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Evaluation of Biohydrogen Production Using Various Inoculum Sources
Geumhee Kim', Jiho Lee!, Hyoju Yang', Yun-Yeong Lee', Yoonyong Yang? Sungho Choi?, Moonsuk Hur?, Byounghee Lee?, and

Kyung-Suk Cho'*

'Department of Environmental Science and Engineering, Ewha Womans University, Seoul 03760, Republic of Korea
2Biological and Genetic Resources Assessment Division, National Institute of Biological Resources, Incheon 22689, Republic of Korea

In this study we evaluated biohydrogen production potential as operational parameters (substrate, salt
concentration, and temperature) using eight inoculum sources. While the volumetric biohydrogen produc-
tion rate was significantly affected by temperature and inoculum sources, substrate and salt concentration
did not have a significant effect on the biohydrogen production. Mesophilic temperature (37°C) was also found
more appropriate for the hydrogen production than thermophilic temperature (50T). Rate, while the eight
inoculum sources, anaerobic digestion sludge exhibited the fastest biohydrogen production. The maximum
production rate from anaerobic digestion sludge was 2,729 and 1,385 ml-H,'I''-d"! at mesophilic and thermo-

philic temperature, respectively.
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AA3tol| w2 It FAT QT SR QA AATH
A AYA e AHHORE F7I8AL 9lom, AR E
7P g AR E = Folld A dolth1-3]. A dr = A4
APE| 7| 7HA] Selak | 9] AJ7bo] 48w, AaAkeHE (NOXx),
FA2HE(SOx), o]Atateta(COy) 5 thde 71 dEds
HjEste] AZhet &7 EAIE 2ATCH, 2. o] AT A A
29 BAEE FE57] Yl A oA ol gt A+
7b &ds] AYPE L glon, i dEAQ A YA
Yoz 7T Qth2, 4, 5]. e S AR vl oF
2.7581 9] =2 oA $8(122-149 kd/g-biomass)S AU
o, LATIASL T2 7| S AEE S WEsHA] = FAT
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e FAE o] &5t A4k Ho] 24224 (biohydrogen)
£ A4 B A 2 U E YRR §A] oy, 24
7FAE Wi &SR] g A H QL oy A Yolth6-8]. E&E,
o YA FA O BFeFEDS AT 5 doke AR
= AY L IEH, 5], 714 A o] &3t Hlo] oA A
At &%, pH, 7185 %E, %% & 04 A=l 3
F= Uz, 10]. 2y HFLY 7, WS &4 5ol
uhe} Aolgt 27t HuE 3 gith(s, 9, 10]. & ATl =
34 AES Bl e JEd R0 OE Holesa
it A= B7Fet Atk Yol 7184 E R, e, MY
25 5 WgdAte] g Hiolefa BAbeE S5k vt
oloss ANE AT HYZAL =EFLA A3
ZHollA AT 8FFY ARE HEHLE o]&5to v}
ole2E AAshE nAE HAAZFE st &
A S AFYstgth 8FRY AFTEL w5 HAE
(freshwater sediment, FS), 5% E%(wetland, W), AHd E
%F(forest soil, S), & 2F o] & A E(forest puddle sediment,
FP), 21 ¥ & & (marine sediment, MS), 7|54 §43&
(estuary marsh sediment, ES), €454 E & E(brine
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Table 1. Sampling site, total solid (TS) and volatile solid (VS) of inoculum sources.

Siarlc saure Srrasliing ol Total solid Volatile solid
(TS, wt%) (VS, wt%)
Freshwater sediment (FS) Nambhan basin, Gangsang-myeon, Yangpyeing-gun 66.7 £ 0.1 35+0.0
Wetland (W) Buyong mountain, Yangpyeing-gun 285+ 16 33+03
Forest soil (S) Buyong mountain, Yangpyeing-gun 204 +1.0 73+03
Forest puddle sediment (FP) Buyong mountain, Yangpyeing-gun 459+22 6.0+0.7
Marine sediment (MS) Sorae marsh ecological park 230+ 1.1 25+0.1
Estuary marsh sediment (ES) Sorae marsh ecological park 218+ 04 20+0.1
Brine marsh sediment (BS) Sorae marsh ecological park 22.1+£0.1 1.7+00
Anaerobic digestion sludge (AS)  Food wastes anaerobic digester 66.8 + 5.2 164 £5.8

