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Abstract : Batch test methods have developed for a long time to measure kinetic and stoichiometric parameters which are
required to perform steady state design and mathematical modelling of activated sludge processes. However, at various So/Xo
ratios, abnormal behaviors of ordinary heterotrophic organism in batch tests have been reported in many researches. Thus, in
this research, abnormal behaviors of heterotrophs in batch tests were investigated at various So/Xo conditions by measuring
and interpreting oxygen utilization rate. As So/Xo ratio increased, the calculated values of maximum specific growth rates, U
tmax and Kwvip max, increased. However, at a certain point of So/Xo (around 10mgCOD/mgMLAVSS), D max and Kwe.max values
started to decrease. According to this observation, three prominent behaviours of heterotropﬁs were identified at various So/Xo
conditions. (1) At low So/Xo region (below 5 mgCOD/mgMLAVSS), the oxygen utilization rate of heterotrophs in batch tests
were almost stable and consequently yielded lower maximum specific growth rate. (2) At high So/Xo region (up to 5~10
mgCOD/mgMLAVSS), oxygen utilization rate incresed sharply with time and indicated more upward curvature than the
predicted OUR with conventional activated sludge model, which consists of single hetetrotrophs group. Thus, in this region,
competition model of two organisms, fast-grower and slow-grower, seemed to be appropriate. (3) At extremely high So/Xo
region (over 10mgCOD/mgMLAVSS), significant oxygen utilization rate was still observed even after depletion of readily
biodegradable COD. This might be caused by retarded utilization of intermediates which were generated by self inhibition
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mechanism in the process of RBCOD uptake.
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e SolAT U oleg FRnA A
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WA SRT(sludge retention time)7} 2+z} 10Y¥ I 20U<Q)
A¥4d 729 MLE yH§-2E A3 384 Agd @
83 e BAEHAE FFEA, ALY AA
2(WRC, 1984)o] we} 382 A§e] AMSE A& A
o] FLAYYAE FEE ANSY FFHoE R4
FoE F5IYBES] FHXoye H7I8IETh MLE wHE
ZE 67%9 714 WhEE, 33%e] FAA kgl 23}
ARZE FAHJL, €£8A g2 FYFF o
100%, WHEEE FYFF dvl 100%2 L33Fch
FUFE =AY LGES(Mitchells  Plain - Treatment  Plant,
Cape Town, South Africa)E 750+50mgCOD/ ¢ & 3Z| 43}
o 102/d9] FFoZ FYAAT YRtz YolFe =
AlEEe] A AR V1FEA € 2F @AY A8
2 Q8o 1000~ 1200mgCOD/ ¢ 9] %43 52 Jehigd
. #4499 pHE CaCO:E FY3sld 75 AEE HA8
Aot WY Y49 COD, TKN; RE yHg-39| nitrate,
nitrite; 3.7]F29] AFAA T E(oxygen utilization rate), TSS,
VSS, COD, TKN; #Z&42] COD, TKN, nitrate, nitriteZ
FA38td  AAA(WRC, 1984; Ekama, 1986)c] wue}
CODN EAFA, F9771E 44(fs fp), COD/VSS H
TKN/VSS Hl(f, f), HFHo2 BAEHAY EF59Y0
AE F&(f) 2 55 Aok oy 4 (1) J4
e AAI2(WRC, 1984)0)] 7|23 FLGYTYES] 2
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substrate that is
unbiodegradable particulate
substrate that is

1714, fsup = fraction of influent

fsus = fraction of influent
unbiodegradable soluble

f = fraction of OHO active biomass that is
endogenous residue = 0.2

bur = specific endogenous mass loss rate at T
°C (/d) = bup*1.029™*"

buzo = 0.24/d at 20°C (endogenous respiration
theory (Dold, 1991))

Yu = OHO active biomass yield (mgVSS/mgCOD)
= 0.45 (WRC, 1984)

Rs = system sludge age (d)

