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1 OE X BRI ST R MR, FIH 2R A SR AR B (CSTR), 4 7% 2 32 = 1 5
R M BE (TS) W7 ¥, BF 58 A ) 3Bl TS((5.2040.56)% . (7.24+0.36)% . (9.30+0.26)% Fl (6.22+0.26)%) fit X3 % % 4L vh
BIRE MR, R R, HE TS i (5.20£0.56)% 4% = K (9.3040.26)%, % %& M B & (VS) =K & i
(0.64+£0.05) L-g' F[# M 0.07 L-g', A LY & Bk R0 s /b, ¥ & M5 7 B2 (VFAs) B (0.53+0.02) gL' B =
(1.62£0.02) g L™, HEEIKE (TAN) FIiFE 2 Z IR E (FA) 2051 B (1.06£0.11) g-L™' #1(0.07+0.02) g- L' BHFHE 3.40 gL'
Fro.68 g L™, WAk BZBNE MG . KA Boltzmann BB Xt R [R] 2 AWk BT VS 77 B BE 3 AT VS & B R AT 4K
B, WELERRY, TANFA &I KM FA f2: BT 2505 B2 R AE M ZMEZ LB, 5 VS - &
AL, VS KB IS & A A B B WS M. FEAGERE TS = (6.2240.26)%, AIMEIS B A MEM, HRN
AL T H R R . B, A ORUE R N R K B ACT RS AT, TR 38 7 2 vl IR AR A 00 R Ak v O
it 7.24% . WEFE N RS 2 IR AU A G TR iRt 52

KRR X, REUN L HERDERE; &M

BEE FE XS . SR AL SRR R, MBI WIS . I Rgeit, 20154, X3
(ELFE PRI HE R B e 3k 3.93%10° ¢, o A 2 Ab B XS 2% L BEHEA, WPk, £33 KGR EEE
B E G Y XGFEE S AP, BA RS R ), X 2015 4E, RGFETETE L 2.75%
10" m?, PrE AARAEIR ST B KRR SARFL, 13k 1.72x10" m™™, Rk, PRAECIE fb 2 BRI RS 25 e |
S I HC T PR R T A A ARk B 5 Y, R D v AR (R T AR B (TS)>69%T) 18 36 IR 4601 1k 5 45 v
AR 7 RE R L R /b B ks ey A i BT T2 B AR R

MR A, I E A A e, RIS BEFERY 245, T DR AR B K B
B, DywAb o ZU A (B S NH N 2 2 NH,)™ . 2Rk B8 o im B S, ek DR AU TR 9 I 5 A BT
WP EARE N, FEOERCRIRT , IR G i AN 2 DS A I A SR
PV AU, A5 T Al i R B ) T AT — i R . PR TE , WSS IR ETH AL i R TS B far
BIE A 5%~6%"""", i m T far ARG B EE 1 BT, B 2 BRI 2R G BT RE i e v,
R & PR BE AR R A2 PE . DALKILIC %M 3R I A 58 4 1R A X IR %0 i #% (continuous stirred
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tank reactor, CSTR) AT MG 3 i 28 H W0, S5 KM, MR TS 1 3.7% 4 & 8.25%, R A ME
KNG IR (volatile fatty acids, VFAs) 7305l R E 3.5 gL' #16.0 gL' B, & PEREK (volatile solid,
VS) PR B A A . NIU 2504 F H] CSTR 58 TS 4 10% (1438 36 i R A Ak, & B B o i 42
iB17 45 d i, HARE rEREE AR L R . SR ER SR R AR S5, XK AR TS S5
TG E S RIE AL TS DE AT I, R YA EE TS O 10% B, AR K E B FEAED
PR R B = BEhe J1 TR T 59%.

BT, Rl T, R DR AR R BB KM AE Y, R AR IR R
P 20 A8 ), HERF IRV 23R 1B 1T A BGE 7 o 8 LUZ G 8 = 0 Rk ik B Shy i i i S 30 A 5 ] A4 X
FEH IR AT ALV RR D R AR il A B9 o B 94 = ok TS /9 7%, M CSTR #HF 58
A ) S Rb v BE R X 2 R IR AT AR B K a8 17 880U, R [l 2 Uk B X Ak 7 M Re AT L)
R AR PR RE B SE ), 46 75 e AR XS 260 Ak i B v (4 i BB BORAEE R R T R TR L s [ AN 25 O i
BHHEAR T RS
1 MRE5RE
L1 EEFRAE R

FERP PR EL A VG L2 T 5 i KA BT i S Ae E is AT W R R S A AR o B BE XS 2SR A BRTE A
WARTEIX IR Y, RIRINXG IS E . A T2, WIS TS 4 (33.2+1.4)%, R1FT-18 C ik
AR IRE T ISR 2 D ae s A PR AL B E AR, 878A) X LT A 2 M R, Ry R IR (]
3 min, N 10000 rmin', EHEMHERASIFR A I, IOKEEZRZ —E TS, Ak,
PRIE TR BT o 45l S S 00 45 By B B RR PR SR 1 R .

