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Efficiency of the removal of antibiotic resistance genes in livestock and poultry manure by treatment
processes in the Tianjin City , China

YAN Lei', DING Gongyao', YANG Fengxia®, RUAN Rong’, HAN Bingjun®, ZHI Suli*’, ZHANG Keqiang™

(1. College of Resources and Environment Northeast Agricultural University, Harbin 150036, China; 2. Agro—Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3. College of Biotechnology and Food Science, Tianjin
University of Commerce, Tianjin 300134, China)

Abstract: In order to investigate the removal efficiency of antibiotic resistance gene (ARGs) from livestock and poultry manure by
treatment processes, different livestock farms in Tianjin City that have typical treatment processes were selected to detect of 13 ARGs

(comprising 5 types) and intl1 in feces and sewage using real-time fluorescence based quantitative PCR. The results revealed that the
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target ARGs and intl1 were highly prevalent in feces and sewage(107~10"). Among these, the relative abundance of quinolone ARGs was

lowest (107~107) in feces on the pig, chicken and cattle farms, and the levels of tetracycline and sulfonamide ARGs contamination were
relatively higher, with relative abundances of 107~10"" and 10~107, respectively. The relative abundances of the 13 ARGs and int/1 in
pig farm sewage (10°~107) were generally higher than those in cattle farm sewage (10°~10™). For ARGs in sewage, the treatment
processes on pig and cattle farms could remove most ARGs, particularly tetracycline ARGs, with relative abundance (lgs) reduced by 0~
2.09. In addition, the anaerobic fermentation and storage units used for pig farm wastewater treatment processes showed better efficiency for
the removal of ARGs, whereas adjustment units were more efficient in the removal of ARGs on cattle farms. With respect to livestock and
poultry feces, the ectopic fermentation bed, composting, and aseptic drying treatments could remove most of the target ARGs. Treatment of
pig manure by ectopic fermentation beds could reduce the relative abundance (1gs) of 10 ARGs, with an average reduction of 1.11, whereas
after the composting of cattle and chicken manure, the relative abundance (lgs) of 8 and 9 ARGs was reduced by 0.83 and 1.32,
respectively. Furthermore, after sterilization and drying, the relative abundances (1gs) of 5 ARGs in cattle manure was reduced by 1.12 on

average. However, it is worth noting that the levels of sulfonamide ARGs showed an increasing trend after these treatment processes, and

therefore future studies should focus on the contamination caused by sulfonamide resistance genes.

Keywords: antibiotic resistance gene; relative abundance; livestock and poultry manure; treatment process; removal efficiency
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&1 PCREIMMIFHER
Table 1 The detail information of PCR primer

A Genes 517 51(5'~3" ) Primer sequence(5'~3") B KL Annealing temperature/°C 2RI Sources
tetX F-CAATAATTGGTGGTGGACCC R-TTCTTACCTTGGACATCCCG 55 [9]
tetW F-GAGAGCCTGCTATATGCCAGC R-GGGCGTATCCACAATGTTAAC 56 [10]
tetQ F-AGAATCTGCTGTTTGCCAGTG R-CGGAGTGTCAATGATATTGCA 60 [11]
tetO F-ACGGARAGTTTATTGTATACC R-TGGCGTATCTATAATGTTGAC 46.8 [10]
tetl. F-TCGTTAGCGTGCTGTCATTC R-GTATCCCACCAATGTAGCCG 55 [12]
sull F-CGCACCGGAAACATCGCTGCAC R-TGAAGTTCCGCCGCAAGGCTCG 60 [13]
sul2 F-TCCGGTGGAGGCCGGTATCTGG R-CGGGAATGCCATCTGCCTTGAG 60 [13]
qnrS F-GCAAGTTCATTGAACAGGGT R-TCTAAACCGTCGAGTTCGGCG 54 [14]
qnrB F-GGMATHGAAATTCGCCACTG R-TTYGCBGYYCGCCAGTCGAA 62 [11]
0qxB F-TCCTGATCTCCATTAACGCCCA R-ACCGGAACCCATCTCGATGC 64 [15]
ermC F-GAAATCGGCTCAGGAAAAGG R-TAGCAAACCCGTATTCCACG 57 [11]
ermB F-CCGATACCGTTTACGAAATTGG R-TACTTTGGCGTGTTTCATTGC 57 [11]
strA F-TCAATCCCGACTTCTTACCG R-CACCATGGCAAACAACCATA 60 [16]
intl1 F-CTGGATTTCGATCACGGCACG R-ACATGCGTGTAAATCATCGTCG 60 [17]
16S rRNA F-CGGTGAATACGTTCYCGG R-GGWTACCTTGTTACGACTT 55 [9]
lg &
Green Premix Ex Taq 10.0 wL . Hi 5 5 51 #7145 0.4 pl. terX {71
ROX Reference Dye I 0.4 wL.ddH,0 6.8 pL F1 DNA & i:igf :i

