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VERRERHEA H A 2 — FE SR . S5 RN E 7
X, FAh, FeF T E A F R ARHE S R R IE S S
R B RSO A, 4k v [ B2 A 2 i) i )
—EMGEMRIERY . FroL, 724 VRTRE I A5 B A 3 5 4k
BIEAMUA G RIG S, T His 2 N RSO
R

R R AL 508 o 38 3k SR FH S I A BOR e AR K
T AT et HEOE, SRR AL A
R B B3y v T R A 5K, Rl DU ER 2R bt
A KU, rp G 7 X — H A9 4285 2 (chlortetracycline,
CTC) FAfHENREIZ . KIEANBRRSE A b A R 1)
5~500 fi5, 2 ASHIEACE SR, LA 80%~95%1]
2yt SRR HE B AR AN, S8 3 CTC R
WIER (563.8 mg/ke!D. FEEEFH AL CTC 2xid pl 1%
GO, m R A K Bl E AR TP AR
VEMIMR IS BT % Z st K Rt R AR, gk, s
ZiEFAEMPIER R (antibiotic resistance genes
ARGs) TE&A i RAFIAERED), 7 g A He i AN
AP AR B FH R 4 T0 T A AR B B 2 51 R B))
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WA ST, AN E GG RN SR
HIG YOGS RN 2 = E PR 2P 2
4> (veterinary international conference on harmonization,
VICH) #E, fUERATHEPRAESZEMAAE) 100
pg/ke!", T E LA 50%)E F XS SR AR IR
CTC Wk W& m Tl R B, (e — e BE K.

PREH AN & 8 FEE BRI A I HIA 2507 2K
FOXH AR R AR AR AR 2 P (R v A B
BHiAERME. WEA RS, W2 R IEE SRR R R o
WMAETRFHESD 4 d FREREE)L TRl 43
LBk, IR IR E A LA, iR (35
CH P CTC £REWM 21 d A EBREFIL
92.5%!*, T AR [FI L BE 26 A1F T 213848 33 d REUH LS CTC
)2 R FAUH 75%%.

JUETEIRSESFAE T CTC RERR - BEAR, HHTHAL
T R VRS R A T AL RGP B PR, AT
AR AR R R0 o Stone S5 TR I, %
FEHK) CTC FEAK 7 P D SRR A P B Be R RO AH O =R B2, 410
il T H BRI AE o Sanz 25PTHRIE CTC /2 vl 41 1 Y45 20
7], ER B CTC A s Vg LR Y e 18 RV
5= H e 32 31— e ] o 2R3 20 mg/LCTC. AR R
IV e — R s g 6 W] AR TE AL I S B0 bR T R T
35.6%*"; {HAAHL CTC JF ik BE i T 80 mg/kg I 4 22
BEARHE 2% e P A

A TAEREA By E IR (0 “ARie”, H
CTC R XE 3 PR A S E M A DR A8 A 18 36 v CTC 1Y
EVIRERRIEAE R, WA T BB I HUERAERAEE
YAk PR 2 G b A e A R T TN a4 25 BRDTVE BT
K B, REWZHTRIGUAE RN RETHE L EA Y
EAMHIER, HZ CTC X 383 PRETH AL A i R 3L 20 T,
id. HATKMAREY (RIBERAEGE) Q&
1.30x10% t, K5 A28 Ak HR g B30 FH sl ™, WA v
W CTC R B ZKF, LS ABAH R 23 AT RFAERHAR A
ToEAAL B T2 Ay e B AN ) 52 2R ) M S ) B
HERE L.

AT R ORISR A FIRE CTC X ag3erhii
PRETHA P SRR R0, IR CTC X R4
AR RETH LT CTC A, DLA
THAET CTC BRI ATHRAIE, B SA B T ARt
AN IRV E DA B O BERG ,  T8E S A BRI 2R AE IR 2
P MR, DU S RS AL TR h A 2R Kbk
PRELHG S, JENAE. HREE RS IR S % .

