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Abstract

Effects of sulfate on the anaerobic substrate utilization were evaluated using UASB
(Upflow Anaerobic Sludge Blanket) reactor. Effect of sulfate on the organic removal rate
was dependent on the relative amount of microorganism in the reactor, the operational
condition, and the characteristics of sludge. When the sulfate shock was applied to 0.0~
30g SO42“/d, more than 95% of COD removal efficiency was achieved. Therefore, if F/M
ratio was kept to low sufficiently with recirculation, it is shown that operation of the
reactor was not affected significantly, though sulfate shock load was doubled compared to
the normal operation. Provided that it is shocked by high strength of sulfate or temporary
shock load is applied frequently the efficiency of reactor may be disadvantageous as well as
the wash-out of sludge will be increased by decreasing the size to the accumulated

frequency of granular sludge and the size with maximum frequency.
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Schematic flow of the experimental
apparatus.
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Table 1. Operational conditions of reactor A (R-A)
Stage 1
) 9 3 4 Stage II Stage M
HRT (day) 05 05 0.5 05 05 0.25
Upflow velocity, Vy (m/hr) 17 1.7 17 17 1.7 0.17
Sludge bed height, Hs (cm) 70 70 70 70 30 30
COD load (g/L - d) 95 95 89 10.0 9.6 10.8
S04 applied (g/d) 0 9.0 156 18.8 94 58.1
COD / S04~ - 16.36 8.78 8.19 15.20 2.87
S04/VS (mmol/g) - 0.133 0.229 0.280 0.318 0.646
Recirculation rate 20Q;" 20Q; 20Q: 20Q; 20Q: Qi
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Table 2. Operational conditions of reactor B (R-B)

Stage 1
) 5 5 3 Stage 11
HRT (day) 05 05 05 0.5 05
Upflow velocity, Vu (m/hr) 17 17 17 17 17
Sludge bed height, H (cm) 70 70 70 70 30
COD load (g/L - d) 96 96 9.0 10.0 96
SO applied {(g/d) 0 06 15 3.0 6.0
Recirculation rate 20Q;* 20Q: 20Qi 20Q; 20Q;

® Q;

influent flow rate

33 94 €449 4k X AF

gag F0] I £8A9 A= X 1
A 4g dotry] s HYd AE8F d &
g 2l (Raw sludge)st A ¥+&= &4 F COD A
AHgol 2% FEF T SS 57 wo
A F7ksl7] AFE A DdA A8 opxg Ay
A 13(A-S1), MeA A8 Fule] JEEHE
13)(A-S2) 4zt 334t £33, A MaA 4y
=Z Fe{Ae] Rate] HAAS o RAE &
AA-SFIE & M2 = BAS 8o o
A9 A= A Aze} vlustch

a2lzm, FAES 19 13 impulse E4o2 F

LT—HJ

oY

PERISTMTIC PUMP

DISTILLED WATER RECEIVER

STORAGE TANK

Fig. 2. Schematic diagram of experimental
apparatus for size distribution.
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Fig. 3. COD removal efficiencies and sulfate
loads at each stage of R-A.
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Table 3. Statistical results of the granular particles distribution
Raw R-A R-B
parameter "

| sludge A-S1 A-S2 A-SF B-S1 B-S2 B-S3

A 0.0001 0.0030 0.0817 0.1156 0.0596 0.0829 0.0664

B 1.8965 1.1023 0.2751 0.4103 0.3170 0.3192 0.5405

r 0.9907 0.9212 0.9886 0.9791 0.8893 0.9879 0.9237

r 0.9816 0.8486 0.9774 0.9587 0.7908 0.9760 0.8531

P 0.0957 0.0459 0.0005 0.0042 0.0064 0.0006 0.0957

* Data from floated sludge on the top of the reactor.

a3prhze] 4ol FAS FrkstAth 2aU S ®oh 3 pAdM SAe 2y)E

237k F9] g &

< A= 72~76%2 W

FEo] AUk o] Aoz RE 23¥ £ 9

e

32 WA= 4

A
A2

287t 7

15gS057/de] #atdde) 27 Ras) 7}
MPBe}

gol A ANE W gout Rud A ¥

7} 30g/dY "ol &

MPBe] &A4Jo] FZoA 3%

MR #E2Y FE lou 97| E Weibull

9 BE ¥

58 olgsel 94

Eeixe)

=€

7} 83t R BX Pefol i3] Hoiste 1 A9E
Table 3.o1 YehHAcH

dYol AHeE 9

oAt 54 gde o

Moz FAF A¥ AX(R-A)Y impulse 2!

