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EFFECTS OF TEMPERATURE AND HYDRAULIC RETENTION TIME ON THE CHARACTERISTICS
OF ANAEROBIC ACIDOGENESIS IN THE LOW TEMPERATURE RANGE

HOEE: - F OER - B Rt
Gi Cheol CHA® , Yu-You LI* , Tatsuya NOIKE*

ABSTRACT; Effect of temperature and hydraulic retention time (HRT) on the characteristics of
acidogenesis in anaerobic digestion were investigated using anaerobic chemostat-type reactor,
which soluble starch was fed as a substrate.

The HRTs were 0.25d, 0.5d. 1.0d and 2.0d. The experimental temperature was changed in the range
from 10°C to 30°C. The degradation efficiency of the substrate and the composition of volatile
fatty acids (VFA) produced in anaerobic acidogenesis were significantly affected by the temper-
ature and HRT. The necessary HRT for obtaining the high degradation efficiency of 95% at the
temperature ranges of 20°C to 30°C and 10°C to 20°C were 1.0d and 2.0d, respectively. At the
condition that the temperature ranged from 20°C to 25°C and the HRT ranged from 1.0d to 2.0d,
the COD yields of various products to the influent substrate in the reactors ranged in the
following percentage; VSS:20 to 22%, VFA:41 to 54%. Others:9 to 30%, H-:6 to 12% and CH,:0.4
to 0.8%. The effects of temperature and HRT on the distribution of acidogenic bacteria, homo-
acetogenic bacteria, acetate-consuming methanogenic bacteria and H.-consuming methanogenic bac-
teria were studied by enumerating the bacterial population levels. From this investigation, it
was elucidated that the complete phase separation of acidogenesis and methanogenesis was possi-
ble by conducting the acidogenesis below the temperature of 25°C.

KEYWORDS; Anaerobic digestion, Acidogenesis, Soluble starch, Temperature characteristics,
Bacterial population levels.
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Fig.1 Schematic diagram of experimental apparatus ; (GS) gas
sampling port, (LS) mixed liquor port, (MS) magnetic stirrer
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synthetic substrate
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Table 3 Composition of the media used for enumeration of anaerobic bacteria
{per ITiter]

Components Acidogenic Homoacetogenic Methanogenic bacteria
bacteria bacteria (Hz-consuming) (HAC-consuming)

Glucose

Peptone

Yeast extract
Sodium acetate

H. (80%) +C02 (20%)
NaCl

KH:PO,

K-HPO,

NH.C1

MgCl-

Mineral solution®’
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a)The final gas phase of tubed medium being an H,(80%)+C0. (20%)gas mixture
at 2 atmospheres pressure.

b) Contains, in grams per liter of distilled water: nitrilotriacetic acid:4.5.
FeCl.-4H.0:0.4, CoCl.-6H.0:0.12, AlK(SO.).:0.01, NaCl:1.0, CaCl.:0.02.
NazM00410.01. MnClz-4H20:0.1. ZDCIZ:O.I. HaBDaIO.Ul. CUSO4‘5H20:0.01.
NiCl.-6H20:0.02

c)Contains, in milligrams per liter of distilled water;Biotin:2.Foric acid:2.
Pyridoxine HC1:10,Thiamine HC1:5,Riboflavin:5,Nicotinic acid:5,DL-calcium-
pantothenate:5, Vitamine B.2:0.1, P-aminecbenzoic acid:5, Lipoic acid:5
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Table 4 Effects of temperature and HRT on the pH. the volatile fatty acids production and the
gas production rate

