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Abstract; Tetracycline antibiotics (TCs) are an important class of veterinary drugs in the livestock and poultry in-
dustry. With the intensification of livestock and poultry farming, more and more antibiotics are metabolized into the
environment through the livestock and poultry organisms, increasing the harm to human health and biosecurity.
Composting is a common method for harmlessly removing TCs from livestock manure, which can minimize the
residue of TCs in livestock manure. Based on the domestic status of antibiotic residues in pig manure treated by
composting, combined with the latest research progress of domestic and foreign pig manure composting technology,
this paper expounds the regulation of environmental factors, the change of microbial community structure and com-
position, and the biodegradation mechanism of TCs in the process of pig manure composting from the aspects of
TCs biotransformation, biological and non-biological degradation. This paper aims to provide theoretical basis and

technical reference for the harmless livestock manure utilization in the future.
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B A R IR R T & & e im iy
TR, BEE B & MELMT, PiE RN K EE
Zida HArZe i, S BEUR A R i br 2 1k
RN, #Eait, 2013 £ E oA £l H =
162 7 t, S HPAE & 52% ", o W E 4T
A3 (TCs) 1Y FH 2 o B A 0 28 2R i) RS i 5] 19
57% P70 AVERE R, 2018 AR TR B A g R A B o
TS5 B FRFE B 1) 56.6% , i i T E S EH K L
KPR, RS & 2T b i o el sk,
H R ERME LR 36.71%Y ) BIKTE , B HNIME
AR AR E R I T AU DU R >
RS> RS KIR IN RS ) TCs S M 25 1 55
FR PR IECE G I — R R WA &%
# (chlortetracycline, CTC), 1 % % (oxytetracycline,
OTC) . MU Z (tetracycline, TC)F1 £ P 2 (doxycyc-
line, DXC)%, B ITERE RN ASRERE 76 Wi, —
SIEREH AN BRIRE ; 00— BB 3 BER 2 R RS
PR 1E , TCs R L W B 3T A% FNRE i 7E -8 K AR
YIRS IR B A B rh A TG B8 fidt TCs itk Ak
HTE [ SRS b 2R RIFRE 434

JiAh KR R TCs , MY b 18 7= A
it 25 40 B , 5 2 Pt A= R PP 3 [ (antibiotic resist-
ance gene, ARGs) i, i ffif& 4 21+ TCs 5% 8, 45
A AT RN I A B ORI I AR A 2
S RE7Ia o 2 RN 5 S a e 20y S VA = B | B e o
TR 28 T0 F A AL BRFN B IR AL R, HE 5 2648 T
B AR A= AR R L B — A A B ST DR,
R, 283 A ZEHE N i R MEAR A B 4551 | TCs 2E
YA R TR MRV Sh S 7216 F ARGs #5145
Dy B R AT SRR B AR A EE T TCs 1%
fiff S 35 T0 F AL AR HSARIE IR AR S 7%
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o
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ERMMARLEREER(TCs) 7 FEHR

1 $EFER TCs B4 IR R HERE 38 (L S B0 4%
( Distribution status of TCs in pig manure and reg-
ulation of physical and chemical parameters in
compost)
1.1 JE38% TCs W4 LR

F 20 fit 20 50 45 A28 & 6 5 25 W) 8 3R
(FADYRETC AR 28 FIAE AR RH S 0 5 LIk, 7E FEAR 3 4
Rl R 4l 7 AL TRy s w2, e P E R
TE 7 B IR AT B ) Kb R R
TIPS Y, K& 35 ARGs 7E— 1
TAGF A R FMERR T IRATIESE R W], N A
EHUE R A G R 25% , T AEsh )
UL EG I = 35 50% o TCs A g — Bl K i 48 A Y
U, UHTFRE A 75 G I8 3 2R A & Bl Fiuk
PEIRFENY ZE TS BHE L AL IR g 2 25T B 3G
AR FRCS Al - 3E R TCs A4 B [ & S 3%
fE i

TCs HAL =450 | T S IF IR T A9, A
4 NIHEM, B TR G Y., Hrp, TC
OTC #Rfeth ko1, A Z M EREM], BT RN
WBCRAR , FEFREE Hh e AAS W) 7 X 5 Z R0 A iR A=
W RRFAE T, BT AS 25 i e A", UL TCs 43 F
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DXEFEh TCs YRR MAR AR 1 F7R
1.2 FEISENE T B S E

HEREAb PG b TCs R0 H 7 i, T 5K
PrA i R FEHEAR R TCs AR U — R it e,

CH,
OHH QH  NCH,
z ~_~_OH

3 8 ]
AN C

“2H,0

Oxytetracycline

Fig. 1 The molecular structures of common tetracycline antibiotics (TCs)
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%2 IS 5E P Mitchell 5529 1 58 &
BEHERE B TCs B R A2 S5 MEIR TR TR E L A
A BB C/N S B S B A AR KA M
MORBEFEHEAR S 7K R >T70% I HER LB R FRAR, A
B TR AR T8 R T MR 5 KR <40%
B, AU Y i AR B M Sz Bl ™ R S
PRAECOLEA AR E R X B 7K 75 PR 3 AT, & B A 3R
S5 T B XS W S M AR R T R S B R

S 25 °C L 10 °C 3 A R T4 HIL 5T R ik 7 s e
HEAAHY 85 ¥, HH 2, Huang 4¢PV 58 1 5 & PCR Al
16s RNA FEpl il 5 & 30, &5 il 45 10 T 5 26 rh il B
FIPTA R IR XM 2SI A W ml 7= A 8 1 o o
FH A2 R A SRS RE A S50 1 76
FPTPESE I FE RS | o T I R — a2 AR T d st 5 R 3
iR ARGs,, MO, i FF G A R, 1 HE
NEGERR R 2 R A AR A MUER Y = A s &
BLEL I F3 fifk 0 2S00 R0 mT (i ok A pHL & A AR
b X TCs MR A AR IR BE s, A
WFFE R B, S ZEHERE 8 AN [] L ) %) 26 e, T il
HEAREERT 3 d 2 A SR, MEAR A Yk A B
e EHRSAET, YR CO/N R BT, 5
AR L E R MIE 3R R ON it 35
B, ZE U E TR AT 2 ARG A | 5 R A
TRRERTH R SRR LR 2 AR I AR RS A R 4