lo dpr

do= Reloh. azy o714 MPBe @4e) o
& FZc] FEHE o] iF F FEo A
32 A Holehr] Bohe Azte] e ma
& (acclimation)oll )& Rolgtuw B Ho| ¥
Fateler 2o & d¥zdes HA ‘E! ke o]
13 F7Fe] MPBell thal] x4x¢ =4 37E
vl wge] <ol 2 ELL ovistz, wat
A A Az AAE Fige] MPBY %
o e JFL2A 43l SRBe I&e| nF
+& vex Qg a8y, v|gEe] %
olx ¥ FY#IE 2wl A A DA
ol A e] ZAxtol A "‘5}7}*4 WAl eFo] 7hastd
A gl o] @7 st Aoz Hol &
HaHe 6gS0L/d HFAMRE dojuhs Ao
o et

o
=

ke _Ihl. o oy

3. 49 FYo) Y A YR
o WA 9

Al
A A& xR g rg "a‘%‘%* s
o 22 o] dojudA Al g £8A
AgEels e vH 2 IrldE ¥3E 2

2 FY 49 ZR(R-B)l s Weibulle] &
E X e H43 A AAYes AnAS
(r7F 0.9212~0990724 A#Ade] & Aoz B
At EF AE7F Weibulle] &8 BX ¢4
2 HEsAg Hrshr) 98 Ftol AF(22)
PE A5E o £ 2479 AAFHog AFE y =
K =1=70M P=Pr{x*> x0"} =0.05%1 tg3ale
0’9 (1407 ETH A YEhY $9 £3F 5 %o
N3 Weibulle] 38 ¥ g8 Z gax
Ao g HANE 4 b HEA S (scale parameter)
A Agke WHslE EE Ay A143 9 £8x
o 7% 000019 gtg vehdd wia] =4 22
o] F#YHL ¢ olFolE 0059%6~0.115684 &
& vehEZ g4 8A9 ar)s i A
22 B 4 Ut X3 R-AY FE$ A-S1TH
A-S29] AE vims] B A7k Ao upe} w
SZ2W oY £e9 AVE Ha giasts 2
£ JERAY 28y, 59 &3 gAY R-B
o dis] B-S39 Jx B4 A: Azto] 0.0664
2 ol EG e e Ho 933 Ay
8|9 JE7F AR Rezg el ol
T4 AHHoR AE F4 LTm/MhrE
& FRAAZ A 2829 s mE o4 ¢

oo >

¢

A
,o\)]..’"C

ed =2

KOREAN J. SANITATION Vol. 13, No. 2, 1998



5 maw- ggs
Ago] FRF FEH Fuigen & YAE)
g2 Ul ZF3AE Aoz 5

8 g4 £8A9 Ho EFE 2= UAY
A719F #¥E ¥4 A5 (shape parameter)q] &
&g B9 d S8x9 A9 180657 H whay,
FAEE FHUE o[F 9 F3e 01023~04062
4 <A w3 @A Jdehd Aoz wol Ho

P7e] Folx ez Wy A
A olg AFIH) A 9% BE UE Tl B
A 4% % VuE AR 3l Table 3.
o] Z2#E HEAA HY& 9 Fig. 7. @ Fig. 8
o ol Yl

Fig. 7.¢ 34 E d4 Y4 R-AY wg=x
W A sAE 9% 248 2824 o &9

Ao vla) A 712 Huel nE U4 ¥ 25
o W YAl HA e Hoz BIJ} XA
i 1o 3]1'—11 —‘FZQ TFE e ‘337301 A Zo}
Axn Ys Aok 2y Rdd $8A
(A-SF)¢] &5 ﬂ]—qﬂ*ﬂ—i’_i\]

?—1”1177}1] 4% 28328 A 9 248
A2 A RAAEA] e &R AeHT 9A
FH 2o dig 974 2 Ad E54E e 9A
9 A7 & Ao JebgEd ole #AYEY
FRog A% Yt €8A7 g 22 At
flocculant sludge FEZ ¥k o] HAHz

0

73—?—% flaoks

1. Raw studge |
2 A-81
3 A-52
4 A-SF

Fraction (% )
- ey
/.

e T P
" . N e

so 100 1se 200 ase 100 350 400

Uptlow Velocity (m/ hr)

Fig. 7. Size distribution of the granular sludge
during the experiment of R-A.

AR A13Y 23(199)

A7k 9] £eA FoAM AV 23 Fxe)
PAoE BE 2 YAER PA FAY vz
AL Aoz weth oW A% Fe 0115
2 041039] 2L},

Fig. 82 impulse WAooz FANYE Y3
A¥Ax R-BY ®gz W 44 &8Ad g
P B o2 o] gz U9 4% E¥ o

Al AZkol ZAFHol wet 9 &£ njE 4R
Y o o 4% R Ao =5E 2 QA
o ANt ZAase AF%E el 2,
B-S19] 7 5-¢ B-S29 A% Bgel 4z 03170
W 0319224 wjxd ¢g veEbd whE B-S39)
AollE 0540524 2 #%e 29 9o AA
o2 YvERgTh o)y g Fgog s
AJZro]l Aol met A Eeixe] sty Ymst
A 7F&ghEo] F2 dAtEo] wash-outH o
A AHeR Z Y4B E 2E YA ez
of %ol EAsld uvEehd Moz nY, w3
Ae ASE pgte) walel fAe F¢E ye
Wol 9& 3 mgeol i3 1Ao] A|zke] A
ol we} HA Holxthrl wash-out BALE
A& oA JAe] AAE Ao yld.