marsh sediment, BS) @ & 7] 4&3}<& 2] A] (anaerobic digestion
sludge, AS)E ©o|&st4lth Z+ HEHY ¥ 1LF E(total
solid, TS)x} #4tA] 118 E (volatile solid, VS)= 22} 110T
oAl 4AZE o], 550T A 2A17F RSt S 5T
(Table 1). 324 AF& s #7149 @A NaHCO;3 4 g,
NH,CI 0.5 gl, NaH,PO, -2H;0 0.5 g/l, K;HPO, 0.38 g/l,
FeSO, 7TH,0 25 mgfl, MgCly-6H,0 85 mgfl, NiCly-6H,0
0.4 mg/)E o &3tATH11]. 2 Yirs9 A 24 &=
23] 93] A AER@AYA 9 B2, e, 0o
2=5 wjFARAE A5 th(Table 2). GU7| A2+ 50 ¢/l
o 2ERLAS o|gAE O, BRI AZE 50 gle] 2T
FoA 05g19 EREEE 10 g0 HES T3 A}
251 tHTable 2) [11]. 0 19} 10 g12] NaClL o] &3h¢]
e FFS AW E}LI[12], F2(B7T) 2LL(500)
Z700|A AFeigS =35t (Table 2) [13, 14]. ZE J
FTUL 105TCAA 2475t A ste] FHSHETH15, 16].
120 ml 27] 9] @AYo AX T HEH 2 gt F714 Hi
A] 40 mlE ¥ ¢] working volume 40 ml2 v 3}t &
A2 99% Ny 7}A(Dong-A Specialty Gases Co., Ltd.,
Korea)Z 2% & REuRni|= Ayt 324 A9
£ 163A17F, 100 rpm & & ek ujoFate] At 3
ol 24 %% 24 915 gas tight syringeS o] §510]
FRW AR 7FAS 590w, 30 m x 0.53 mm

x 25 um2) capillary A3 HP-PLOT 5A, Agilent Technologies,
USA)9t 9A == AZ7|(thermal conductivity detector,
TCD)7} A& 7}A3 ZubE 18 9(7890A GC system,
Agilent Technologies)E ©]-&3to] 2434t 4 71~ A
< fdf o, FUF € HEF 2= 47 907, 105T %
150C 2 ARt

HAEE EE F2ET0)NA FAACIEER 4 E55)
of what H7hgh vpo] @424 ARG T (ml-Hy 1" d)E Fig. 1
of AR E HAEFS)Y A ¢& AEEE
1,301.7-1,990.1 ml-Hy -1 -d o]l o, jFQlzlel W2
oJ%t 2ol = A th(Fig. 1a, p > 0.05). FA EFW)2] 7
¥, B FU1e 9971 2hN e ATt PAER] g
9ol (p < 0.05), Y2 ZAALE ) 325.1-736.4 ml-
Hy I'd'e] &5 2 S=471 A 9 th(Fig. 1b, p > 0.05).
A EFEO)E M W2 oA A B HATH(Fig. 1o).
Sd71dS ol g He o HY 4 FAEE= 200 ml-
Hy 1h-d! m|gro]glon, B4/ dS A% F Lo
188.3-239.8 ml-H, 1 -d''2, THal7] Qo] u]s) AtiH oz %
< i AteE RSP <0.05). € 390l HA=(FP)
O] A%, wigFAAe] WE F-o3 Apol= vEhA] e
A $£4 BALEEE 958.9-1,500.1 ml-Hy It -d 19 oh(Fig.
1d, p > 0.05). ¥714E B @& F7H5HA] g2 54714
7oA A EHEMS)Y o 4 BAEE= 908.4-

Table 2. Experimental conditions for batch tests to evaluate biohydrogen production from inoculum sources.

Operational parameter Compound Final concentration or condition Reference
Substrate Sole substrate (Glucose) 50 g/l [11]
Co-substrate 50 g/l of glucose + 0.5 g/l of yeast extract
(Glucose + yeast extract + peptone) + 10 g/l of peptone
Salt NaCl 09/l 2]
10 g/l
Incubation temperature - 37C [13,14]
- 50T
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Fig. 1. Volumetric hydrogen production rate at 37 C of incubation temperature. The boxes represent the 251, 50", 75" percentiles,
and the error bars indicate the 5" and 95" percentiles. The red lines represent the average value. Asterisks indicate significant differ-
ences (p < 0.05). (a) FS, freshwater sediment; (b) W, wetland; (c) S, forest soil; (d) FP, forest puddle sediment; (e) MS, marine sediment;
(f) ES, estuary marsh sediment; (g) BS, brine marsh sediment; (h) AS, anaerobic digestion sludge.