F1 EMEMSHEERSN

Table 1 Characteristics of seed sludge and substrate of each phase

BRI KB BT/ TS/% VS/% pH TCOD/(g'L™") SCOD/(g'L™") TAN/(g-L™") OLR/(g(L-d)™")
e 0 1.18£0.05  0.74£0.05  7.15+1.20 3.2540.14 1.00£0.16 0.24+0.04 —
Bl 1~34 5.2040.56  4.00£0.24  7.30+0.46 45.7+0.46 1.48+0.40 1.26+0.04 1.3240.11
K Be2 35~55 7.24+0.36 5.51+0.56 7.54+0.26 68.2+0.37 1.27+0.07 1.2440.03 1.8120.07
B3 56~75 9.30£0.26  7.26+0.31 7.61+0.43 90.80.26 1.29+0.07 1.58+0.04 2.45+0.05
KB4 76~100 6224026  4.78+0.32  7.40+0.13 54.1+0.26 1.40+0.04 1.20+0.07 1.57+0.03

E: TCODM.EML A A; SCODNIMMM R AIE; TANYSARKE; OLRAAPLAM(LIVSITH).

12 LR BMIBESH

SEEHEE CSTR ANE 1 i o A SR B R 6 Lo LS A BERES A K2, #id
5 T 8 B 7K R 487 8 3R, I 0 ) 45 SR 7E (440.5) °C 1 (350.5) °Co K JH WL 1 43 b 20 B R A7 e e f
B R 60 rmin”', SLIYRIEE TR A o XIS IR EIHE 1b % 26 55 5 (1) 7K 7745 B8 i) 8] (hydraulic retention
time, HRT) & 30d, ik BC A I (] 45 1 25 00 5 3 0K e R 5 ok, & H 20 8 4k, B Uk ikt
RPN 25 mLo ARSEIRIES R 4 B, BB I~H B 4 B93ERE TS 2350 8 (5.2040.56)% . (7.24+0.36)%
(9.30+£0.26)% Fl (6.22+0.26)%, P FSH & Efw 7d L, WMATIER TS AT —Fr ™, &
KME R85, B RGE 2 AT 5 AL pH. 8% . VFAs, TCOD, SCOD, TAN, TS, VS,
SS. VSS DL EIRAAY -
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Fig. 1 Schematic diagram of continuous experimental device
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7100d, EZ4 M 4B, B BAHERL TS 2051 8 (5.2040.56)% . (7.24+0.36)% . (9.30+0.26)%
1 (6.22+0.26)%., 153847 1~34 d(B Bt 1), TS K (5.20+0.56)%, #F K OLR(LA VS it) & (1.32+
0.11) g«(L-d)", IR E WL VS /= RKEEFE (0.61£0.14) L-g', L B bE & 5 R (62.4+£2.6)%,
pH 443578 7.5 UL |, WA KB4 VFAs AL B, VFAs 558 % {52 2 1F 0.06+0.01, A it BF 7 4R
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Fig. 2 Performance of anaerobic digestion at different feeding concentrations
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Table 2 Variation of performance parameters of anaerobic digestion at different feeding concentrations

BBt BEERRAL-L-dY) VSESEFR/(Lg') CH/%  CO/% TS/%  TSEBEF/% VSEBRF/% TCODZERR/%

1 0.75+0.18b 0.64+0.05a 62.4+2.6a 33.0+2.2b 2.11£0.24c  59.4+2.1a 66.7+4.1a 73.2+3.6a
2 0.96+0.21a 0.54+0.03b 58.9+1.4b 39.6+3.4a 2.91+£0.24b  60.9+1.7a 63.1+4.5ab 71.0+2.4a
3 1.03~0.18 0.34~0.07 58.2~47.1 35.1~45.7 3.85~7.04  58.1~23.4 64.3~39.2 69.2~42.3
4 0.51+0.10c 0.33£0.07¢ 53.0+1.7c 37.4+2.2a 3.23+0.2la  48.4+2.8b 60.1£2.5b 63.5+2.9b

T B 5 ARG 5RO [ B Bz 18] 22 57 1835 (P<0.05) .