VFA production (mgCOD-L!) Gas production
Temp. | HRT| pH

(°C) {d) Total Composition rate® | Composition (%)
HAC HPR n-HBU n-HVA  n-HCA CO- P CHs
0.25} 6.43933.9)1005.2 107.6 2684.1 82.1 o 012811.2164.0 34.4 0.3
30 0.5| 6.2[4928.3] 957.1 331.2 3487.1 112.0 01]4096.0164.7 33.9 0.4
1| 5.816415.91087.0 2707.6 1878.4 182.3 401.52449.0(66.8 28.9 1.8
21 5.816137.61181.9 3333.9 818.4 280.0 446.03334.6|70.7 26.6 1.3
0.25[ 6.5]3937.0 1108.5 80.1 2799.0 208.3 0]2607.9[65.1 33.6 0.1
25 0.5] 6.314782.6)1376.9 75.7 3214.8 106.7 013472.2163.4 35.3 0.1
1] 6.2[5685.411404.0 283.7 3737.5 91.6 136.8 {5107.8{62.6 34.2 1.3
21 6.3[5751.4[1792.5 524.6 2654.8 152.1 447.3(3046.267.5 30.4 0.9
0.25{ 6.3]1592.81 461.7 170.1 914.1 18.5 20.312201.3]70.1 28.9 0.07
20 0.5] 6.4]2136.11] 641.6 68.0 1373.7 13.0 26.412995.2 | 61.6 37.2 0.07
1 6.3 14358.6 | 909.4 133.6 3200.9 19.1 86.8 | 4345.0160.4 37.8 0.6
2 6.0 4821.3]1320.8 109.8 2923.6 37.0 389.414690.5]63.3 35.4 0.3
0.25| 6.7 471.3| 187.0 133.3 129.% 10.2 1.2 476.3174.1 17.3 0.07
15 0.5} 6.7} 549.6| 133.6 33. 371.7 5.9 4.6 11120.5]68.8 28.6 0.07
1 6.32196.9| 494.2 152.7 1488.1 42.3 19.611636.1170.6 26.9 0.3
2 6.2 4353.511306.1 182.9 2836.2 9.6 18.7]3628.0|65.4 33.5 0.1
0.25] 6.6] 152.6 78.3 19.4 46.1 8.8 0} 111.2(57.9 5.8 0.05
10 0.5} 6.5 243.2 119.7 22.8 79.3 21.4 0 310.5{68.7 16.4 0.06
1 6.3|1767.2 | 666.5 302.2 731.8 66.7 0] 554.7175.4 14.1 0.3
2 6.0(3739.1(1221.6 203.7 2214.5 - 44. 012040.3(72.7 23.6 0.1

a) mg- L' d?
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KFEBALEA 7 VERHEOSS ML THE Y. BT FIfIC L2522 RS SRETH L L XN TV
55, BRI LNUE2SCLU T OEEMRELTTY C LI &> T, FEELHEA & VRIS B L UkEE(L
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Table 5 (0D mass-balance

Effluent COD{%)
Temp. | HRT Inf.
CcOD Products
(Cc) (d) (%) Carbe. ™ - Recovery
VSS VFA Others® Ha CH4

0.25 100 9.1 19.41°36.9 23.0 6.5 0.2 95.1

30 0.5] 100 6.5 20.5] 46.2 13.9 9.3 0.44 96.9
1] 100 2.0 21.8160.2 2.6 4.7 1.2 92.17

21100 1.9 23.5] 57.6 3.8 5.9 1.2 93.9

0.25( 100 17.6 17.6 | 36.9 21.9 5.9 0.07 99.9

25 0.5/ 100 11.2 18.41 44.9 15.1 8.2 0.09 97.9
11100 3.7 20.71 53.3 12.3 11.7 0.8 103.5

21 100 3.5 21.2153.9 9.4 6.2 0.7 94. 9

0.25 | 100 23.9 16.6 | 14.9 50.1 4.3 0.04 109.9

20 0.5 100 14.0 17.2 1 20.0 50.3 7.5 0.02 109.1
1] 100 4.0 19.5( 40.9 29.8 11.0 0.7 106.4

21100 3.8 21.71 45.2 25.1 11.1 0.4 107.3

0.257 100 67.0 5.4 4.4 22.4 0.6 0.01 99.8

15 0.5 100 54.1 10.9 5.2 33.6 2.1 0.02 105.9
11100 28.9 11.11} 20.6 37.0 2.9 0.1 100.5

21100 8.4 13.21 40.9 34.1 8.1 0.09 104.8

0.25| 100 78.9 4.6 1.4 14.4 0.04 0.001 99.3

10 0.5 100 68.6 5.8 2.3 22.17 0.3 0.005 99.7
11100 54.6 11.21{ 16.6 17.6 0.5 0.04 100.5

21100 30.7 11.81 35.1 19.8 3.2 0.05 100.7

a) Carbo. = Carbohydrate b) Others = Soluble COD - VFA - Carbohydrate
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