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W OB PR BCHR RS A B e AR T 2 DL R bt Rt L A (Antibiotic resistance genes, ARGs) MGG I . &
B FHOMNE PHUE RIS FEORIEZ — . ARSCERR T WIS RKIFNERZS MRS - N BEREZS B e S A ad S mk
TSR H B T A P4 R AR BE 58 K- R0 sh A ) Sl s, 28T 1 224 i ) M N R B A 5 5 2 M
Tt R A ARG UR KA D FAE 0L . SESAF 0 R3S h A 2058 f 2 ey, SL A USR58 7 4 1390~354 000 pg-kg ™',
2% 170.6~89 000 pg-kg ", MM IS 411.3~1 516.2 pg-kg', MHAEBRMGE 85.1~158.1 pg-kg ', KIFAMEH 1.4~4.8 pg-ke™'o HE
N KR 3B A 3 BA A R AR AR, T PR R 28 B A 3R R 2 H 62.7%~99% , T2 Ry 0~99.99% , X K IR AR JLF- 7] LA 5%
AREAR AR MENETCTR PR AR M T TS B A 2 FRR T RN S AR P, ARG 1) IRk 175 100 R DR B 2B 38R ey =X AN ]
T MBI R BR PR MRS ARGs ob, HENE XS HiAth ARGs B HA A RN BEMEROR | B 458 50.03%~100% . HENE RT3
R JELRER ] BRER BT TE BT DRI B 1] 5 SR 25 SR 5 B R B T IR e L34 TR 1T o WA A 28 AR FEE AN 2 i 3 JIE 45 S I 7k
AW REVE LA TR RN pHJE S I AE 3R MR (0 E 2R 3R 1T ARG I B AR ACR 22852 TR R

KGR A B M HUE R BUE R R R
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Degradation of antibiotics and antibiotic resistance genes during composting of livestock waste:A review

SONG Ting—ting'? , ZHU Chang—xiong', XUE Sha*, LI Bin—xu', ZHANG Zhi—guo', LI Hong—na""

(1. Institute of Environment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China;2. College of Forestry, Northwest
A&F University, Yangling 712100, China)

Abstract: The abuse and discharge of antibiotics can cause the spread and distribution of antibiotic resistant bacteria and antibiotic resis-
tance genes(ARGs). Livestock manure is one of the main sources of antibiotic contamination in the environment. Antibiotics such as tetra-
cyclines, macrolides, quinolones, beta lactams, sulfonamides, and aminoglycosides, which are widespread in the soil and water environ-
ment, were studied. The levels of environmental residues and their effects on plants, animals, and microorganisms were assessed. The influ-
ence and mechanism of removing antibiotics and ARGs through livestock manure composting was analyzed. The aim was to provide techni-
cal support for the control of pollution by antibiotics and ARGs. It was concluded that the residues of antibiotics in pig manure were the

highest, among which the residues of tetracyclines, sulfonamides, fluoroquinolones, nitrofurans, and macrolides ranged from 1390~354 000
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pg-keg', 170.6~89 000 pg - kg™, 411.3~1 516.2 ug-ke ™', 85.1~158.1 pg- kg™, and 1.4~4.8 pg- kg™, respectively. Composting had a good

degradation effect on most antibiotics, among which the removal rate of tetracycline antibiotics was 62.7%~99% and that of the sulfon-

amides was 0~99.99%. Composting could almost completely remove macrolides, but could not remove quinolone antibiotics. During com-

posting, the removal of ARGs also varied with the types of antibiotics and composting methods. Studies have shown that composting is effec-

tive in the removal of ARGs, except for macrolides ARGs, with a removal rate of 50.03%~100%. Moreover, Firmicutes, Actinomycetes, Pro-

teobacteria, and Bacteroidetes dominated in the early stage of composting. Actinomycetes became the most dominant at the end stage. The

initial antibiotic concentration did not affect the microbial community at the end of the composting. Temperature and pH were the most im-

portant factors affecting the degradation of antibiotics, and the removal of ARGs was mainly affected by temperature.

