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Abstract— Effects of carbon dioxide partial pressure(PCO,) and substrate compositions on the bacterial population,
methane production rate and matter degradation in anaerobic digestion were investigated by using anaerobic chemostat
type reactors at 35+1 °C, at the HRT of 7days. Two kinds of single substrate containing carbohydrate and protein, and
mixed of these were used in this study. At PCO, of 0.5 atm, the specific methane production rate and specific substrate re-
moval rate reached the maximum rates at the protein substrate reactor. At PCO, of 0.5 atm, the methane production rates in
the reactors fed by carbohydrate, protein and mixed substrate were 20 %, 29 % and 26 % higher than those obtained under
the controlled condition, resj)ectively. The number of acetate consuming methanogenic bacteria enumerated by the MPN
(most probable number) method, decreased when PCO, exceeded 0.7 atm. Hydrogen consuming methanogenic bacteria and
homoacetogenic bacteria increased as PCO, increased from 0.1 to 0.6 atm, however, decreased slightly at PCO, above 0.7
atm. The number of hydrolytic bacteria, sulfate-reducing bacteria and H,-producing acetogenic bacteria were not much in-
fluenced by the change of PCO,. The potential methanogenic activity reached the maximum at PCO, 0.5 atm, however, de-
creased significantly when PCO, exceeded 0.7atm. It was considered that the inhibition of specific methane production
rate at PCO, above 0.7 atm would depend on free CO, concentration in solution.
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Fig. 1. Schematic of the continuous fermentation system.
GA: gas sampling port LS: mixed liquid sampling port
MS: magnetic stirrer P2: gas recirculation pump
P1: substrate micro pump  G: gas collection system
M.P: micro pump GL: gas and liquid separator
1: gas clean filter 2: oxygen trap
3: indicating oxygen trap 4 silicagel trap & feed gas sampling
port
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CO, ¥ N, 7}29] Fg& 344 vy 28 Al g3slo] AL
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2ageteas|ye] A o8 2Hc}t. FFE vk
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ASAADEE AAsH 1, £ A2 DL AR s F
9] 4t4o] §-5-5 ggich LAY7) rlAE £ Sl 53] YT E 4
32 XA GFHS0, 2% 27 A THL o)tz ut
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Table 1. Composition of substrates(per liter)

Components Carbohydrate Protein - Mixed
Starch 10.0g - 60g
Peptone - 108¢g 3.04¢
Yeast extract - - 3.04¢
KH,PO, 04¢g 04g 04g
K,HOP, 04g 04¢g 04g
NH,C] 30g 3.0g 3.0g
MgSO, 04g 04¢g 04g
CaCl, - 2H,0 005¢g 005¢g 005g
NaHCO, 60g - 3.0¢g
Mineral sol.’ 10 mL 10mL 10mL

“Contains in milligrams per liter of distilled water: CoCl, - 6H,0 120;
AIK(SO,), 10; NaCl 1000; Na,MoO, 10; FeCl, - 6H,0 400; MnCl, -
4H,0 100; ZnCl, 100; CuSO, - 5H,0 10; H;BO, 10; NiCl, - 6H,0 20.

7IAE 7 A= 13400mg/L, 37128 A A9 12,000mg
/L9 3AZ HAs 2, 7AW zA o] ©E CO, ¥ke] 3}l dis)
AL FYsich. 7 71AzA el wet COo, ¥4 2AFA] ok
e} (°13} controlxe} Fhyell A B3HES 71U R AN HheE
€ 04 718 A g AR wheE2E 019 2 E3v1A w2
£ 03 7]jfe]de}. €O, ¥4ke] =382 controlxe] CO, ¥3+ wch
e WAl & de At s FFsg e, control® Bk #4F
<+ ¥4 & d& €0, 7k2E I3l A7) CO, $4& 243l
ot Hkg-ZWe] CO, ¥419] 24L& 7 CO, ¥telld +2%e)317}
HES FA315 . 2 229 A¥ell disl Aol =23 A
gtalslr] ¢ja skagAdE 2 JlAzAL 19 13], VFA(Volatile
Fatty Acid), CODcr, VSS 5-& 150l 2-33] 24& 3lo] 247}
HHHAE AE AN BAsta, A lA 673 ST
dlolele] HF#ghe iAol AMg-3tsdet.
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8AYE A3, VFAFSEE AP Aol 1N d4ke 7lsle] pH
7} 20]137) HxE FA3Z F, FID gas chromatography(Shimadzu
GC-8A)l 93] A4S 33t FA9 BasESAL A8 WA
£ 7] A8 d5-& FAF 4719 go] 28-9}x2](Branson Son-
ifier, 20 W, 3%)& ¥ ¥, TOCHA]7|(TOC-5000, Shimadzu)el] 2] 3}
532 3. 4 S5 EGAE 14,000 pmell 4] 4087k
RSt 2 A AE 246 AHg3lgith. MLVSS, COD,+= Stand-
ard Method[5], &3} 25 =+ = - 3B [6]d)] 28, illd e e
+ Lowery®{[7], DOC ¥ IC= TOC-50000] &3] 242 )i}
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Aok 7 Al ARl 71&e] d7AE4, 9]0 XS 2
2 35l en, 40l vt AYAAlF 2 homoacetogenic 472 &
AP0 24 NP 71A e 80% H+20% CO, EF7LAZ 15
atm, 183t Flstdel. 24 Ald7e] SAMA = 52 508 AE
3, 36 ‘CollA] vioFstict. MM AT 357 wlekstn AlFe)
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Fig. 3. Effect of pCO, on COD removal efficieney.
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Fig. 6. Effect of pCO, on PUA and PMA at batch experiment.
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Table 2. Conversion of removal organic carbon to output methane and CO, under pCO, operating condition

