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ABSTRACT

The effects of operating parameters on performance of upflow anaerobic sludge
blanket(UASB), anaerobic filter(AF), and two-stage anaerobic sludge bed filter
(ASBF) bioreactors in treating swine wastewater were evaluated by operating the
lab-scale bioreactors upto hydraulic retention time(HRT) of 1 day and organic loading
rate(OLR) of 5.1 kg-COD/m® - d for 200 days. Swine wastewaters of which charac-
teristics were affected by types of hog raising and seasons contained high concen-
trations of COD. SS. and ammonia. Inoculation of the bioreactors with waste sludge
from anaerobic treatment facility of local municipal wastewater treatment plant was
effective in developing biomass in the bioreactors. Acclimation period of the
bioreactors with swine wastewaters required approximately 40 days, but that for AF
and two-stage ASBF, which were filled with media, was faster than UASB. The
bioreactors showed high and stable COD removal efficiency of 77~91% at influent
T-N concentrations of 370~800 mg/L but low and unstable COD removal efficiency of
24~94% at influent T-N concentrations of 760~1,310 mg/L. It is essential to remove
ammonia prior to anaerobic treatment since the concentrations of ammonia in swine
wastewaters showed toxic effects to methanogenic bacteria. The bioreactors were
effective in treating swine wastewaters with COD removal efficiency of 78.9~81.5%
and biogas generation rate of 0.39~0.59 m®/kg-COD; at OLR of 1.1~2.2 kg-COD/m’
. d: however, an increase of OLR by reducing HRT and increasing influent COD
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caused decrease of COD removal efficiency. The extent of decrease in COD removal
efficiency was higher in UASB than AF and two-stage ASBF. AF and two-stage ASBF
anaerobic bioreactors were effective in treating varing characteristics of swine
wastewaters since they showed high and stable COD removal efficiency at high OLR
due to effective retention of biomass by media and staging.
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Table 1. Characteristics of swine wastewater
used in lab-scale anaerobic bio-
reactors collected from C farm

Concentration (mg/L)
Parameters
Average Range

pH 8.4 7.5~94
Alkalinity 11,800 8.,400~14,000
SS 5,900 870~11,200
COD 18,400 8.000~43,900
TOC 7,200 1.400~14,600
VFAs 10,000 1,900~22,500
T-N 2,400 650~5,400
NH4-N 2,200 600~4,500
T-P 350 150~610
Metals

Al 6 2~18

Ca 180 54~320
Cu 5 1~-17

Fe 14 6~27

Mg 21 2~54

Mn 2 1~3

Zn 12 4~28

* Samples were analyzed after filtration on GF/C
filter except for SS.
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Fig. 1. Schematic diagram of lab-scale
anaerobic bioreactors.
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Table 2. Operational conditions of lab-scale anaerobic bioreactors
Operating OLR HRT Influent concentrations (mg/L)
Period period (kgCOD/ (days)

(days) | m®-d) ays COD VFAs T-N T-P

Phase 1 41~55 1.1 2 2,200 1,040 390 300
(1,900~2,260)| (900~1,100) | (370~400) (140~310)

Phase O 56~84 2.2 2 4,390 1,460 800 290
(2.100~4,820)| (400~2,370) | (480~950) (190~330)

Phase I | 85~137 3.8 1 3.780 1,300 760 270
(2,100~4,820)| (390~2,390) | (670~840) (220~460)

Phase IV | 138~200 5.1 1 5.130 1,620 1,310 350
(4.430~9.070)| (60~2,350) | (890~1.870) | (290~360)

tions, Inc.)& FA ¥ stainless steel column®
o] -8k} GC-TCD(14B, Shimazu)ol < 8ta] z}tz}
A3

FEH e EA4L Table 301 894 uls} o)
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Table 3. General characteristics of swine wastewaters collected from farms in 1997

Concentration in mg/L: (average and ranges from 27 samples)

