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Effects of Temperature on Aerobic Reactions by Enhanced Biological
Phosphorus Removal Activated Sludge

FgER . HEHS
Isaya ABE and Yoshitaka MATSUO

ABSTRACT ; Using two kinds of EBPR (enhanced biological phosphorus removal) activated sludge, we
made aerobic batch studies to know temperature effects on PHA (polyhydroxyalkanoate) degradation and P
(phosphorus) uptake. The activated sludges used were grown in two EBPR systems fed with wastewater of
different P/C ratios. The one sludge had a P content of 13-14 % in P/MLSS ratio, and the other 5-6 %. Due
to the short aerobic HRTs, both of them had relatively high contents (30-14 mg/g-VSS) of PHA.

The aerobic batch studies were made in a pH-controiled thermostat reactor using the mixed hiquor from the
anaerobic reactor of the two systems. To avoid phosphorus limutation, the liquor was supplemented with an
excessive amount of KH2PO4 and MgSOa4. The selected temperatures were 10, 22(24), 30, 35, and 39 C.
The PHA degradation was found to follow a quasi first order reaction at any temperature except at 39 C,
where P uptake and the PHA degradation ceased completely. The P uptake was closely correlated to PHA
degradation with a slope value (Yrm) ranging from 4 to 6 (mol-P/mol-PHA monomers). The rate constant (K)
of PHA degradation and the concurrent P uptake was found to increase with a temperature increase from 10
to at least 30 C. For the effect of the sludge P content, the sludge with higher P contents gave smaller
Yen values and larger K values.

KEYWORDS ; enhanced biological phosphorus removal, polyhydroxyalkanoates, quasi-first order reaction.
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@ sfﬁgsz 10L/p Table 1. Composition of Wastewater
Influent l | :
30 L/D ] it el
LO JLO ) organic solution ' inorganic solution
Anaerobic CH;COOH 100 | KHCOg 65
5L . CHsCOOH 75 | NaHCO3 100
Aerobic !
Return Sludge 18 L Peptone 140 1 MgSO,7Hy0 200
120 L/D Y.Extract 60 | NaCl 100

CaClySH,O 25 H;3POy variable

Fig.1. Configuration of EBPR Units
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Fig.4. Sludge P Content in Unit A&B Fig.5. Released P per Absorbed C Ratio
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A, BWERIITHELNY) VBREREER 2 & Table 2. Average Operation Parameters
3z, FMRFND U U EFEREH 4I1RT,
5 ZIZBRSIE S b D OB D & RO HR

Unit A UnitB

HCOmE PREILDOC BOL (APIAC)  MIves  onol) 6453 geme
FRY, 2T, BT AEINEEEIT -/ Ex Sludge  (VSSmg/L) 141 133
B GEEEN 289-346 ) TORIBOTHfEE sy Lomperature (C) 220 220
. U BREEERIL LEELTRIFCH o o g0t e 1608 1673
ARFNCBWTUINIEE % GEEH¥ 225-234 ) EFF POs-P (mg/L) 06 00
ZIRAIRNT IV A V) Bl 2 AR U187 5 8l 3 08 DTP &/L) 14 02
BTtz ) AR ET Logs, 7 Anacrobic AP 083 046
DRI EE L, 27, EERHEK 330 HET Slgi.}) (P/1\4§4msgs/°LA))) 21;;15 22.98
OO S BEDE< G TS, Th pipy (MLVSS%) anacrobic 22 3.0
2. EEREROFADELLERIZELLD aerobic 14 2.0

—C})%) ;V)J: 3 7;‘%&0)5% %% .}. i p/C=0 C-H (MLVSS%) anaerobic 17.0 213
’ bi 19.0 227
16 7o\ A L 0.21 Dk E A L7 A BANCHNT ——

LT ) VR L 7. (mg/l) 20 40 60 80 100 120
Sludge A

A. BERFIOFHKENERY LTEELD :
- . . anaerobic % J (95.5)

i3, WERMETEE ) V) VIREDHIETH B, _ fff%;%ﬂf%”

VRELMEETE ) BN BEEIIARENE S ) Lk acrobic (95.0)

(F2DDTP) 75 PO4PBIEXZLA|WE
Sludee B | 3HB 3H2MB HV 3H2MV
Y LTREBLTWEE, Zoffiz B Bilftke e

- anaerobic |(95 4)
&2l 02 mgll as P B CTH»7enizxt L. .
A ZFPREATIL. 0423 mg/ll as P ORIECA  aerobic % (95.2)

Bl ZOFEEY VR ORI CEEE Figures in bracket indicate average M.W of
PERETARIEH LRV ) VEBETHS D L PHA monomers
FELTWAHPRERIL T, Fig.6  Monomer Composition of PHA
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SrEETHRE L, 272, HBRPD) o ORBIZIIEEREES U 7 h ( K28208 ) 2L WEREMELL . 7
DTN Y VBEFECAGETIC L 2% 7 F UV BHECHET 2 FEE AW,
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DWTZD HZFIFH L TEHTTOWENE PHA IBE Ha 23R 20 B EE & B = OBHE (R 7(8) )
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Fig.7. Procedure of Determining Kinetic Coefficients of Hi(A) , K(B) and Yp/m(C)
(in Experiment of Sludge B, Temp 22C)
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o . SE A Sludge A: MLSS/VSS 6358/3622 mg/L Sludge B: MI.SS/VSS 4536/3694 mg/L.