G O/N I R BV C/N (23 ~27) = 1 B, 3
NERCR IR . PRI, 4% 2 HE N v 2446 2 5000 o 2
ST PUERMBEMG ECEE, ISR b
T WL AL SR B 2R 2 s

2 ¥E#Edh ARGs B97k F1£4#5 ( Horizontal transmis-
sion of ARGs in pig manure)

TN HENC AL PR B HAE A HUIETEA el
LA R ARGs WML e 4
o A B R TR A 0 KU A
TCs A HLEAR , & A Z TR IS E Y S 3R 5248,
WIEPUAE P K ARGs B Z ) & 40 45, TCs
(75 9% S ARGs 7K V26 8 %o 3500 TR T 245 28 1) PRk %
A HEAEN SUERIEASRELS 2 K LRI
IK i DGR A W i A B R S A R
A S EEVE™ . Huang ™R I, 2=, B 4K
DX K AT K A 7R B ARG 5 3%, W] fiE
SR AR AS XU I 5 | A B 2 A n) i, U A 3
Hr ARGs A AT i Bl 20 1 00y e 1 ] 5 B 4 38 ]
M HE LR TR (BORL BT S T AT
TR PR 20 5 ) A5 S B B ] 9 AP e B0 TR eE
TCs S B KA HLYY , 7T 55 AR DK R
T RA ML Jr T BN AR RN ) 5 55 1 22 ) o
RAEMERFE TS B R R P R [ 4 K ]

F£1 EBARRAMRBLESRRNEIA TCs KR HE

Table 1 The detected types and detection rate of TCs in the domestic pig feces from different areas
[ A b IX TCs Y7 & TCs (& R HI(E
X HEA R } | Ko %
/AR ) TCs FIZE Apg-kg™) Apg-kg™) ,
) Environmental The detection
Domestic area . Types of TCs TCs content range Mean value of TCs
medium rate/%
Iyear Ang-kg™) Ang-kg™)
HERG 2017122 W% + % FE Oxytetracycline 0~1012 204 57.1
Hainan/201722! Pig manure 48 % Chlortetracycline 0~18273 95.1 633
. PUIFRZ Tetracycline 0~16.75 201 6129
Wivr201223 T ]
i + 8 FE Oxytetracycline 0~296 5.1 729
Zhejiang/2012 %! Pig manure .
43 % Chlortetracycline 0~1163 2.17 69.03
J 201124 priEi PUIRE Tetracycline 28.31 ~326.15 11521 100
Guangzhou/201124 Pig manure + 7 # Oxytetracycline ND ~63.96 9.09 94.1
. JU¥RZ Tetracycline 45~414 25.12 94.1
iL5720162 LB . .
] + 7 # Oxytetracycline 0~9922 34428 76.5
Liaoning/20162% Pig manure ) 4
4% % Chlortetracycline 0 ~850.6 570.06 824
11452018126 I JU¥RZE Tetracycline 1 990 ~6 990 3120 100
Shandong/2018 26! Pig manure +F# Oxytetracycline 652 ~1 680 613 100

E:ND Fn ARk

Note: ND means not detected.
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TCs BB, FETh TCs BRIR K HAE 1 5%
B ianE 2 pios,

3 3E#Erh TCs B4 W %5 1L ( Biotransformation of
TCs in pig manure)
3.1 FEFSENEPRAYS TCs B EAR

A PR A e J 36 v TCs WY — Fh 22 7
2, [ o R Ao o v B 0 1 72 A 2 g 3 v

TCs HUEIEH A A FZIREH N E , skELE T iF 5T
KB, HEAE i AR R TCs BE MO R 28 40 TR L LR Y
ZREME TR N A A TE PR i, TCs (1R fit
IR, BTGP SE & B, Bl A S HE R v TCs ik
JEE RSN HER IR i AR | 2 TR ) A 1
B Z B0, ik R TR B 22 R T BGE T RE
LLIRVRI RN TCs (R 3 F/INZ REFFUEATHENE
5 BUAG 2 T A W T M R BR TR S S R R T Y
Wt TCs MIIEAR 35 97.9% o ] WL S SEHERD h i
A S PR AT A BN, X 3 R B AR
i B R A0 AT 7 A )RR R R
32 FEFEHEAE P U E AR ARGs [REf7
WS R AR B B F E AR B R T A
ARGs, ARGs [l il #2876 8% K ALK, T e
SO R B BE R SR T HE AR, & B 2% v U 3R
FARPUA TR ARGs Kt FR NI PRI by BLAE 36 5%
SYPEFSHEN G I > 1 220 O e R iR
AR LB A % | % A ok et DU R 2R b 3R
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Fig. 2 Sources of TCs in pig manure and their potential transfer pathways

R2 BERBIEHENOEASEESIE

Table 2 The values of physical and chemical parameters in common pig manure composting

R 'F§ 1 Characteristics 27 30k

Material N/A(g-kg™") pH C/N K /% Moisture/% References
¥4 Pig manure 29.63 5.11 - 7036 [36]
¥43% Pig manure 3036 7.68 9.01 66.3 [37]
prEs Pig manure 2325 7.11 17.8 683 [38]
¥4 3% Pig manure 309 - 14.7 66.9 [39]
¥43% Pig manure 274 - 132 712 [40]
prEis Pig manure 274 - 129 74.12 [41]
¥ 3¢ Pig manure 2128 - 183 50 [42]
¥43% Pig manure 29.82 837 - 78.89 [43]
prEs Pig manure 268 - 13.8 76.8 [44]
prEs Pig manure 283 7.7 124 68.5 [45]