Keywords: livestock manure; composting; antibiotics; antibiotic resistantance genes; microbial
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B G20 BN, T A SR B A I SR B R K AR
AHSETRITINAA, 13524 60 ke HOR A8, HHEIR 29 H
2.4 ke, HEFE 290 3.8 ke, HEATG /K298 18~24 kg,
FE BRI A, — NV Sk SR A 2 0 &
FEAEZEE 1.38 T i Gt R W, 2017 AR R E
TR HH A PR 7 5 2N 3840 v, (R ZE A R R A L
50% , X LLFRFH ZE PR QN SR AN REAS B -5 PR A0 3 8 25
XoF IEE 77 A A R R

FE PR EPiA R IR R R E K [l i)
WA iR R E R . P RER AR EE
AL 2 R85 e A 22 T AR FH 2 8 3 e
WY AR S5 — 5 1, DRk b A R a Al AR 23 8
P i 25 % BR AR TR 2 PR Y e R 2
AR A BUE R E & 28 F 2ok A R AR LT

P, REERGR B AR ERFENEE T G
VORI HUAE R AR B A, A 2 R 1 5k R
SRR, XS ZEHE Y b AT AE R SR B A TR b DX
S BEFEEFY PP R R AR, W]
fEpg kg ' Bl g kg ZM(F 1), BLIXA[R 2 EH D
gERIEA T A, EE P FAR RS XY
FERARFE D FO g 2R B AR RN 5 L R o X
S BT DU R PR R IR R A AR 2
1390~354 000 pg- kg™, HoAth 2 hr 4 K 19 5% 7 54351
g il 2 170.6~89 000 pg - kg™ s SRS VA2 411.3~
1516.2 pg-kg ™' A BEME M2 85.1~158.1 png-kg™'; KIR
W 1.4~48 ng-kg' (R 1), MRS, WIFERAE
Pk Z S ik KA, AR a i
(= A Iy SR WL, FLaR B ok B B S & T LM A 1y, A

Rl AREBEFUHFRERKERR

Table 1 Antibiotic residues in different livestock wastes

5 X 35 T4 B F R EIRAEE 94 2h ey E=PGN
Study area Research objects Antibiotic species Antibiotic residue Reference
I HRE M M 24.5~1516.2 pg-kg’ il SRR
Tk e 1039.4~15 930.3 pg-kg™
S| 42 G5 ZFIiE g FRY B s 3.973 mg kg Garham %!
AR+ 0.73 mg-kg™'
e SER 37 mg-kg!
RHECT I AR e e T e P W A AT e F S0 s 89 mg-kg! Hou 451
) ﬁgéﬁ‘? FI PUFR Z R E 3326.6-12 302.6 pg-ke
: TV ZE 411.3~1516.2 pg kg
&S 170.6~1 060.2 pug-kg™
T e e g 25 85.1~158.1 pg-kg
KA RRZE 1.4~4.8 pg-kg™
TR, T E AR AR X i TRE 9.09 mg-kg™! Zhao %)
DU 5.22 mg-kg™!
BER 3.57 mg-kg!
Pk TR 5.97 mg-kg!
PUIRE 2.63 mg-kg™!
BHER 1.39 mg-kg™!
B[ 3= TN R Ve TER 134.75 mg-kg' KRS T A
Tﬂﬂl$7?/rz‘§ii“%% LT 121.78 mg-kg™
U % 78.578 mg-kg
W R e LEZS 98.2 mg-kg Chen %P3
+HR 354 mg-kg!
AR 139.4 mg-kg'
EAITEIS S 37.2 mg-kg'
i i s 7.1 mg kg
SRORTL R T L7 B 14FHTAE R 0.08~56.81 mg-kg™ Li &g
e UIEZS+ 56.81 mg-kg'
TS A = 7.11 mg-kg'
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Table 2 Effect of the composting treatment on the removal of antibiotics from livestock and poultry feces

TR e I itk R VL R W% SHM
. omposting . . Antibiotic removal .
Study area Compost material Antibiotic species Influencing factor Reference
process rate
T LEOLE N BT AACHENE 88 e S T o o e T8 e P % g 45.1% e BEAL PR BT (C/N.TOC,  Zhang 251
7R BRI R 171d WE i J () FE 4 i s 2 e ) ARG RIS B
4:2:2 AR (GEHE ZVIAE L5 73.4% JE ERBEAR
EWNIEIS )
MEHTIE (RS B IR AL A 0
PR SRR AL
KRIFNIER (U FR R 100%
Hofih 2 (0N e M F ) 96.4%
FoREEIE W ORE O ASUHEIE3sd, SHEE >99% e Tk Winckler 24
(T2 7J<§1 421001702, ;J/N: R 549
o T e — PR S 0
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LM Jo 5 3 3% TESVRHAG R HEAE ZVRR 99.80% pH L (C/N B BH 55 . YuZEY
(HL RV 40 d, F KB 50%~ it e 500.990, BB
60%,C/N=8 K% >99.92%
SRR pLE TE 120 LRI HHmR 99% pH R A Vs Ramaswamy
(gt ve) RIS ARHENE 38 d, A1l
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60% ,C/N=25
BUMI (BT B2 ORI 7EMRH P ir 4R TER 62.70% TR R BEMIATI-1 AR T
HEAE 21 d, ki R A R AR TI-1 82.00%
k1 70% , C/N=30
B OhE o ORE G 42 d, PURRZE (T fie — H L 92% pH L EE Selvam 251+
EH) KHE57.13%
MR e RIS SERHENES2d, BER 74% M Wu S5
R 1:2 K 56.9%, TEHR 92%
C/N=11.02 [UhZ S 70%
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fe il T 7 AR WL R, A R 5 SR Y, Loftin 455
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XK, 5 TOC. TOC: TN DA K % /K 2 iAo Ren
SRSy SR 3 B i 30 Ah BR2E R R 4 A0 R A R
TEAEARFAL AR BTAE 2 AN i HE R 5 oIt i) 5 2
1o HA =BRSS5, T HEAE Y
AN TR B B2 52 Wi 4 TR VR i R AL AR SR B AR 2R
B B BT AR 2 AT i ULE T G R0 I 9 B T 24 TR
¥, — B P A R AR 20 A8 KT, 20T 2 1k
A T MRV AR AR R R AR R