*3 TEAM TS FHTREHEUREMSHITK

Table 3 Variation of stability parameters of anaerobic digestion at different feeding concentrations

R Bt pH B (LACaCO,i)/(g L™ VFAs/(g-L™) VFAs/ifiJ% TAN/(g'L™) FA/(g-'L™)
1 7.67+0.19¢ 6.68+0.06b 0.53+0.02¢ 0.06+0.01a 1.060.11¢c 0.07+0.02b
2 7.89+0.41b 11.9£0.32a 0.65:0.04b 0.06+0.02a 1.51£0.03b 0.15+0.02a
3 8.17+0.04a 13.0~15.2 1.62£0.02a 0.07~0.13 1.63~3.40 0.23~0.68
4 7.80+0.17b 8.05+0.89b 0.75+0.04b 0.08+0.02a 1.88+0.16a 0.17+0.05a

T B e ARG 5B R R [ B B 18] 22 57 1835 (P<0.05) o

(P B 0.5, B IR EUH AL I N #5128 47T R4 o SCRE AT 35~55 d(Br Bt 2), # 3L TS i
(7.24+0.36)%, TEIicATHT 8 d, B AP m RN, &EEXS 127 L-@L-d)", FEA R
fiX, BATELE (0.96£0.21) L-(L-d)". MHLLEE 1 BB, VS ™SR IEA TR, H5HAMMRAMHLL, 1)
b T8 K, TCOD 25 [ AR TE (71.0£2.4)%, pH Bl TF i 2 8.0 2247, [RIW} TAN F1 FA 34 i
% (1.51+£0.03) g'L™" 1 (0.15+0.02) g'L™', 1 H % & & th A 4k 7 75 55% LA |, K 3L VFAs £,
VFAs/Hf B B8 & 1E 0.06£0.02, Pl S #eisfrHasE .

S IE AT 56~75 d(BY BE 3), kSRR LR TS A (9.3040.26)%, OLR(LL VS it) FTJHA (2.45+
0.05) g-(L-d)”", FERERME N, 2 M 2d0Esh)E, HRORERATEZE 018 L-(L-d) ',
VS AR K 0.07 Log™!, FUE & B — > 2 50% LR, TCOD. TS I VS R U] AR, %
BH R 25 7 SO BE AT HILTS Y 0 B A 68 T MR B3 T 1%, T AR SOR & AR Ak . AHIVL Y VFAs H B8 5
B, BEFEE (1.6240.02) g L7'(P<0.05), {HpH KW TR, kL4t E 82 A4, XulfeRikRHp
B B B AN EOR B T AE sk, R (UL CaCO, i) s El e m, M 152 gL', TAN I
FA 435 1.63 g L7 F10.23 gL A0 Jy 3.40 gL F10.68 gL', [ iRIN 4 =B 2 o £ © 52 3™
FEANE . AR, RGO R R R B Y D VA AT 5 | A Bl A S T AT, i o
HAERCR, [HASZE bt B AR TS $3 VEAs A 2 W E £, Hd TAN 5 FA $E8 H LaT
8 0 A R T AR I R (3.0 g LY 0.20 g LB, il TACY M 1 AR 19 VFEAs 2R 1k
WpH KT 70, A AT RE & A BRI, fy b Wr, i IR A AL FE 32 B T i TAN T B 5|
K1) FA % BB S 2, JFHEE A S VFAs BEE Ml .

