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ABSTRACT

It has been reported that the inhibition effect of pH on activated sludge follows
noncompetitive inhibition kinetics. However, the noncompetitive inhibition kinetic
equation can not be directly applied to pH inhibition because of the difficulty in
quantification of pH in terms of inhibitor concentration. So. many empirical equations
have been developed to describe the pH inhibition effect especially for acidic
condition. In this research, the pseudo toxic concentration (Cpr) concept model to
quantify pH inhibition effect on activated sludge was proposed and compared to other
existing models. The Cpr concept model can explain the reduction of the maximum
specific growth rate (umax) caused by the pH inhibition more accurately than any
other models, at a wide range of pH. The only model parameter, Ki can be easily
estimated by Lineweaver-Burk linearization method.

Key Words : pH Inhibition. Pseudo Toxic Concentration, Activated Sludge,
Respiration Rate
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Fig. 1. Pilot plant equipped with the respiro-
meter.
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HARIEFE FHo 7127 A& EYAAZA
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#e] 80%= HEEE AT 208, 2480 285
At 29714 ¢ A€ pH 10, 119 7247
4 M #YA AAEEL0] 60% Zardted 42
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3.2, 28 ofries FH
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3.2.1. Cer concept model

Cpr concept model< noncompetitive inhibi-

Table 1. Variation of rmax under various influent pH

Acidic condition Basic condition

pH 55 | 50 | 45 | 40 | 85 | 9.0 | 100 | 11.0
Before toxic input 137.3 | 145.6 | 143.1 | 145.1 | 128.8 | 127.7 | 126.3 | 122.9
After toxic input 102.4 53.2 30.6 20.0 125.2 | 100.2 45.8 40.3
60% reduction time of rmax (min) - 52 34 26 - - 45 36
80% recovery time of rmax (min) - 18 20 24 - - 22 25
rmax reduction ratio (%) 25.4 63.5 78.6 86.2 2.8 21.5 63.8 67.2
Hmax.1 / Hmax 0.746 | 0.365 | 0.214 | 0.138 | 0.972 | 0.785 | 0.362 | 0.328
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tion kineticsoll 71x&1 9leny, Wi o] Y
9] inhibition coefficient, Ki¥ Lineweaver-Burk
linearization method& ©]&3td 3] Fa2
ok wiAAH Ad) T J5E HH
og A3 23, G714, yEEE 12 53, A &
2 FE [ B (Umax/Umax) E plot3H-E w 7]
€719 4471 Kt g0

Table 1ol UJehd 4% Azz e A4 233
d7143 = d& % & K@EK = U/
1.3367 = 0.748 for acidic conditions, Ki =
1/0.8377 = 1.194 for basic condition)& 4
(Fig. 2). tiets] Z24bdQd A 98 AP (Cer <
3, 94 pH 4.5~5.5¢9 %) 8= d% =¥
A JeEPtHK =0.812). £§ o] ZAF A A &
714 279 dsiA, Al 2ol vehdr] AF
8= threshold pHE 78 # Aed, 2 #e
24zt 6.77. 7.80°1%t}. ol & pH 6.773% 7.80
Atolol & A &Hgo] gtk A& ond, o
gta o] WHelM Cpre 022 AFED. Cer
concept modelol 7HA& A F¢f shvie A&
8o] (pHw-pH) 9 #Feol vlstez g714 =21
o i3l ALY ASE 2 7XE HAY U8
7} gtk Holtt

3.2.2. Tyagi model

Tyagi $¥& AHUE2 modeld] FL4 T wiAAF
9l Coll sl -1.33+0.058+ &g AA&ded,
AAEe] 4% volEl§ o] 2dE o] &3t 343}
71 98t Aeghg oAl FF G

_ Cr+ In(pH)
Hmax 1= Hmax " 310 (7.0)

where Cr = constant for Tyagi model
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A 4 9o dehte 7]1E0] H& pHE 973
o2 O& Ay 244 H48 Afoe 2o AP
3 e ALgdladol . dAriMe A WA
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(a)
4
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3
§
=
<2 y =0.8377 +1
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0 R R . . .
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Cpt {mg/)

(b)

Fig. 2. Model parameter estimation for the
Cer concept model: (a) acidic, (b)
basic.
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T8 5 Atk 71V I28E AL @3 yddoes
RE AdE ghe A9 dxdgen, 44 x4
sl -1.46, F7143 e e -1.8779] @& B
#ch(Fig. 3).