3 BEFREEFWHERSDHIIERERE(ARGs)
H B fe

3.1 ARGs A3

ARGs &1 T & & 080l b KA LT A d 26
R RIS KA NERR S LIUE R E ik
N — LB T 7 A T 24, AT A2 ARG, 28 HE T fe Rs
X Ji) R P 5 3 VS AR () DR T G o B 366 DR 3 i Ao
T BURL e R 45 F] B35t 1% [l | (Mobile genetic el-
ement ) , AE A 7E PRI TP AL 16 AN, RN R AR S AR
JE R JEUME . A T Y [ B 2 B R SR B 2 (Intrinsic
resistance ) 2 YL HE R B EE R IH Z —, 55 — PPl I
MRS h i A R E 4R 5 205 P ik
PRy, Hod ok N B3 F 8 25 bl 1 18 2 HE LR AR
Hh,3X s ARGs — H = AWk DURE A , AT TG AR 5 7Y
BBliae )1, LI EE P ARGs (B ZORIEZ —, ARGs
5 A 1S e e HeRe s A T ARG HLReTE
ANFIHAE Y Z [ AL AL | BRI R R I IR B8 1 TR
FEAE, I ARGs M AF7E P25 PR ™ AL A I, H:
C 2B E N 358 b 5y 5 B G W 0T R =T
FE,

Zhao S5V w38 12 00 7 43 06 R 3T A
VL3RBT 8 B vh ARGs RS0 A 7
Mg, LRI 5 146 4~ ARGs H K94 1.3%10" cop-
ies+ g, W 5% 38 J B0 G0RL S 0 ) 38 0 T8 T E
ARGs Fl 0] #% 2 3 [H 76 /4 (Mobile genetic elements,
MGEs) B & o X bl UL IR G 9 % K ' ARGs
PEFTREIN , % PR tet B/P tetM tetO tetW . sulA sull . sul2
I sul3 ¥4 K, He b sull 32 7 fe05 , 7] iK 8.4~10.4
logs'™ AR LAETH g il i QPCRBUA , WFFE R
B HEAG AL RE TR T h ZEE 1 ARGs , JEAG I HY 120 Fif
ARGs Fll MGEs , H: A Il ) 28 e 22 19 02 DU PR R 26
AV B 2SR Oy Mg ot B 2tS | SRUMes s T 2%, 13K
11 logs VA Fo FIH QPCR F AR X} 42 J 2Rk 253k
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NEH tetA (tetB/P (tetC \tetG .tetM .tetO tet(Q \tetT tetS il
tetW X 10 Fff ARGs HEATHFSY , 3 FiAA R ¥ & 3L T Ik
10 F0 ARGs, H BT #5250 i v 10 R0 ARGs 1995 D15
K TR 2, Wang ZIXH TR 16 N FRE 2 (f
PEAT VR, 25 5 tetM L tetO tetQ (tetT tetW iX 5 Fi ter K&
IR & 35 W AZ R AR LR 47 26 11 =F BE Y R F tetA Ltet C tetE |
tetG X A MpAMNHER E A EK B F L, H ermB sul2 DL J
tetM For R F = B e v R 1R AT 3K 90% DL b,
A5 10° copies-g' LA I