1 MREREE

1.1 #H
1.1.1 #4%

PERNEFRIEMRE (CTO) #i5l, WTIbwa R
R AERAT, 2N CpHuCIN,Og-HCL, #H%T4
TRUEN 515.34, 40 =>97%, BiHK 0.1 g/L (EHR
FRUEVE IR H -

1.1.2 A&

TR 58 B F 5 30 28 B B B 7 48 ) 2 s IX R R

Y, EHANHBSE. ATERY, P GEER LS

FOMWE A JRAR, SRyt G vy ] A4 XS 36 R I ok A% A T R r=
AR BN R, KRR 2R AR (total solid, TS)
N A% .
113 ##FR

BeRhi5 eI SR S SRR R IZ AT 120 d HIRg e
TR AR R . BRI A 5 Y B ME R A 1 Fom o
RIS EEE WA 2 3 CTC 75 941 .

T 1 ERMNEMSRES

Table 1 Characteristics of substrate and seed sludge

4% Parameters JEJ0 Substrate  $EFITTYE Seed sludge

pH 1 pH value 7.17+0.06 7.73+0.01

S A TS/% 4.05+0.05 1.12+0.03

FER ML A VS/% 3.49+0.04 0.68+0.02

sk A& TCOD/ (g L™ 38.47+1.59 15.70.+3.73

H A5 Protein/(g-L™") 17.1740.97 8.93£1.56

% B Polysaccharide/(g-L™") 10.9620.62 2.55+0.28

A NH, -N/(g-L ™) 0.90+0.01 1.44+0.28
CTC/(mg-L™) 0 _

1.2 RWHE

Sl ORI H IR T CTC FEARIK A ik R ke
FERAE R . N T AR CTC it EHFEXT
A3 RAAH A ME R B CEFS R EERAmHIERD, Ak
Wt iRiE R A SIETR CTC FREIKRA (563.8
mg/kg! DAL A, IR N CTC B 9500 041004
200, 500, 1500. 3 000. 5000 mg/kg CHIXS N )3
MIFRAE N 0. 4. 8. 20, 60, 120, 200 mg/L). [FH
Yr2 iR CTC St RATN b B A AR, B CTC
X R 3 PRAECH AL RIS R AR S, BT E CTC
1500, 3000, 5000 mg/kg 5 miRk B 2N TR
CTC XJ X2 PAETH A AR o i3 BT sk 2 P .
JELAIN CTC FRF A+, BB AR CTC #KEN 7 HAbE
R1~R7, M R1 AXTHEA . MBS =S5
M, 25 FALEE RS AL A5 Ye . 48R A 250 mL ifi
T, AREFN 200 mL. LR SRS edaE 103
JREHIRA, SCEIFREAL 1 min, HEZIMAFTEE2 A
Sa, MRZE PR, 1R, AEOHERmO,
TN 35 ClERKBIRG IR & JHI e i =< &
KA. SO RHIE 3 AT, BHPTRE3
ANEL . Hrph 1 4T HTAUEIE, 74 2 HPATRE
FHT R P A R, 73 TE I 2 44 7. 10, 14,
20 d RAESHEFRORE, e WAL pH (. IEREA L
(soluble chemical oxygen demand, SCOD). T . %k
PEREWIEE (volatile fatty acid, VFAs) WRJE, 7EIHALEE 2
KA 20 KW EHABIBINEASY) Cextracellular
polymeric substances, EPS) ¥/, 156 [ W 5¢ & 45 )5,
FEfE, WEHEAEH CTC IR,
1.3 IEFRNERE

MEAK (total solid, TS), ¥ & M[E K (volatile solid,
VS) KM EEENEPY, pH {EXH pH iHllE (L2 H
Hr PB-10, #8[H). {227 & (chemical oxygen demand,
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COD) KM APHA (1995) tr#J5iki&lP, scoD,
VFAs: WHALBAE 15 000 g, 4 Cridd s oflh s
20 min, BU_E3EW, i 0.45 m G IR LT 4k EIE 5 I 5E - VFAS
A CH, & 8K F S AR 40 & (5 GC-2014,
stablilwax-DA 4, 30 mx0.32 mmx 0.50 um, FID &
MFE, P-Q MK, 2 mx2 mm, TCD K%, =< &
RS E R . EARAZ S 5K Lowry 1A
- BRI s P

F2 #HORRAEET
Table 2 Batch experiment design

ki R4 7% Experiment No.
Index RI R2 R3 R4 R5 R6 R7 RS
BRh e

Seed sludge/e 150 150 150 150 150 150 150 150

FEJ5T Substrate/g 50 50 50 50 50 50 50 0
LHRTRIKE

CTC mass 0o 4 8 20 60 120 200 O
concentration/(mg-L™")
RS CTC

100 200
mass fraction/(mg-kg™")