T — SRR B A TR,

Note:— means data is not available.
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ARGs Hi1 tet C tet G .tet W Fll tet X F A i FH5
M, Kang & RF5E & B, #3620t 4 d i IN mlR
HENEAL PR 2 U A R AP AE R ARGs ANAERE 7T
4 K (R I v TG B 2 v i B Y D 3R R 2T
4R ARGs 7F B8P R B wCE A B HIE A
Zhang S IFEHERNRIMAK G A5 RN 4 5% 7, 76
[ S5 AF T AT HENE XS, A H 3k L6 40 JoT B3 o 2
AR R AR YR PTAE K ARGs ZBRIE J7,
EBRRN 14.9% ~33.4% , WA RM, HEIEE
HERE Rt v, 2P A B R 2 2 X 25 TCs K&
HHE ARGs HIRESfg =2 . Mao 28 HAT A
2 FPEERY I ARG ZE AT HENE 5255 e BRI A AL
B 2 A X A T R TCs 7= AR 52, AT L 3 A AT
TEAR KRR FREAREEAC H U A K P E R ARG,
FErP LS TR T 8 | a1 R R A AN A R IR T
TR P AE 2 R AR
3.3 FEEMENEHRUCE MR AR AL

FEAEHENE Rt Az 22 A (W] B 1 Bl TR
MARfE, A YA UE ARGs 37 4, )2 3%
iR RS 55, IiGE I A
TR HENE S R PR B R s AR
A W B L A ) il AL R A B R o 1) S T
BOAERE SRS R IR, S 2SR R R W S B
A PE A0 TR R, O 3408 A% TR TR 3 B2 N SR 0 1Y
6.94% M NN ZE = IR B 18.56% |, B M G FEAILE
0.62% , 2 S HEIY K& B, AL mr H ik Y B
AL IEAAA A, B TR B R e T S R R
I IR = 8 B S 30 88 203 1 T [, g A 21 A
SR RN AR R 2 v R N U BB R A AR AR
o SRIEEECEG LI, AR A R L
ANF P HENE SR AT = A TR 25 5 MEAREF AR R A R%
i RS T S G RR P BAE RT e HE TR e Y
REWAK ., HALFEP ARG 2SN R B R B R
BAMEEA, P AT R P S A
P14 ok it e /0N 5 U B 28 R 8 25 109 5 o O IS o) ) S
E B, %0t 42 d )5 2 FhbiAE RRERE TS 90% LA
(OTC . TC #& <5 mg-kg™), o] W, 5% FEHE A h
T WY R RE AR AL AT 52 M R 3 e A R I

4 FEZEHERR TCs HIPEf# ( Degradation of TCs in
pig manure compost)
4.1 HERE T =UXE TCs B 14 52 0

B BT YO AL R TS e ) 35 R R E
B . HUAER— BB A RS 2

Bl 145 K RDCRRY E R, BT, B SIS A
A IR ACR 247 3 A RRIE AL R IR BE
TEAL R AT AR AR B 2 FiE Rl 7= Ml 245 K 1 2
oS v HE A R Ak &b B LB T —
PO U R HUE R R R S AR
AR, 5 RO L, AR TR PERR AR, (P
Fstam "™ Winckler Il Grafe™ 45 %% 0 iR PUFR K 5
d, 2 WCEEHE Y, B I SEI 45 1 2 d Ja R
W 72% DU R IR . ERIR VU IR R AEHE S
TR B AR P B I AE 55 ~ 105 d Z 0],
EFEHENL LA B | 32 2 B S HE NS RN DR S HENE 4
SAHENE 2 ST H LB HERE SR 4T
WFFE A | AN ] 3 AE 7 20X TCs 1 A 2 B SR ml
FEAE AR B R (3R 3)
4.2 HEARH TCs B4 ¥R fi

FaFErh TCs 1Y 2R W) % M = SR T 25 b ik
WG g, SEZETh A R AR N2 B2 AR AR
EYIIVERTF Al kA — RN E 4 s, AL 277
ERTRARE Y, B AKAE T RS
B TCs B R A , D0 35T 24 4 B T Ak A L b
FETARKMIVER . B S 76 3 & 2t IR 4
FE il AT AR IR AT 5256, 15 B A AL T AT G
CTC . TC il OTC B R# #5354 65.5% .63.9% Fl
583% , A MG A 2B TR 5 U6 P 4
LB AR B R TR Y R R, FE AR R e AR SR T
TEYER, T TCs HEAT o1 8 A, B i % >70.68%
WK, Lin PR AT ERIGHE AR, B ZA KRR
U A 85 i TCs, Horpr 2R 2P Al 2B ZE At
TCs 5 KN 28,1 115.3 2.4 F10.9 mg-kg™',
Rt # 2E h Eff TCs MTZEYIE B 24T, &
A YRR REAE R R R L RRARE 25 TCs 1 L
5], A1 i A B AL AR 2 v ME AL 7™ i 35 00 B i
JIES
4.3 HEREH TCs AR W i

TCs 7EHEAL ] e A AN ] i Wi o ik 2, L AT #E
ot K K S B E T R AR AR AR R g, R
BEAESITH R TRW h TCs BRGNP | & FA
[l ETE T TCs 1 R AR RICR A« i FROR AT > 28 4k
HERT>KINGUT>To00 . M R IRS 2 h )5,
& TC, OTC Fl CTC F % i % AT 3k 91.68% .
85.58% Fl1 81.18% ., Wu ZEPVHF5Y & B, 78 3k AL i 72
HAS IR PERERRER , WT 5 i U4 2k R A LA e
b, L, B 2 e AL HERR RO, A=W Je—Fh AT



50 £ 0F # M ¥ 515
K3 AEHERFTHAIIEZEF TCs HIBEMRIR
Table 3 Degradation of TCs in pig manure by different composting methods
R TCs MYFhAE b/ HENET5 =0 G tﬁﬂmﬁ@/d 27 30k
Material Types of TCs Half-life/d Composting process Removal Composting References
efficiency% time/d
A +# & Oxytetracycline - 4 HEAE Aerobic composting 9238 28
Pig manure 4% % Chlortetracycline - U HENE Aerobic composting 9336 28 741
- + & Oxytetracycline 1.14 IS HEAC Aerobic composting 92 -
Pig manre 485 % Chlortetracycline 825 U4 HENE Aerobic composting 74 - [75]
PUFRE Tetracycline 102 -4 HEAE Aerobic composting 70 -
_— + 7 & Oxytetracycline 55 U HENE Aerobic composting 647 49
Pig m;;mre 4% % Chlortetracycline 24 U5 HENE Aerobic composting 733 49 [76]
PUFRZE Tetracycline 52 IS HEAD Aerobic composting 66.7 49
b PUHZE Tetracycline 14 ~ 18 JREAHEAT Anaerobic composting 88.6 ~91.6 45
Pig manure  4x% % Chlortetracycline 10 JRAMENT Anaerobic composting 97.7 ~982 45 o7
b +#Z Oxytetracycline 41~98 JRAHENE Anaerobic composting 68.54 14 78]
Pig manure PUHE Tetracycline 44 ~14 JRAHEAE Anaerobic composting 95.50 14

