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Abstract

Design approach of Upflow Anaerobic Sludge Blanket(UASB) process based on the
biological kinetic parameters are known to be very difficult since the characteristics of the
granular sludge depends on the type of wastewater and size distribution of the granular
sludge also depends on the upflow velocity in the UASB reactors.

Furthermore, industrial wastewater containing toxic substances has been treated by
UASB process without the clear knowledge of toxic effects on the granular sludge.

Hence, the present research was aimed on the intensive evaluation of biological kinetic
parameters of the granular sludge in UASB reactor with and without toxic substance of
24-dichlorophenol in order to present the basic design measures for UASB process design.
The resuits could be summarized as follows.

The biological kinetic parameters(k and Ks) considerably varied with the granular size
of the sludge. Generally, the k and ks values of the granular sludge increased with the
particle size of the granule,

The biological kinetic parameters(k and Ks) of the granular sludge obtained from batch
test were not applicable to design purpose of UASB process due to substrate diffusional
limitation into the granular sludge in the completely mixed UASB reactors.

The toxic effects on k and Ks greatly varied with the granular size. And as the
toxicant concentration increased, the k value decreased while the Ks value increased.

Inhibition constant(ki) for k with the toxicant of 24-dichlorophenol varied from 05 to
2.3 depending on the granular sizes while the inhibition constant(Ki) for Ks varied from
20.7 to 80.1, showing the mixed inhibition.

Key Words : Upflow Anaerobic Sludge Blanket(UASB), kinetic parameter, granule, toxic
effect, inhibition constant, substrate diffusional limitation
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"714 A% IHLE A2 g nAdEee] 4
3 FA23d {71ERE I oisgLE ¥
AN FHLEN vl 7k Aike) 2F o)
vz 357t sbesta FAo) asy da I
ol WA gouzg Hy Fo F7ES A}
= g8 FAE v vlud AAHJA YEHY
HegHoz 48 A YA W McCarty, 1981) Z2+F
#7718 =5 454 244 g3 Ayt 4 ¢
Aam A7t dAg Fo oA 3EEo Rt
Fol o)FAAE HE B Azt 2aHE &
ol Atk A&£AHYA YA AstTAHA BA3e=
TE WAEZAA g A4 e ot A
AR nz7Ad Aoz BIH 0 n(Nemerow,
1978), Speece(1985)7F £A] &8A Az NN
B3g uiejzto] vlg wglolrt ZAHEH o
& A7 A Frlate] HHE AjxEY
HE24F S 298 =o| pHY A E YN
®3 process kinetic® H3FAIH(Parkin B
Speece, 1983). 1 o8 g Ao Ui 4Fx
F714 339 524U FA=Y 2 AW
mg da 2 9ol A7RE & Aok YangH
Speece(1985)= 7 A A @GS FEHA A
At 4L Fdtd 549 9L Hag¥ F
Aok Bagul Qo =3 Ay glolA
T BT AL BAAAE FARY EAH4EZA
e tAAQ Hozw RuEYHParkin H
Speece, 1983; Toda ¢ Ohtake, 1985).

UASB 332 £dAE ez Yol AAAA
Agste FHoEA A9 gjFPe] BFx 3
o AAHEE A &£HAC gs dojun
(Lettinga et al, 1980; Dahab $ Young, 1982),
o3 U SHAEL L Fa BtolM 49
83 Zwo|A wgo] Bred TR Y
A5 xMog AGAND £ e S5 7Y
o] gt Aol BaHATHMcCarty 9 Smith,
1986). =3 10 - 15Kg COD/m’d A= & #
oz agAHo2 AHzd & Ao (Lettinga et
al, 1983) A¥E HAF, SAHAELY &4 2 3

B3l 59 o ALFHOR YAY F e AHow
B McCarty$t Smith, 1986). 18]u =4
Edo] f71EAAN viA= 4FFH HAEH ¢
Axo &g 224, 53 2 YELH A4E
of g ol W& gon o i s
EAE4o] UASB 344 vA&e 9L dZ3
I AFHe] AHE WA At F83 &
250l UASB 349 AAMA AXNE A% A
AR AdEeAe Y8R Axst vjAg A
glol k.

