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Treating Swine Wastewater by Anaerobic Bioreactors

Gook-Hee Lee, Jong-Soo, Kim* (Dept. of Environmental Engineering, Sun Moon University, Asan City, Chungnam,

336-840, Korea:Tel & Fax 0418-530-2381, email jskim@omega.sunmoon.ac.kr)

ABSTRACT : Three different tvpes of lab-scale anaerobic bioreactors, AF and two-stage ASBF-PR and ASBF-SP, were
evaluated in treating swine wastewater by operating at 1 ~2 days of hydraulic retention time with increasing organic loading
rate upto 6.3 kg-COD/m' - d at 357, Seeding the anaerobic bioreactors with waste anaerobic digester sludge from a municipal
wastewater treatment plant was effective and a 40-day acc’imation period was required for steady-state operation. Three
anaerobic bioreactors were effective in treating swine wastewater with COD removal efficiency of 66.4~84.9 % and biogas
production rate of 0.333~0.796 m¥/kg-COD,,....q - d. Increases of organic loading rate by increasing influent COD
concentration and/or decreasing hydraulic retention time caused decreases in COD removal efficiency and increases in biogas
production rate. At relatively high organic loading rate employed in this study, the treatment efficiency of AF and ASBF-PR
were similar but superior than that of ASBF-SP, indicating that porosity and pore size of the media packed in the bioreactors
are more important factors contributing the performance of the bioreactors than specific surface area of the media. TKN in
swine wastewater must be removed prior to the anaerobic processes when anaercbic process is considered as a major treatment
process since influent TKN cencentration of 1,540~ 1,870 mg/L to the bioreactors adversely affect the activity of
methanogenic bacteria, resulting in decreases of treatment efficiency and biogas production rate by 50 %.

Key Words : Swine Wastewater, Anaerobic Treatment, Anaerobic Filter, Anaerobic Sludge Bed Filter, Organic Loading Rate,

Chemical Oxygen Demand. Biogas, Ammonia.
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Table 1. Characteristics of swine wastewater used as an influent

to anaerobic bioreactors
Parameters Concentration (mg/L)
Average Range
pH{UMy T 84 75-94
Alkalinity(as CaCO3) 11,800 8,400 - 14,000
Suspended Solids (SS) 5870  870-11,200
Chemical Oxygen Demand (COD,,) 18,400  7,970-43,900
“otal Organic Carbon (TOC) 7,190  1,440- 14,600
Volatile Fatty Acids (VFA) as Acetate 10,100 1,850 - 22,500
Total Kjeidahl Nitrogen (TKN) 2,430 650 - 5,370
Total Phosphate (T-P) 350 150 -610
Metals
Aluminum (Al 6 2-18
Calcium (Ca) 180 54-320
Cupper (Cu) 5 1-17
fron {Fe) 14 6-27
Magnesium {Mg) 21 2-54
Manganese (Mn) 2 1-3
Zinc (Zn) 12 4-28

Samples were analyzed after filtration on GF/C filter.
COD was analyzed by Chromate method.
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Fig 1. Schematics of lab - scale anaerobic bioreactors



56 38 - AE4

Table 2. Operating Schedule of Anaerobic Bioreactors

. OLR .
Period Operational (kg-CODY HRT Influent Concentration (mg/L)
days m . d) (days)
COD VFAs TOC TKN T-P
Innoculation
& 0-40 11 2 2200 1040 920 400 310
Acclimation
Phase | 41-55 11 2 2200 1040 920 400 310
Phase 1 56-84 2.2 2 4490 1460 1220 480 290
Phase I 85-137 4.1 1 4100 1340 110 760 270
Phase ¥ 138-253 6.3 1 6310 1680 2120 1310 350