N T i ik A RS L TE LR B ok i M il g — 2 Ak, SERE AT 76~100 (B EX 4), E
B TS TN (6.2240.26)%, AR SR A VS P2 A R [ 71, 43 B1F4 % 78 (0.51+0.10) L+(L-d) ™!
M (0.33£0.07) L-g!, HEE&EIRE E (53.0£1.7)%, BRI VFAs TR (0.75£0.04) gL, I B
RIREWFEE (1.88£0.16) gL', AHLY LBRFHS 3 B B3 o, Ui s a5 8 T
ARG, W R WIHERL TS W BE Ry (9.30+0.26)% 2% 111 T 1 B AY 2040 il S AT 3 P4 ] OO S8 Ik
BETS W TIHALIR R & Gufar, WRERBERE TIEH , (Hild i KB, WAL T VS =R E
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WL BERAE 2 B BE R T 38.9%~48.4%, i VFAs Fl 4 A Wk B K EA sk 8, Btk HEWTIZ I B
SN AL Tl R e RS, B T2 B A AR i b R A, RS2 H FA. pH Fll VFAs =4/ 2
[ 38 HEAE BRI, BB 3 KM, FA RBUGZm T = BE s i 4P, 580 VFAs 2L, BEES
KBt 4 9031 pH B9 R B, T pH FRARI 230/ FA, TR IMHIAE 2] — & MR, A g
WK s SRS P B B T AR R 28 VFAs, [ 5GE pH FTF, 4815230 FA 3, itk g
WHE . &N KA T dl a2 R4, FA. pH Ml VFAs B2 3h vl fig & T E Wik &
o, FERGEEMMES, 2K, NIELSEN S5 BAF S 45 AR SC T ke . ik, EfieE
HERL TS We BE & e A HLYDRLH S TR W 2 8] 56 22 L DR Sk 3l A U 00 ) A4 1 DG g
22 WBEFBERIENESTITHME COD #11 F &

COD W e i 55 AT AR AR IS 4 A6 DR8I Ak A v A AR A6 B0, 3 1T 2F Al S B % i 17 W ) A~ T2
B A FEVE BT T AT . ASTRE 17 By Be COD W kL 1 O an 16l 3 s o T34 S S2 56 v )
HOBLDL R Al 2 D A B A — i 22, Bk, S B BEASEIJE A COD I i i B TCOD 1) L 5 £
81.19%~106.8% F4 1 [l N I 5 .

hE 3R, FEBY B 1, A 79.4% 1 #E kL COD %5 e i T W ke, 21.8% Y COD %% 4 VSS,
1.18% 1) COD %}y VFAs, $2&mX3E TS 2 (7.24+0.36)% I, %4 il ' e 71 VFAs ) COD % = g A
FEAR, 43000 71.8% F1 1.11%, {H T BRI R E (P>0.05), il VSS 1) COD F+ i = 33.1%.

TEM Bt 3, dRZi4 = XS 28 TS & (9.30+ 0.26)%, %46 i B i) COD U (5 19.4%, VSSHI VFAs iy
COD fif 5 e 9l | 3% E T+ M 69.8% HI 2.129%(P<0.05), K24 1 B BEFISE 2 B 2 5 e 47, 518 2
1 VFAs R, TCOD FEff R FRESE R —38. — i, wEEMHIEEREB, B Ei R ALYk
filt RIEAL, K4 COD LA VSS 1B 5% % 18
THALWE T, AT IR T2 S IR AL A
EAS A, S — i, ZekEEEY
M) 149 7= Bt B AR T VFAs R B SR, AT 80
FIWEAETR 5 7= W 2 (8] () s 5 -1, 30 VFAs ol
BT, EHKETRGESLIER TS 4 9.30%, HiLkil
I S R 2 EAN ] e A TSR, JE] VEAs
R, MR MRS IR, R R 20
R, L, MR N ARZBITHRF R, AN
WIR BRI A0 B 1 2% 2R B =7 38 9.30% MEl B2 B3 R4

FEBY B 4, BEARXSZE TS O (6.2240.26)%, i SRR H M R E R L CoD
545 1B ) COD BT, 3551 39.9%, % WML SRR EAS 18 SCOD TE -
EFI LA VSS Fil VFAs ﬁ/; :Et ’T‘? E E/‘J CoD {}ﬁ “ j{] Fig. 3 l\/fasscbz;f:js:if)]n COD
39.8% M1 1.03%, S 3H =S Ehn, VFAs
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23 [ERMKREHEN VS FHEERM VS XREHEI

VS F= LR VS R BRRE N IRAE M RE M B2 S8, Hivdh, VS 7= e 02 = Wy b =
SRR E AR AR, VS RBRFE F AT RIEA WL R RCR . L, DL VS PR AN VS ZeBi
VE Ry 2 A il e 3 241, 38 i) Boltzmann 5% 8 X 3% 22 S 40 45 S (BB 1~F Bt 3) AT, DLl — 204K
of R AR 2 D AR A I A 0 e B, SRR 4 i, BLE S Sk 4 ion, I
BIHEAR H VS PR BRI VS 2RI 10% . 50% . 80% FIr wf I AU E A E, HIIC,,. IC,. ICq.