tetQ -4
tetl, =5

W (EFFE1065)2 wLORHEE L ddHL0 HAEAR ) , 34~ F

11, F 7500 SZ 1} 56 6 52 1 PCR AX (Applied Biosystems g -6
F =) FAT A qPCRAG . qPCR Y™ IG i #E : 95 CHHl S
AR 30 5,95 CAEPES 5,60 CiB 2k 34 5,40 MR e

TE 60~95 CZ [A] HEAT 1 i 2R 73BT, AR A oA i 251 e
T AR DR 94 DURR, Bl 153 Y A2 D ) A strA
intl1

Y % B (ARGs #% D1 $k/16S rRNA JE R LB . Fidk

M PM CM PW CwW

FEH L PRRITE A

FER G LBRE=lg(CYC)
AP R A FE R 5 €0k 3 DR 7 Ak B A AR R 3
JE 5 COBEIR A BRS B AT
1.6 B

A 2E BE F 294 bR v 22 F g (B 7E Excel 2007
A R 3K 1 Pheatmap i VE $ R ; HERFDIR
I FH Origin2017 21l 5 R A i A2 & 4 FH Word 251l

2 #ER5WR

2.1 AEEEFREHIRIRZET H ARCs FIiTLFHE
BEEZETS o ARGs 19 2 BE AR 2R N 2 FT 7R , 13
Flt ARGs 5 inel 1 FE R AT A 5t v 43RG 1 L 3X 2R B H
bR ARGs 7E & & SR S5 2% 05 h i A7 e . (AR EE
M, TEFRFE A 2815 1) 525 ARGs 7, ME TR T 2 ARGs
B R X 2 B B AR, A 107~107°, PO R 2K 25 Rt il 2
ARGs AR T 3= B 385 3 45 v, 409 R 107~ 107" AT 107~

1% WHART]

IM: 3G I7ZE0H  PM S350 s CM . 2 35 254
PW 583515 7K s CW A 3575 7K
JM: chicken farm feces; PM: pig farm feces; CM : cattle farm feces;

PW :pig farm sewage; CW : cattle farm sewage

2 3835 JEIHFN IR IAZET TR ARG KX F E
Figure 2 Relative abundance of ARGs in raw manure from

chicken, pig and cattle farm

107, i 5 AT g 2 3R 58 S 25 1 v DU 3R 28 Rt e 25 471
AR IR KR . BN, o S SRR I R HE T 20
R4 ARSI S b bR KRN R &
U3 FPE & SR A DU PR R 2R A R 5 Pk
XAl BE S S PUIR R 2 ARGs 15 L K E A8 s Y LA
XTI & &2, 34 E Fh IR i 7 28 ARGs 1
15 PR R 2R G Mg 2 b RIAN B
ARGs A A1 X 3 B (107~107) B 8 & T 4+ 3% (10°~
107°) 5 X5 37 F1 4= 3 Hh 1 e 25 ARG [ AR G 3= B (4.85%
107~1.36x10°) % T4 37 (1.36x10°~3.63x107) . It
Hb, XG5 I A 2E v H AR DU 228 ARGs I AE X =