SPe& ¥°] 60 cm9 {FELF FLF(Z 34 L) 2709
B3R ojdo g FAHJYLY, 7 #Ere AR R
4% 1/2% Zt7 pall nng# sponge({Z=& 98 %, =
A7) 4 mm x 4 mm, B EHEA 800 m2/m”E 2R &Yt
Fae gy © FEA 2ol FY ofAY o 9
o JYFR LEL FYUA AU &7 ¥ 10
cm HHo2 Alg AHTE AAHAG 3719 weile
C 2204 A&Ho gz gAFHNULH, F25 BN
¢ NEAHAE &7 AAE GAojH Y A
HH+E o)t W3V I2RY A HE viol oot
WA S wet gas meter J12]3 wlol 9 rtA XA EA
A A5y AHAe 72 YA E o] &3
3719 BEWII] ¥4 nE AFE st H
FeFLAHY YA LsANEY o L2HEYA(SS
244 g/L, volatility 60 %)& 7zt ¥-&71°) 2L(c|& A¢
Zide] 1 L)& FUHAT CODZ 2200 mg/Le) Hx
2958 SEE HAsY /3% 136 L/d2 ¢4 E& A
g, A2#HoR AF vPEA g F/MH
(food/microorganism ratio)© 0.024 kg-COD/kg-VSS - d,
OLR& 11 kg-COD/m’- dZ SAH3Ao H$77He <
409 Az 285U AF 9 HEINL olF FoA
OLRel th3te COD M A&l 60 % ©| 4% st 2574Y
A% ALY FAAH2 AP T M5 COD 3%
£ =A 3dAY w8719 HRTE 29N 1908 B3
o Table 201 8% wist Zo] phase I~IV7HA] OLRE
6.3 kg-COD/m*- d7bA] AR H o2 F7MA70 o 2504
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gtd BAFHYT. TOCy TOC Analyzer (Shimazu
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ICP(Shimazu ICPS5000) o ol &t A& %tk VFAE Al
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Fig 2. Effluent pH and alkalinity of lab ~ scale anaerobic
bioreactors
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Fig 3. Effluent TKN of lab - scale anaerobic bioreactors
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Fig 4. Effluent T - P of lab - scale anaerobic bioreactors
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Fig 5. Effluent VFA of iab - scale anaerobic bioreactors
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Fig 6. Effluent COD of lab - scale anaerobic bioreactors
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Fig 7. COD removal efficiency of lab-scale anaerobic bioreactors

FUTE FAATE IA o)F YAHU Mo 53
ATh COD A A AojA 3719 uvhg7le & Aol e
Wi UA A9 phase [ II, III, IVE OLRe] Z7tgo
o2 #24 CODe zHzt 380~410 mg/L, 380~900
mg/L, 280~1,550 mg/L, 28} 7 480~4,800 mg/LEA A
B o2 F713A3 COD AALL Ztz 781~854 %,
798~909 %, 52.3~912 %, 133 288~835 %08 A
HA o2 7148 %ch B3 phase Ilo] w25 phase III
St Vel COD MALY #A %8 ARAe dFL Ho
2 Utk Phase IIIE phase 18} 7Z+o] §#Y< CODE 4,090
~4,820 mg/LE UAQ3A §A 3T HRTE 2¢A 142
ZEaAA OLRE F7MA $A® 7oz 4¥F f&
o] F7tofl @& biomass FAA 959 COD MA&ol ¥
o] Aoz #werAT} Phase N A%, #%4 TKNo|
1,000~1,500mg/L ©] &2 71ZH(Fig. 3)elA COD MA&L
70% ©14& Yehl 2 oy TKNo| 1,500 mg/L ©]A4l
7174(144-1484, 1969 °]¥)olA COD AAEE 50 % ©
7k LAY olgw AAE {YF TKN FE(90
% ©°]’°} NH3-N)7} 1,500 mg/L |49 7S g 44
79 g¥° Adde g AT + Aoy, A4S
o AEAA AN Aed At #Y99 TKN AA#
A% AAMes YFA ez godd,