1,312.3 ml-Hy -1 -d ' ch(Fig. 1e). BHH d& =713 B3]
A z27A 9 Hof 4 YAEEE IHY B2 2734 ml-
Hy Itdto]loy, BAHCR §23 2ol ¢l 3l ch(Fig.
le, p > 0.05). 7|54 EHE(ES)Y Ao 4 PiEEe
208.0-711.4 ml-Hy 11 -dto|glem, ujokolztel w2 G0t
Aol UEhA] ghgtth(Fig. 1f, p > 0.05). @52 A=
(BS) HA] vjeFAA o WE i BAET O {93 Afol=
W E A gron, Ho 4 AALEE = 1,002.7-2,160.0
ml-H, 11 d 1 th(Fig. 1g, p > 0.05). 7| 25&# A (AS)<]
HAd 2 AAEEE 1,409.4-2,729.0 ml-Hy-I'1-d1gch
(Fig. 1H). €& F7st 49714 24qA 7 @& =4
WA £=F BYoy FAASE FY3 Afol= YIsith(Fig.
1h, p > 0.05). AAH L2, F2BTC)NA e 7|4EHF 4 ¢
FTEE A5 Y vhol oA Aito] {YT FFS 71A A
At A E T HEUY SR w2t o Y4 &
Lo pol7t Uehgon, @7|a3&2R(AS) > GaAl &
HE(BS) > &4 HH=(FS) > ¢ 70| HAE(FP) > A
EHEMS) » 7|5¢EA HHE(ES) > FA EFW) » AH
EEO)Y o2 2 4 Qe S B 4 Aibs

ol 7Ht 2 F71a&AAS)Y FU7IE 7 Y a4
A $=8-& 0.74 mol-Hy mol-glucose ] ¢ th.
A2(B0C)NA 718ERF 2 =l e HEd
AAEEE Fig. 20 ZAISHTH Y7 d S U @4
EHEFS)A = ol BA Y] a7t AY AAEA
o F o 1.0-13.2 ml-Hy 1"-d?), HF714E FU3 73
£ 2 43.7-69.7 ml-Hy 1'1-d12, A7 A 2} {93514
T o AAEEE T (Fig. 2a, p < 0.05). T4, 54
EFW) At B9 B 7I5EA A EES)S 1L-2(50°
o] 27N 7|AEF 9 Aerdd A 25 AY A
A¥sEA] FokTh(Figs. 2b, 2c, and 2f). & S o] EZE(FP)
2 @ FUSHA g2 EF7EAANA M =2 Y 4
AT (253.7 ml-Hy 11-dHE HQl 8HH(p < 0.05), ©Y7)
A3t 4& F7het BE71E 249 A= 25 ml-Hy 1! d? 7]
gho) e BAEEE Hoh(Fig. 2d). AE HA= M)
52 HAEBS)L 7| dFFol w2t 4 Yi&EE
Fogt 2ol 5 B th(Fig. 2e and 2g). F £ Y =%
U7 d AN el A GOl =4 Aito] AY
HEEHA FoUp < 0.05), HEF7E 4= 47

o
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Fig. 2. Volumetric hydrogen production rate at 50 C of incubation temperature. The boxes represent the 25, 50, 75" percentiles,
and the error bars indicate the 5" and 95" percentiles. The red lines represent the average value. Asterisks indicate significant differ-
ences (p < 0.05). (a) FS, freshwater sediment; (b) W, wetland; (c) S, forest soil; (d) FP, forest puddle sediment; (e) MS, marine sediment;
(f) ES, estuary marsh sediment; (g) BS, brine marsh sediment; (h) AS, anaerobic digestion sludge.