1) - 3l R, ELAT 0 Y S A S T A, X RS TR
(935 G ) A AR AT 0 O BfE V. Wang 5559 BF 98 &
IR A W e i W B RE T e T FELE e, LB
AR EE BT M3 K T3 Ah, A W A A A HE A
T R T B v HE AR B OIS £ 4 R Wl IR TS
FEARHTIESL A tet C tet G tet W I tet X FRERY . R
AR —FP AR TCs B9 %07, Khan 255
KL TCs 4 RAAEAL 4 ~ 6 min J5/KIEW H TCs Al
sEakbr, Hod, RATTX TCs XU 55 7 3 F1 &
FEHEAT B, (P mz (kA7 . B d 3]
5 TC M REA Y kA AR B RO, FE 2SI
o TCs WAELE WA , 2 AR 3% 28 vh TCs B S 1)
— Rk,

5 % 5RE (Conclusion and prospect)

AR B 2 Ak Ak B 328 1 —
R TERWREDUAE R R ) AT 38
TP PUA R S R AR, S
T LR 2R E L HAR TR Wi KEEA
BT X A AR MENE AL BRI T MR L 3T AR
RN ZEHE N BB A A 5 2 R X6 > 1 3R ) 4 2
HAEAE I ZE Tl w] 78 DL LA 7 I -4k 28 1k
(H¥EZErh TCs BR300, 5 TCs B
AT A e MENE AR AR T, REA 1 DU 2R 3= 25 bt
4= ARGs WKV RN 1L, BRI, 700 2 HE
A FRHRIE TCs FEMEIIL R PR, FIBSHENE rh 45 &

AW AR IR AR EOR | TR — 2D 4R e g 2EHEAL
TCs MIFERESCR )M FEHEAL IS, 3 26 T ok B AR
R ANBERS B AR, 2R B A DU R R 2 hT AR /AT
B HR R AN A A A R A B 2P
W fife , A RE S BLFEAC A L3 b A JE FE AL R, 3) Tk
SRS 1/ Ha YRR b i W S DDA ==y 1K LS N TR o o
XA [F) FA SR B B ] P 0 AR 28 00 4 S A TCs
A PQHE DL REAT A A, IR TSR FE M T5 0k K e
TCs HYLERTRNE, 158 0 FEHE LR it — 221k

BIREERE N RARA962—), B, RFW & %, 2 B
R @K E B AR

% 3Lk ( References) :

[1] Zhang Q Q, Ying G G, Pan C G, et al. Comprehensive e-
valuation of antibiotics emission and fate in the river ba-
sins of China: Source analysis, multimedia modeling, and
linkage to bacterial resistance [J]. Environmental Science
& Technology, 2015, 49(11): 6772-6782

(2] FHEsk, R FEFEEP U REGUERILHE
LefaE ] ATrdali=# 4z, 2018, 46(3): 83-88
Yu X W, Suo Q Y. Residues and hazards of tetracycline
antibiotics in livestock and poultry manure [J]. Journal of
Northern Agriculture, 2018, 46(3): 83-88 (in Chinese)

[3]1 JRISEEBE. & B0l AR P X A AR R 175 4 S KB iR [T].
WIERL2: SH], 2001, 20(1): 39-43
Xing T X. Animal husbandry production pollution [J]. En-
vironmental Science Survey, 2001, 20(1): 39-43 (in Chi-



44 1

T MRGEAE  JE SO NT A et U3 3R T A 3R A0 A W A B e e St e 51

[5]

[7]

(8]

(1]

[13]

nese)

Bzl & S AEGIALA AT I EE D] I vk
Rl K%, 2015: 7

Li Y H. Study on the potential utilization of livestock ma-
nure resources [D]. Wuhan: Huazhong Agricultural Uni-
versity, 2015: 7 (in Chinese)

B, BIRE, KT E, . FE AR HbUER
B 5 WA AT Tt e (0], b B AR B2, 2018, 51(17):
3335-3352

Cheng D M, Li Z J, Zhang X L, et al. Advances in re-
search on methods for reducing veterinary antibiotics in
livestock manure [J]. Scientia Agricultura Sinica, 2018, 51
(17): 3335-3352 (in Chinese)

R, T8 WA, S5 B BT R B AE R O
WA SN [T]. A AS2ER, 2011, 31(15): 4437-4446
Yu S, Wang M, Hong Y W, et al. Antibiotics in environ-
mental matrices and their effects on microbial ecosystems
[J]. Acta Ecologica Sinica, 2011, 31(15): 4437-4446 (in
Chinese)

FROTAR. 4] 75 8 20 HE N i o v Rl A W B T ik
BEIN S me HLPEAE 5T [D]. & P LR AR R 2,
2018: 13

Yin Y N. Study on mechanism of effect of copper on mi-
crobial community and resistance genes in livestock ma-
nure composting process [D]. Yangling: Northwest A&F
Univesity, 2018: 13 (in Chinese)

JiY J, Ahn Y, Khare S, et al. An in vitro study to assess
the impact of tetracycline on the human intestinal micro-
biome [J]. Anaerobe, 2018, 4(9): 85-94

Leclercq S O, Wang C, Zhu Y, et al. Diversity of the tet-
racycline mobilome within a Chinese pig manure sample
[J]. Applied and Environmental Microbiology, 2016, 82
(21): 1-16

Wang X, Chen Z, Jing K, et al. Removal of tetracycline
by aerobic granular sludge and its bacterial community
dynamics in SBR [J]. RSC Advances, 2018, 8(33): 18284-
18293

Liu X, Lv Y, Xu K, et al. Response of ginger growth to a
tetracycline-contaminated environment and residues of an-
tibiotic and antibiotic resistance genes [J]. Chemosphere,
2018, 201: 137-143