384 48L& MLE ¥hg-x9] 37)|RoA &8 &£¥XA
9} 83 2 oA7E 3H5(flocculated and filtered sewage)E
329 3EA W&z EFAA FYsHtHmodified bat-
ch test(Cronje, 2000)). 23 2 A9 offe U5 AA)
o XFHY e FTHIAGNES AAS S IR Ay
¢ TAHEAE A" 5 7] WEItHCronje, 2000).
Mavt FEEHL IEY AY FUAY dALEEE Ran-
dall(1991)¢] 25 &gl o8 SH=AT 2 &2 opd
B E5AE A8k AN BFHoE ANEAF 2 AEY
I F 2~3 2] FF(HeCr)E 718t AEE W%
& BASIHTE 3 % COD recovery Z4(Ubisi, 1997)
< 93 HAx ¢ HAF COD vl 2AHHUY. 53] B
drMe SHIY ANV ES] HEA] Agd g
FEE wAsy) A3, e APE T Qe AA
2aRgd AYSUPE g3 FAARES TS &
F3A FEIYINAE 9% FAARES TIQEY
(Cronje, 2000; Randall, 1991; Ubisi, 1997). Fig. 1& 3&
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Fig. 1. (a) Nitrate and nitrite concentrations & (b) Oxygen Utilization Rate responses (OUR-h: OUR of OHO
active biomass, OUR: Total OUR, OUR-a: OUR of Nitrifier) with time for a modified batch test.
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4 Agelre] B2 (a) A/t Fre agn
ez (b) HA drrEE, FEIYUNE F A3
M ES 3 AraREe] WHE Yeha ok Fa3
B 9 JFALEEL A wE Fi % opA
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4 AdAMe &IPS RAFs € Ay
Hoe AR AdE &5 FHIGVAE o3
FoiRgNE 1AL 53 FEG He, AR A
o A4 & ojAite] FrHs Y Ee A4 ¥
3E M 4 Qlonzg, B dAPdMe Ay 9 A5 F
FEAFY B BANE FHAMAGS A B olate
FEAREE TEHHTE HoltHCronje, 2000). EF 3¥
2 432l So/Xo Hlo| we} EYFY AW AE] AF
HaE 48 & AT, E dFdMe dA4Fez i
A AP AN 4T FEAGNNEY ASHEE T
Qe FXZ FHHTh SHE APAT= Wentzel(1995),
Ubisi(1997) 2 Cronje(2000)°] 23] AAlg a4 Az}
2]A % COD recovery, Z2L&YYmAE] AYAZEEA
S (maximum specific growth rate; Unmex 2 Kwmpme), 38
4 APolXe FEIYNAE H2FE(Zeno)T S ALE
A 8% A7 pume 2R Kveoax®] 395, 22 £371
W2 7] (Readily Biodegradable COD) 3 ¥&j7} =& 7|
A(Slowly Biodegradable COD)oll o8t HjAA&ETAS-E
SERLER

4 T T T 1
} | Y-intercept = -0.837
Slope = 0.283
3 1| R®=0078
Zguwy = 2.72 mgCOD/1
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Fig. 2. In (Oxygen Utilization Rate; OUR) due to OHO

active biomass In (OURy) versus time for the OUR

data in Fig. 1(b) up to the OUR precipitous drop.

Fig. 2& 23 2AUE FHsld FAMzg 422 8e
YERAS Qi) Fig 29} o] 3¥2 H¥AAQ FHHY
BB dAARE UE MY )0 dEe HAENS
A =W 71&7)(Slope)et  Y-HH(Y-intercept)& A
Hi, 4 (3), ) 2 (5)E T8 RN 43 279 &
FUNBE FEZene) B FWNAFEELTF(Mhma D

Kvpma)E T3HA €t} T8 He 3§24 AdddAMe
AE APEel oiste] Ay d¥ely 38 3N &
3 A4 FHEHe A EEFAT(endogenous respiration
theory)E thAlsle Abg/AjABArel2](Death  regeneration
theory)& &3l Folth Dold(1991)] w2 - 3A4tel
v 5714 439 Be A9 F dErt 9% ARE U
ERR AL 2R A¥d 2e FHo|gH(transient region;
7137t dshe A-ddMe AMd/AARdErr AE
3 292 Jele Aoz Budigch wel B R
AYoAME AME/ARAILEE H L3l vBE APEAS
(bzoc)E 0.62/dE2 AA3H T}