i 1€l 2 Rl 4 a7 an, R TS BB 3G N fE M E A A B0 EJH, A AW 2R E A EE,

(D HAth IVFAs EZ4VSS B8 CH,
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Fig. 4 Fitted curves of methane production and VS removal rate during mesophilic
anaerobic digestion of chicken manure at different TAN and FA
F 4 EBAWEHWFSHAAGHE
Table 4 Kinetic parameters of model fitting and inhibition thresholds
B BIPIES i LR
I T Eiztun - - -
4, 4, Xo dx IC,/(g'L7) ICs/(g'L™) ICq/(g'L7)
VSEHIGESR 0.37+0.02  0.07+0.01  1.70£0.04  0.15+0.05 1.48 1.84 235
TAN
VSEpR# 69.243.11  38.7+5.06  2.22+0.19  0.35£0.16 2.04 2.60 3.87
VS H R 0.39+0.03  0.07+0.01  0.21£0.02  0.06+0.02 0.10 0.24 0.41
FA
VSEBRR 73.849.50  37.3+8.67  0.33x0.08  0.14%0.11 0.28 0.49 0.76

VS = BE RN VS L ERAAW T RE, RPN 8" LA I R R th 3G , WML RS2 F
AN o SR T A AR A I RS 2 28 1) B AR A NH, R R e A R R 4 2) BK
MR > 5 B E AR AR N S 2O 7 e, ORI pHEY — B, FA R MY B
i T, T PR S A T T A i AT Bl 5, TS U R R R R 7 R e A 45— R
[0S R, FEAHEGE T, TAN FE G140 FA RRge BB, 3500 R 38 PSR b 2 0 1%
A BAT, S REMTIED S R, om0 2 R R T I R R e 2R e T A T ] 24
BER e, BGE P AE DY IR UESE 1K A B R R A T R R AR 2 2 B FA BOTETEIM ], &R VS R
AR W A (R e R SRS 1, R S g AR s AT AT B X
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H2¢ 4 A1, TAN X VS = HEER ) IC,,. 1Cs,. ICg, 70%Ih 1.48, 1.84, 235g- L', X5 SUNG
LS (I BF T 45 R — B, TE% pH IREAK R b, TAN N 1.5~3.0 gL' M2 W52 3 &t fr i b i o 72
BYBL 3, TAN e KfH ik 3.40 g L7, RN A% 7 AR 19 20T 2 32 21 5 20 00 ™ 31 30 1) i
., TAN X VS FEMEREIC,,. ICs,. IC, 2350 2.04, 2,60, 3.87 gL', SH e/ AL, VS iR
R TAN ] A B (A AR X 45, BN TAN A9 3036w i BoA — e i e 1k, X T g Tl AL iR &
T e T RN RE TS V'S R figt 2R e v O v )

FA Xt VS P2 R [ IC,,. 1Cs,. ICg, 73514 0.10, 0.24. 0.41 g-L™'. i ELHADJ %557 i F 41t vk
SR T A IR T AR B R IR IR A, R IHERE TS O 6.53% WIS T, FABYIC,, N 021 gL,
IR T A S 6 v (g 2 S e B, 3K RT B R O AR e R U B AR W 1 25 PRI, TR T
X FA 7R ZRE T T B, FA X VS £BREA IC,,. 1Cy,. IC, 43514 028, 049, 0.76 gL' H kir=
R VS FBERAZ FA SH] A9 B AL L S TAN 2848, J5 & %t FA B9 30 0w 57 T8 2L 5
UL, BEH VS 77 B e R Ry i P 2 8000 B vk o ekl B eT i, PRk R R A
LR A THAL RGP U E Y P RE RS2 B FA O 0.10 gL 7'(IC,,), XFHRIE 2. 3¢ 2 Fn 3 15 2 %h i i) vE R
TSR, 253N (7.24+036)%, MM BEIHILSORA R, RV A ETRE .. Wik, AOUER N K
WSRO RRE T, B 2 Sk R DA AL I LR BE AN 2T 7.24% .

3 g

1) #E8F TS 2 (5.20£0.56)% (B BE 1) Fl (7.24+0.36)%( Bt 2), X2 rhig IR A1k VS = A %R
£ 0.54~0.64 L-g', VFAs FaE L 0.53~0.65 g'L™', RN #viafr R4f. #ERF TS #2154 (9.30+0.26)%(M
Bt 3), VSR EMHE TR 007 L', AU (UL COD it) i H e i AL 26 BE AN 19.4%, VFAs il
AW E B, 985 (1.62£0.02) g L' F13.40 g L, T4kt B2 2 3 .

