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Abstract: Effect of improved feed concentration, which lead to ammonium accumulation, on chicken manure methane fermentation
under thermophilic condition (55+1)Cwas investigated by using an integrated approach in a laboratory-scale semi-continuously
stirred tank reactors. The reactor operated for 267days at a fixed hydraulic retention time of 20days, with feed concentration based on
total solid increased from 5.0% to 7.5% and 10.0%. With feed concentration increased from 5.0% to 10.0%, the ammonia
concentration increased from (2.5+0.3) g/L to (6.1+0.2)g/L, the volatilized fatty acids (VFAs) increased from (0.4+0.1)g/L to
(26.1+1.5)g/L, when pH value, biogas production rate and methane content dropped from (8.3+0.2) to (6.9+0.1), from
(267.2+£12.5)mL/g TS;, to (49.8£8.2)mL/g TS;, and from (67.2+1.3)% to (36.0+1.7)%, respectively. The highest ammonia
concentration of 7.5¢/L and highest VFAs concentration of 27.0g/L were achieved at 197" day when the feed concentration elevated
to 10.0%, causing obvious inhibition on methane fermentation system. The effect of ammonia accumulation on biogas production
and VFAs accumulation was analyzed using the method of linear cumulative effect. It was said that the initial ammonia concentration
of 2.5~3.0g/L will inhibit the thermophilic digestion of chicken manure. The biogas production would be decrease or ceased when the
feed concentration greater than 7.5%. During the operation, the specific methanogenic activity (SMA) test was carried out with
sodium acetate as substrates. At feed TS concentration of 7.5% and 10%, ammonia concentration of 5.5 and 7.0g/L caused a drop in
SMA by 56.0% and 100%, respectively.
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Table 1 Characteristics of chicken manure and inoculum
PR — .S PR e
P bR n PR HERE n
TS % 43.3£0.4 56 8.4+0.5 3
VS % 28.4+0.3 56 5.3£0.4 3
SS % 38.1£0.9 56 6.1£0.5 3
VSS % 25.8+£0.8 56 3.1+£0.4 3
pH {H / 8.120 56 7.10 3
AHE  ghke 5.4+£0.3 56 1.5£0.3 3
C % 33.1£0.2 3 / /
H % 4.3+0.1 3 / /
(6] % 26.6+0.1 3 / /
N % 4.9+0.1 3 / /
S % 0.8+0.1 3 / /
C/N / 6.7+0.2 3 / /
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Table 2 Performance of methane fermentation during a long term operation

ZH LA TS=5.0% TS=7.5% TS=10.0% BN
R R] d 1~93 94~180 181~267 /
PR AT - TS/L-d) 2.5 3.8 5.0 /
pH 18 / 8.3+0.2 8.1+0.2 6.9+0.1 *x
B L/(L-d) 0.7+0 0.6:0. 0.3+0 *o
PR mL/g TSi, 267.2£13.5 166.5£11.3 49.8+8.2 **
CH, % 67.2+1.3 56.0+1.9 36.0+1.7 *k
CO, % 32.8+1.2 44.0+1.5 64.0+1.1 *k
TS ZpR&E % 43.9+2.7 31.9+3.9 23.8+8.4 **
VS LpRE % 59.1£2.9 42.1+3.8 30.0+8.2 **
SS LkrFE % 41.3+2.7 30.5+3.2 19.7+4.9 *x
VSS LfR#E % 55.4+2.9 39.8+3.8 25.2+8.3 *x
VFAs g/L 0.4+0.1 19.2+1.3 26.1£1.5 ok
SRR o/L 12.3+1.8 22.3+0.7 14.5+0.7 o
TR Eh o/L 8.6+1.3 8.1+0.8 3.7+0.8 o
A o/L 25403 5.540.3 6.120.2 **
PCOD/iEEL COD % 27.9+3.8 33.9+4.4 54.6+8.9 ok
SCOD*/iE ¥} COD % 11.8+1.9 17.5+3.2 13.2+3.7 ok
VFA-COD/#EE COD % 0.7+0.1 23.7£1.6 242413 ok
CH4-COD/#EE} COD % 44.6+0.6 23.2+0.6 4.5+0.7 o

VE:PCOD Bk 44 7 fjCOD,VFA-COD 2 Hi kL VEA 1 {1COD,SCOD* i %} i 25 B VFA-COD J5 %5 fi# 1 COD,CH,~COD Jy 7= F e St 8 I COD.

HERLCOD H J5 B TCOD, ** 2 1 3 P 2% 57:(P<0.05).
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R B e I N 2 Y I A T o (2 L S ) 48 1 B
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Table 3  Analysis of ammonia inhibition in anaerobic fermentation
J5UR} HEEL TS(%) HRT(d) SR HE(C) pH {H AH(g/L) FAANHIZE (%) Sk
PLES 10.0 30 CSTR 55+1 8.1~8.3 4.0 17.0 [12]
PLES / 15 UASB 55 7.5 5.0 80.0 [23]
3 / / CSTR 45 7.4~7.9 6.0 / [24]
TGk / 7 CSTR 55 6.5~8.0 5.8 64.0 [25]
Wi / / CSTR 51 8.0 11.0 50.0 [26]
3 5.9~6.4 15 CSTR 55 7.9 4.0 75.0 [27]
Wi / 15 CSTR 55 8.0 6.0 77.0 [28]
Wi / 15 CSTR 60 8.0 6.0 93.0 [28]
FEES 5.0 20 CSTR 55+1 8.3 2.5 0 AR
2 7.5 20 CSTR 55+1 8.1 55 40.0 FNTIS
LB 10.0 20 CSTR 55+1 6.9 6.1 81.0 ENTIS

RS it A IR IR B IR TS N, 28 =T FURH DU R 3¢ AT 3e), AT AXT 2 A7 #0E
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Fig.3 Performance of methane fermentation during a long term operation
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