-Y
2n OUR h= &n[ ! YZHZH( YT max + K Pt ma) Z ity 1241

+( ¢ primax + K yprimex — bar)t/24

&)
y—Intercept |

Zmo="T—7= 2 ®

——}—,—-(Slope * 24+ byr)

ZH

OUR SBCOD(t=3s) ° 24
= 4
KMPT.max L&H_ .z . Slpe- (t=9) ( )

Y BH() * €

& 1T max = Slope * 24— K ypr,max + by (5)

o 7]A,

Zpuoy = OHO active biomass concentration (mgCOD/ /)

PHTmax = maximum specific growth rate of OHO on
RBCOD at temperature T (/d)

Kmprmex = maximum specific growth rate of OHO on
SBCOD at temperature T (/d)

bur = specific endogenous mass loss rate at T°C (/d)
= brz*1.029"

Yzu = OHO active biomass yield (mgCOD/mgCOD)

= 0.666 (Wentzel, 1995)

OURsscope=sy = OUR observed immediately after the
precipitous drop (mgO/ # /h)

(t=s) = time immediately after the precipitous drop (h)

agn E AFAME So/Xo Hlo) WiF FLHGUYuME
o] ASEAEE syl #13iA SoXo Hl9] o g =4
o] Wastrg, V1A FE(So)d A$ 34 APd F
4¥ &H ¥ o34 #H5<] Total COD =2 B85
t}. sl R COD7E TEE o H9 Total
COD7} F&49uu|BEe] ARste 7129 ¥xo 5Ys)
A E F AT, 343 718 Ao dgd $Ho) Brls
StE& Total CODE 7129 thAGLEN AHdch v
AE FE(Xo)e Yutaoz AMREyE MLVSS 2 MLTSS
FE7t ohdel, FAdE AAIA(WRC, 1984)0) 2)3 A4t
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H BA9 Z2LAYUINE BE(mgMLAVSS/ /)8 ALLS}
Aok wepA FEA 4ol AMEE So/Xo HlE TR
o] Heojgr}.

S,= COD pym * ~Vreacr = Vi, (mgCOD/ #) (6)

V reactor

X,= fav' Xu'i@l_

V reactor

(mgMLAVSS/ 2) )

o} 7] A,

CODyt = Total COD concentration of flocculated and
filtered sewage (mgCODY/ 7))

Veeator = Volume of the batch reactor = 3 /¢

Vm = Volume of the mixed liquor added into the
batch reactor (£)

fav = OHO active fraction of VSS

Xy = VSS concentration of the parent system

(mgVSS/ ¢)
3 WEzn Y ¥

Table 194 48] MLE whg-Zo tiale] QA
AAA(WREC, 1984 oJ3] Adte &84 55 2 4%
HAAY FEFFAYE FEE)S ez ok B4E
HA 389 A¥tAQ) 813 mdll(Henze, 1987)0] wh=v,
SRT7} F7Hgtell wet &8s WAZErEES Be
o] AAI, VHFHE AN FHIGAEY] E8(f)
o] ZEA Hed, A" fi L 10day-SRT 2
20day-SRT MLE ¥h-g-Zel] tid}e] zhzh 0385 2 0.286.2
2 Yeh} F whgE7t WEge 2o)lg ReFm Qo ®
& Table 19]AE Wentzel(1995)9] 3|84 A8 sj4dx}
o wet ANE ARE Jehed, 590N E HY

AFEEA T (MHmax R Kupma) B FE(@pne)E HAF:1
Ak FEYVG HL, Table 194 So/Xodt FHdle 2
SHFYEY HHAZEEL T Mimane D Kuema) S 2T
HWE So/Xo 7} ARFE FUkstn, 9ARAZ dolMd
THA] Zragithe Holut