2) % G v R Uk R 3 T AL R S TAN BT, 4k 5] & FA U RRL: BEL, VS H ke R
VS LBRABAW TR, T 3508 B 2SR AL I BT S WG R AE L, VS FBR T
TAN F1 FA 1 410 i me piy B A i J5 7k

3) i RE TS Wk ARy (6.220.26)% (B B 4), 2 AW 45 2 A R G2 ff , B K2 A b << il B2

4) R PRAE RN g A B ORI AT, IO 2 54 2 v R DR AT AL i R VR FE AN R i 7.24% .

g

(1 XUz &, BRI, 0, 45, 5 LR 8 & 26 B IL EORDFSE )], AR BT S I ERZ85T, 2017, 10(3): 37-40.

(2] ¥EAIE, SBR1A, wERE, . A L2 X IR ETH L™ W™ FBERe R[], AOlk TRESA1, 2016, 32(8): 246-252.

(31 ARG, VIE, REBR, A5, SRR AT AN L) R [ 500t H R ™ BUGERE P RO RE MR T]. Alk TREZ2 41, 2018, 34(12): 236-
244,

(4] slidn, BRI, A3, 5 AR RA HUE S5 G ia T TG [1]. & &k, 2017, 28(5): 69-71.

(5] CEAET, SRUL, WHiti, &5 FFIZ S8R Mt h i BE 10 75 vk R Bl o8 aeiR 6 SO NE AR AL IS 2 [T]. BRHE T RE22 41, 2018, 12(6):
1825-1832.

6] RS, W, & EATS Ve IR E I A AR S M AFAE AT [I]. bt SRR 2447, 2016, 32(2): 41-45.

(7] WBIEHT, KA, RS 2%, A5 AR A MRS R L[], 4Ol T R4, 2016, 32(1): 258-264.

[8] YIN F B, DONG H M, ZHANG W Q, et al. Antibiotic degradation and microbial community structures during acidification
and methanogenesis of swine manure containing chlortetracycline or oxytetracycline[J]. Bioresource Technology, 2017, 250:

247-255.


http://dx.doi.org/10.3969/j.issn.1674-0912.2017.03.015
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.08.035
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.12.029
http://dx.doi.org/10.12030/j.cjee.201711113
http://dx.doi.org/10.3969/j.issn.1004-6011.2016.02.008
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.01.036
http://dx.doi.org/10.3969/j.issn.1674-0912.2017.03.015
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.08.035
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.12.029
http://dx.doi.org/10.12030/j.cjee.201711113
http://dx.doi.org/10.3969/j.issn.1004-6011.2016.02.008
http://dx.doi.org/10.11975/j.issn.1002-6819.2016.01.036

%12 4] Wit . HERNR R X RS 2GRS il AT AL R =2 2971

(9] wMELll, TKRETF, FfEE, 4. F R BN FE IR b B ™ Ve S5 A8 A 52 [ 7], BREE TR227 41, 2018, 12(8): 2346-
2356.

[10] KELLEHER B P, LEAHY J J, HENIHAN A M, et al. Advances in poultry litter disposal technology: A review[J]. Bioresource
Technology, 2002, 83(1): 27-36.

[11] BUJOCZEK G, OLESZKIEWICZ J, SPARLING R, et al. High solid anaerobic digestion of chicken manure[J]. Journal of
Agricultural Engineering Research, 2000, 76(1): 51-60.

(12] Jil &, XERAR, B2, 4. X2 rh iR T UL B 3h B Boll 2 AR A 7= SUERERYSE IR [T]. 2L FRE L7274, 2018,
37(8): 1785-1792.

[13] DALKILIC K, UGURLU A. Biogas production from chicken manure at different organic loading rates in a mesophilic-
thermopilic two stage anaerobic system[J]. Journal of Bioscience and Bioengineering, 2015, 120(3): 315-322.

[14] NIU Q G, HOJO T, QIAO W, et al. Characterization of methanogenesis, acidogenesis and hydrolysis in thermophilic methane
fermentation of chicken manure[J]. Chemical Engineering Journal, 2014, 244: 587-596.

(151 T8, AEARMG, S D7, 45, B2 48 v e e B o ue) 48 i 5 v i A e 7 HR e O 2 0], A0l TR =412, 2018, 34(9): 233-239.