I SEAERE T ARGs V5 YL N , QPCR B ARAE A
— P UHERA RAE ARGs 1T BB 32 B AT 75 Bk .
RGBT, B2 R B P ARGs 19 2k
T5, HE PR S EE 3 22 19 43 1) 2 DU B 2K 2R 1Y) tetA L tet B/
P . tetM . tetO . tet() . tetS . tetT F1 tet W ; Tisk i 25 4 sull F11
sul2 ; BRI aadA .aph33ib .aph6id Fl aac6ib ; B
Wi i 25 04 qnrA | gnrB F qnrS; K3 N TG 25 (9 ermB
ermC Ml ermA ; Z M 25 5 R FloR F catA 25, EoAth 5
W28 h A 2R ARGs BRI 3 . 4R T H BT Y
5% R T T KRR IR 00 B 6 250 AG I, 1 X 7
YR BKAR - 3 D R A S b /b TR e
Al REAETE ARGs A 25 6 e R 5T K g v iffy LB
T3 W ARGs B9 A AR5 .
3.2 HEREF ARGs BIFEFRIE R

J T W E B SR ARG [0 3RS o HORIA%
&, = N AN 2245 TT R AT R R A Pk PR,
RNt & ZEE H ARGs FTH I8 o Chen S 53 b A=
ZAEZEHE L R h ZFE A R ARGs 52, & 3L
R % 25 ARGs 5 Hifth ARGs 77 16 58 3Bt P A4k [ 47t
PR, H & B0 v T 3 0 2 00 2 B i ARGs 1) G B I
W. Peng SEIFGY BN USRI (Gl i R 5 A 41 ) g
U 2 0 2 G A HE A 3 FE R ARG, B 2R R 67.3%~
86.5% , H.HE A % K A s T 199 B0 18 19 AH X 2 B
Jang ZE7H) FH G S e TR SR AR HE R A5, MERE 25
VU 3F 2 25 ARGs P i %68 50.03%~100% , itk i 25 Sy
93.93%~97.17% , W& i i 25y 81.61%~97.28% , B— N
1k 1 25 4 80.02%~100%, T K 3 N i 25 ARG Xy
20.39%. WFFEFRW], A R HENE B A 25 0 % 7 & 28
T ARGs A1 — 22 FEARAE T (H BLRRCR A AE 2200
Zhang ZEPPL R ARE A A A KER D Dnase A 72L&,
PRI 28 v il R s TR AUk e 2ot 2 rf ARGs 19224k
WEFEAS AT LA BR T teeM 1 sul2 B KR ARGs,
KRB A MR as o] LLAE 2E ARGs 193 20
MRGs (1) 3t [6] £ FH i ARGs 19 28 1L 5Tk T 86.5% ~

89.9% , HA i ey 1k o Hh i DR 4 4 T 2k 31 114 4R S o
If-. Barkovskii S 5% & B, A8 5 2 A T AEAE
KA tetB, B 28 3 RAAEALTE AL PR |, tetB 58 42 %
fift o BRAAT RO TREE S AR R AR 52 0 ARG 119 B fiff
Diehl &5 % B, Bl 45 ik J3 09 3800, teeX F1 tetA 55 Kk
) % figp B TN, A5 ARGs (R nT fiE S5 RS 28 1k
T1E EREE A K

JOVE S U S JIE 3 2 PR SR HE E X ARG 1) ¢ fi
HA — 7 ARSCR B R HENE 7 2k DL e oA R AR
[lMAFAE 22 57 o HERE XS YRR ZRIE ARGs (BN BEIE 2K
ARGs  Z HEFE 1Y 28 ARGs i [ 3¢ ARGs L e W 345 ]
J& ARGs #A3 — JE 1Y B A 2801, B XS R BRI g 26
ARGs A 1 E W BEARACR . B R HEAE IR B I = Pl ik
70 CLL b, HOE S5 1S Y s T2 B ARGs 19 2 [
R, RHAT DA SR JE A v 10T DL 55 ARGs R A
o CHUTEUEILE AP G B S LS F A
DK BRAE AT LIS 5 ARGs M RRAR 3, (ELFCON S NS B AL
PERT A R R /DS . RO R RERE A AL
WA ARGs , X REHE = Hi A 3 AR 32 10 Jr ik R T
HPZHEH,
3.3 ARGs FifR1EFN Y B

JK S 35 A % 8% (Horizontal gene transfer, HGT) F
e B L2 (Vertical gene transfer, VGT) 5& ARGs {%
YA E LS . b HOT S DL MGEs 110 2K
PRl A e S E AL A ARGs 1445 , ARG
A DT[] ol 240 T 22 0 AN () A T =2 ) 3% G i
VGT F2 202 il o A= Wy iy B Fe BEF 615 ARGs 72 1
e 2SR BORKARSE AN [ PR EE HP AL 3R 580 . PIAE
FUHR AT LA 240 527 A9 ) 245 12k PR A% 4 , IR I 25 6 ARGs
SR IR [R) AW [R) ) T ARGs BERS7EA
() 0 BT P A4 LA R AR (AR HAE 3 bt A R A
% PR Y 16 B

