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EFFECTS OF SUBSTRATE CONCENTRATION ON HYDROGEN PRODUCTION
IN ACID-FORMING PHASE OF ANAEROBIC TREATMENT PROCESSES

INKBEFT - PREZIE - AR

Naoyuki Ogiso’, Michimasa Nakamura®, Jun' ichiro Matsumoto®

ABSTRACT ; Effects of substrate concentration on the hydrogen gas production in acid-forming
phase of anaerobic treatment process were investigated using chemostat-reactors. Six reactors
were used with the influent glucose concentrations of 1,000, 3,162, 10,000, 31,620, 100,000,
316,200 mg/1, respectively. The SRT of each reactor was set at 4 hours and the reactor
temperatures were maintained at 30+1°C. The glucose degradation efficiencies of each reactors
were decreased with increasing substrate concentrations. The most effective hydrogen
production was performed when influence substrate concentration was 10,000 mg/l. Hydrogen
gas was not produced sufficiently in the concentration range of 1,000-3,162 mg/1 because
substrate concentrations were low. The production rate of hydrogen gas did not increase when
the substrate concentrations were 100,000 mg/l or above. Most of the CODc- was not removed
from the liquid phase of all reactors at a SRT of 4 hours, which is the most suitable SRT
for the highest hydrogen production rate. The effects of glucose concentration on the
distribution of total anaerobic bacteria, acid forming bacteria, genus Clostridium and sulfate
reducing bacteria were studied by counting colony forming unit.
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Nutrient composition
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Table 2 Composition of the media used for enumeration of anaerobic bacteria

Total anaerobic bacteria Genus Clostridium
Mineral solution I3’ 75.0 m2/ % Beef extract 10.0 g/ %
Mineral solution HI®’ 75.0 m2/® Yeast extract 1.5 g/ %
Resazurin(0. 2%) 0.5 m@/ % Peptone 10,0 g/ %
Peptone 10.0 g/ Soluble starch 1.0 g/%
Yeast extract 50 g/# Dextrose 1.0 g/%
Beef extract 2.0 g/ % Sodium acetate 50 g/%
Hemin (0. 07%) 10.0 mR/ @ L~cysteine 0.5 g/%
Na2C03 (8. 0%) 50.0 mR/ 2 Resazurin(0. 2%) 0.5 mR/ 9
L-cysteine-HCl-H20 0.3 g/9% NaoS(4.0%) 1.0 ml/ ¢
Agar 17.0 g/ 2 Ferric citrate(7.0%) 1.0 m@/ %

Agar 1.0 g/ %

Acid forming bacteria Sulfate reducing bacteria
Mineral solution 12’ 75.0 mfR/® KHz P04 0.5 g/%
Mineral solution II® 75.0 /% NH4C1 1.0 g/%
Peptone 10.0 g/® Naz S04 2.0 g/ %
Yeast extract 50 g/% CaClz 0.3 g/
Resazurin(0. 2%) 1.0 mR/ % MgS04-7H20 2.0 g/ 9
Dextrose 0.25 g/ % Sodium lactate 2.0 g/
Cellobiose 0.25 g/ % Propionic acid 0.4 ml/ 2
Maltose 0.25 g/ % Sodium acetate 0.5 g/#
Solube starch 0.25 g/ 8 Yeast extract 1.0 g/ %
L-cysteine+HC1-Hz0 0.3 g/% FeS04-THZ0 0.1 g/%
NazCOs (8. 0%) 2.5 mi/ % L-cysteine-HCl-Hz0 0.5 g/
Agar 17.0 g/ % Na»C0s 0.2 g/

Resazurin(0. 2%) 0.5 ml/ 2
Mineral solution M°®’ 10.0 wl/ 2
Trace vitamin solution®’ 10.0 mf/ 2
Agar 17.0 g/ %

a)Contains per liter of distilled water.
K2HPO4 (6. 0g)

b)Contains per liter of distilled water
KHzP04 (6. 0g), (NH4)2S04(6.0g), NaC1(12.0g), MgS04-7H-0(2. 6g), CaCl.-2H-0(0. 16g)

c)Contains per liter of distilled water (pH to 7.0 with KOH)
Nitrilotriacetic acid(l.5g), MgS0O4-TH20(3.0g), MnSO4-7H20(0. 63g), NaC1(1. 0g)
FeS04°TH20(0. 1g), CoCl2 (0. 1g), ZnS04-TH20(0. 178g), CuS04-5H20(0. 01g),
AlKSO4-12H20(0. 01g), HaB0s (0. 01g), NaMoO4 - 2H20(0.01g)

d)Contains per liter of distilled water.
Biotin(2mg),Folic acid(2mg), Pyridoxine hydrochloride(10mg), Lipoic acid(5mg),
P-aminobenzoic acid(Smg), DL-calcium pantothenate(Smg), Vitamin B;2 (0. Img)
Riboflavin(5mg), Nicotinic acid(5mg), Thiamine hydrochloride(5mg)
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Table 3 COD mass balance