Fig. 32 212Ad 4424 JHZFig 2)9 7)e7)
#Y Kvpmax + Bimax - bur) S So/Xo Hlol ula} w23}
fed, dehAEd &£8A FEmgMLVSS/ 2)E tlilsld
849 F4£9U9HE FE(mgMLAVSS/ 2)E Xo= A9
& 75 (Fig. 3(b)), A= Th& SRTd| tisle] zefze] 7
ol Bk AT FHE vehidtk oy &8x
(MLVSS)E thilsted 840 F&GYr| S (MLAVSS)S
AETH kg F Az ooz ks SRTES
7He 84€HA FHc) B} 333 2¥E 4 e
IHHeE U8 5 UdYcKEkama, 1986; Henze, 1987).
So/Xo HI7b digk 10 mgCOD/mgMLAVSSS] $)71)=
ME & SRTo] sl SoXo HI7L F7184-8 71¢7]
gl #dsiAl Frkstg ey, So/Xo H7F 4 mgCOD/ mg
MLVSS (10 mgCOD /mgMLAVSS) Xt} 2 dgolM:=
otz 3.3del AJME A7} Aol 93 FFog F ix
SRT Eof that 71&7] gto] vl BadslA vepsich

Fig. 4ME Ztzt Rej¥ FHAYPAEY HUds
e Mhm R Kvema)E UER L QlEY), 2459904
29 A¥ol 7|dwxd gt 44457} $7F8= Monod
el o AAASES JeEPNAE ol Fig. 5, 7 2 88 &
HEA HE ZE 3EA AN Adrawgo] P
A% F FFHMA BFAE HoFo] FEGYnAEe
Monod Hejobe Aol AiriRgo] FAHEA Hox
= AY)ANA HAYAAEEE FATE gudct we}
7} g2 Ao HdAAFEEo] =8t %3l Monod
A& e, AAaaR g FEAFe] el g¢x o
& 49 FH4E vebd Aol makA Fig. 40 Jehd

Table 1. Experimental results of MLE systems and modified batch tests

MLE MLE system Modified batch test

system MLVSS Test Volume (.2) Regression Growth Rate (/d) Zawo)

SRT  (mgvssie) ™ No.  ww  mL % T yim Slope R2 Kwemsx  Dim  (MgCOD/2)
Al 240 0.60 1.014 2.688 0.000 0.000 0.42 0.20 1093.8
A2 2.60 0.40 1.607 2.085 0.078 0.985 1.35 1.14 150.8
A3 2.80 0.20 3312 0.896 0.178 0.962 1.90 3.00 233

10days 2532 0385 A4 2.90 0.10 7.289 0.301 0.275 0.978 1.79 542 8.7
A5 293 0.07 10.61 0.438 0.261 0.994 0.97 5.91 10.5
A6 295 0.05 17.43 1.085 0.172 0.995 0.60 4.14 29.0
A7 2.97 0.03 25.52 1.362 0.161 0.989 0.62 3.87 40.5
Bl 234 0.66 1.163 2247 0.083 0.984 1.44 1.16 169.2
B2 2.50 0.50 1.654 1.945 0.064 0.941 0.92 1.24 150.7
B3 2.70 030 2.849 1.000 0.157 0.945 1.69 2.71 28.8

20days 2460 028 B4 2.80 0.20 4708 0.591 0238 0.974 1.84 451 133
B5 2.90 0.10 9.835 -0.320 0.307 0.994 2.06 592 42
B6 293 0.07 16.55 0.115 0.265 0.971 0.99 5.98 7.5
B7 2.95 0.05 20.35 0.929 0.237 0.990 0.81 5.49 18.7
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Fig. 3. Slope of OUR curve (KmPmax + HHmax - bur) () versus So/Xo ratios (mgCOD/ mgMLVSS) and (b) versus So/Xo
ratios (mgCOD/mgMLAVSS) for the set of the modified batch tests.
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Fig, 4. Maximum specific growth rates (a) on readily biodegradable COD (Unms) and (b) on slowly biodegradable COD
(Kmpmax) versus So/Xo ratio (mgCOD/mgMLAVSS) for the set of the modified batch tests.