500 1500 3000 5000 O

REVS T BA (slime EPS, S-EPS). B4 &4
(loosely bound EPS, LB-EPS). #4554 (tightly
bound EPS, TB-EPS) {5iEM4MEAEY) (EPS) [MHEZ
HESCHR[34], LA S-EPS (B LB-EPS #1 TB-EPS) WA
JNZ b2 F1Z 7~ S-EPS (8% LB-EPS #l TB-EPS) & &,
BEE CTC W (T-CTC R I K [E AH A Y-
T TR VRURE (25 30), AN\ 8 mL EDTA-Mcllvaine
22, TEdR 30 s, 40 kHz, 300 W R 30 min, T 4 °C
F'5 000 r/min &0 10 min, B _EIEWH&H, MEHRE 2
W, B EEWBORS, B S mL HEAT B A AR BG4

[ A A B R A HLB /M (3 mL/60 mg, Bioco-
mma). IR 5 mL FEEF] 5 mL #8467k HLB M1k,
SRJGEL S mL A SRR LA | mL/min FEEREREFE, LA
5 mL EBAKIEATHGE, Pl 5 mL PEEZHETEN . SRR
B2 RS E, 1.5 mL SRSk EY, &
0.22 pum FHLIEMELJE, RAF TR 6 B SRR o

tBRE & R H A S Nexera UHPLC LC-30A 2
W4, Shim-Pack XR-ODS fhifitf (50 mmx2.0 mm,
1.6 um) FJEHL WA BEA R AN AT WSR3 AT 70 b7 o
FEIR 40 °C, FESVEIREE 15°C, HEREE S ul. WA A
N 0.1%MFER, BNV (HE :V (L) =2:3,
V (A) 'V (B) =2:1 #478M, HiZ1T 4 min. JiED
4 0.2 mL/min, 44N KA 375 nm.

WAH CTC ¥R (L-CTC W) M F7h: Il
1E 15000 g, 4 °C A VR B QAL ES 0 20 min, HLEiE
W 0.22 pm BIFAYEUENL, R FR T5 55 HIE o

il # CTC W JE (S-CTC #JE) =T-CTC ik Z-L-CTC

W .
1.4 BBSHAEA
141 FrARETHE
FRAR 2 YR 1A B e A e A AR e 3t (O P,
VCH4 :VH'ACCH4+VS'CCH4 (D

A Ve, AHIAR 2 UCE ARG AE e AR, mLs Py

AR A 50 mL; ACqy, TR 2 Uil
[ B F R IR FE R4, Y05 Vs D 2 RN [R) B A8 R ) A=
Py, mLs Coy, AERTEARRIE, %, RBH
e AR R TH VR A A B SRR R B 2 RS
L Y AN r ST
1.4.2 BRKME. B, TEBALRT iRt E
REWEAS R P E IR IR Z S KR Rk SR
W AT . R EREERRTIX 4 MBRT
ESLIE R B, BRI RPN R IR A
SCOD. VFAs MIZRR, At Mk, Frbha] il
A (2) ~ (5 Zpalvh 5 PRAEE AL 2 BEAK
fits BRI, AL, REE T FE R
HUKAE (cumulative hydrolysis, C.pyar g/g)~ B4 (cumu-
lative acidogenesis, C.xcqr g/g)~ LA (cumulative acet-
ogenesis, C.acerr g/g) MHIEEAL (cumulative methanogene-
sis, Covenns g/g) IS IIFELL SCOD AR HER B2k
For. HARHEINEm (2 ~ (5 FiRt
Coyar = (Vew, 1350+ Ccop - V) - COD 44 @))

Concia = Ve, 1350+ Cypy, V) -COD 3
Concer = Ve, 1350+ C

acetate

V)-COD,yy 4
Coenn = Ven, /350-COD4 (5

K Veu, WBER=H LA, mL; 350 A Ve, AR FAL
N SCOD R 5 25 Cscop N SCOD (1)l K FE,
g/L; V RTHWRTFIATY, mL; Cypas AEIE R MENE IR
PR ERE, g/L (ZFEHERSE—I5H N SCOD #E);
Cocetare NERWIREIRE, g/L (FrFHAN SCOD iKRSE);
COD,q N IMEEJF ) COD, g.
1.4.3 RRb LN FLAHNH