IR 85 R 3 S 9 AL B T X AR R RE R Y 25 BRASCR

2025

JE 3 A = (107 ~107") , 3 15 40 Jal S50 A b Hl X3S
Y MU S 25 4 b ARGs [ A X = B LA IR B 45 SR AH
oL, 3 AT fe 5 DU BR R B AR R I KDL Kz
ARGs B RWM/KEI BB 1A % Hamma-gis K
ARGs {75 YRR AE A 2 o PW R CW BT, B3 g 5 T
FHb, HoAh 2 ARGs 15 G /K -5 3 42 w85, 3 156 BH 37 4
15K [FEREJE ARGs I A7 2R o (AR B2, M TS
KR U PR ZR IS T SRR IR N R 2 ARG [ AR XS =F
BE(10°~107) Bl & & F 4 3 1 (10°~107) , iX 5
ZHANG Z52T5%3 8% 3 F1 4 37775 K H ARGs 3 JiE B9 X6 Eb
g3
2.2 EIHINFIFHTKAMIE TEXF ARCs IR B R
2.2.1 ¥5157K 1 ARGs i 23 BRAICE
W15 K A HLR T 13 R ARGs Rl R OT 4

(A) 3715 K Sewage of pig farm

. 0251 Wil
= O strA
=~ | [dermB
e & 0.20 Dot
2% E— B og:B

]

2E 0157 anrg
B [ SR
# £ 010 M sull
.i‘E < O tetL.

= 5 M zetO

=
£ oos} = 8o
= M tetW

z e = IS

Bi5m RE LD A LE WA

Kb 3 IC Treatment units

intI 1 B AR 2 B A& 3(A) FIE /R, B e SR AL 3 R A6
HgnrB A, Fo Ay ARGs B TE T A7 b BB e P . 5
25 HAR ARGs 1, Wi A2 ARGs FIARNT = B e, M
4.31x107~9.61x 107, H: 4% ARGs 1) A X} 5 Ji 31 3 44
L HA U PR K8 ARGs Y er0 il rerLL(107~107) 3 3
1T terX Al 1erQ (1074~107) , KIR N FE S ermB A1 X}
FIE(107~107) 1 5 T ermC(107~107)

T2 W5 K 13 B ARGs B 36 K Je A inel 1
TEAS AL LT Y L BRACR IR B BRECR . B 58 sr
Mrsg 75 KA B R S %F ARGs B AR L BR TS0, Hod
tetX .tetW .tet(Q) .tetO .tetL .ermC .ermB Fl sull FAAR S B
IELBRECR AR F R (g f8) T F% 1 0.06(2et0)~1.53
(tetW ) , T sul2 .qnrS .qnrB .0qxB Fl str A B AHXT = FE (1g
f8) ETF T 0.03(strA) ~1.19(gnrB) . CHEN Z520% Bjl

(B) 44775 7K Sewage of cattle farm
0.047 W intd1
O sirA
[ ermB
O ermC
M ogxB
[ gnrB
[ gnrS
O sul2
W sull
[ tetL.
M tetO
O tetQ
M retW
O terX

A it

0.031

0.02r

0.011

abundance of ARGs(lgs)

ARGs [ A% 3= (1 {H ) Relative

gt s Al Ak
Kb FH BA ST Treatment units

3 REISKAEBEITTH ARG FIHEXT F E

Figure 3 The relative abundance of ARGs in sewage from different treatment units
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Table 2 Removal effect of ARGs in pig farm sewage in different treatment units (lgs)

YUrEFEN ARGs JRAR & Anaerobic fermentation pool A ALHH Oxidation pond P47 Storage tank L2 BRAR Total removal effect
tetX 0.98+0.05 -0.970.15 0.1420.07 0.15+0.07
tetW 1.12£0.10 0.200.15 0.210.17 1.53£0.13
tetQ) 0.88+0.34 0.06+0.04 0.50+0.16 1.4420.36
tetO 0.30+0.01 0.04+0.01 -0.29+0.16 0.06+0.03
tetL, -0.0620.03 0.84+0.10 0.05+0.02 0.830.12
sull 0.73+0.02 -0.4120.14 0.340.18 0.67+0.06
sul2 -0.5720.03 -0.4220.13 0.59+0.18 -0.40+0.02
qnrS -0.1520.000 2 -0.8520.29 0.53+0.32 -0.47+0.03
qnrB -0.48+0.01 — — -1.19+0.08
o0qxB -0.1320.06 ~1.0520.04 0.590.11 -0.58+0.01
ermC 1.08+0.02 0.25+0.14 0.39+0.17 1.73+0.05
ermB 0.83+0.07 -0.7120.16 -0.05+0.003 0.08+0.06
strA -0.19+0.02 -0.1720.14 0.34+0.17 -0.03+0.01
intl1 0.15+0.04 -0.6520.15 0.41+0.20 -0.09+0.02