Berendsen B J A, Lahr J, Nibbeling C, et al. The persist-
ence of a broad range of antibiotics during calve, pig and
broiler manure storage [J]. Chemosphere, 2018, 204: 267-
276

SO, BRLL, AL, S A 8 E b g v I 2K
A R WA AL S LRI BT SR (0], ROk FREE R
2241, 2019, 38(2): 257-267

[14]

[15]

7]

(18]

[19]

[20]

Xia X Q, Huang C H, Xi B D, et al. Review on biotrans-
formation and mechanism of fluoroquinolone antibiotics
from livestock manure [J]. Journal of Agro-Environment
Science, 2019, 38(2): 257-267 (in Chinese)

T, BIRIE. B & IS P AR U R YA R
SR A TS YRR AR SO 1], Ak R 5T B o2 2 4R,
2013, 9(9): 1705-1719

Wang R, Wei Y S. Pollution and control of tetracyclines
and heavy metals residues in animal manure [J]. Journal
of Agro-Environment Science, 2013, 9(9): 1705-1719 (in
Chinese)

Wedy, ik, £%, & WHRRKHUER TS R IR K
HIATAT A R [J]. TR T 7, 2014, 32(2): 123-
127

Yang X F, Yang T, Wang Y, et al. Research progress in
pollution status and environmental behavior of tetracycline
antibiotics [J]. Environmental Engineering, 2014, 32 (2):
123-127 (in Chinese)

MYz, T A hER b R R K ER
15 Y BUR BOR IR T HEJE (0], A2 A5 FREE 27412, 2018, 27
9): 1774-1782

Zeng Q Y, Ding D, Tan X. Pollution status and sources of
tetracycline antibiotics in agricultural soil in China: A re-
view [J]. Ecology and Environmental Sciences, 2018, 27
(9): 1774-1782 (in Chinese)

R, WHCH TR iR R BRI
D] R SR, 2019, 42(3): 17-29

Li S J, Xie W M. Research advances in antibiotics remov-
al in wastewater treatment plants: A review [J]. Environ-
mental Science & Technology, 2019, 42 (3): 17-29 (in
Chinese)

aEHAR, SEHEA, BPIR, AR DUBREAhiAE KRR Mk
W5 B R it B3 1) 52 we B 5 a3 e [0, v ] vl
St i SR, 2017, 7(1): 50-55

Meng L H, Shi Y W, Shi B, et al. Research progress of
the detection method of tetracyclines antibiotics residues
and its influence on fishery environment [J]. Chinese
Fishery Quality and Standards, 2017, 7(1): 50-55 (in Chi-
nese)

BRRE, AR IL, B RR, S U TLUURUY) A Sy
Xof PURR R AT A 2 W B PERE XS L [J]. AR PRI 7 4,
2016, 25(10): 1714-1720

LiZ C, Wei Q S, Luo Z X, et al. Comparison of the per-
formances of major components of the surface sediment
from Jiulong River to tetracyclines adsorption [J]. Ecolo-
gy and Environmental Sciences, 2016, 25(10): 1714-1720
(in Chinese)

B DU 3R i Ak o 07 10 S HC R AR e MR AT 5 (D] AR



52

Eitd P15 %

2L
=

[21]

[22]

(23]

[25]

(27]

(28]

PSS K7, 2018: 12

Tao M. Tetracycline degrading bacteria screening and its
degradation characteristics research [D]. Chengdu: South-
west Jiaotong University, 2018: 12 (in Chinese)

Wexler P. TOXNET: The National Library of Medicine’ s
toxicology database [J]. American Family Physician,
1995, 52(6): 1677-1678

W, E Rk, Z2AE, . MR A B AP IURR R IR
RIS AR DT AR 3R 00 % B S H o A AR (D], 96 R R
2 FHARBMENR, 2017, 35(2): 152-158

Yao Q, Gao L L, Jiang Y L, et al. Distribution characteris-
tic of tetracycline and macrolide antibiotics contents in
swine and chook manures of Hainan Province [J]. Journal
of Hainan University: Natural Science, 2017, 35(2): 152-
158 (in Chinese)

A, A RIRDRIRE &M 77 0 Alis e 4l
BT P E AR R2E R, 2012, 20(1): 80-86

Shan Y J, Zhang M K. Contents of nutrient elements and
pollutants in different sources of animal manures [J]. Chi-
nese Journal of Eco-Agriculture, 2012, 20(1): 80-86 (in
Chinese)

M, whm Bt, X, & 7T A B R
FREABTFEI]. RO FRETRL 722412, 2011, 30(5): 938-945
Guo B, Yao L X, Liu Z Z, et al. Environmental residues
of veterinary antibiotics in Guangzhou City, China [J].
Journal of Agro-Environment Science, 2011, 30(5): 938-
945 (in Chinese)

T Ay M X 7R 8 FE 0 LK Sl i 4 38 v g Y
BRI R TS QR EDT ST [D]. R ®IT R,
2013: 33

Wan W N. Study on typical antibiotic residues and their
pollution characteristics in livestock manure and sur-
rounding soil in northern China [D]. Tianjin: Nankai Uni-
versity, 2013: 33 (in Chinese)

ERA, Rk INARRE X & &2 E hhik RK 5k &
THFE[I]. BRI E P, 2019, 21(9): 56-59

Ren J T, Xu L. Study on antibiotic residues in livestock
manure in Dongying Area, Shandong [J]. Heilongjiang
Animal Science and Veterinary Medicine, 2019, 21(9): 56-
59 (in Chinese)

FONE, XN, W EM, A LR Y I AR 6 R
JIHE AL B AR SN T 1 R (0], A 2 5 AR AN PRI
274R, 2018, 34(6): 489-498

Guo X X, Liu H T, Chang Z Z, et al. Review of humic
substances developed in organic waste aerobic composting
and its agronomic effect [J]. Journal of Ecology and Rural
Environment, 2018, 34(6): 489-498 (in Chinese)

Mitchell S M, Ullman J L, Bary A, et al. Antibiotic degra-

[29]

(30]

(31]

(32]

(33]

(36]

dation during thermophilic composting[J]. Water Air Soil
Pollution, 2015, 226(2): 1-13