Dt —BARBE CTC 3 3 il R A8 A I 52 T AL
#l, FRMEIER Gompertz A (6) B¥, %AE CTC #
FE RS FRATHI Corigarr Conciar Coacer F1 Coygern HHZRHEAT
15 A . KM Origin 8.0 FELRMHNE RIS REWH 1L
Coyarr Conciar Conce M Covienn 16BN 115 S50

P:Poexp{—exp{Rm;x.e-(to—t)+1}} (6)

0
ﬁ*P%E%E/‘J%%ﬁ, g/g, Poy‘j%'f’t?glejj’ g/g, Rmax
NEREAET, gl(gd); o AR, d; ¢ SRS
&, d; e 2718,

L4 4 R, L-CTC 3R FA S-CTC 3R G F 493t F
W — C -V, —(T-CTCIKFZ)-V, <100% (T
c-,
L-CTCH % =
(L-CTCIKEE) -V, -(1-TS) 10~ (8)
- x100%
(T-CTCKREE) -V,
S-CTCHLEI% =1—(L-CTCHR A %) (9

A CH CTC IR ERE, mg/L; Vi ALK
N, 50x107° L; 1, NIMIEHRA A, 200107 L; TS
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DTE AR A S B, %
1.4.5 #3IBE4%IT 504

AN CTC WM T B R Er= . EPS WM
CTC F#fEZR . LAJ CTC ¥~ [IAH 23 A 2 8] 1 22 St J 3 1k
3 SPSS19.0 A AT HLK 2R T Z 73 #r (P<0.05): K H
Origin 8.0 1F &,

2 GR55H

2.1 CTC 38R RE N~ REEEA M

ARG PR CTC IR FE XS 28 rp iR PR 42T 1L BB H
e AR 1 FroR. MWL A%, WEALETIE (0~3 d),
R1 B HGiEMH%E T R2~R7, 4d J5 R2~R3 B
P2 G R R, VA 45 SR SR e 4y oA
273.14 F1279.72 mL, tb R1 B H L& 25526 mL 7
S E RN T 7.01%1 9.58% (P<0.05), #H] CTC i
WE<8 mg/L i, 7EWMAATIARGABMIMGIER, ME
THAIIREAT » BRA 23 B YA S5 9 M AN
52, MHARE, FEE CTC IREMBMN, SHELKR
HEVEFIE . Wang 2% CTC 53 a 21 RATH
W AREL, Zid 21 d MEEN I, RETHLIhRE R 1
Wik, MRS58 R T 21.6%.

300

[ —o—r1
.g —<+—R2
= 250 r —e—R3
£ ——R4
oF w0
® E —o—R6 -
i E —»—R7 g
,ﬁ7 g 150 me,_E}GO
 E Bloes :
2 100 %2830
E B221s !
E 50 B g & 0 .
© 0 1 2 3 4
4L E] Digestion time/d
0 . . . . . A )
0 5 10 15 20 25 30 35
JH 4L} 8] Digestion time/d

7E: RI~R7 & X W#* 2, FH, RI~R7 H R b EOHERS IR 5= (R8)
J FRE

Note: R1~R7 refer to Table 2(the same as below), the cumulative methane
production for R1~R7 is measured on the basis of its value minus the value of
the backgrand(R8).

B 1 FF CTCREMEFBRAMNMERT TIEZMN
Fig.1 Variation of cumulative methane production at different
CTC concentrations during mesophilic anaerobic digestion of
chicken manure

AL R R4 1 B A= H i & 256.64 mL, XLk
RI #2517 0.54%. R5~R7 BRI~ H fe 84375 231.50.
217.86 A1 200.80 mL, & R1 4358 E DT 9.31%.
14.65%7%1 21.34% (P<0.05), FH CTC Ji=ikE & T 60
mg/L i AR HBE 52 20406, H AL 0§ 2B CTC
W TG, XA T CTC A4 & 24 [
() PRAETH AL B e B = AR SR E BT8R, B CTC R
ORI, S0 F 5 LT AR, R = A 4 s
K. Yin EP544 CTC 32 iR R E AL I 7Tt
R, BERE CTC X = LA MHIEMH . CTC X3S
F i R A A I FR AR RN 0.4 mg/LY, Xt

| R B BE B CTC IR BEAR L R I BB & R T,

RS CTC i BI{E Y 22.16 mg/L (& 2), KW
TR N AN CTC R MG, X T
WA N MAEMMREE N, RS ERE B,

151

§ = {342 Promotion/Inhibition rate
s 10} A HiZ Fitted curve

g

£ 5+

=}

g o

2

e 51 =29.006 6-9.349 6ln(x-+0.095 9)
£ 10l R*=0.993 1
3
B -15+ J
g
§ 20+ .

