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Hydrogen Production and Organic Removal according to Mixture Ratio of
Food Wastewater and Swine Wastewater using Anaerobic Batch Reactor
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Abstract

This study aims to find out optimum condition for hydrogen production and organic removal when treating
food and swine wastewater together. For this purpose, various batch tests were conducted by changing
mixture ratio from 6:4 (food wastewater:swine wastewater) to 1:9 without pretreatment process. For
hydrogen production through anaerobic fermentation, the mixture ratios of R-1 (6:4), R-2 (5:5) and R-6 (1:9)
were out of pH range appropriate for hydrogen production and mixture ratios of R-3 (4:6), R4 (3:7), and RS
(2:8) showed appropriate hydrogen production where their pH ranges were 5.1~5.5. Especially in case of R-
3, it consistently maintained appropriate pH range for hydrogen production for 72hr and produced
maximum hydrogen. The characteristics of hydrogen production and cumulative hydrogen production
according to each mixture ratio showed that R-1, R-2 and R did not produce any hydrogen, and maximum
hydrogen productions of R-3, R-4 and R-5 were 593ml, 419ml and 90ml, respectively. Total cumulative
hydrogen productions of R-3, R-4 and R-5 were 1690ml, 425mi and 96ml, respectively. Based on previous
results, it was concluded that, the most appropriate mixture ratio of food wastewater and swine wastewater
was 4:6 (R-3).

The experiment for COD removal rate to evaluate organic removal efficiency revealed that R-3, R-4 and R-
5 showed high removal efficiencies during the highest hydrogen production amount and the highest
efficiency was 41% with R-3.

Key words: Food wastewater, Swine wastewater, Mixture ratios, Hydrogen, Anaerobic Fermentation,
Organic Removal
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1. M B v S AT GG T Ast ¢
LHEE AAREC] Yolxle T M Eal7t
et eo Qe SHEAVE, R 5 AFHer Yrhda gon old el oFEH o
o ozl 7HX e A Tt AL ZRE FEF £ AP YS9 W L ik M a8
25 AN F dvde A Wi Falo) & duUAAYeR Bgsll Wk So) W g o] tEY
oot} £3] o] EAlekA] e FHAM E714 1 vk
MAES ol &t FAE Aishe @) TRE o oj¢h Zol A ThEd Al S EFRANE, &k
Aol 44 Herb whan gt 1y glo] d&uldke]  EHFEE o] &8 FAMAE §UAH B A B
st dAdxor 7Y A Jbee JlEoltt AA dAlduA Y s4ats o] U}z of
(Dasetal., 2001) A7 FaAstel gigk AFE AdFHSFE o) 83
Feivtete] SAER HZ1EE 19959 27 & 29Ae A AgEa gon, A4 §714 2
FAY AN} Tl Eo] SR EA NN FAEFE Y 7]AE o437 34 de =8 Aot
71&9] WS A S 2005 A RE AR A 9] o] @ Aal fUlAAANE 7|AR o) gats 2 Ul
Al Mo SAEF HA71E A iy FAZA"Z 0 & P33 $HAX} FYslo] YA @b AW
sto] SA=d71= A TA7F A ZA 2R v o]d 3 T HAY S A v g B Fete] AYLe)
stz Agskith. SAERHVIEC g ofsl A FAYNE 3 A2 ALgete] BAld A &
A7t 2rbee Aol wet o5 M e ¥ A AR U2 HYAES Hole T AU A%
A RIZEAIAONA A Aelsta ok aey o] 2 9 B eS g d 4 9k (Kim et al.,
5 FAEFAVIE AAIEAA g, A, 45 2004).
HEFHE AT 25502 B 1F5E & wetA B ATl S EEEdn) JEHSE
A 2 IAFY v52 st At H¢ 5HT AL E oA Qe A EFeted zzte] B9
Ay Tome At Bvbsd AAold A vld BE oy 2§78 Mg 2Hog 3
i Fgol FF7lel o ] BHE Adsta 9 B HES B AF FAagNe A iy
tHEHEE F, 2006). SRVl 9@ Ml 4 &9 471 AYS 99 N 2ATE Faedn)
Aol B} sFFr|v o] A, &3 Ay
22 T AR Fog AYFT] oFe] Mty 2 AY AMEZ U g
o] go1} 2011U7A] fd F sF577F FXE o
goloz Nz Ay wao] oty gog 2.1 AET Y AR
A g N2 Aege AYs e 2E s B A AMEE ERAETTE AV 9N &
aefafol & Aotk (&7 F, 2006a). A Ushs - Eaafe]ge] g7)1d4skzodM 2338
FedF] A 20059 AA AA FAHFEE oSS FHALA 8 4170 T 100°Co A
F T 56%E VY Be FE ARG slen AR 1587 ZMdske] FAMAE Adste WEAATE
TEHZE iR ARSEZIL 87t de] 50.1%,  AFEAA ALEsiith ddd) 18 AlgQ SA%
TR A7 Antide] 38.6% % E4s7bE Ee]de A DT aF SAESHA ) G A 2
darRssta vk e HAY 113%E 2xet Asts Z2]dS 2mm A2 AE T ALgsidon,
alew 17THE/LAE BAste Aanwt H4bsrt dEASE AVE $EF A4 9 300059 Ak
7F A Ao w Biteo] glo} Satd el At 4 o dEHS AFRAN F5AE HFH s ALRsly
A & Aot dA FuAge] Aele AHMHe th Al ALgH A8 ol Table 1o] Vel A
Z EH] - AusAd S ZtRol Mg R EEetAY & 3} 22 T@vof wat AbgEtgit). ek 3 s
= A A, ddiE 2 FIAYANE T2 )& 9 MLSS s-e 27] VSS 271 30,000mg VSS/L
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Table 1. Characteristics of Food Wastewater and Swine