474.7-844.1 9 588.6-828.1 ml-Hy'1'1-d 19| o AAE=
£ Bt @714aT&HAAS)E 8T HEH T 7 ¢
T i BibsS HAth(Fig. 2h). 7]423&2A(AS)9
A $4 PYAEEE= 653.9-1,384.7 ml-Hy1t-d o] gl om,
Hj k1A e {23 Aol = TREA] FThHp > 0.05).
S2@B7C)NA Y At} v w3 S o, L2(50T) A=
HE Ao 4o Pibgol AstE itk E3F Gd7E
< AEEE HET BV AE AHESHES o AR 4
Aabgo] e Fe B FE ol whet vlwsE
9, "7|123H&2 A (AS) » AFEA EHEBS) =~ Ad g4
EMS) =& 30| EHE(FP) > HHEZ(FS) » 4 &
FW) = 4 EFO) = 7|54 HAEES)Y £28 =
2 o PAeE Btk 4 Aibsol 7P =2 @7a
A @A) FH714 7 Hd 4 B4 &2 0.34
mol-Hs ‘mol-glucose 0] $it}.

AAH R, & Ao)A o] &3 FFH TFol ©E Hlol
Q54 Bl 71 AEFEY et 2o HE5Y
of o3t F7Fol AA HEETh $2(37T)°] L&(B0T) E
o =4 A o Agetger, 859 JEY A= @
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7123 A (AS)7F 7MY B2 4 A S B A th(Figs.
1 and 2). 2= HPo| Q44 AAbo| 7H 2 JFE njx =
HEZQ A7, 18]. HEHY |2 24 +=29 o
37 ol wet A 220 gt Aol ARt B E )
O 14, Clostridium, Enterobacter, Bacillus &2 tfE 32l
S A O REEL 20-40C 2 F2 HHolA 9 &
Ag Holn, 4 Ao 7H HAet 22 dRtd o=
30-37C=aL 4 A UTH10, 17, 18]. T, F7]43+<7
A= HEHQ ¢4 P4 JAF o2, Agd 714 5%, pH
4 2T H3 § AEH A 2 oA 4% HE 5
Ad ek opye}, FES vAE 2 W F3EES
P A FAEE AU A9, 10]. & A AT} &
ARG Aite o2 3 2} Wang 5(2008)2 @7|43t&
A& o] &sto] 20-55ColA &4 AAS Tl 4 A4t
2 B7FFATH19]. 20-40T WA =7} S7MEFE
Fa Aibso] FAEHUL, Fa PALEEE 35TA
765.6 ml-Hy 11 -d'2 713 =t}H19]. Shi $(2010) GA] &7
23EYAE YTUeE 25 Y pH W3l o 4 A4t
& Bt en, TUE pH 24 A 4 BiEEE

i}



1,214.2-1,364.2 ml-Hy1t-d! (35C), 389.0-667.7 ml-Hy 1!
d! (45C), 170.6-199.4 ml-Hy11-d! (25C)2, F2(357)
oA 7HF ST o BAsS B YTH20]. B3 Wang &
(2011)2 @7|43EAE HEHOR 2o E F4 A
A& 7184, o] & EYE logistic models ©]-&-3}4
b Aate] Helgt 24 LEE dSEsilth21]. 1 23 35—
40CY] LEoA 4 HALEET} 175.2-276.0 ml-Hy 1H-d 1o
2 7P $tkglon, 37.8C0 Y =7 A 2EE 9 Sy
AtH21]. & dFoNA = FJEA AFE 59l 85 Y HEH
g Hpo] o4 A A 5E EAsGeH, 5 5714 ¥
&S E&F vl oA YA FHY 72 AEE E8E
[}

4 9 Aelth

0]

OF
=

2 dFodM e EY, g5 2 95 HYE, €94 § 8%
9 AT YL o] &3t MFJAARCNIEAET R, E5E, viF2
D)o W Ho] 44 A I A 5S Brhstal A4S
TE&staat sttt ZF Y E Hiolopa ARG == Hy
F2ro Y TF Y3l Fog FFE et vd
7NAEFd e Hholead BAE R AR F3
P 7IAA okt 2 (B0)EY F23B7C)Y Wg &
T7b o4 Al B Agetglon, 85 HEH SO &
NA= d7|ast&d A9 4 Bibsol 7HE skt
HA7143EHA Y A $4 YiEEEs F2670)T 12
(50T)NA Z+2F 2,729.0 ¥ 1,384.7 ml-Hy 11 -d 19 Th.
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