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Abstract

This study is an experimental research on the anaerobic digestion of pig manure and night
soil mixed waste at room temperature (25°C), and the results are shown below:

1

W

. The steady-state condition based on gas production as digestion temperature dropped

to 25°C from 35°C was achieved at around 28, 47, 56, 64 days respectively when its
hydraulic retention time(HRT) are 10, 20, 30, 40 days.

. Alkalinity and volatile acid(VA) was increased as increasing the organic loading.
. Removal efficiency of chemical oxygen demand(COD) and biochemical oxygen demand

(BOD) was improved as longer HRT, and generally COD value is lower and BOD value is
higher relatively.

. Overall treatment efficiencies of mixed waste are higher than of pig manure and of night

soil.

. Organic removal efficiency at room temperature (25°C) is 20-25% lower at medium tempera-

ture (35°C) in a same VS loading condition.

. Refractory fraction of the influent VS and organic removal rate constant(K) estimated

at around 37% and 0.107/day respectively.
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Fig, 1. The Number of Pig Bred in Korea
from 19880 to 1987 Year

Table 1. The Status of the Pig Breeding
in Korea

The Range of Number of ho. Number of he-
the number of usehold of pig ad of pig by

pig bred b_y breeding breeding size
size

1~4 206746 299594
5~9 23455 163479
10~ 19 26973 347972
20~ 29 8386 199537
30 ~ 39 7643 200337
50 ~ 99 6960 490293
100 ~ 499 5337 136955
500 ~ 999 400 280156
1000 ~ 4999 208 414031
5000 ~ 9999 28 186465
10000 and over 12 212048
Tot al 286148 4020867

s The data is based on materials given by
the Ministry of Agriculture and Fishery

in June, 1987
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Table 2. Characteristics of Domestic Ani-

mal waste H 'ﬁﬁ/ﬁ
Characteris- Beef cattle Milk cattle Pig
tics (Witzel») (Loehr®) (Clark™) 1. B ] M
PH 4.7~ 5.8 — 6.5 Bit#= A% 15an, ¥l 45.3cmel ot=¥
250000 ~ 150000 33000 MEog fao] 8oLEA A AT
TS(m&/1) 550000
200000 117000 26000 mBFEL ARMBReE Fig.2% 2
VS (me/1)  9e0000 BN E 2AE(REM 470) TS0l Agd
(BOD 9600 10000 ~ 8200 t},
mg/1) 20000 . N
COD 38400 80000 ~ 67200 Fig. 214 BEMRHBM (LT Feed 22
(mg/1) 130000 ) HARELS LB HEH, kHES B
E. cols -, 2 x10* 60 x 10* R FWdA gloz FIHY ¢+ AR A
C /g2) .
z sl o},
TKN (%) 4.0
NH,-N
(%) ; A. *;m and ™ 2. AH8-9 BA M (Feed) o) A
P (%) - E. Turner 3.1 BX A7 = 44 TR$IN BEDHE
K %) 1.4 FE Hold Holz st BAEHS B3
00 [ Heater controller
Air Pumpl ) Heater

Temp, sencer
. O Air stone
- + Influent

Reactor (Volume =8.0 L, working volume=5,0L)
Gas sampling bag

Water bath
Effleunt

— Ice Box(Milk reservor box)

1L ]

Fig. 2. Laboratory Arrangement for Anaerobic Digestion
o
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Table 3. The Characteristics of Feed.

Date pH CcI- TKN COob BOD TS VS
87. 10/25 6.8 570 4600 63174 23250 51305 39240
11/12 6.6 530 — 72520 23733 58295 45315
11/20 6.4 — 4725 98576 20385 47755 36270
12/ 1 6.7 630 4550 88977 24640 45910 35055
Fto 6.4 577 & 41 4625 + 74 80812 + 23002 + 50816 + 38970 +
= 13803 1591 4733 3967

¢ All unit ; mg/l

o B8 3 M
L Mg S wEEESS BemE K
A7) Ad e HHg HmEd
ol = BEMS 1182 BANM HAKC-
eed)E I 2 KL Table 3o ehiR

2

Feed o] Fy@Es B¥ CODE 80,812
+ 13,803mg/1. BOD+ 23,002+1,591mg/1
2 COD/BODU®|& ¢ 35u) o, TS
£ 50,816 +4,733mg/1, VS + 38,970 + 3,967
mg/l 2 TS VS+ ¢ 77 %Atk 3 pH
8 6230, TKNS Hi 4,625mg/
1 459
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o BAWS ZA Y F AR WS v 9