3.2.3. U.S.EPA model

U.S.EPA model® 7.2 °o|&te} pHr} A4t
e gL 71, e AY 444(0.833)
£ x@3tn Ut 2d sigel AHE-E AR o} E o)
RHET s 2 8317] A& 2dol| X3 7] Fo)
€ pHE 7.2 4] pHuZ EA32 Y ¥+E
Ce2 EAIBITH o2 BAPES F3td mde
&3 o] =AU

‘:‘"“" L — | — Cx(pH,— pH)

max

where Cg = constant for EPA model

9714 220 da) A4 W, 4L ke gol W
Aol B},

Bomax.s =1_CE,W(PH_I§H:J;)

H max

A4 Cex yAE¥ S 12 F1 (pHupH)d &
Umax./max (F714 ZolAE (pH-pHw)ol W&
Hmax/Hmax) B plot3t & We] 7] &7]o|H, 4Hd &
714 Zzdel dal Z+zk 0.444, 0.423°] 243
#oz2 verstth(Fig. 4).

3.2.4. UCT model
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1ni‘f"—i = (pH—pH,) - InCy

where Cuy = constant for UCT model

A714 2ol i 4L ol Zoh

Hmax [ _ C (pHu— pH)

A max

1n—‘i—"“—"i = (pHp— pH) * nCy, puse

g7l ydHE 022 $£3 (pH-pHw)ol W& In
(Umax. 1/ limax) (B714 279 2% (pHw-pH)l o
2 In(Umax.1/tmax) } & plot3td& wl 712717} In(Cy)
7t Aok A AXe 7)eve A R AU =
Aol dial ZHzt 0.8962, 0.6735°1 2 wetA 3%
£ 242t 2.45, 1.962.2 VeI A e
Cue AAE o8l Ajtd #t) 2.359 uf-¢- FAL
3t} (Fig. 5).
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of i ABVAA FEE A7) AY FHo= AN
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o] ¢l YA ¥& W YRS BIH FA=
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gol &2iA g W P A Ed AET
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Fig. 5. Model parameter estimation for UCT
model: (a) acidic, (b) basic.
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Fig. 6. Prediction accuracies of the tested
models.

Table 2. Prediction accuracy indexes of the
tested models

Model PAI
Cer concept model (Acid) 94.6
Cpr concept model (Base) 93.7
Tyagi et al. 58.8
U.S.EPA 62.2
UCT (Acid) 88.4
UCT (Base) 86.4

&3t A3 At JHF AEEc o 3
“3-& Cpr concept model®] pHE] A3 ga< H
Mo 2 HAudte vAPA At E rEoR &
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4ATAE (RRC-IETD 9] A (FAHE : 99-10-
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Hut



Hmax

Hmax,1
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UAm

UA

Hn 72

HMn.pH

A, By

Cr. Ck,

Ki

PA
PA;
PAI
pHx
pHin

Tmax

T'max,|
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the maximum specific growth rate,
day™

the maximum specific growth rate
when inhibited, day™
the maximum specific growth rate of
the less acidophilic species at that pH,
day”

the maximum specific growth rate of
the less acidophilic species at a pH
7.0, day”

the maximum specific growth rate of
nitrifying bacteria, day™

the maximum specific growth rate of
nitrifying bacteria at that pH, day’
the maximum specific growth rate of
nitrifying bacteria at a pH of 7.2, day™
the maximum specific growth rate of
nitrifying bacteria at that pH, day™
constants (pH dependence of growth of
less acidophilic species), dimensionless
A1/B1, dimensionless

Cu constant for Tyagi, EPA and UCT
model respectively, dimensionless
inhibition coefficient, mg/L

inhibitor concentration, mg/L

number of samples

prediction accuracy

prediction accuracy of it sample
prediction accuracy index

neutral pH

threshold pH

the maximum respiration rate,

mg Oz/L-hr
the maximum respiration rate when
inhibited, mg Oz/L-hr
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