Glucose] COD COD effluent (%) Gas (%) |Recovery
conc. influent
(ng/ 2) (%) Glucose {Acetic | Propionic | Butyric | Valeric JLactic]Ethanol { VS S |Others| H: | CH: (%)
effluent | acid acid acid acid acid
1000 100.0 4.0 20.0 9.5 1.0 2.5 1.0 7.4 13.3 3.6 |0.11% 1.91 98.3
3162 100.0 20.3 8.5 3.3 3.2 0.7 0.2 17.5 8.4 32.2 [0.71§ 0.78 91.8
10000 100.0 60.3 4.4 1.3 2.5 0.5 0.2 6.0 2.3 20.5 |0.88)] o.04 98.9
31620 100.0 12.§ 10.7 0.7 1.9 0.7 0.3 3.6 0-8 7.2 |0.27} 0.00 98.7
100000 100.0 8.1 7.6 0.5 0.7 0.4 0.1 1.0 0.2 - 0.05} 0.00 104.7
316200 100. 0 100.0 9.1 0.4 0.8 0.8 0.1 1.0 0.1 - 0.02| 0.00 112.0
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Co(Hz0)5 + 4H20 — 2CH3COOH + 2HCO:™ + 2H™ + 4H: (1)
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Pho RERTRFEAI NI -2 EHRT 2KEDIL KRR ELTENTE/DIR0.03~1.62%Tdh
tie WMAT NI — 2R L TVWABKEDP SKBENZAOEKRHEPRELEP DI, 7V 3 — X BE
10, 000mg/ & Tdh » 72, 70 7 — ZBEEL0, 000~316, 200mg/ & TR, HH 7 v a3 — 22K LTV 5KES
LV HEONBENEVC EBKEN 2ORINEBEETFEEZ—FICH > T b —H1,000~3, 162ng
/A TREBEONBRRRIFVBKES ZOBULEIFE WV, F /2. H20 and OthersiC FI N2 ESHEF VD,
TN —ZAEERLTOBRKENI0CKE 21208 & LTI, 70— ZABHRENTH EC0MERKL &
DB, T ETERMAERMEIC L ABFRERRIGNS 5,

€0, + 4Hz — CH5COOH + 2H,0 (2)

SREOERTIR KBERERE (1HY ) OKkEN REKBEnY/ 2 -day) HBEAICI S X 5 ICSRT=4hric
FELH, BYEBEHPEVEREEBOHEBRFE D, BAREYM Y ok#Y ZAKE (md/g-glucose)
BRREST STV, CODPTREKKRNLEOKEN ZAFNE LG 570 i3 BUREY ) okEN
ZERBERKESTILEDNS 5o XM &0 WHEME LD LEL (SRT=1~1day) BET B &
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Table 4 Hydrogen balance

Glucose | Hz of flz effuluent (%) Gas (%)
cone. glucose
(mg/ %) | inflent |Glucose | Acetic {Propionic {Butyric |Valerie |Lactic|Ethanol |VSS | H:0 and H2 CHs
(%) effluent | acid acid acid acid acid Others
1000 100.0 3.8 19.2 7.8 5.4 1.8 0.9 7.1 3.3 43.57 |o0.22] 1.82
3162 100.0 1%.1 6.1 2.1 2.4 0.5 0.2 16.5 4.2 47. 42 0.57| 0.32
10000 100.0 55.2 4.1 1.0 1.8 0.3 0.2 5.5 1.2 29.09 |1.62] 0.04
31620 100.0 66.2 9.8 0.6 1.4 0.5 0.3 3.3 0.4 17.29 |o0.42] 0.00
100000 100.0 87.2 7.1 0.4 0.6 0.3 0.1 0.9 0.1 3.24 0.08] 0.00
316200 100. 0 88.6 8.5 0.3 1.2 0.4 0.1 0.9 0.02 - 0.03| 0.00
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