EE @50 HEH AFdA FaA AWAFESERTW
Hmao, B Kvpma) S UERN I, ©] &S Ao YA &
I So/Xo o] w}t wi§ =ZA Wslgthe o] WA
8230~ =2

a8)3l Fig. 4a@)ellr Yeld RBCOD(Readily Biodegradable
COD)l| tigt F&FAvAE9] HHHAEZTWrma) o]
3¢ YurEel g4&dA 2dd AMREHE H(1.5~3.5/
d15)E} olF ZA vegth. o|s} F&Ste], Chudoba
(1992)s} Novak(1994)¢] 79 YwtHo =z 34 A
ALEHE 2L So/XooA pume ae) A UEIIZ, T3}
APRY F A&Ho 2 FIHEE Hudg. 53] Novak
1994y Rdde) @& A 2%F TFH e 4%
w7t WE FHAGAYEB] HEA AFH 2ol SoXo
H7b & #700A v AREEIt =¥ 590
79 AAFANN SAHAER AHAA ZE7] tiimax
@e 277 B dtoh Grady(1996) %3 E& Sof
Xo EHAME dtAQ] FEHAIAERTE 447t
WE F&AGAEY] AT S gtk 2ud ¥ ok

A3 So/Xo HI7t AZFE APEy] 2%o 2 IFF ¢
ARSI mE FE5GGV Y E(Fast-growen)o| -2 F
BHzH0 ZAHY HEA HAFFAFHAV AE27] 3%
oY A&t = F&5FYv A E(Slow-grower)2] ¥
W AFAA HoluA Hi & ANAAESENTE
&3 He Aot

a2, Fig. 3904 So/Xo H|I7} g 10mgCOD/mg
MLAVSSHT & F9dle F44YAEY AR4EET
AP ma D Kvpma)?t 2518 7HA319ch Blanch(1996)
of wtagw #Je] 7|He] EAdhe B kgAY Ei
A EAo] wdtA Ho 33 nAE AZE Wl
g+ ok ok A7l EeEEE S v
RAE dugle] Fadd 4FE viXe 49 RS
o] 247, A7BEALA Fol Yo 2FI olEHF 71F
o] BREANME AEIHH wE<t T AE(Inter-
mediates)o] #9 Ao HAH Wk FHEAAE
vehdcka ok Rittmann(2002)L 0|9k 2 #Y 7]
oA &% A& Ar7HA sH(Self-inhibition)Z 7 2}3% o.M,
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“o] Ao A4 Fujo ¥ 7|A File nExe 7|A
2Rl oA =8d 4 dot"T Baslgen, o]F Hal-
dane = Andrews £E 202 HF@Es3t9ct

o]4¥ SoXo HlE FHYYVINEY HAAREEAT
(Mumao 2 Kvema)ol & 92 VXA B &, 3EA4A
Pl 27] 71AFE(So)= Monod 298] Bwo FAHgAR
e ANEARAEEATWhms 2 Kuema)E H3HA]7)
A At A #FE BEOZ, 7 324 APE] SoXo
Hlo] W& z} FEY YoM FHIYTAAES] 4%
ATE A2ARE-AL 2HZE Tt AAEA AR
A HE, FE£IGNBEL] JFASLS So/Xo Hlo| uwe}
A 37HA9 A$EE FEEAY 7 FTE SoXovt @
£ 795 mgCOD/mgMLAVSS ©]3}), So/Xe 7} & 73
2(5~10 mgCOD/mgMLAVSS) & So/Xo 7} o}5 B& 7
©(10 mgCOD/mgMLAVSS o]2h& FEEAL}. 18} &
Aol Mgl So/Xooll gk Z+ 7] FEL FEA 489
d4Hoz WIBlE A U TEOIEE FAHS g
2E FEo| Eilsdld, Wy 7oz FEIIAGY. F,
zZ} FRrrole] AATFA Y 3R dPe & 719
EX4E& FH3 Yehdch