38 Fig. 7.9] A-S1 2 S29) A9} Fig. 8.9
B-S1 ¢ 529 Z9E s 2 o FAEE o
& FYste A YAY F4 & ek S

e

* 1 snw sludge
- 2.8-81
| -
s . N 3852
3 1 / N 4.8-583
2 N
'S / \
i A N
T
r / N
Y N
Y \ 4 \\\
a N T~
N - \
R

oot
5o 100 150 100 50 100 a0 s

Upflow Velocity (m/ hr)

Fig. 8. Size distribution of the granular sludge
during the experiment of R-B.



BAIRI0I UASB BIZZOIN &JIN 280 BIZ0 DIl &8 55

of o] A &Y s @Ae] o wel U
42 ¢+ Uk

A% Fde] =2 FYHAY dAH F
Zo] a5 ZHHAA HA Wz 2H 2&H
ZHME By 8w ohvy A €A §
A= A2k F2sEA 239 f4do] S8
g ez dddo

v.gd &

gAgo] UASB wHEZoA §7)4
o PalE dge HiE] H3ld
o] &3l d¥E +YPg A & B2 4
=heled

1. gAY d4 Fdoz ) wgx ZA &

Hggg vAe HEe ¥HE
n g EHzxd 4 £
et
2. FAdel A 27 R5E 0~3.0g50,L/d=
718 Ateloll = 5% )49 ¥& COD Al
A &&ol Yelten, wgo] e =4 d
oA F/M v]E F¥3] 2A §FAgdE A
AAl Aol wlE 2d) Hxzol FAUY FA
237 A g g M AA
&L nXA| FIe Ao2 YW

3. Figel nF=E {FYHAY dAH 24
o] AF 7AW wkgze] 24 58 &
Ao x Badg By ol A &8A 9
dA FH Zgol dig A 2 Ho =5E
e QAo BAaEd &jxY HAel F7t
Al @ Holth

(=
N e
ey

['

bl

22249

1. Cappenberg, Th. E. © A study of mixed
continuous cultures of sulfate reducing and
methane producing bacteria. J. Microbiol.
Ecology, 2, 60-72, 1975.

2. Clark, J. W, W. Wiessman and M. ].

Water

Hammer supply and pollution

control. 4th Ed., Harper & Row Publishers
Inc., 1985.

3. Postgate, J. R. The sulfate reducing
bacteria. Cambridge Univ. Press, Cam -
bridge, 1979.

4. Grotenhuis, J. T. C, J. C. Kissel, C. M.
Plugge, A. J. M. Stams and A. ]. B
Zehnder :
in particle size distribution of methanogenic
granular sludge in UASB reactors. Wat.
Res., 25(1), 21-27, 1991.

5. Alibhaii, K R. K and C. F. Forster :
Physicochemical and biological charac -

Role of substrate concentration

teristics of sludges produced in anaerobic
upflow sludge blanket reactors. Enzyme
Microb. Technol., 8, 601-606, 1986.

6. Hulshoff Pol, L. W., J. J. M. van de Worp, G.
Lettinga and W. A. Beverloo : Physical
characterization of anaerobic granular
sludge. Proceedings of the NVA/EWPCA
Conference Anaerobic Treatment a Grown-up
Technology, 15-19 Sep. 1986, Amsterdam,
The Netherlands, 89-101, 1986.

7. Tramper, J., J. W. van Groenstijn, K. Ch.
A. M. Luyben and L. W. Hulshoff Pol :
Some physical and kinetic properties of
granular anaerobic sludge. In: E. H.
Houwink and R. R. van der Meer(Eds.),
Innovations in Biotechnology, Elsevier
Science Publishers BV, Amsterdam, The
Netherlands, 145-155, 1984.

8. Woldringh, C. L., J. S. Binnerts and A.
Mans : Variation in Escherichia coli buoyant
density measured in percol gradients. J.
Bacteriol.,, 148, 58-63, 1981.

9. Fitzpatrick, J. A, G. D. Roam and B. T. You
: Anaerobic microbial aggregation and model
development of a UASBR. Paper presented
at a Symposium on Anaerobic Digestion,
15-18, May 1989, Taipei, Taiwan, 1989.

10. Beeftink, H. H. and J. C. van den Heuvel :

KOREAN J. SANITATION Vol. 13, No. 2, 1998



56 Has- Uga

Physical properties of bacterial aggregates in for the examination of water and wastewater.

a continuous flow reactor with biomass 15th Ed., APHA, AWWA, WPCF, 1992.

retention. In : G. Lettinga et al(Eds). 12. Zhou, D, Y. Chen and X. Ming @ A study of

Granular anaerobic sludge: Microbiology and anaerobic treatment for highly concentrated

technology, Pudoc, Wageningen, The Ne - S04 + Ca¥-rich organic wastewater and

therlands, 162-169, 1988. purified water reclamation. Water Sci. Tech,,
11. APHA, AWWA, WPCF ! Standard methods Vol. 24, No. 5, 123-132, 1991.

Ut st 4139 25(19%)