P te . B ,
a(rrz::/emrs Winter(Jan.-Feb. 97) Spring(April 97) Summer(June-Aug. '97)
Scrapper Slurry Scrapper Slurry Scrapper Slurry
H 8.3 7.7 8.6 8.1 7.9 7.6
P (6.9~9.8) (6.6~8.6) (7.9~9.4) (7.3~8.4) (7.5~8.3) (6.9~8.2)
Alkalinity 10,500 26,600 8,800 12,100 6,200 9,900
as CaCOs | (720~39,100) | (3,100~85,000) [(3.800~14,000)| (9.800~14,500) | (2,400~8,400) | (4.500~12,400)
ss 11,000 34,000 8,000 14,800 4,100 6,500
(2.600~43,400)|(10,600~76,000)|(4,800~11,200){ (11,500~17,200) | (870~7,700) | (1.200~10,500)
vsS 3.900 21,600 3.100 7.200 3,300 5,500
(1,500~14.500)| (4.600~54,600) | (2,200~4,000) | (4,600~10,300) (730~6,800) (880~9,600)
BOD 6,200 35,400 2,100 8,100 11,400 9,400
(1,400~21,300)| (6,500~91,500) | (2,000~2.300) | (3.500~21,600) ((2,100~24,000)| (7.200~14,400)
t-COD 10,700 60,000 7.600 17.300 19,400 25,600
(2,900~40,000)((12,900~97.100){(5.000~10,200)| (9.300~40,700) |(7,100~29,700)|(11,700~37,400)
-COD 7,400 36.300 6,200 5,900 13,400 12,400
S (970~29.400) | (9,300~56,800) | (2,700~9,700) | (1,000~10,000) | (950~28,700) |(4.400~18,000)
TOC 3.600 9,300 1.500 3,200 3.800 6,600
(630~14,700) | (3,500~17,400) | (1,100~1,900) | (1,500~4,400) (250~7,900) | (2,500~9,700)
VFAs as 1,290 3,420 4,530 4,700 7.590 5,190
acetate (0~7,850) (0~12,500) (3.650~5.560) (950~10,200) (420~17.370) | (2,200~49,400)
TN 1,200 1,900 720 950 1,800 2,980
(120~4,500) (570~3,500) (380~1,100) (680~1,100) (590~3,000) | (1,400~4,100)
NHe-N 1,000 1.800 700 920 1.800 2,600
4 (120~3,600) (510~3.400) (380~1,000) (670~1,100) (560~2,900) | (1,300~3,500)
N 160 80 20 30 60 370
Org (1~900) (20~140) (3~40) (6~40) (30~70) (100~590)
TP 520 840 460 990
(430~610) (610~1,060) (220~720) (610~1,450)
OrthoP ) ) 210 220 270 220
Teho (180~240) (170~350) (170~550) (90~310)
Org-P 310 610 190 770
& (200~430) (260~870) (50~410) | (300~1,360)
Metals
Ca - - 60(54~61) 210(160~290) | 210(140~320) | 280(180~400)
Cu 3(0.7~5) 60(1~140) 2(1.5~1.8) 5(4~8) 2(1~5) 6(3~8)
Fe 9(2~21) 60(3~140) 4(2~6) 16(14~21) 8(4~11) 12(10~16)
Mg 23(5~43) 330(7~1760) 11(4~18) 39(1109~120) 24(2~54) 63(13~170)
7n 3(1~7) 39(1~80) 3(1~4) 20(11~38) 4(1~8) 6(2~8)

* Samples were analyzed after filtration on GF/C filter except for t-COD and SS.

2 "lzd ¢tF=o] Udes /&% alkalinitye
phase I3} 119] EA7|bolA 242+ 1,550~1,870
mg/L% 1,840~3,640 mg/L, 18]1 phase III%}
vel A7l A Z4ZF 2,450~4,700 me/L%

5,050~10,400 mg/L2 #%4 COD 37 &&
HRT @30l 2% OLRY 7 whet 7t 3
o2 Jelyge. OLRY ZF7tol w& alkalinity®
Z7te #7189 EsiaAdA ZAsle CO0l
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Fig. 2. Effluent pH and alkalinity of lab-
scale anaerobic bioreactors.
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Fig. 3. Effluent volatile fatty acids of lab-
scale anaerobic bioreactors.
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Fig. 4. Effluent COD of lab-scale anaerobic
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Fig. 6. Effluent T-N of lab-scale anaerobic
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Table 4. Performance comparison of anaerobic bioreactors in treating swine wastewaters

Phase 1 Phase II Phase 11 Phase IV
coD Biogas CcOD Biogas CcOD Biogas CcOD Biogas
removal . removal ) removal . removal )
efficiency production efficiency production efficiency production efficiency production
3 3 3 3
(%) (m°/kgCOD;) (%) (m°/kgCODy) %) (m°/kgCOD;) %) (m°/kgCOD;)
UASB 78.9 0.56 81.3 0.62 76.7 0.73 76.2 0.81
AF 81.3 0.59 83.8 0.54 78.6 0.65 74.7 0.93
ASBF 81.5 0.39 82.2 0.37 78.8 0.68 77.2 0.94
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