K5 HE T T AR RO E D) RE TR W R R 5 A
FRILFRMEOC R BIFE D). Kb W A2, 2013: 100
Zhang J C. Study on the relationship between composting
functional microbial population and system matrix proper-
ties based on molecular biology [D]. Changsha: Hunan U-
niversity, 2013: 100 (in Chinese)

WP, RN, AT, A5, AN IR BRI IR BE A X I
IKTG VAR B R M W 5T (1], A2 S RT3k, 2017,
26(10): 1755-1760

Chang H Q, Zheng C J, Zhang J Y, et al. Effects of differ-
ent environmental temperature on dewatered sludge com-
posting [J]. Ecology and Environmental Sciences, 2017,
26(10): 1755-1760 (in Chinese)

Huang X, Zheng J L, Tian S H. Higher temperatures do
not always achieve better antibiotic resistance genes re-
moval in anaerobic digestion of swine manure [J]. Ap-
plied and Environmental Microbiology, 2019, 22(3): 1-12
TEESE, 4R, R, & B RMET By AR
GURRIE B2 H A= Wy ot figg O 0F 58 E e (D], R 4, 2018,
34(11): 16-23

Chu Y X, Wang H, Fang C R, et al. Research progress of
the pollution characteristics and biodegradation of antibi-
otics residues in livestock and poultry feces [J]. Bulletin
of Science and Technology, 2018, 34(11): 16-23 (in Chi-
nese)

AP0, XIBLBL, 22280, 2. A 1) o e X 4 23k AL i
T R R AL Sl 2 SUACHR L B 52 [0, AR PREE R
#2241, 2017, 36(9): 1893-1900

Fu X F, Liu Q Q, Li L Q, et al. Effects of biochar on ni-
trogen transformation and greenhouse gas emissions dur-
ing swine manure composting [J]. Journal of Agro-Envi-
ronment Science, 2017, 36(9): 1893-1900 (in Chinese)
ZH, ILER, E 2, SO C/N L HEAE 248
A A SRR AL 52 (], R BRI 2 2 4R,
2009, 28(12): 2668-2673

Qin L, Shen Y J, Li G X, et al. The impact of composting
with different C/N on maturity variation and emission of
gas concluding N [J]. Journal of Agro-Environment Sci-
ence, 2009, 28(12): 2668-2673 (in Chinese)

JERE, XK ER, BaKAG. B LU XA 2R N I 20 52
W], SRR, 2017, 45(9): 65-68

Zhou S, Liu Y X, Ge Y Y. Effects of carbon-nitrogen rati-
0 on pig manure composting maturity [J]. Guizhou Agri-
cultural Science, 2017, 45(9): 65-68 (in Chinese)

Chu Y, Fang C, Wang H, et al. Effects of anaerobic com-

posting on tetracycline degradation in swine manure [J].



44 1

T MRGEAE  JE SO NT A et U3 3R T A 3R A0 A W A B e e St e 53

(37]

(38]

[40]

[41]

[42]

[43]

[44]

[45]

Chinese Journal of Chemical Engineering, 2017, 25(10):
1505-1511

Wu X, Wei Y, Zheng J, et al. The behavior of tetracy-
clines and their degradation products during swine manure
composting [J]. Bioresource Technology, 2011, 102 (10):
5924-5931

AR e, TR, KE R, . R AL A 2 b R
REYUA R KAOIEEE K /52w [T]. PR 58 R 2 4,
2017, 37(4): 1454-1460

Gou C L, Wang Y Q, Zhang X Q, et al. Effects of high-
temperature composting on tetracyclines and tetracycline
resistance genes in swine manure [J]. Acta Scientiae Cir-
cumstantiae, 2017, 37(4): 1454-1460 (in Chinese)

AL, BEEAM, BN, A5 HIMIR TR I X A 26 o AR A
B UBRZR G0 R MR RS2 (D). AR RS} 272741k,
2016, 35(1): 172-178

Xiao L, Huang Y M, Zhao J F, et al. Effects of exogenous
microbial agents on pig manure compost quality and tetra-
cycline antibiotic degradation [J]. Journal of Agro-Envi-
ronment Science, 2016, 35(1): 172-178 (in Chinese)
Huang G F, Wong J W C, Wu Q T, et al. Effect of C/N
on composting of pig manure with sawdust [J]. Waste
Management, 2004, 24(8): 805-813

Li S, Li D, Li J, et al. Effect of spent mushroom substrate
as a bulking agent on gaseous emissions and compost
quality during pig manure composting [J]. Environmental
Science and Pollution Research, 2018, 25 (13): 12398-
12406

GIRBEIL, TIH, ARZRHN, 5. 3% FEHEAL P A e 1
I LR 2B L W 5T (1), R IR RL 72 41,
2010, 29(3): 586-591

Jin ZL D, Wang S L, Zou R S, et al. Microbial agents
and the optimum control parameters for pig manure com-
posting [J]. Journal of Agro-Environment Science, 2010,
29(3): 586-591 (in Chinese)

R ST S P ONE = < N IR R E i PO B T =R 13
JEE AR AR I S R (0], B R4 41, 2012, 32
(10): 2591-2599

Li R H, Zhang G J, Qin R, et al. Influence of heavy metal
passive agents on the compost physicochemical properties
during the swine manure composting [J]. Acta Scientiae
Circumstantiae, 2012, 32(10): 2591-2599 (in Chinese)

Li Y, Luo W, Li G, et al. Performance of phosphogypsum
and calcium magnesium phosphate fertilizer for nitrogen
conservation in pig manure composting [J]. Bioresource
Technology, 2018, 18(2): 53-59

Zhou J M, Wang L T, Wang H M, et al. Effects of differ-

ent ratios of pig manure to fungus residue on physico-

(46]

[47]

(48]

(49]

(50]

[51]

(53]

[54]

chemical parameters during composting [J]. Journal of the
Air & Waste Management Association, 2016, 11(4): 499-
507

B, JH R B P R PO EE R (ARGs )———Fil i £
IEETGR[T]. B RL2E 254, 2008, 28(8): 1499-1505
Luo Y, Zhou Q X. Antibiotic resistance genes (ARGs) as

emerging pollutants [J]. Acta Scientiae Circumstantiae,
2008, 28(8): 1499-1505 (in Chinese)