Roberts®™ W} 78 A8 K FF N EEZE ARGs T [ ermB
FEPRIBY S erm S BE D R vh e 2 (1 B[R], A 33 BE A
RPN B Fw WA i IR IR vh 2 )
FEAREANY /L, NI S BOLAEHENEFE S R & o X
VUK 2 ARGs 5 55 T inddT ) 3 B BCAE 143 A o AE
AT SRS Y, ARGs BUBEE S inddT A7 G0, SR AT 4 0B
PR, MEGs FI A Y0 HE 7% 4546 RE % 52 W) ARGs 1Y 734
A, terG  tetA L tetB %5 PUIR K 2 ARGs [ 15
F2 R AR S 24 [CBH 41 14 ( Gram—negative bacte-
ria, G7) , M PAAMENE 5 3 MO A A0 B 1E 2 G, IRtk
PRAAAL BEXT 1226 ARGs 1 HI A WAERY LS . Dowd
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SEEIE Ao S SO RS BT Y, B R NEIELE A T
2 T e R A i S5 S AR B DT, AR T e f
HH R T TR AR SRR PR L, DR AE PR BT A T B
IR A A B ARGs WAt 2 2% o BUAE RKEZRY
e R 2 ARGs B9 X — A 3 o Zhu M 5215
L TE R ST R X P ARG 5 5% e 5L [
EIEMRR R B IE R PUA R BPIRE T  HGT 1
ARGs )5 S Pl H RSB . ARGs BRI 1L
FRZACP R M EE R RN, B RS 1 i
2 PAPTAE FR ARSI BE A0 v A v 1A AL LA K 36
S PRARNE A TR AN [ o ol A 0 9 2 5 fl ] e A
PRI A% AR T A P 0 2 R R ER A, A
A RE S iR R (R ) S 1T DRI B A= W i e,
2277 T A B ARV ARG 75 HE i 72 v A9 28 b A AT T
IR

4 HiLTRE

PR RAEZ R & & 2 Rl I B, 58 B i d e
B JEE2E , ORI ZE MR . KRB B IR 7Y PR
VA e W R U A 2R R A 2 T B 29 354 000~
11 pg-ke's HEAEXTFHiA R M ARGs HA BRI %
fiff L b G DU BR R B R R R 62.7%~
99% , X} fitl e 2540 4E 25K 0~99.99% , %f K FF P g 25 4t
AR MR 100% . HENE A, TUPA 228 ARGs [%
i N 50.03%~100% , Ttk e 25 4 93.93%~97.17% , W
T 25N 81.619%~97.28% , B— N I8k JHie 25 Jy 80.02%~
100% , T KR N BESE ARGs U 20.39% ., 4575
Tk 2 RN pH 2 S M P AE 2R B e 22 I [, ARGs 1)
o i A5 S T B A2 VLR B, ELIS I 3 R
S T e S 5 R ARGs IR0

W B EEPUE R EE A FEHEALA I 2O
A= ZFARGs I B AR RUR | 4545 bud: M ARGs P& fif
BT A ANl B A 2 22 0] AR AR, A SR RE R B R
AHBAF 7 R B A A ARGs $RBEHLS . ok
RIS T Il AL 4 -

(1) 38 5 DAy e 3 JIE 2 R b AE 25 1 ARGs 11
MR AT S 4o SR, Rl Ie A e £ 52
% S F N BHUMENE % BCIE PREE v AR M A 5 A
BUHIE SRS, T LA SR X [ SR HEAE 45 0F T 4t
A= Z A ARGs ST, I ) B P9 6 R R A ML

(2) B BB, P R AR mir R R 4y, (3
43 ARG [ 25 3 I s [ fg 2B 4 7 == B 388 him , L3 S
SER G MUEIREE T —80 BT, AR I Y MG

JRct S A ] 48 R S T 0 ) SR HE AR R A K
PRI IR 2R 55 07 T AR AL WEFT , [ B4 ARGs [/ 5
SHEREA [R] st B A 0 (4 e S A AR AR T IR A o

(3) % B HERL 7™ bl B 2 1 T L a), Rl DBt AR
R ARGs BYMERE A HL, R BSUS PR 7 AC L™ i 4t
A ARGs B PR R, DALY AL R A9 7, X
SEfR PTG Qe — AR A O
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