wety E A7 UASB sz 583
A AAE A% s A7 d#o2TH YA
H FY%H AAE st Hrida o
gty Qatgol SAEZ] EAY We ofu
W3l ggo] JehdeAE Hristed ¥ 479
23S A

2. ZHo| e

21 SHEH Xz &S 98 2¢

AR QAEES AT ZYHL WU 2
Ao, NAE) 34 oge 44 AW rAe
9 71a 4n SEste) BAC N2E £

-4 kX M)
dt (K +9)

dX _ ,_YKS _

X (kX @

714, —%—% - 714 o]% £, mghr-1

X=84 9AE 5%, mg/l

S=&d9 4 A 7149 Fx, mg/
k=0 1713 o] &%, hr'
Ks=¥&% A5 mg/l

Y = %4 A, mg/mg

ka=HEF AF, hr'
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Table 1. Effects of inhibitors on kinetic parameters based on simple reversible linear inhibition models

Inhibition type Effect on k Effect on Ks
Competitive k = ko Ks = Ko(l + VK3
Noncompetitive k = ko/(1 + Vki) Ks = Kso
Uncompetitive k = ko/(1 + I/ki) K, = Ko/(1 + /K)
Mixed k = ko/(1 + I/ki) K = Kol + I/Kj)

2 2de AR A3 ZH}e FHHH
AAE 3ty A A 13 29 wlE YHE
Davies-Venn et ql(1989)0] H&3 {3kxE o
A8 HA A5W(a finite - difference nonlinear
least squares algorithm)g o] &3ttt v 7|
A o] FH(Wang, 1988)0A ol QxS
TEHo QA% LAE HAasdr] st kgt
%} Ks@g& vA+2 540

5|24 Ago FYH vAEZF vlF] {7
E AA o3 AUt A AR vAEF
vjojgtd f718 AAH Sxo ¥ JFPo] glenz
(McCarty, 1986) £ d7dA Kdg2 245 18
3N Yge EEABE o] &3 Y & 2de
%27] 2349 k& Ks@s 483 oixd FHA
2 (two-dimensional grid search)® %3l A
A9 gZ7te] HA A5 Fresidual sum
of squares, RSS)o] 714 &2 k#t 2 Ks@dS &
3= & Y

22 Xslilel Yel

A A7t AETH e FH v o
g ue BEZez Azt FHHHAA
nAe FF¥E 243 e A vl$ o ¥
WA HIWWL £ ALACAN Bt H
FAHA 2dg A ESH kgl FHErlFeege
7}l Al o] F o] Hh(Patterson et al, 1969;
Lewandowski, 1985; Volskay ¢} Grady, 1988;
Volskay ¢ Grady, 1990). 22\ AH3|E2do] v
AE VA= gL &F A42Ad e IF
o g% BEFEd Asle A k @ K
goll m Rl Fakol wal A H(competitive), )

73 A & (noncompetitive), &7 4 & (uncompetitive)
2D EA & (mixed inhibition)2 FEH}. AR H
Aile =4 EF9 wx7t S/l oe k g
< AR Ko &7 FUhgoh vAAH Ade
k #& aste wdd K@ A3 BEA
A Asllv FH4EZY Fx7F F7Hd g} K,
& 2 k gtol #AA%Y. od Aede AHH 2
H 3 A A&7t FAA GAse EF Aol I
ojdtt ol ¥ FFL dad /1Y Y A ©
d (reversible linear inhibition model: Patterson
et al, 1969)& ol&3q vehd & o 1 &
9E2 Table 1% 2o 971 ko & ke © A3
B0 glg WY A Aoy k & Ko =
A&l AL B FHIA 5ol k9t K;
£ A Aol Ie AHEAY Fxolt)

3 Mz ¥ ¢

31 AEEx ¥ U

A3 &A ) T4 S RAE7] A%
&4 AYPARE= Fig. 19 gon Aguwye
Owen et al.(1979)c] /&3l Johnson¥ Young
(1983)e] W 3E4 FrIY =44¥(Batch
Anaerobic Toxicity Assay, ATA)¥ol wsic)
ZE A¥L BEICHE FRAFE F23d549
A Agr]z AEH90 strokes/min)S BHA 537
sgon FAHQ R AYA YL Table 29
2o =3 £ A4 o83 YAsHAs g
38 #F dHEd ANITA deE Aelde A
X UASB g2 A Qd&sd.
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Table 2. Experimental design of batch kinetic tests