AR, B, SRR S I P A R T
(ARGs)T5 4 [ KBRS 3 45 (1], Al IS B2 22 4,
2014, 33(12): 2281-2287

Zou W, Luo Y, Zhou Q X. Pollution and environmental
regulation of antibiotic resistance genes (ARGs) in live-
stock manure [J]. Journal of Agro-Environment Science,
2014, 33(12): 2281-2287 (in Chinese)

FH, XUk, A YA RTEIRE P 0% 5 B A3
BRI A A5 254R, 2006, 26(1): 265-270

Wang R, Liu T Z, Wang T. The fate of antibiotics in envi-
ronment and its ecotoxicology: A review[J]. Acta Ecolog-
ica Sinica, 2006, 26(1): 265-270 (in Chinese)

Huang L, Xu Y B, Xu J X, et al. Dissemination of antibi-
otic resistance genes (ARGs) by rainfall on a cyclic eco-
nomic breeding livestock farm [J]. International Biodeteri-
oration & Biodegradation, 2019, 138: 114-121

Wang H, Fang C, Wang Q, et al. Sorption of tetracycline
on biochar derived from rice straw and swine manure [J].
RSC Advances, 2018, 8(29): 16260-16268

Whatkatk, 225 8. BB T2k RUIE Sk AL oo fF ISCR
FOHAZS A [T, B AR 2522 41, 2015, 26(10): 3215-
3225

Chen L L, Li B Q. Novel transmission element of antibi-
otic resistance genes ISCR and its ecological risk[J]. Chi-
nese Journal of Applied Ecology, 2015, 26 (10): 3215-
3225 (in Chinese)

LiMF, Liu Y G, Zeng G M, et al. Tetracycline absorbed
onto nitrilotriacetic acid-functionalized magnetic graphene
oxide: Influencing factors and uptake mechanism [J].
Journal of Colloid and Interface Science, 2016, 485: 269-
279

WRHE, BRI, 25 Tl A RHE 25 B3k o IO PR 3R 26 bt
PERBE BRI [0]. P BE AR SA 22 4R, 2018, 15(8):
1169-1172

ZREE, MRS R, TR, A5 AR TH IR B & S o R
A B A: Rk B R OF S R (0], Il AR ARl 2,
2017, 49(7): 161-166

Li X, Deng L G, Wang F E, et al. Progress in removal
effect of composting on residues of pathogenic microor-

ganisms and antibiotics in livestock and poultry manure



54 CHE T T 515

[J]. Shandong Agricultural Science, 2017, 49(7): 161-166 manures but exhibits controlling effects on their accumu-
(in Chinese) lation and spread in soil [J]. Journal of Hazardous Materi-

(55] MEJRR. KMV Rt A 2 e b e ML A K K als, 2017, 340: 213-220
HPPERE N5 YL F 5T [D]. B : WivT k2%, 2016: 32 [63] Zhang J, Lin H, Ma J W, et al. Compost-bulking agents
Lou C L. Study on the pollution of typical antibiotics and reduce the reservoir of antibiotics and antibiotic resistance
their resistance genes in long-term quantitative application genes in manures by modifying bacterial microbiota [J].
of pig manure paddy soil[D]. Hangzhou: Zhejiang Uni- Science of the Total Environment, 2019, 649: 396-404
versity, 2016: 32 (in Chinese) [64] Cheng D, Feng Y, Liu Y, et al. Dynamics of oxytetracy-

[56] Guo T, Lou C, Zhai W, et al. Increased occurrence of cline, sulfamerazine, and ciprofloxacin and related antibi-
heavy metals, antibiotics and resistance genes in surface otic resistance genes during swine manure composting [J].
soil after long-term application of manure [J]. Science of Journal of Environmental Management, 2019, 230: 102-
the Total Environment, 2018, 635: 995-1003 109

[57] SkEUE. -5 S A0S T — B g e X HEAE S R P A ) [65] Mao H, Lv Z, Sun H, et al. Improvement of biochar and
BEEZREVE RPTER I B2 [D]. A8 PdLR AR bacterial powder addition on gaseous emission and bacte-
K2, 2015: 20 rial community in pig manure compost [J]. Bioresource
Zhang K Y. Effects of oxytetracycline and sulfamethazine Technology, 2018, 258: 195-202
on microbial community diversity and resistance genes [66]1 XIJoH, ZRIKE, EFE, 5. WY R m LA U
during composting [D]. Yangling: Northwest A&F Uni- HRI]. AL FREERE224H], 2016, 35(2): 212-224
vesity, 2015: 20 (in Chinese) Liu Y W, Li Z J, Feng Y, et al. Research progress in mi-

[58] HFLTHE. S i AR I A2 rp LAY 5T AR R AT A etk crobial degradation of antibiotics[J]. Journal of Agro-En-
WEFE[D]. Pi%e: PHL SR K2, 2018: 85 vironment Science, 2016, 35(2): 212-224 (in Chinese)
Shi H L. Study on behavioral characteristics of typical an- [67] H{HERE, TWEE, sKIH, 4. BB E T B ARSI
tibiotics in fecal aerobic composting [D]. Xi’ an: Xi’ an HERE R AR W B VE S5 AR (D] U 2R AR,
University of Architecture and Technology, 2018: 85 (in 2018, 38(5): 27-32
Chinese) Huang Y N, Wang X H, Zhang M, et al. Analysis of mi-

[59] THUR. DUBRZEAEHEAT R i 0% e e B JFL %o A et A crobial community changes in pig excrement during com-
YIRS DI RE ZREERZ A [D]. A% PHALARMEBL K post process based on high-throughput sequencing tech-
2%, 2016: 21 nology [J]. Journal of Microbiology, 2018, 38(5): 27-32
Ma J. Degradation of tetracycline during composting and (in Chinese)
its effect on microbial community functional diversity in [68] ® =, WM, WA, % & E IS T
compost[D]. Yangling: Northwest A&F Univesity, 2016: ARG [I]. AL IR BBl 22247, 2015, 34(11):
21 (in Chinese) 2198-2207