! 5 1 1 1 1 1 ]
0 22.16 50 100 150 200 250

CTCEEWE CTC concentration/(mg-L™)
B2 ARF CTC R EREAM T = F AR 3 H) 5 2 A

Fig.2 Variation of promotion/inhibition rate of cumulative
methane production at different CTC mass concentrations

2.2 CTC 8BRS HHHIZRF T

KA, Bk, ZBRAGFNH LAk & B WL IR 5 i
BN 4 ADNFEM B, HARNMAL, A EHZ), XT
IREHWRE R RBEENEH . N T — 2 UHA
CTC ¥R EEXS I BR AW &N B s, R A E
1E/) Gompertz 7 FEXS IREEVEM Coyarr Conciar Coacer 1
Convern HZRHEATHLS, S5 R WK 3 fioR.

HHE 3 A, fEREVHAHTEE (0~3 d), R2~R7 {
HET KR, AEAE] TR SRR EEAL, F WK AR
PR RN O B LA FESZBH, W RE A H T Y A R0 1=
LR A B AL P FRGE B 6T CTC I8 I P AN IE N 17 5 35
FIRAE MG PEAS SR BT R

ANIF CTC R FE T A3 R IRAETE AL Cortyars Coaciar Coacet
H Coptern MIZREN J1% 280U 3 B, 7E RIMRT H, R

(Coityar) >Runax (Corcia) >Runax (Copcer) = Ruax (Covgen)>
RIUG S h S A HIRE G KB R E N, 1T
JEHRUT RS, XRS50 E &I E AR

(R D HALBEA XK. HTH CTCIKE FRILIIFERE
BN EELG (1.6~2.1d) (8 3C pcq I RI~R7
M to URED, &K= R, BRUKME IR R
PR FEIRUIEE Ry (Coacd) KT LR (R

(Copcet) FTHEALEE (Rpa (Comemn)o R2~R7 1 Ry

(Ctyar) T Rpax (Cacia) KT R1HHIAHRAA; R2~R4 H
Ruax (Coacer) 1 Ry (Cover) AT RI1 Y, KB CTC 1
BT RS IERIKAFIIRI, FEH 4 CTC it &K <20 mg/L
B, R T XSS PAETE AL A 1 SR A AT R A A

RI~R7 %M F, 1£ Cuyar Coaciar Concet M Contern
Tt Py (R2~R4) >P, (R1) >P, (R5~R7), #H] CTC
JREIREE <20 mg/L B, X393 R AT A4 T RE 8 7 A e
HEER, BOTHE R1 PMRHEREA 1.23%~12.69%, HH
R3 X} Cogarr Conciar Coacer M Coytern FIIRREIE IR, 40
AN 12.69%, 11.55%, 11.31%A1 9.82%. SHARE, 24
CTC #KREE =T 60 mg/L i, X PRAH A i FE 25 7= A il
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HIVERT, HAMEIREERE CTC IRFE R m g A, kR
N 5.12%~19.94%, HA R7 i Couyarr Coaciar Coacer M1
Conenn TWHIRBK, AN 16.48%, 18.54%, 18.96%All
19.94%. R1~R7 %M T, Py (Cuya) >Py (Coaca) =~

0.6 . RI
~ R2
b 05 s R3
2 A R4
e 04y RS
S ¢ R6
g
o L » R =~
&‘2% 0.3 7 e ‘Zg()']s
B2 EEY 010
S 02 %3 i
g ﬁg £ 0.05
Q L > L L |
01 = 0 1 2 3
JH4{LATE] Digestion time/d
0 3 6 9 12 15 18 21
JH4LT [E] Digestion time/d
a. BRUKfR
0.4 a. Cumulative hydrolysis C.yyqr
(]
%031 Z
-2
=
&5 0ot = .
N2z %5004 '
%o 22 003
B =l
£ gE 2 002
E 0l 5 o
O B 5
3 = 0 1 2 3
JH/L A [E] Digestion time/d
0 3 6 9 12 15 18 21
JE 4L B ] Digestion time/d
c. BRZmML