(6] SKEF5, dabeil, EAE, 5. 7 BT PR EH fd R A 2 UM ) B FORLXHE A 7 BE R [T]. PRI T A4, 2018, 12(4):
985-998.

[17] WU S B, NI P, L17J X, et al. Integrated approach to sustain biogas production in anaerobic digestion of chicken manure under
recycled utilization of liquid digestate: Dynamics of ammonium accumulation and mitigation control[J]. Bioresource
Technology, 2016, 205(1): 75-81.

(18] ¥ASESE, TRAR, RO, 55, PRAH AL PR A IR0k R ()], P88 TR, 2016, 34(12): 23-27.

[19] AL, K PE, HEE, 5. A RA LI DR B T 228 [J]. P58 TR IR, 2017, 11(4): 2433-2438.

[20] ANTHONISEN A C, LOEHR R C, SRINATH T B S P G. Inhibition of nitrification by ammonia and nitrous acid[J]. Journal
of Water Pollution Control Federation, 1976, 48(5): 835-852.

[21] LV Z P, HU M, HARMS H, et al. Stable isotope composition of biogas allows early warning of complete process failure as a
result of ammonia inhibition in anaerobic digesters[J]. Bioresource Technology, 2014, 167(2): 251-259.

[22] PENG X W, NGES I A, LIU J. Improving methane production from wheat straw by digestate liquor recirculation in continuous
stirred tank processes[J]. Renewable Energy, 2016, 85: 12-18.

(23] RO, A B X R I RITRAATH AL R GEPERER IR [D]. EIK: HPRRAE, 2015.

[24] PROCHAZKA J, DOLEJS P, MACA J, et al. Stability and inhibition of anaerobic processes caused by insufficiency or excess
of ammonia nitrogen[J]. Applied Microbiology & Biotechnology, 2012, 93(1): 439-447.

[25] HAO L P, MAZEAS L, LU F, et al. Effect of ammonia on methane production pathways and reaction rates in acetate-fed
biogas processes[J]. Water Science & Technology, 2017, 75(8): 1839-1848.

[26] BLLL. v VR REASFE IR A e ™ e i 2RI 52 [D]. Jbst: vh A7l A, 2016.

(27] B, 2530, (155, 46, SR RTEAR AR A TH AL R G0 b AR R BRI T[], PREERR 72741, 2016, 36(1): 210-216.

(28] f3CE, TR eni, FEAEEE, A5, RO ISR AN AL PERERTRZ R[] AL FRERL 2741z, 2015, 34(10): 1997-2003.

[29] NIELSEN H B, ANGELIDAKI 1. Strategies for optimizing recovery of the biogas process following ammonia inhibition[J].
Bioresource Technology, 2008, 99(17): 7995-8001.

[30] ALGAPANI D E, QIAO W, SU M, et al. Bio-hydrolysis and bio-hydrogen production from food waste by thermophilic and
hyperthermophilic anaerobic process[J]. Bioresource Technology, 2016, 216: 768-777.

[31] SPROTT G D, PATEL G B. Ammonia toxicity in pure cultures of methanogenic bacteria[J]. Systematic & Applied


http://dx.doi.org/10.12030/j.cjee.201802064
http://dx.doi.org/10.1016/S0960-8524(01)00133-X
http://dx.doi.org/10.1016/S0960-8524(01)00133-X
http://dx.doi.org/10.1006/jaer.2000.0529
http://dx.doi.org/10.1006/jaer.2000.0529
http://dx.doi.org/10.11654/jaes.2018-0415
http://dx.doi.org/10.1016/j.jbiosc.2015.01.021
http://dx.doi.org/10.1016/j.cej.2013.11.074
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.029
http://dx.doi.org/10.12030/j.cjee.201706043
http://dx.doi.org/10.12030/j.cjee.201602035
http://dx.doi.org/10.1016/j.renene.2015.06.023
http://dx.doi.org/10.11654/jaes.2015.10.023
http://dx.doi.org/10.1016/j.biortech.2008.03.049
http://dx.doi.org/10.1016/j.biortech.2016.06.016
http://dx.doi.org/10.12030/j.cjee.201802064
http://dx.doi.org/10.1016/S0960-8524(01)00133-X
http://dx.doi.org/10.1016/S0960-8524(01)00133-X
http://dx.doi.org/10.1006/jaer.2000.0529
http://dx.doi.org/10.1006/jaer.2000.0529
http://dx.doi.org/10.11654/jaes.2018-0415
http://dx.doi.org/10.1016/j.jbiosc.2015.01.021
http://dx.doi.org/10.1016/j.cej.2013.11.074
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.029
http://dx.doi.org/10.12030/j.cjee.201706043
http://dx.doi.org/10.12030/j.cjee.201602035
http://dx.doi.org/10.1016/j.renene.2015.06.023
http://dx.doi.org/10.11654/jaes.2015.10.023
http://dx.doi.org/10.1016/j.biortech.2008.03.049
http://dx.doi.org/10.1016/j.biortech.2016.06.016