& 5Ccoidle] W
a4dsA B

Aol 2@ A AHg g
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3. Htwe] Heg
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EME T e /R ARl HIERS §

KSL%}O:} 8.0LEC! olay st M1t
g 47N KIEMA #HAahE R (Working Vol-
lume) & 5.0L& 1A 35C+25 24¥
Water bathell %51 @]}
% 3~49217H2 Non Feeding “AtefollA
Asbi FEolv SQlrk 5AA = st
1} 92 ool pHE Madlcdy 585 Ay

o] 5% NaOHsol 20 ml # 10% Na,COs
10m! & ¥ 3, A ®EFOZ Glucose &
ksl 293 1Ad o8 potassium ph-
osphate (KH, PO, )& zt2} 3 Spoon¥ A
sele] gl A1A FUARHD 6GR = 7haTt
okzt v 71 A1zttt Non Feeding “Jefol
A eYzhe B0tk FUTh 13 YA = 238
Zb27t wol vt 3 Bol 3 #3lvh 14 AA
HElE 35Ce 2Reng v 1Tt wE
WAl WS 200 ml /day® ®l Feed &
200 ml /day ¥ S92 o}

2798 ¥ El+= HRTE 10, 20, 30, 40¥ =&
Z33NA Feed & TYAZATL

Feed o} # A, #ithe sHrel 13433
on] 7k~ ek Gas Bag & 2o} 350 13
A e Azt &g, a2sde] &
S #dEA sl 571 918 Water bath w9
B& Air pump & 3 o z 5L 2AYAA
v}, &slzeol HEFHELS ojdE Heater st
ZH71E AHEHT

weke 5o 2~3 5% FEHHOZE EEo]
Fth

4. 7 #F
oHte WAK, WK 7he 58 tideR
sttt ®AKel COD,BOD, TS, VS

TKN,Cl1™ 5& 10~20° 13- % 5#
il o, Wit Ki= steady-state Yo A7
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Table 4. Operating Results of Digester

HRT Periodof Temp. Alka. V?la- Gas

pH TCOD SCODTBODSBOD TS VS lini. tile prod,

(days) Analysis o ty acid (ml/d)

10 87.11. 18 24.6 7.34 72288 36614 18222 11732 43275 24969 10017 2814 4059.67
~11.26 +5937 +1361°+1058 +328 1775 +1762 554 +287 +195

20 12.2 25.0 7.50 66725 33633 14391 10008 39206 22211 6331 2109 2775.4

~12.9 +2577 +£1421 #1263 +668 £867 2546 +260 +212 142

30 12.7 2.0 7.47 60695 31768 10786 3383 34734 21649 5900 2109 2005.63
~ 12.24 +1783 +989 +855 335 +1744 +£2163 +230 +79 +183

40 87.12.21 25.2 7.66 52329 29563 9556 5286 30635 19914 4945 1399 1683.75
88. L12 +6554 +£1263 £110 492 +773 +£2467 +699 +97 +160

All values in mg/l unless otherwise noted
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Table 5. Operating Result of Digester wi-
th VS Loading 0.936 ~ 3.897Kg
VS/mé¥/day

HRT
Parameters (ays)

10 20 30 40

VS Loading, Kg VS

/m?/day 3.897 1.946 .l. 325 0.936
TCOD
Influent 80812
Effluant 70288 66725 60695 52329
9% Reduction 13.0 17.4 24.9 35.3
TBOD
Influent 23002
Effluent 18222 14391 10786 9556
% Reduction 2.8 37.4 531 586
TS
Influent 50816
Effluent 43275 39206 32734 30635
% Reduction 14.8 22.6 31.6 39.7
Vs
Influent 38970
Effluent 24969 22211 21649 19914
% Reduction 35.9 43.0 44.5 489

% All values in mg/l unless otherwise
noted
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WA CODS F#5@EE 80,812 +13,803mg
/12 ®ASY LS #i CODE HRTI0, 20,
30, 40gelA  Z+z}  72.288+5,93Tmg/1,
66,725+2,57Tmg/1, 60,695+ 1,783mg/1,
52,329 +6,554mg/1 2 K HElo] CODB %A
2 13.0%, 17.4%, 249%, 353%%E 54
th. Fig.3+ BBy HEME(Solid Reten-
tion Time, SRT) ol W& W HiAS] CODs<
CODAAE &L veERd ZAdl COD AA&R
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#AKe] BODE 23,002+1,591mg/1 &
A A+ i BODE HRT 10, 20, 30, 40
oA ztz} 18,222 + 1,058 mg/1, 14,391%