30 Cifﬂ)j‘;ﬁ(mi’,ﬁ@% Px 13.56 % :pH 7.8-8.1: Temp 10 C Px 6.05 % : pH 7.8-8.1: Temp 10 C
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ST SN Sludge A: MLSS/VSS 6408/3842 mgL. ~ Sludge B: MLSS/VSS 4334/3550 mg/L

PHA ([CBREL TIX. 39 Px 11.87 % :pH 7.8-8.1: Temp 24 C Px 6.14 % : pH 7.8-8.1: Temp 22 C
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. i 0O PHA
etk <—B&Le, 8-} SR 12 10F N\ e ]
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((4 30 oci .(ciﬂ(isb) Px 1298 % pH 7.8-8.1: Temp 30C Px515%: pH 7.8-8.1: Temp 30C

- gl .
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Cl7e B & PHA RG-S RRET T 5 LW I FERME LN, BRFIBERD KIEZ RS L E okl
BWTLHEIZ 1520 3L ARFIFERDOFFEN, ZOFRICOWTIL, S8 L TW<FETHS.

7. ETKNESDERIC Table 3. Calcnlated Kinetic Coefficients
HRERE AL T PHB £ Topp, Sludge MLSS/VSS P Cont.  H, K Yo
BR7BITKB 2022°CHE C mg/L % mM h-l molar (g/g)*

BT PHB MR % 10 6358/3622  13.56 025 071 4.92 (1.60)
ST Petersen & 403 4536/3694 605 0.08 047  6.05 (1.97)
K = 051-0.62/h DIER s 24 6408/3842 11.87 0.2  1.91  4.83 (1.58)
LT3, 22 4334/3550 618 0.05 105  6.01 (1.96)

6846/3902  12.98 0.11 2.15 593 (1.94)
5086/4115 5.15 0.01 1.62 432 (1.41)
6176/3018  15.05 0.12 1.93 417 (1.31)
B 4410/3564 6.31 0.21 1.09 425 (1.39)

Yem i3 EhOFERI: 30
W10 CE 227 24
COFRBOBE TIITHE—
DfERRSNI:, ZOKiRE: * calculated by assuming the molecular weight of PHA monomers
IR SDBERPET LI as 95g/mole
BIEBREETOKBRTHY.

NS DERITEEILEFRETIIZNS D Yo T PHA DB DL ANX ~ 510 U VERSRICIEE L
TwWiekBbhs, —F. ZOFBKICE>TTIH 20, BERD Yen 2 HBTEE . VU E5HED
BB RIFBERDF DY » EHEDENARITER LY
L 20% ITEE< Tz, DT EL. B RFNBRDS
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ZEERBET A, ERERTHRINWBREREAPIAC
AR B RFIDF S A RFI K VKRS Ze» 72 L lzDonWTid,
BRFIERICITRV ) VEEEFAT S Z L% LICHESRS
FRIMERELTS 2 L OTE B CHEN L S 59k L E I
MHESZWLDTHAS I LHEEL S, LrL. @ Tmp(© 10 20 30 40
IEETELN Yeu {ED ARSI L DL BRSO A Figd Reactor Temperature and K Values
ElporfoZ bk, COHEEETLOT, HHEBROME

REHETIL, BRINGRED Y v EEHERII AZFNBRL DL E ZE2HNPLWT EldhdpoTe s
L2 b, IRSIEA PIA CHAY Y EFRISHIGL TET T 2B, FHBEROMERBRIICEET 2
ZELBH L LATWE . KRRDHEIE., VUEBRMEEZOLONONRY ) VEEEERICERT A4
B BRSE HEZIHNRENL I THS, 2. Petersen 5T Yem OEX EHANCIZELE L T W,
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E M Sludge A
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i85 OISR — 5 £ WS Siudge A :

2% 2.9 mol PimolPHA OfEIZ 12 M 3 3

%A, —FH. ASMNa2 T glOL ! PO4-P 7 -

1%, 5g-Plg-COD (23 mol Pimol £ 8! 12 12
PHA) LW 3 FERICEVRIEE T 6 Tl IR — 7 _

Yom @) default value & LTVB, -4 s o d ] lé iy 1%
10k 30 CTOY VE T2 o pAROL R 1

WRBERLY, CORPLEI & (T 5 3 E & homs 1 2 3 =

T&A XD, FRFERE LB MLSS/VSS 6328/3633 m MLSS/VSS 4620/3626 m

S LTS < 35 & 1) ]y P 13:09 %pH sef at 7.8-8.1 Px 5.63 % pH set at 7.8-8,1

PEBRA LN | B ) Y hE Fig.10. Aerobic Reactions at Temp 39C
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10 DEBRITHWTIL, DTPEE LR TOR1 70, TNADERIZEBWTL POP BL Lo DTP 848