Wastewater
Item Average
Food Wastewater ~ Swine Wastewater

pH 433 6.77
TS(%) 12.6 33
VS/TS(%) 18.2 485
TCODcr(mg/L) 137000 74000
Alkalinity(mg/L) 172 6520
T-N(mg/L) 150 264
T-P(mg/L) 24 230
Cl{glL) 2
7 HEE e FUsdn

2.2, AY &R

B Age] AbgHE R vErle FEFIATL

-l

S00mi(Z H3) 590ml) ¢! dark bottle 2 A}-8-3}5 0.9
A43-0] 3way valve(BRAUN, swiss)& Fate 7}2¢]
b} 4R et ohgdl Wl W AEY
AAso] Aol RS ALY B ¥
713 shaking incubatoro]] ¥ o} 150rpm, 35 £ 1°Co]
Syslsich. ARl ABE 1A wgole Feje
ofef Fig. 13 £t

2 oo qfe

2.3, Ay

714 27 R4 WEIE ol &std &4
Bggds JdEdey B Aty wE 2440
Y A& dolr 7] 3l F(35 £ 1°C)olx] 4g4
T F&A w7 E AEste FREAT. 54
Zeeldn} ofEd e e Table 29} go] ¥
U2 slod 6:4, 5:5, 4:6, 3:7, 2:8, 1:9F HA

Sampling Port~ Gas Port
s / Glass Syringe
/
" = |

Silicone Septa;\-" e

+~—}— Head Space : 90 mL

4]

«—— Working Volume : 500 mL

Fig. 1. Schematic diagram of batch experimental apparatus.

ﬂﬁ}cﬂ‘i} Ao ALgH B E
100m1, N4 400mE =Lahe] A
F2187] et ArgasE

205
o 9%E ¥ 49 AAskad

Al H]-_O_7]

AE0ED AU 4 s S SHAg e
head space W& 7FAZ gas tight
syringe 2 10042 3|3} thermal conductivity detector
2 423 gas chromatography(Agilent 6850 A) & ©] &
sto] 48t ojuf AHEE columne 4ot W)
@, ol 4s@se FEES A8 6f x 1/8inch
stainless steel column with Porapak Q(80/100)& ©] &
3t o™ carrier gas2E Args AT ARA
9] 24L& column &% 60°C, injector % 120°C,
detector &% 200°Co]9l e flow ratet 20ml/min 2.
2 #2159t T3 pHE pH meter(Orion Model
720A) 2, CI's G5A (SK-10S, SATO, Japan)E ©]

Table 2. Operating conditions of thermophilic fermented food wastewater and swine wastewater mixture ratios experiment

Initial mixture concentration

Operating temp. Seeding rate Mixture ratio
Run number
(°C) (%) (fww: sww)” pH Alkalinity (mg/l) ~ CODer {mg/L)
R-1 3B+ 20 6:4 58 2,360 145,000
R-2 35+1 20 55 5.9 2,395 141,000
R-3 35+1 20 4:6 6.1 4,130 136,000
R-4 351 20 37 6.3 5,310 127,000
R-5 35+1 20 2:8 6.4 6,136 119,000
R-6 351 20 1:9 6.6 8,850 96,000

* food wastewater (fww): swine wastewater (sww)
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45to] Z3ek9a, TS, VS, TSS, VSS, d7lgle &
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< Akt

FaL FHAN vz W
pHe| Wzte WH3 e & vepl= vl 8% 3)g}
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I~

7HA AEEQUTE ole @A L& ukSA]l 27)q
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e wheAlgte] Aol whe} AA18] pH7F sobA]
A9 FaAlele pH7E 242h 59,62 2 658 et

—8— RA(G:4) —v— R3{4:6) —m— RS5(28)
7 —0— R2(65) —4— R4(37) ~CO— R6(19)

ﬁ¥-—ﬂ

\/"t‘\‘ =

5 s o
Time (day)
Fig. 2. Variation of pH according to food wastewater and swine
wastewater mixture ratios.
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Fig. 3. Variation of Alkalinity according to food wastewater and
swine wastewater mixture ratios.
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Fig. 4. Variation of hydrogen production according to food
wastewater and swine wastewater mixture ratios.
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Fig. 5. Variation of cumulative hydrogen production according to
food wastewater and swine wastewater mixture ratios.
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