[60] TWSZE, skH, (TN, 4F. DUIR R 25 5L R A5 2500 | Cao Y, Chang Z Z, Huang H Y, et al. Chemical and bio-
HEAC T B T g I []. ERUR 228 ), 2017, 23(9): logical changes during early stage of composting of dif-
22-23 ferent animal wastes [J]. Journal of Agro-Environment
Wang X H, Zhang M, Ren X L, et al. Transport and fate Science, 2015, 34(11): 2198-2207 (in Chinese)
of tetracycline resistance genes in pig manure, compost [69] SKiEVE, diE, W EE, 2. i FOME AR R ok 5T gk
and soil [J]. Anhui Agricultural Science Bulletin, 2017, 23 JE[T]. TP ELO B S4), 2017, 19(3): 1-8
(9): 22-23 (in Chinese) Zhang H B, Meng H B, Shen Y J, et al. Research progress

[61] ZRUGH. A=Wy me vt HEAD it 7% rh sl A= Wy o R et on microbial aerobic composting [J]. Journal of Agricul-
R P IE E B D] v T8 b R AR K2, tural Science and Technology, 2017, 19(3): 1-8 (in Chi-
2017: 31 nese)
Li H C. Effects of biochar on microbial community diver- [70] Tk, Sk, AL & %58 IE 75 W0 06 25 ) A5 =

(62]

sity and antibiotic resistance genes during composting
[D]. Yangling: Northwest A&F Univesity, 2017: 31 (in
Chinese)

Kang Y, Li Q, Xia D, et al. Short-term thermophilic treat-

ment cannot remove tetracycline resistance genes in pig

LSS AR ], A R, 2016, 52(6): 71-74

Mao W, Wu H B. Waste recycling mode and implementa-
tion path of large-scale livestock and poultry breeding [J].
Chinese Journal of Animal Science, 2016, 52(6): 71-74
(in Chinese)



44 1

T MRGEAE  JE SO NT A et U3 3R T A 3R A0 A W A B e e St e 55

[71]

[72]

[73]

[74]

[75]

[76]

[78]

[79]

ZRAR I, B, RS B DU R R AR 1R I
FCAE R T S RE (D). LI AE 252441, 2012, 23
(8): 2300-2308

Li WM, Bao Y Y, Zhou Q X. Degradation pathways and
main degradation products of tetracycline antibiotics: Re-
search progress [J]. Chinese Journal of Applied Ecology,
2012, 23(8): 2300-2308 (in Chinese)

Winckler C, Grafe A. Use of veterinary drugs in intensive
animal production [J]. Journal of Soils and Sediments,
2001, 1(2): 66-70

FAAT. BB IRHEF Y I EAT
E& &Finlr, 2019, 15(7): 66
W, dS R, DAL, R X A 2 A R
P RBRECR[T]. A5 LA B 47, 2013, 29(1): 64-
69

Pan X, Qiang Z M, Ben W W. Removal of antibiotics

from pig manure by high temperature composting [J].

AR [T

Journal of Ecology and Rural Environment, 2013, 29(1):
64-69 (in Chinese)

Wu X, Wei Y, Zheng J, et al. The behavior of tetracy-
clines and their degradation products during swine manure
composting [J]. Bioresource Technology, 2011, 102 (10):
5924-5931

Chai R S, Huang L D, Li L L, et al. Degradation of tetra-
cyclines in pig manure by composting with rice straw [J].
International Journal of Environmental Research & Public
Health, 2016, 13(3): 1-9

AR, XITCHE, SRR, G5 W REHUERTGREE
BT PR SO AL HHAE (1], BB AL 2, 2012, 33 (3):
1028-1032

Tong Z L, Liu Y L, Hu Z H, et al. Anaerobic digestion of
animal manure contaminated by tetracyclines [J]. Environ-
mental Science, 2012, 33(3): 1028-1032 (in Chinese)
Chu Y, Fang C, Wang H, et al. Effects of anaerobic com-
posting on tetracycline degradation in swine manure [J].
Chinese Journal of Chemical Engineering, 2017, 25(10):
1505-1511

Wang C, Dong D, Strong P J, et al. Microbial phylogeny

determines transcriptional response of resistome to dy-

(80]

(82]

(83]

(85]

namic composting processes [J]. Microbiome, 2017, 5(1):
1-15

B, ALERY, R, A TR R K HUAE R A 1
IYE S REEN] AR, 2017, 31(5): 884-888

Cheng J, Du H L, Zhang T B, et al. Isolation and identifi-
cation of tetracyclines degrading bacteria [J]. Journal of
Nuclear Agricultural Sciences, 2017, 31(5): 884-888 (in
Chinese)

RPFY, RIGEHE, AR, A — BRI PR R 5 AL A T
{19 73 15 S PR (). 2RI HOAR R, 2018, 34(5): 172-
178

Wu X L, Wu XY, LiJ K, et al. Isolation and degradation
characteristics of a efficient tetracycline-degrading strain
[J]. Biotechnology Bulletin, 2018, 34(5): 172-178 (in Chi-
nese)

Liu X, Lv Y, Xu K, et al. Response of ginger growth to a
tetracycline-contaminated environment and residues of an-
tibiotic and antibiotic resistance genes [J]. Chemosphee,
2018, 17(2): 137-201

FEEEE RITHEE, JHOCEE, AR e R AR T W Y PR
RRPUA RBCR B8 A58, Aol TR 4R,
2018, 34(23): 201-206

Wang P P, Yuan Q X, Zhou W B, et al. Study on photo-
catalytic degradation and reaction kinetics of tetracycline
antibiotics in biogas slurry [J]. Transactions of the Chi-
nese Society of Agricultural Engineering, 2018, 34 (23):
201-206 (in Chinese)

Wu J, Zhang A, Li G, et al. Impact of phosphate additive
on organic carbon component degradation during pig ma-
nure composting [J]. Environmental Science and Pollution
Research, 2019, 27(2): 11805-11814

Wang H, Fang C, Wang Q, et al. Sorption of tetracycline
on biochar derived from rice straw and swine manure [J].
RSC Advances, 2018, 8(29): 16260-16268

Khan M H, Bae H, Jung J Y. Tetracycline degradation by
ozonation in the aqueous phase: Proposed degradation in-
termediates and pathway [J]. Journal of Hazardous Mate-
rials, 2010, 18(1): 659-665 L 2