BHEL TV LB, 2B, U VEBHOELEES LT PHADEDET - SILL BRI . 20

WAEOHEBRIITHTS 2. ERAMCIE. ZOMRIZ. £ v E2 SEOTHIKOEI28ET 5 &
EDBLNWT EERBLTWS,

PHA RZ TN ) 4Bl
AWMLY S FRIZEWT PHA PIEBICERLREHIZ R L TWA Z LITRNSRRAE SN THED . 2o
CE MM EEIRRE T o7, ZORBTIL. 29 BRVIDERE TR ZNRSHEP SN HL .

Z0E i% 5 EfBRSA L T P i . Sludge A | 14l 5 Sludge B 1
HA &iZBWHES ¢, 2L ] Yoo s 1l ¢ 3
VRN PN~ 2 : IRE = 3 ! ]
E~ %@fﬁk U I E Mg E ! PO4-P J EE 10k & PO4-P i
BWRETML, 2NEIBRE L, | 110 = gl ! 5
. ; \ . ; APAELAA : - . 1
iz, EREE M IRY. 9 Lo CH 1 99 61 CH 1
A RFNHROBEIC SHED o 2F 105E o af B 1%
FRSHESRL PHAZR 12 S - PN 1 23 2 pHA {2
mg/L(0 13mM) BB L THD . P m A Lmpaaealad =
N hours 1 2 3 hours 4 8 12
Fel<hbZ L2120 MLSS/VSS 5924/3310 me/L MLSS/VSS 4682/3678 mg/L
VS4B AE 45 42 TITV R Px 1337 %pH sef at 7.8-8.1 Px 6.02 %pH set at 7.8-8.
DV ERPREI NS, £ Fig.11. Phosphate Uptake under PHA Deficiency

DT AR 72,
B RINERLEFH ) AL AR 5 BEREAEL PHA 39 6mgil(0.06mM) BE LTED . b 56 L EERSE
BT < b Lidlipodz, BFNY VEAKIT 2B VBRSNS 203 v OB
BT {7z, 27220 B RFITIZHRERICIE C-H) B2 TP L TWL Z L PEE AR,
EH LDRFINFRD  DRBIZENT PHA B H BBETIIFERICZBD I VR ENLED. Th
[ZHNRB E PHARZTOV EBNBIZIE 20 E < UV BRUCEITS PHATEHENEEN 2L Tn
%, LHL. PHABRZLTWT LR DORDY VENSBEShA I LiE, PHA LIsMaL ) 4B
DIANE I NGB ESEE LI L 2RBLTWA, B RINERDEAIZIE. C-HOM
LGEEINH . DT EIEPHA RZTTIL C-H P PHADIEBMIC DB AT R R L TWA,
F72. AEBROL I ICREEEOBRNEIZL PHA WP ETIIS 2P —EBREL I Lt ZORS
PHA [3B B ICREI X N WAEED PHA TIX LW L HBE R RS . ZOTEN PHA LY L ETEMELISH
DREE 272 PHA TH -7 BEEL H B,

4 Fre

MR S ETEEING ) Y EFE (PIMLSS) 3 13% HitRDERE 6 % BitkDHEREHHERL LT,
FREIGIZE T BARBDHEE PHA DEFEH L%ZP 6. MAKBTHRANG, SONCHEREZ LD
£ RDENTHS.

(1) 78 30 ‘CLITTld. PHA OHEEREIIAEN PHA OBEEEBA L7 BRI IGRIERI TR 72,
Z72. VU OMEREIL PHA SEEREICHEI S & DERLEF NV TIZIFHATE .,

2) WENDEHERDBE L SRR ERE KB AR E 27 L 30 CEZTEKBIC L AITEREL %
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(3) K DMEIZY » ERHRFEVERDOGTDVEIIEP~72, —F7 . HRIETO Yem fHIZY A HEROEER
DEWEPIZ,

(4) 35 CLLEDERBTIXHRP LD Y M EENVBERINA, 72, 39°CTIE PHA IMRL IS LT,

(5) REFEIDBERIZ L D PHA RZREEBICBWEEBRICEBRHD ) 2 /ML L 25 ) BRI EES
NI ZOEIRRIL PHA P MCHFET B HEIC N TII B LB TH 72, 270 20k 57%
PHA RZIRBEICBWT L PHA XD BT H 2 5FRE L T\,

(3 &)

FRRDBATICHIz > TS, TEROFAERRDBNZ M L 28 L. Z20BhCH L THEE &Y,
HrhaIR, NEFEE, FARE. ZRiE—. (LERMA. /MAEZ, REH £, phes—
st EE . HEUARIE A EEAST
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