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Response of propionate and butyrate loading changes
in anaerobic granular sludge reactors
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Abstract The responses of anaerobic granular sludge to load changes by increasing influent concentration
and inflow were studied in the up-low anaerobic sludge blanket ( UASB) reactor. The results showed that the
degradation of propionate was lower than butyrate when the COD concentration was changed from 2 000 mg COD/
L to 5 000 mg COD/L and when the water inflow was increased to change the OLR from 7.5 kg COD/( m’ * d)
to 15 kg COD/(m’ * d) . The results were consistent with the thermodynamic theory and the undissociated VFA
theory mentioned in inhibition kinetic which showed that other factors such as the reactor’ s construction and op—
eration could aggravate the inhibition. It can provide some references for further discussing the anaerobic reactors
failed with propionate accumulation.
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Table 1 Summary of the main operational parameters during the whole experiment period
(/1 (1) (V) (V) (V)
1~34d 4~6d 7~10d 11~16d 17 ~25d 26 ~50 d
(L/d) 14.4 7.2 7.2 7.2 7.2 14.4
COD( mg/L) 500 1 000 2 000 5 000 3 000 4 000( 3 000)
OLR( kg COD/m® * d) 2.5 2.5 5 12.5 7.5 20( 15)
2 )
o R2
2.1 95% 99.8% -
TRl R2
1 7.5 kg COD/(m’ * d) R1
26 R1
90% R2 R1 3 000
(2.5 kg COD/(m" « d)) mg COD/L 15 kg COD/(m* + d) R2
o 4 000 mg COD/L 20 kg COD/( m’ e
pH 6.5~7.5 d) Rl 40% R2
0 2 R1 R2 .
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: 5 kg 15 kg COD/(m’ * d)
COD/(m’ + d) RI . 20 kg COD/
(m’ «d) UASB

COD(mg/L)

hi

7k CODimg/L)

Ak COD(mg/L)

2

& 000

4 000

2000k

0
6 000
4 000

2 000

20
= 100

()
6 000

480
4 000

160

| :(JJL 1% it B far 14

2000 = | fF| & el = "
mom oM G ™ rwry |
. T Y
() S ——5, s ™5
0 10 20 30 40 50
wtia) (d)

a4 RIgEK  w RI fif v ik
a R2PEK 1 R2 fiflf —— KERE

Rl R2 .
Fig.2  Performance of R1 and R2 during the

whale experimerial Cpeciod

«d)

A% (kg COD/m

LR (%)

FERREE (%)

2.2



1997

9
R1
— o R2
2.3 o V Rl
Andrews "
o COD
- M
o 0.17 mmol /L R1 R2 COD
Duarter "
0.17 ~ 0.42 mmol /L.
o Kroeker o
0.50 ~ 1.00 mmol/L 2.4
HA SEM
HAZ2H "+ A (1) 4 .
k, = ey ®en/ony (2) 50d
ka !CH+ o R.l
(mol/L) ; ¢, -
(mol/L) ; ¢ya (mol/L) o ; R2 °
C =Cyy +Cy- (3) s -
c, ° °
2 3
k.c, °
Cur = -ol +k, (4) R1 COD
3
o 3
VFA
0. 17 mmol /L. R1 R2 COD
80% IV
0. 17 mmol /L 0.3 mmol/L.  0.24 mmol/L
R1  COD R2 COD
100
g 042 eessehgnd
£ |mERUkwEEAR -
R e ] 7/\ o0 £
E o mynint M1 o &
& 0.17f H
* ol A %_’ :
I I 1] v A Vi
(a ( x50) ;buc.d
3 ( x5000) b c R1 d R2 )

Fig.3 Relationship between undisclosed

acid and removal rate

4 SEM

Fig. 4 SEM images of granular sludge in the reactors



1998

7.5 kg COD/(m’ + d)

12.5 kg COD/(m’ * d)
;(2)

0.3 mmol/L

0.17 mmol/L

Gallert C.  Winter J. Propionic acid accumulation and deg—
radation during restart of a full-scale anaerobic biowaste di—
170478

et al. Mi-

gester. Bioresource Technology 2008 99(1):
Mcmahon K. D.  Zheng D.  Stams A. J. M.
crobial population dynamics during start-up and overload
conditions of anaerobic digesters treating municipal solid
waste and sewage sludge. Biotechnology and Bioengineer—
ing 2004 87(7): 823834

Jeison D.  Plugge C. M. Pereira A.

acidogenic biomass on the performance of an anaerobic

et al. Effects of the

membrane bioreactor for wastewater treatment. Bioresource
Technology 2009 100( 6) : 19514956
Bull M. A. Sterritt R. M. Lester J. N. An evaluation of

single—and separated-phase anaerobic industrial wastewater

10

11

12

treatment in fluidized bed reactors. Biotechnology and Bio-

engineering 1984 26(9) : 10544065

2005 21(3): 2527
Zhao Jiehong Zhang Bo Cai Weimin. Research progress on
propionic acid accumulation and control in anaerobic diges—
tion system. China Water and Wastewater 2005 21( 3):
2527( in Chinese)
Méosche M. Jordening H. J. Detection of very low satura—
tion constants in anaerobic digestion: Influences of calcium
carbonate precipitation and pH. Applied Microbiology and
Biotechnology 1998 49(6) : 793799
Barredo M. S.  Evison L. M. Effect of propionate toxicity
on methanogen enriched sludge Methanobrevibactersmithii
and Methanospirillum hungatii at different pH values. Ap-
plied Microbiology and Biotechnology 1991 57 ( 6):
17644769
Ma J. Mungoni L. J.

removal rate of propionic acid as a sole carbon source in

Verstraete W. et al. Maximum

UASB reactors and the importance of the macro—and micro—

nutrients stimulation. Bioresource Technology 2009 100
(14): 34773482
Speece R. E. Anaerobic biotechnology for industrial
wastewater treatment. Environmental Science and Technolo—
gy 1983 17(9): 416A427A
Andrews J. F. A mathematical model for the continuous
culture of microorganisms utilizing inhibitory substrates.
Biotechnology and Bioengineering 1968 10( 6) : 707-
723
Duarter A. Anderson G. Inhibition modeling in anaero—
bic digestion. Water Science and Technology 1982 14
(67): 7494963
Kroeker E. J. Schulte D. D. Sparling A. B. et al. Anae—

robic treatment process stabitity. Water Pollution Control

Federation 1979 51(4) :7184727

1993.243-251