c. Cumulative acetogenesis C.acet

Py (Copce) =Py (Coyienn)» BRWIRFIHHEREH LAY

2% KR I N B DR, T A HLR B 2 J L T4 B e
WHNCIE, BEEACNH BE, B CTC IR TR
G PR NPy T B

04r
?
03} 2
o .
ﬂm% 5 >
kel
&8 021 £0.06 i
£ o
g M 2 &0.04
B2 252 ,0
< R
= il Egs00
g ¥ BOEB
© b Z 0 1 2 3
| /L E] Digestion time/d
0'0 1 1 1 1 1 1 ]
6 9 12 15 18 21
4L R 1] Digestion time/d
b. AN
04r b. Cumulative acidogenesis C.aca
&
%w 03
.4
R
%g oal 04
s b0 0.03 .
B 5 )
_<_; RES 0.02
E ol E § 2001
v %& oF!
g 0 1 2 3
. . . THALHT A Digestion time/d
0 3 9 12 15 18 21

6
B/ E] Digestion time/d
d. BB ALtk

d. Cumulative methanogenesis C.yven

B3 AR ZHHHAZARE CTC REM £ FRREMNMERKBE Cuyarr BRAL Copciar CBRAL Copeod B FIAL Coptenn 1 R ANE
Fig.3 Fitted curves of C.pygr, C. acid> C. acet ad C.yiern by modified Gompertz model at different CTC concentrations during mesophilic
anaerobic digestion of chicken manure

#3 AR CTCRETBEFERSHL Cuyars Coacias Coacet M Covern BIZEEN NE S
Table 3 Kinetic parameters of C.yyar, C. acid>C. acet and C.ypern from modified Gompertz model in mesophilic
anaerobic digestion of chicken manure

[7NEr IS 415 Groups
Phase Kinetic parameters R1 R2 R3 R4 R5 R6 R7
Po 0.449+0.018  0.499+0.022  0.506+0.017  0.465:0.018  0.426£0.015  0.405£0.015  0.375£0.015
HBUKIE Ruax 0.073+0.011  0.076:0.011  0.088+0.011  0.086+0.014  0.080£0.012  0.08120.014  0.081+0.016
Cotier f 0.047£0.435  0.022£0475  0.1370.368  0.063:0435  0.074:0401  0.055:0420  0.024:0.462
R 0.984 0.982 0.988 0.982 0.984 0.982 0.976
Py 0329£0.007  0361£0.025  0.367+0.026  0340:0.025  0305:0.029  0291£0.028  0.268+0.026
=R Ruax 0.040£0.002  0.051£0.010  0.062+0.015  0.064+0.018  0.055:0.019  0.053£0.019  0.047+0.016
Conei f 164740213 1.671£0.678  1.968£0.666  2.085:0.679  1.999+0.906  2.044+0897  1.778+0.923
R 0.997 0.969 0.966 0.962 0.934 0.935 0.933
Po 0327£0.006  0355£0.011  0.36440.016  0.334%0.016  0301£0.020  0.287£0.019  0.265:0.014
— Ruax 0.039£0.002  0.04040.003  0.046£0.005  0.044:0.006  0.038£0.007  0.036£0.006  0.028+0.003
Cone f0 1.692+0.179 173120317 200940447  2.087+0.461  2.014+0.677  2.048+0.649  1.815+0.534
R 0.998 0.995 0.989 0.987 0.974 0.976 0.986
Py 0326£0.002  0.352+0.004  0.358+0.003  0.330:0.005  0298+0.005  0.281£0.004  0.261+0.007
AL Runax 0.038£0.001  0.040+0.001  0.045:0.001  0.044+0.002  0.037£0.002  0.034£0.002  0.028+0.002
Gt t 175120.062  2.138+0.112  2.080£0.073  2.160+0.149  2.237+0.158  2.153£0.181  2.308+0.279
R 0.999 0.999 0.999 0.999 0.999 0.999 0.996