2972 ok L B ¥ W 135

Microbiology, 1986, 7(2): 358-363.

[32] ASTALS S, PECES M, BATSTONE D J, et al. Characterising and modelling free ammonia and ammonium inhibition in
anaerobic systems[J]. Water Research, 2018, 143: 127-135.

[33] NIU Q G, QIAO W, QIANG H, et al. Microbial community shifts and biogas conversion computation during steady, inhibited
and recovered stages of thermophilic methane fermentation on chicken manure with a wide variation of ammonia[J].
Bioresource Technology, 2013, 146(10): 223-233.

(34] BRIEPE, Mk, J9€, 4. Jir B IR P56 i R S AL S BT as PERE Y RER [T]. BREBERME, 2017, 38(2): 679-687.

[35] SUNG S, LIU T. Ammonia inhibition on thermophilic anaerobic digestion[J]. Chemosphere, 2003, 53(1): 43-52.

[36] FEAF . B BEAR e BERE (A BE X XE HEPR ATH AL A2 MA D). A% PHILARMBHIR 7, 2018.

[37] ELHADJ T B, ASTALS S, GALI A, et al. Ammonia influence in anaerobic digestion of OFMSWI[J]. Water Science &
Technology, 2009, 59(6): 1153-1158.

(Ao 4. 290 37, AR etl, A @)

Effect of feeding concentration on continuous mesophilic anaerobic digestion

of chicken manure

YANG Yinan', QITANG Hong"", PEI Mengfu’, WANG Jin'

1. College of Resource and Environment, Northwest A&F University, Yangling 712100, China
2. College of Machinery and Electron Engineering, Northwest A&F University, Yangling 712100, China
*Corresponding author, E-mail: giangh2003@hotmail.com

Abstract  Difficult operation is a main problem for anaerobic digestion of high solid chicken manure. In this
study, continuous mesophilic anaerobic digestion of chicken manure was carried out in a 6 L continuous stirring
tank reactor (CSTR). The anaerobic digestion performance of this CSTR at different feeding concentrations
((5.20+0.56)%, (7.24+0.36)%, (9.30+£0.26)% and (6.22+0.26)% based on total solid (TS)) was studied through
the stepwise increase of feeding concentration. The obtained results indicated that anaerobic digestion suffered
from ammonia inhibition when feeding concentration increased from (5.20+£0.56)% to (9.30+0.26)%, the gas
production of volatile solid (VS) dropped from (0.64+0.05) L-g"' to 0.07 L-g"' and the organic matter removal
rate decreased significantly. Additionally, the volatile fatty acids (VFAs) accumulated from (0.53+0.02) g-L™" to
(1.62+£0.02) g-L”', the total ammonia nitrogen concentration (TAN) and free ammonia concentration (FA)
accumulated from (1.06+0.11) g-L™" and (0.07£0.02) g-L™' to 3.40 g-L™" and 0.68 g-L', respectively. The
methane production and VS removal rate at different ammonia concentrations were simulated by Boltzmann
model. The fitted results indicated that continuous FA accumulation induced by elevated TAN resulted in the
gradual occurrence of ammonia inhibition in anaerobic digestion of high solid chicken manure. In comparison
with methane production, the response of VS removal rate to ammonia inhibition had a lag period. However,
ammonia inhibition was effectively alleviated when feeding concentration was adjusted to (6.22+0.26)%, and
the reactor presented “inhibited steady state”. Therefore, to ensure efficient and stable operation of continuous
reactor, it is suggested that feeding concentration of chicken manure continuous anaerobic digestion is not higher
than 7.24%. This study provides a reference for the engineering application of anaerobic digestion of high solid
chicken manure.

Keywords chicken manure; anaerobic digestion; feeding concentration; ammonia inhibition
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