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METABOLIC CHARACTERISTICS AND KINETICS DURING THE ACID PHASE
OF LOW TEMPERATURE ANAEROBIC DIGESTION

Bh B=*. BER kE*

Shuzo TANAKA*, Tomonori MATSUO*

ABSTRACT; The acidification of whole milk (4,500 mgCOD/1) in anaérobic digestion was
investigated to obtain more information on the acid phase, including both hydrolysis
and fermentation, at low temperature. Four continuously-fed digesters with hydraulic
retention times (HRT) of 12,24,36 and 48 hours were operated at 20°C and one with HRT
of 24 hours at 37°C. Based on equivalent COD, about 30 to 40% of substrates were
degraded at 20°C when operated at HRTs of 12 to 48 hours and 38% at 37°C, demonstrating
that a little increase of HRT could make up for the decrease of bioactivity caused by
lowering temperature. Of the substrate constituents, carbohydrates were most exten-—
sively utilized (95%) and next proteins (60%), while only 30% of lipids decomposed.
The change of methane content in gas phase indicated that the growth rate of Hy-
utilizing methanogenes was greatly increased between HRTs of 12 and 24 hours, although
methane production was always less than 47 of substrate COD. The hydrolysis rate was
described by a first order reaction as a function of biodegradable unsoluble matters
remaining and not directly related to the cell concentration within its range of this
experiment. Values of the kinetic parameters determined at 20°C were 0.179 hour™ ' for
the hydrolysis rate constant, 0.385 g cell COD/g COD utilized for the cell yield and
0.00036 hour™! for the cell decay.

KEYWORDS; anaerobic digestion, low temperature, acid phase, hydrolysis, kinetics
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......... (R 1 )
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= . 16 .
wenmonnerss B 4% B 24 ZEIEm o o
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TEHAER T dHEEIRIT

—167—



FREOREER 0.8 A

KL THBEB, = Z SOLUBLE
tomEiEs 8 K SUBSTRATE COD
(&)
. =z
v, EERTRER 2O S 1.6
- = (TVFA
Eop@eEs 0.4 a3 = E£OH 0D
bhBIEELD 3 43600 & ACTIVE
o j o EE 3 BIOMASS
TLEABRL B Z 2 400} S 0.8
hb, HL, & 2 o a
S 0 o O Q
BB AR 0 40 80 120 22 200f ©
DIGESTION TIME (h) S h
E~OERAE , P GRS M
I Ln Fig.4 Production c?f individual % E 0 0 5 ) 30 T76r
% ° volatile acids and . 32 DIGESTION TIME (h)
L EAD alcohol.(batch at 20°C)

Fig.5 Changes of soluble substrate,
BREBL Tz biomass and products as a

~ M EROEBER L DTS B, BB(HAS), 7o junction of dlgestion time.

€4 B(HP), 8% (HB), HEBM(HV) HEREY

T b, BIEMHERZLICONTREBOS NERRSER I, =4/ —v(Et OH) I RIEHHIC
ERIN B, TORECHICARIN TN B,

AL EWAEROERE, W5 ICRINALOC, HL48(h)E CHMMLET 208 T N UEE R
BB L Tnwbsl bbb TEBEREBAMRE, ERRC /R ZEOEYVERINTHE, Thid, BH&
DRI AL ¥ —DROOKBHEBRICLIEWERTHDLEL LN, EVBANEEYLER - HHBES
LTwaWwz Kk b,

BLEORRE St 2T, EHRKIGM TEBRAERE QBN AR s MIEL BB LT\ b L Bbh
LEHET, 4 %5 (HRT=12~48h) OEE% 1T o %,

40
® EHEER
F2ICRINTND L OICHRT24(W M FTHER # 2D ToTAL
80%AiCH, T 575, H6 5 bbbk d L 5 IZOCODERER (EVED

N
(]
T

NWTRD 4 BRBETH Y, A2 EHOwashout 3 Ab LT
EF+a2R IR TnW5S, HRT12(h) TEHD &M 2% {, &g
B AR BRI H A DR TOB% b7 ts, EHICEL To bk
47% Th >, E7, HRT A 12(h)% & 24 (h)IC % 5 & Hy 1k 1%
EAEBREBEINT, CHOERBERABICHETLL THhd, TO
CHAX(R1)KCFE > iH, o b0 & Bhbh, L, FHBET 5

O%\Q/—O
12 24 36 48
HRT (h)

Fig.6 Effect of HRT on the
production of metabolites.
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o

AEAVEDOO LMBEEEOLZDEALDENE & EL LbRb, (continuous-flow at 20°C)
5) . ] Circled symbols are data
Sheab 1, Hofl B A 2 v BHO RN EEBHEREMEIZ 37CT19 at 37°C and pHS.3.

() ENWIREREB/BTED
ARBROBERE IERGNL Table 2. Continuous—flow test:data on gas production and mixed liquor

NTn b, Gas Mixed Liquor (mg/1) .

1% 3t 72 ) © COD 5 # 58 1 HRT - Progg(égion COIUPO%ition (&a)g DNAaA‘ctive(E\éFwA)Filtrate TOtalReé??ery
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Table 4. Continuous—flow test:hydrolysis and utilization of substrate:

(h) Filtrate Gas [X] Total [aF [aFmas] [as] [s]

Bkyld—E & & L3R, 02 Tof. 2200 - 2200(=S0) - 2200

12 180 80 790 2670 470 2070 1600 600

HEBTE RN, —H, 4% 2 1660 170 865 2695 495 2200 1705 495

' 3 1720 100 910 2730 530 2350 1820 380

LRI ELABEOKRE 48 1685 165 945 2795 595 2710 2115 85

_ y *Calculated using the COD cogversion factor (1.42 g COD/g VSS) of cell

S8R LA oKW, 1 on the basis ofgcell composition (CsH70,N). 8

bSum of TVFA, EtCH, s and cell COD.
WFNOBE D L HEALT 0 o, gas A
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Y¥=0.385
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r=0.999
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0 . . N " N
0 0.1 0.2 0.3
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Fig.9 Calculation of the cell yield
[Y] and decay [kq] coefficients.
(continuous-flow)

Table 5. Comparison of ky, Y and kg
Temp. ky Y
Substrate (g cell COD )

— (°C) ('NgCOButil/ (™
Activated Sludge®37 - 0.40  0.013
Primary Sludge® %g 8%%5 828 886]8

» . . .

Dog Food €250.25  0.60  0.06
Milk 20 0.179  0.385 0.00036
®This study.
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Fig.10 Calculation of the hydrolysis
rate constant [kp].(batch)

Batch test:hydrolysis and utilization of substrates.
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; 36 1890 235 71 0 1710
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. . L 72 . 1885 395 665 2655 405(=Fo) 2345
FRUBEEBICED Wb B 120 1995 430 510 2645 395 - 2410
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I, SERTEME L HLh BE L 4~12
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38Game as Table 4.
Subtracted the initial cell COD (290 mg/1) from the sum
of filtrate, gas and cell COD.
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