Yool A COD H[H 2t Hfo]2TtA uhe

+47]2t < OLRY F7to) we 7 wg719) 44
oAl COD MAEH wolortx WHF(EEAY 71F)
& Table 3 2o%adtt A4 $AAHE Q%Y
@ Phase [19] Y% A7 R71ED] AY B3R
Y A&24 Y 471703 phase IV 2¥% TKN
o FAsl oA WREE WY E ¢4 AN COD AA
o] 7tAd A/ Age At Phase I, I,
II(OLR 1.1, 22, 41 kg-COD/m*-d)eA 7} w$7]e)
COD MAH&E zol7t Yol Zz 80.7~82 %, 845~849
%, 222 730~746 %2 EL FFTL $AFL UYL
Y4 OLRY Z7to] w2} COD A Age] #HaHe Re ¢
T Ao 284y, phase IVIOLR 6.3 kg-COD/m3 - d) oA
COD MA&& AF, ASBF-PR, ASBF-SPoiA Z+z} 702
%, 7103 %, 218)3 664 %2 ASBF-SP 47198 AA&
o] 7} wskch ol ¥ ARE vivjold BN % o
B Rog BEHY spongee pall rings} v LA FF
£2 Ao viesAR vERANL AL 2, AFe
2 F3F9 A7 Fo} OLRe] 271848 15k 9
biomassel ¢ =§z detg YT w9 A%
o] A&E Reg Alg¥EY. MAHE CODE 71303 @
dto] @ 7bA WA Fo) QlojA OLRe] vl Z& @ 11~22
kg-COD/m’ - d¢} phase 13 llehA] AFE 24z} 052837
0.492 m’/kg-COD, ASBF-PR& 7z 0.3483% 0.333
m’/kg-COD, ASBF-SP¥ %tz 0.3798} 0394 m’/kg-COD
52 AF7F 7V &ten HRT#H 23 #9494 CODE
94X &H¢ OLRo] ¥ZY ¥& 41~63 kg-COD/m’ -
d¢] phase I3 IVAA vlojo7tA WAGE AFE 17}
0.6333} 0.796 m‘/kg-COD, ASBF-PR& 77 0.718%
0.751 m*/kg-COD, ASBF-SP& 22 0.669% 0.718
m’/kg-CODL.2 AF$ ASBF-PR& H]4#%om ASBF-
SP7} & 7&& BoF3 Qg vYEY F¥AYZH B
#F487%e EA4(hybrd)dl widoeje $3 By uof mg
H371e AdE vz oA, 24 By ) 100 %) AF
vt-871¢ 50 %9 ASBF-PR u§7]19 #7188 AA%¥q)
AojA HAY ol AFHA gt wely, E A7
AHg® AFS ASBF-PRe #4449 E§3 A2i9 og

Table 2. Performance comparision of anaerobic bioreactors at steady-state conditions

OLR 1.1 22 41 6.3
{(kg-COD/rt - d) (Phase ) (Phase 1) {Phase I) (Phase N)
Biogas Biogas Biogas Biogas
(orameters re?’r%?al Production removCODaI Pr ; rermvCODaI Pr : re?r.;)laal ‘
Bioreactors %) {mi/ kg-COD (%) m! kgCOD %) ( m/ kgCOD %) (m/xg-COD
removed) removed) removed) removed)
AF 82.0 0.528 84.9 0.492 73.0 0.633 70.2 0.796
ASBF-PR 819 0.348 845 0.333 730 0.718 70.3 0.751
ASBF-SP 80.7 0.379 84.6 0.3%4 746 0.669 66.4 0.718
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at different OLRs

G| A HENZIE HEAo A ¥ F Ut

K AMAEHO| Al COD H|7{2} Biomass 2%

B a7 o8 ¥AH HENE/ FoAA AHeando
B ZH 943 AF9 ASBF-PRY] th 4 phase 119} IV

A717+e] AN w8719 kol @& CODY #
#4449 biomassq& Y A 47 Fig 834 9% 7
o Z grlE AT $H Fof glomg RANGo
biomasst A HA 4%l w7l §Y¥ CODe AA
¥ CODY 90% olXo] AF w3719 A4 AYRA ¥
10 cmolA 2@l ASBF-PRY A% viistAE AA
@9 ¥ol 10 cmQ) AGEAM AAHASw ASBF-PRA
AN AA 3 84 @ §2459 COD F=€ A7t YA
th VSSE B¥UHE biomass WFEL AFY A$ ¥
7] AR 13,000~18,500 mg/L 52 M= UL
o 30cm °o]A4e EolAAE 1000 mg/L ©l&e FEZ
A9 v&d £¥E JeplZ Uk ASBF-PRY 7§ A
A 9 EA ¢ Ao biomasst 22,000~28,500 mg/L
FEE 2350 Qe Ao “E Jorn g4 @ A
@39 bomassel 9# 2714 CODe MAHA e A
o2 Yyeyz g, oy e d4e 4%F AF 4 UASB
Wh8-719] A7 A CODS th¥E-E whg719f AdiofA
AAHT whgr] A¥re COD MAHE&LS vlvd, ¥
£7) AAM Y COD MAEL g7 Fo|7t FolxdW
F7Hde B9 Moy AYE Jehir Ug. 53,
ol ASBF-PRe} UoH A © AdHd 1%k
biomass& fA¥TE AL AN L& Y24 wAdE
of 54849 944 H3FHE 4N + de Re

(+]
o

[T RCO0md- &
{86 3 KgCOU/mI~3'

AF

VS8imgiL)

ft— 4.} 59COD/M3- 0

ASBF - P
SB R ‘-!' 63 ‘K_Qcm/'mﬁ ()

[ E1-10 Et~20 E1-30 E1-40 E£2-40  £2-20 ER-NO Y40

Bioraactsr Height{cm)

Fig 9. Steady - state VSS(biomass) profile of anaerobic
bioreactor height at different OLRs
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