Size distribution

Run No. Toxicant

Toxicant concentrations

Initial valerate caoncentration

(mm) (mg/1) (mg COD/1)

Intact* 2,4-DCP , 50, 70, 100 1000
Smashed** U 20, 30, 50 1000
1 > 20 2,4-DCP 50, 70, 100 1000

2 084 - 20 " 50, 70, 100 1000

3 059 - 0.84 " 30, 50, 70 1000

4 0.35 - 0.59 " 50, 70, 100 1000

5 < 0.35 1000

"Intact(100%) = 1(1%) + 2(71.9%) + 3(24.4%) + 4(1.9%) + 5(0.8%)

**Smashed = Smashed intact granule

)
&

.|n

a) b) c) d)

Fig. 1. Procedure for serum bottle test.
a) pouring buffer solution and seed sludge

with nitrogen flushing
b) capping
¢) substrate injection and sampling
d) gas measuring with manometer

32 A3 Z=H L 24 g
321 gHa el =y

B Ao A2 ANEE O 34 dyE 2
A& Table 35 z2om A¥ Z3d wet Y3}
FER A AMREAen gadoeze
wFel F7A T FoAM £ AEE ALH
72 ZAH(valeric acid)€ COD 1000mg/17} S A
Eo] o4ttt =3 SHEH UFd YHe
A 8y Az JBE& Wil A3
US EPA(U.S. Enviromental Protection Agency)

2or e orlr BN

7} Semivolatile organic priority pollutantZ A4
R ARdE el E3 dAHe 24
dichlorophenol(24-DCP)& Ad Wi 54 &2
2 AAQsdo

322 24 UH

HAAHHC-Cr) ¥ 24-DCPEREE 7M2 IE
e 2R H(GO)E ol &3t FASAY. & 4F
A AATF ANB= AAMEE FZFH(Stuckey,
1980)2 o] &39o™ Hewlett-Packard 5890
Series I GCol FIDE °l&3l9o™ 0.1MY &
Z8-9N(Supelco, No. 4-6975)2 24-DCP(Supelco,
No. 4-8528)& o| &3t JRFHOE Z+ 4E
TE=E T34tk

T3 ANE stA2E TCDE o)&dyed 1%
HZ7FA(Scott, can mix 218 o] &3y YEE
woz zt AR ¥EE ZA3Gt GCY &4
ZAL Table 48} 2t}

E 439 ol&d 4 £AY VSSAELS
Dolfing(1985)9] #¥el wsten CODE GCAl
oA EAE #7149 FEo 7 §714HE o] &
A CODAGAFE o83 Aol ozt 3}
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Table 3. Composition of synthetic wastewater

Constituents Concentration(g/1)
Valeric acid 1.0 as COD
NH4Cl 0.42
K2HPOq4 0.87
KHPO,4 0.69
MgCl, - 6H;0 0.12
CaCl, - 2H,0 0.02
NaHCOs3 0.75
Yeast extract 0.16
*Trace element soln.(ml) 0.16
*Trace element soln.(mg/1)
H3BO3 50 CoCl;  6H0 2000
FeClz - 4H:0 2000 NiClz - 6H20 50
ZnCly 50 NazSe0s *+ 5HO 100
MnCl; - 4H20 500 EDTA 1800
CaClz - 2H:0 80 Resazurine 200
(NH)eMo7O; - 4H,0 50 HCI(30%) 1ml
AICl; - 6H20 90
Table 4. Operating Conditions of Gas Chromatography
Volatile acid Gas
Column HP-FFAP capillary Porapak Q
Gas flow rate Carrier : Nitrogen 5-10ml/min Nitrogen 30ml/min
Hydrogen 30-40ml/min
Air 300-400ml/min
Aux. 20~-25ml/min
Temperature Column 100TC ( 3min ) 38C (isothermal)
Rate 15C/min to 175C
Injector 200 80T
Detector(FID) 220C (TCD) 150C
Sensitivity attenuation 0-1 0-1
Sample injection 1ul Imi