1,263mg/1, 10,786 £855mg/1, 9.556 + 810
mg/l&2 F&5He] BOD AALL 20.8%,
37.4%, 53%, 585 %% H=d A FAIZL
o] ZAFE AAHE & EUTh
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Fig, 5. Effluent VS and VS Removal Effic-
tency vs,.Solids Retention Time

i, P9 =Fol M 35CAM VS Lo-
ading 2.9~5.5kg/mYday ol *] 39.7~27 %2}
AAEEL B3 VS Loading L 29~2 Tkg/

mYdayoll M= 46.4~26.0%2] AAGL B
=3

3. HEYWBREAEE Kol #i

WA Feed®l VS NBD %3+ Refractory
LAIES MAEMS ME T
FEoZ €% 4 Y+=u Table 3 Table
4 & o] &31A Table 6 2 W& Fig.6u 3
ol vtepd 4= dglth Table 6 <A So &} Se
= WA, W VSel Fkolil Sr& A%tz
el NBD VS5 %, Sbo?t She+: £, &

fraction -&

Table 6. Conputation of Substrate Removal coefficient

HRT So Se Sr Sbo Sbe (sbo-sbe ) Se/So
(days) (g/1) (g/1) (g/1) 8/ (g/1) /HRT
10 38.97 24.97 14.6 24.31 10. 37 1.4 0.64
20 38.97 22.21 14.6 24.37 7.61 0.84 0.57
30 38.97 21.65 14.6 24.37 7.05 0.58 .56
4) 38.97 19.92 14.6 24.37 5.32 0. 48 0.52
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Fig. 7. Substrate Removal Coefficient
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6. MAEE= VSF Refractory fraction&
&t 37% Bxolw ABYBREEH K
0.107/day & A& =]t

2EUAN

1. 8080 Ry BEE, 1987.

2. BKEMAR HiHAE, 1987.

3. E.P. Taiganides; Agricultural Solid Wastes,
Proc, 19th. Ind. Waste Conf., Purdue.,
Univ., Ext, Ser. 117, 281, (1964).

4. M.E. Turner; Lagoons for Livestock Ma-
nure, Journal of water pollution Control
Federation, 37, 1578 (1965).

5. S.A. Witzel, et al.; O.J. Attoe, and M.S,
Nichols; Physical, chemical and Bacterio-
logical properties of Farm Wastes (Bivine
Animals), publication No. SP-0366, pro-
ceeding of the National Symposium on
Animal Waste Management, ASAE, p. 10
(1965).

6. R.C. Lehr, et al.; Cattle Wastes-pollution
and potential Treatment, Journal of the
Sanitary Engineering Divistion, 93, SA. 4,
55 (1967).

7. C.E. Clark; Hog Waste Disposal by La-
goaning, Journal of the Sanitary Engi-

71—

10.

11.

12,

13.
14,

15.

16.

17.

neering Divistion, 91, SA. 6, 27 (1966).
SHEXR BE mEMBL W3 HE,
MEHEBEMHE RTE, Vol.3, 119~
124, 1983.

SERHA; il D EiE B L kS
BEERE SRFEHELEHE, Vol, 10, No.
1, 107~117, 1984.

T IAMEL 23 BRER, &
BASy KBKE, M8 TRY, 1982.
EWE  BREER BE7 Bio-gas 4
EEA VX A8, BEXER AR,
B2 R, 1980.

Standard Method; AWPH, AWWA, WPCF
16th. (1985).

RYEE BYMER AT RBE, 1986.
McCarty, P.L.; Anaerobic Waste Treat-
ment Fundamentals, Public Works, 11,
91-126 (1964).

Lawrence, et al.; Kinetic of Methane
Fermentation in Anaerobic Tfeatment,
Journal WPCF, Vol. 41, No. 2, 1-R 17
(1969).

Stevens, M.A., et al.; Low Temperature
Anaerobic Digestion of Swine Manure,
JEED, ASCE, Vol. 105, No. EE1, 33
(1979).

BHEEA WK L man ERR it
A G, LEE, BEMEAARSE
#, 1981.