FE: Py NEEN, g8 Ruw ARCKEEGHEE, ggd's 1 WIRINE, di R AVGERE

Note: P, is the conversion potential, g'g™'s Ry is the maximum conversion rate, g-g”'*d™'s 1ois the lag time, d; R” is the coefficients of determination.
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4b NG R (55 20 KD B INANE CTC KR
IG5 EPS AR g Il . WAL, CTC JREIRE T
60 mg/L I, JRET5YE EPS Ji Bk i deont B8 B3 1 1
13.81%~39.23% (P<0.05), HT/EZ%&MH =itz
FP0d] (B 1), BB EPS JREIRE IR I BT RE
TUAE D N N R JE MR T P AR 1 R AR, A AT RE R
KRR T RRED AR TR A 7 RERmM
BT E ), @B KBl EPS B AR EIKE
943.01 mg/L ¥4 /124 1 083.69~1 338.20 mg/L, 7 HA ]
ST Bl A e a3 N B A B A W SR B CTC
AR ERPT, R AT REE S BAME 5 CTC 4%
HoRBREF M E .S CTC iR E KT 20 mg/L i,
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Effect of chlortetracycline concentration on mesophilic anaerobic

digestion characteristics and antibiotic degradation of chicken manure

Qiang Hong®, Yang Yinan', Li Na*, Song Yanan®, Li Yuyou?
(1. College of Resource and Environment, Northwest A&F University, Yangling 712100, China;
2. School of Engineering, Tohoku University, Sendai 980-8579, Japan)

Abstract: Anaerobic digestion is a promising robust technology, which can not only reduce pollution of chicken manure but
also produce energy, especially mesophilic anaerobic digestion of chicken manure has been widely used due to energy saving
and long-term stability. In recent years, excess amount of antibiotics has been used in raising broilers to promote fast growth
and prevent from diseases. The antibiotics residues problem in China rising day by day as compared to other countries, of
which tetracycline antibiotic residues has been considered dangerous for living organisms. In China, it is reported that
chlortetracycline residues especially in chicken manure was 563.8 mg/kg. Although, the toxicity threshold of antibiotics in soil
regulated by Veterinary International Conference on Harmonization is 100 ug/kg, it has been found that, the chlortetracycline
residues more than 50% of the soil sample in China has been found higher than the threshold. Anaerobic digestion technology
plays an important role in degrading antibiotics resides, this process not only wasaffected by the antibiotics concentration and
category, but also more importantly by substrate category. Chicken manure has greatly potential to produce higher biogas
production per organic matter than swine and cattle manure, but the effect of chlortetracycline contamination on biogas
production of mesophilic anaerobic digestion of that is still unclear, removal of chlortetracycline during anaerobic digestion of
chicken manure also unknown. The effect of chlortetracycline on hydrolysis, acidogenesis, acetogenesis and methanogenesis
during anaerobic digestion of chicken manure has not been deeply studied yet. Therefore, this study aimed to explore the
effects of antibiotics on mesophilic anaerobic digestion of chicken manure. Influence of a wide range of chlortetracycline
concentrations (4-200 mg/L. CTC) on anaerobic digestion of chicken manure were investigated by batch experiments. The
obtained results indicated that mesophilic methane production was increased when CTC concentration was less than 20 mg/L.
More specifically, the ultimate increase rates of hydrolysis, acidogenesis, acetogenesis and methanogenesis for methane
production were 12.69%, 11.55%, 11.31% and 9.82%, respectively. Indeed, the removal efficiency of CTC was increased from
59.87% to 71.95%. Further analysis showed that methane production was increased as a result of the transformation of
extracellular polymer substances (EPS) from bound EPS (LB-EPS and TB-EPS) to slime EPS (S-EPS), which promoted the
hydrolysis, In addition, the degradation of CTC produced the carbon sources for microorganisms. However, mesophilic
methane production was inhibited when CTC concentration was higher than 60 mg/L. Moreover, the inhibition rate was
increased with raising CTC concentration, among them the inhibitory effect of 200 mg/L CTC concentration was the
strongest than others, the largest inhibition rate of 200 mg/L CTC concentration for hydrolysis, acidogenesis, acetogenesis and
methanogenesis was 16.48%, 18.54%, 18.96% and 19.94%, respectively, and the removal efficiency of CTC reduced up to
43.4%-51.44%. EPS increased by 13.81%-39.23% compared with control, of which the concentration of EPS protein increased
from 943.01 mg/L to 1 083.69-1 338.20 mg/L, it is assumed that bacterial resistance for CTC was increased by stimulating
EPS secretion. Analysis of the distribution of residual CTC within the digester indicted that 0.46%-3.13% of CTC was existed
in liquid digester, while 96.87%-99.54% of CTC was found in solid digester, which posed a significant threat to the
environment. Further safe treatment was needed before solid digester used as organic fertilizer into field.
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