o] o]lgHEd, ¥ dFdMe UdE FAE =4
7] 98 AEATHE ol &3t =3 £ RHE
AAEe] HIFYUYAL Sauter mean(Bailey <
Ollis, 1977)& o] &3ld &3t

vy

4. 22 ¢ B

41 & six|el mAE o 8K
ol SHEH QX dluw

Fig 2t 217te) 54 %

g oA e 4UAY b2 BAFS e
9 Rolth EHY e 54 B ¥
£E 0 - 120 mgA2 Z7hgel met AdHe At
sge gastgon odY d4e H4E &9
A9 ALE #A49 A9E Bt T sy
oA ERY ¢AAE YN 204 T4
HQ70l I4E) £ PEE WSY AOE o
90 A8 P27 $Y S4 29 BRelA
B gdA% 94 294 B 6% 24 v
sk

SHER0l 4% 2 HAcAA FHRA
Ao WAE GG Bohe7) fake] Ao wje
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Fig. 2. Results of relative methane gas production
from batch Kkinetic tests with intact and
smashed granule.
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Fig. 3. Kinetic test results showing the effect of
various concentrations of 2,4-DCP on the COD
removal with intact and smashed granule.

A AN k e ZzZ 0096 2 0082%/day=
2 xo]lE Holx ¥oy Ks g2 Z+z 110mg/l
% 37mg/l 2 2 Aot YL B F1 Ao

Ay 714 ol& £59 k e I 9 A
7} 48 8ARYG 324 Jehda Qo] 98 €
Hzl2) 549 & Yl F3 A& ¢ F A

QA& A} AL SHELY =7t
zZ7 5t wet k @2 FAdn Ko e St
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Table 5. The effect of 2,4-DCP concentrations on the
value of the estimated kinetic coefficients, k
and Ks of intact and smashed granule

Shidge Toxicant k Ks
type concentration(mg/l) (day-1) (mg/]
0 0.096 110.0
ntact 50 0088 1848
g 70 0046 2297
0 0.082 37
Smashed 20 0.061 35
granule 30 0.022 105
50 0.013 175

A 28y FY 54 24 559 50mg/l oA
A &A% ) &R k FEG 3
27 et 944 €337 g4 SR 54
A o S ¢ F dd. 2y 4 BHo] F
PEHA G2 deole A4 €929 B4 £eA
k@2 FAMG whdo] K, 32 AN £8A &
A Ve

Dolfing(1985)3% Hulshoff et al.(1983)2 94
A8 HAo F7gel ol BAAY A
(mass transfer resistence)°] @A dle] 7]@o] ¢
3 £8A9 FEHE Ao H4 gL £ A
on 3 ol JF wgRY A ¥gEw
o v Fasd FEddu Basgo =3
oy E4AY Apsdogs JA¥RE, 74
of dg vAES Ks g, HEZ S, A5
o A WgBAEE 2 9§59 FJEFo] Addn 3
Ao & FroA Ko & 9A daEeAs 3
el #7189 94 £8A Uy 73 Ag
o Ago] HAF T JYSS ¥ 5 gtk EAAY
Agre] 4F €87 ¢ Bl AL Ks
s 493 F/AYE o]&(Ngian et al,
1977)& 7122 39 Dolfing(1985)% Tramper et
al(1984)2 EAAY A9 AXEZAM Ks #<
oj&ate] MY Ay BAAY AL e 7
AexdA dojun x4 oetg @ sujato s
HEE =& 848 A9 94 8A9 ASds
FAE AEEFAAN 2AaTT Y

Parkin# Speece(1983)= #4F A& vy 23
& A vAES o)48 54 AP nHE

AFAZHSRTIY 571 & whgZ Yol w89
BA&s FUFezE 549 932 288 +
ATk BTk ¥ Age YAHer B4 B4
S FYGslug dose)dte] sEAoz HYP3 A
2 % €34A7 9y £ARg 44 o
g 44 EATe] e 54 (McCarty

Smith, 1986)e] 7IQ® Aog oZHu it
HA9 Ks #to] o &8jx)9] Ks gHth &
A EZAG Ao 71908 Aoz adg