Input IC Output OR’ Methane Output TIC Conversion Conversion  Carbon
Substrates p ?02 conc.” conc.(mg/C/L)” conc.® conc.(mg C/L) IC CH, recovery

“W e ) TBoms  DOC @ECD  DIc Co,gm | mio  noyr (%)

Carbo. 0.1 880 1700 670 1090 660 1200  440(49.5) 44.9(50.5) 95
02 880 1650 580 1110 815 1145 42.0(49.3)  43.2(50.7) 93

03 880 1600 540 1140 700 1220 39.147.7)  42.9(52.3) 92

0.4 880 1510 490 1180 690 1180  354(45.7) 42.1(54.3) 89

0.5 1400 1320 390 1410 760 1430 25.6(35.9) 45.6(64.1) 86

0.6 2100 1300 400 1250 825 1905 20.3(33.5)  40.3(66.5) 82

0.7 3400 1780 560 1100 995 3355 38.6(46.3)  44.7(53.7) 95

0.8 9200 1760 680 1000 1419 9060 53.8(56.0) 42.4(44.0) 99

Prote 0.2 110 910 715 1850 910 500 35.9(41.3) 51.0(58.7) 91
0.5 3000 630 550 2385 950 2785 18.1(23.6)  58.6(76.4) 88

0.6 4160 610 330 2150 1000 3715 12.9(20.5)  49.9(79.5) 83

0.7 6110 800 343 1993 1160 6108 28.2(36.8)  48.5(63.2) 92

0.8 7310 1120 480 1828 1240 8930 78.4(61.0)  50.1(39.0) 108

Mixed 0.1 480 1660 490 1525 710 900 41.9(42.6) 56.5(57.4) 99
0.3 480 1620 480 1555 750 780 38.2(40.3)  56.5(59.7) 97

0.5 2080 1340 310 1960 710 2080 22.2(26.6) 61.3(73.4) 92

0.6 2750 1445 255 1740 750 2465  148QL1) 55.2(78.9) 88

0.7 3700 1400 410 1430 755 4520  518(524) 47.047.6) 100

0.8 4600 1430 520 1400 860 5860 73.1(60.2) 48.3(39.8) 106

Input DOC(Carbohydrate)=4800 mgC/L, Input DOC(Protein)=5250 mgC/L, Input DOC(Mixed)=4850 mgC/L, TIC=Total inorganic carbon(Liquid IC+

gas phase CO,), “OR=Organic carbon(Liquid DOC+biomass), DIC=Dissolved inorganic carbon,

{[output TIC-(1))/[Input DOC
ber in parentheses are percentage.

A
==

<= AES] 98 g 2 o
Fig. 6 2 7¢] vlehliic).

FAlo]-8 A4 AlF2] PUA(Potential Utilizing Activity) @ PMA
(Potential Methanogenic Activity)= CO, 0.57]3}7}%]= CO, Bqtle]
F7hol Sbele] Z7bshn SIAIL, €O, 0.6719PHEI L 744 g et
W Qe 5, CO Bkol A3) % AHe] PEME Hx) 2 Hhe
S50l 16} BIUTT FeiA Sl vheh Pol, & ATFNAE
21§ R AlEE CO, 01713 067]aelA] 78] 5l
T AFSE el A, PUA 2 PMAE CO, 0.57)%te)l4 7}

O YAEE 752 208-¢ 2 o, 212 Co, 24kl 05719}
M BHES) Zrhe AFtgel G Aoleln AR war,
CO, 07715 ol4tolld Aol WRAYAZE A7+ 0 PMA =
o) AR HE CO, 2efol €18 AHA TS V7 98-8 & & 3leh.

