21AA Q19 w2
Al fNE ZFR ©E 2x9 9% € £3AY
acetate & 7 - 7ol B &x9) J¥& A7
A de 48 oL 2o

E Ad Ao oJstd {718 acetate, pro-
piopionate, glucose R E£A18HEQU A%, 2 H&
£ 25xte] Aok Ao]& Ho|EZ Q v|iE
o] 714 ZAA A& W&t M =7t
8% dPAaY & & 5 AU

f718< acetate, propionate, glucose B EA|
B4 E ol gg 250 i B A g zhzt
49.83, 55.82, 54.61 2 45.44 KJ/mol°]H o™,
LB AASLE 1.0676, 1.0826, 1.0748 3 1.0698
24 A o)z} it "t j71E FH
ozl GAUR R LERFAFE 23T 25
o] Qg 43 Hagel doiA & Aol AU
F71E2A acetate® FYHAE @, o &
&2]A)7} acetateo] Hg® 59 &gt
& 2 exRAAsE 4% 44.94 KJ/mol %
1.05702.2 £2A17} acetatec] H&=A & 73
Sdth $AFNER F 2 LEEFAFT AU
o2 ZFomg 2x9 Jgo] AL ¥ F AN
ok AA A AN QA M €A M F
714 wrgzo) 2 AA ugEe] ¥ {7 A
25 250 g3e HA Wg Aoz AlgEY
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