3.1. SofXo H[7} &2 A<

Fig. 5& So/Xo7} 5 mgCOD/mgMLAVSS o]3le] e
gdol el FEY AP 42T EL HAFT g} o
71914 5 mgCOD/mgMLAVSS & YukAQl AJE8Ha A
TR FRZARGE E oA, Yoz FHE
FEASTE TE7] A% LA A¥2AH wusA HE
o zto] gtk FolA Fig. 5o et Wentzel(1995)2)
Azt wEd, 2a-2A4Y AraRE] 7|77 B
oug FE£IYUNAAEY YRS AFE F43H o
7HH1, FE£IYAE FEE Yoz ik nAE
A3e] 5984 AFS Hodty] M SR 4¥e

AP PBEFE L ol9 A 712 Vrawg

25

20 *'- W‘\

OUR Drop

| va

E-l— OUR-h  —+— OUR = QUR-a J
. "

ra |
t

OUR (mgO/V/h)
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Time (hours)

(a)

o] A x7jo HIZtd FE3E] FIiHooF AR, o] A
$ F7P7F FEEA YepA] @ot v F9%
AgHtole HA3A @& BY9F3 ok

Chudoba(1992)¢]] w2, nAJE A AH(Microbial growth)
2 ulojevjze] FIHE Quldic), Hlolew|xe] Frhe
o] A EF-4)(multiplication)& §3] dojd F Ui, EF v
AEZA glo|E 7] A (storage or accumulation)g F 3
dolgd & dokm BuEPY F, vAESTAAME 71-
o] HIAE YRE ol YFE oUA it AMEH
A W BES0l ARS-EAEL 1FAZAME FAE Y
K2 olgg 71Fo] quA Aidelut HEFHE dA3
o 438, *F (Carbohydrate ¥+ Lipid)i#} Z& A%
E-3(Storage polymer)e] FAjo] ARt HysFd 2
i B So/Xo Bl 3E2] YA WAEFTHED
t 71AAF] A4S BFSAT. wets 7 F8A A
PENA nAEY YAAZS Hrs7l H3kd Wentzel
(1995)9] &4 Aol wet FEYINYEA o) ~=E
RBCOD E&& Al So/Xo Hl9} A#sle el
thFig. 6). € 3§24 Aoy 5dg HEFE AL34
omg FUF RBCODS £&§ vehd ez q3d &
9]0}, Chodoba(1992)2] A&z} o] & So/Xo HloA
£ A4tg RBCOD ¥-&°] AujHoz A veirh. £
Agolxe] RBCODE A4k BAAREOURIE Fika
o Aarslgded, ¢19 Chudoba(1992)9] ¢]&d] WaH 7]
AR A(Storage)o] A3k A¢ 71AY AZEHE #E
Zo]E7] wWEo] AhAaEE0] FOJERL ZAFE W2
RBCOD #& 4H&3iAl "tk 23, RBCODY di= 4
FBAE AXA @1, ded] AgEA(Storage polymer) 2]
39 ol &=t wtEh

B 4d¥dAe RBCODE FAE = Ur & SoXo
Hle] PEE thgF +1mgCOD /mgMLAVSSO|A] o] FolA|&
Rog Wit} Chudoba(1992)¢] 729, 3&4 HFel
RN oA 71x] v QIAE] TS vAF oeEF

In (OUR-h) (mg O/V/h)

[} + — t
0 1 2 3 4 s
Time (hours)

(b

Fig. 5. OUR (h-heterotrophs, measured and a-autotrophs) and ¢ n(OUR-h) versus time profiles for a representative
modified batch test in case of low So/Xo condition. Test No. Al.
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Fig. 7. OUR (h-heterotrophs, measured and a-autotrophs) and ¢ n(OUR-h) versus time profiles for a representative
modified batch test in case of high So/Xo condition. Test No. B4.
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