ARE st o Ax s

(3]
a =

34. YMO| W2 ZHI9 BT}
A& uhs} Zol, €O, 0506714 oI5} % o]kl MLVSSE
ES FEE VT YgE 275w, R NE 9 g
AEE Sl depin lek ols} o] €0, 23kl S MLVSS ¥
=9 Aol YAo] e FAGel g o2 225w, Pin[17]
£ FAS} He A F i FAAL A48
o BHol Y& FAE TV Brskn ook 2 ATeINE
Do) B TA NG 238 AT % YRS DAz o
42 3lsleh. €0, 05719 Hr} Be ¥abolla] 2 AFa@): £2]
Aol A$, CO, 0.17]9}: 4.87x IO"MPN/gVSS, CO, 0.571%}: 3.64
x 10" MPN/gVSS) 2@ MLVSS#%+= CO, 0.57]1846ll vl3) o] =x]
o RS SH R aeln ol Ao 2Re Co, 2at
o 0.1-0.4713¢elll Aol & FAS] 2742 <ls) MLVSSEE
7tk Aoz 2390 =8, €O, 07713 ool B
A% D 2ol WYY AT FaolE FF5hT MLVSSE

HEDE M36A NI1S 199844 2%

*Conversion of removal DOC to output IC ratios:

-output OR conc.]}, “Conversion of removal DOC to output methane ratios: {[(3)¥Input DOC-output OR conc.]}, Num-

gl
]

7} 27 AL €O, $949) A2 QY DAL
2 WAl 710 Ao e

& ZA9 7

3-5. S U HEMIMO| =)}

Table 2= 7} 7)1 A 2A o] gk CO, ¥9+e WSt A gr|et
aellA w2 CO 2o AFu g L B43)58-S el &
7IbaolA v 2 e g A8 8] AHAlL Table 2¢)
A3 el e, §E 99 7182 (DOC+Biomassy= 7t )3
Z49] CO, ¥3kol 05067134 713 Yo EE 2 wo)s 9o},
F7IREeA] Frlgtr2 A8E v)EE CO, 0.57]% o]slae
50 %2A o] 233 A2 FUF g Bola 9lA 8k, CO, 23te] 0.7
718 014l 95 T2 AEEE v go] A 2712 e}
Wi gich =3, il 9 E5r]Ag AR Hhe R BlEle
< ARS8 whg-x o) v E o vjgko 2 o) Agn|go] 10% A%
ok Z3Ue] Abke B84 2 vgto 2 ARE uee 100%
7t H %8 A% glo|c}.

Table 32 control£2} ¥]W3}e] CO, £3k0] 0.57|¢tel|A] vijebe
S7H YR Z 9ok vl 2718-9] AFSS Table 28 242
ool =3, RPN F7120e AAGI A Zrtel 4w
€ CO.2 vre] AHEslint. Z3ule] SAhe vjgte] 27182
Bhl 5z gle}. CO, 05719kl 4] control2 9} v et 2713 A7 &
7194 w" 9 COSEE control®e) $Usitky 74sid T,
&M1E COFEe A3 3713 g £ Biug[4]e] A1 o]L4)
sl

7k 71 zA ol ft WA 2] 271 controlz e} B s, W4
HEE AHSR uhgEolA 20 %, A X1E-3F whSE oA 29%,
WA S AR 2 olAE 26%9 2518 vt =3, Co,
0.5713bell A AN ) F718-S v, AAG7|h2e] Zrho] 9
T &S 133173 %24, WS 27k Egr|az>ghaa
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Table 3. Conversion flow of carbon at pCO, 0.5 atm

Removal organic’ matters

Consumed CO?

Substrates CO; CH; Cell mass or Conversion of Increment The conc. of CH,
z of CH(mgC/L) at control(mgC/L)
(mgC/L) (mgC/L) others(mgC/L)  CO, to CH(mgC/L)
Carbo. 1325 157.5(13.3) 2311 72.5(6.2) 230(19.5) 1180
Protein 183.8 261.2(14.1) 452.3 273.8(14.8) 535(28.9) 1850
Mixed 181.4 268.7(17.3) 376.1 136.3(8.7) 405(26.0) 1555

“Values were determined from the difference of values for control reactors and pCO, 0.5atm using the data in Table 2. *Consumed CO,=[(Values for
conversion of removal organic matters to CO, at pCO, 0.5 atm+Influent inorganic matters)— (Effluent inorganic matters)], “The percentage of CO, and-
CH, in each items were determined from the control reactors, “Values for conversion of CO, to CH,=(Increment of CH,— Values for conversion oef re-
moval organic matters to CH,}, “Cell mass or others=(Consumed CO,— Values for conversion of CO, to CH,), Number in parentheses are percentage of

increased CH,.
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solation.
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