LI <SS -

42 dygeixiel °xt 3ol wE S
Atz elxtel gt

Agd o]8E dBEHAE 3 FZAe 035
mm ©]&lel A RE 20 mm o]A4oZ 1 Yxrle
2717F gFsith. gt dgdEel A S49 o
3 JEH7tE Adtd 2 4AE 598 e
TEI EF 4 YAE SAEA ERA 2 B4
o] JJ¥A Wals= 718 Yoo

Fig 45 Z+zte 54 FxoA 3 3r2 4
d dHoA 22 FdAA st B Ve
Aolt},

54 ABAMY 549 24 e g
9 Azt Autxdog Fgo] TREHYL
U7, 22 mmo] 4 €A A 4 =
=7t FUteel ge A Axe Frisrge
U 50 mg/le) A= A A&zt Q3 70 mg/l
AMFE thre K49 ko] Jehgon 100
120 mg/1Y A$dAe & o)yt glE HiEo)
703 100 mg/19) =4 B4 ¥EoiME & 30%
o A Axzt delgd 4794, 12 mme) 73
Fole 50 mg/lME vju]d 5499 Ao
Eton 100 mg/lolAe R ¥rgR BT 40 %
Jro] 7ba A ko] Zasqch W 94, 08
mmoAME 54 EF9 X, 30 mgld A$ol
© WE vz HEAM AGTo] Ao 50
mg/lAE dZ uhgzEY 2 %Y¥Ee] A E
A7 AA3L 70 mg/AlME B ¥ zHT 4
%ol el Asanst vebgd, =38 44, 05mm
AME dlZ whg29 30mg/le) A4 Edo =

N o M
o 1l ox
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Fig. 4. Relative methane gas productions of the different size granule at the various 2 4-dichlorophenol

concentrations.
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Table 6& A2 ¥ k7 2 K vebd Aol

T Fig. 5& 4298 k3t# Ks@g ol &3td A
g Axxe AxxE wag Ao YAl
0.35mmol 5t A 22 mms Z7Hgel @t kit
0062 day'ld 0221 day'2 W3R Kt
T3 788 mg/ll A 4495 mg/I2 WSHEA.
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Fig. 5. Kinetic test results showing the effect of various concentrations of 24-DCP on the COD removal of the

specified size granule.
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Fig. 6. Variation of k and Ks values with the different diameter of granules.
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Table 6. The effect of 2,4-DCP concentrations on the
value of the estimated kinetic coefficients, k
and Ks within specific diameter of granule

Mean Toxicant

i ; k Ks
diameter concentration ~
(mm) (mg/1) (day-1) (mg/1)
0 0.221 4495
22 50 0.112 3133
' 70 0.100 361.7
100 0.070 1508.7
0 0.123 2975
12 50 0.086 203
' 70 0.045 700
100 0.035 800
0 0.117 166.6
0.8 30 0.105 220
' 50 0.068 336
70 0.044 740
0 0.069 q7.2
05 50 0.063 395.2
70 0.058 405

Fig. 62 ¥47% kit € Kt 43 d84e
el Aoz QiAo Frigtdl wet Hof WrAE
AA &= k@G F7istn wEsid Sy, Kt
T 78 AEE € F At Aol FUE
of wel kzate AV %6A%E EF71EHeH K,
& = AEA 978%=2 F7HHA

Bryant et al.(1967)ol 93t o g2o] vige
2 Agded AEFe wHolt g
3ttt MacLeod et @l(1990)& A A &9
29 wAEY FAHL F=2 NFEF mAET
(Acidogens, Acetogens and Methanogens)o] ¢
A& AWM ZA3H(layered  structure)?} ©]
ol U7l WE vl$ =& B4L Addn
stk &, €A A 234 v g
oK Acidogens)$t 440l dtelE|oHH;z consuming
organisms)Z ©o]FolA lov FFode Fi
AA 9 ol wlelg]olH: producing acetogens
and consuming organisms)E TAEO gleon
JAEH A FAdole Methanothrix?t F%5&
o] 51 gty Rmats ok F(1993)e st
AN A Ao w} dAgH oz AEHQ
Hhgol B3t Zzuule|lEY Ryt =it

Azl wet w2A Jehda grst e A9
3457 3A =9 Ao g b Qo

et B dFodAN w9 Arlo gl {7
B 23 £x9 zole o3 wAEF E X}
dxrel =7l wet JuH oz Aozt Qled 1
dole] Qe Aoz AZdY. o¥F AAE ¢
7ol FIteel wE k@9 F7he A9 2ol 4
AEHA g F e Aol g upHgole Ao F
Pgeg Azl 23}, T2 W2 By HE
AgE T HolFo FAC gt A& 7AA
Aol @& Roz AZdd. £3 AAF7e o
2 Ks#tel Fvte ves 84 2 A0 & ¢
AEHA AN ¢ 713 Fro mE 2AALH
&H(mass transfer resistance)oll 7]1¢I® Re & A}
B " HDolfing, 1985).

43 N3l Hel o HMah Ao Ay

2 d7dMe 549 9L 9o 719 A
¥ A3 R d(reversible linear inhibition model:
Patterson et al., 1969)% o]&3tal Hrstdct

Table 5 2 69N EAAEAY Fx7F F7189
et kg AT K@ Fvheta gloh. A
9 A=+ Table 1o] Jepd upelzto] As) )7}
ka3 K@kl vixle 98] w2l 73482 (competi-
tive), 9174 & (noncompetitive), £ 733 & (uncompeti-
tive) R EF A3} (mixed inhibition)g& FEE &
AeH 794 A¥ A 2l FolA X Ao
Ade EY As(mixed inhibition)7} YEbE-&
& 5 Utk E=3 ojee}t e AP EF A
Tdo] A3 24do| e AL =T kikk),
K@ (Keo) 3 A EF T2 73 kit 2 K
%S gyt ANGF FES &Y

1 _ 1 I

K =k + KK, (3)
Ko

K, = KSO+I(—K—i) (4)

Table 78 4] 33 42 ol-&3lo A&A+, kit
Ki#s =&3% ZA#olg AAo] ZH71gd iz
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Table 7. Summary of kinetic parameters and inhibition coefficients

Kinetic coefficients

Inhibition coefficients

Mean diameter(mm)

k(day ) K(mg/1) ki ki B
0.096 1100 07 659
Intact Smashed 0.082 37 01 04
22 0.221 4495 23 507
12 0.123 2975 09 80.1
08 0.117 1666 05 219
05 0.069 972 08 207

A5k o Ki)e Z7180 53 34 94
A9 348 94 &8 Aee ANYSF
o Zoj7k 35 Yt AAF R A
oy E4e o ZEge ¢ F den £3 dA0l
2 Aol A ] s AL A Y=o
3 AW, ol HA= Parkind Speece
(1983)7} BZA%4 w23 BANY ndE

o] 83 SHAHYP] At fFALSIT

548 499t 4718 354 0
W2 %173 EENEIEEE
250 g2A deun 2o 48R
Ao vi4ge ged gust 2HgHE
£z ¥ 4 gome QuedAd 4
g Bustd Bexy YART SHL ol
& glek @A & AFOAE UASB W32
E8HY AAZ A% FARH A7H AR
B AAT 154 2 S4890 =4
ol et A Bohe
7 A% —JUE 4% 2% tew ge e

1 J4€eAE AV 3T dEHAS
°]F AT PBeAY FTHHY AAE HIt
g A A w7)d o) &&x(ke & Aol7t 8l
o MEFF(Ks)E AA Aol Ho EFA
g Aol Aol YA S4E F ve
Wl

2. g€ AY YAEEE 0.35mmo] sl A
22mmA XY g 2719 YAREE BYoH
3 AAol F7tgel wet Hdf Hrd o] &%
A, ke Fhsda wrESd, K@t 94
F7rt A webA 4R YA 5211194 58
A A Fvke HolFo BAA 23 945
NAAAGYG @ 7|AFxo g ZHAGA T
7]01%1 Rog Algdrh

S84 vEE YA w2 Y& A
O %-"21‘5%34 Az7 N2 g=A vehjeg 44
#8219 YA @2 ZAo] v FEst AA
g oz Algdr)

4. 24-DCPg YA&edRd Y 247y Hd
v 714 ol&&x, kol o AFF(k)E 05 -
230|121 wr¥3 A4, Kol oid Asfds(Kle
207 - 8012 Jeh} A Hee EA
(mixed inhibitiom)$l A2 AlmETH
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