B “—"FR ARGs KA o T IA]

Note: “—”, ARGs not detected. The same below.
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4% B8 ARGs 7E T A Ab L oG rp A At rh i i
5 ARGs FHXS = B8 55, 1y 6.83x107~1.73% 107 ; 5
Ml 2% ARGs AHXS F BE AL, 7y 3.92x107~2.45%10°°, It
A, PO IR 2K 25 ARGs H terX | tetW . tetQ F1l tetO (107~
107) B AR X 2F 88 T 1erl (107°~107) , KFR P4 i 2
ermB(10™) YA F B 5 F ermC(107°) ¢

F3NEG K 13Tl ARGs S B R ST ined 1
TE 45 Ak 31 55T v Y 25 B A8CR AR  BR AR, Horp

tetX .tetW . tetQ . tetO , tetl, Fl ermC G4 5 B IE 25 BRAY
R B (lg {ED) BEAIE T 0.002 (tetX ) ~2.09 (zetL) ;
HA ARG R F MG, Hrborx 3= B T i
Z WK qniS Ml gnrB g (H34 74 & T 0.76, X 7] RE 5 X
JURN ARGs WY 18 £ WA WA AN W R B 551 T B
BRI A AERE 1A K. A, ARGs 7E T 15 th BT
HR R 25 BR AR A T HADAL B TT , terX (1etW (et . te-
10 \sul2  qrnrB Fl strA TEIZ A0 3G R B 34 5
BB, g BT B T 0.22 (sul2) ~0.63 (tetQ) .
I3 ARGs £ BRFUCR B2 22, 13 F ARGs A7 9 Fh
(B& gnrB Fl gnrS 40) H B0 & A B4, HoH 1erO A9 AH X
FEWIME £ (0.72) , HAMEZ RT3 H oo
intl 1A BT 5% AEARXS 322 (g {5 R 1 0.0

25 BRTIR B B IR TG KL A T ARGs ¥
W AFAE, HE 75 K H ARGs B K H %k 97% , 4= 315
IR RS 38K 95% . K37 A4 35515 K b BT 205
ARGs ) LBRACR A BR 2 5 36515 KL IR 8 K %
J& 8 Ff ARGs IR 2 B2 R % I (E- -2 TR 1 0.81;
A3 15 7K o 6 Flr ARGs AR A 3= B F B 1g B3
R 1 0.57 AHAR T B2 S AR 3 0 15 K AR 38T
XS AP UIRZR 2 ARGs ML B IE BRI, TR
Z R 1et].(2.09) ; Bk JET 157K T2 KT terX (et W
tetQ .sull .ermC il ermB (1) L BRACRIL T4 40 38 1T
20, X tetO Fl tetL K BREE ST, W25 00 TH .
2.3 335 4 IGIHIEELIE TZ X ARG I K BR
LS

R3 F155KFP ARG EARRLIBE TR EBRER (1gE)

Table 3 Removal effect of ARGs in cattle farm sewage in different treatment units (lgs)

PN 5k Iy SRR e 3 B EBRECR
ARGs Sewage collection pool Separation pool Regulation pool Storage tank Total removal effect
tetX 0.03+0.04 -0.46+0.14 0.35+0.01 0.07+0.02 0.002+0.001
tetW 0.11+0.04 -0.48+0.16 0.43+0.07 0.15+0.13 0.22+0.006
tetQ 0.48+0.18 -0.47+0.15 0.63+0.07 -0.10+0.04 0.54+0.24
tetO 0.29+0.02 -0.72+0.17 0.61+0.06 0.28+0.13 0.45+0.003
tetLL 2.04+0.03 -0.25+0.18 -1.19+0.07 1.49+0.13 2.09+0.01
sull -0.30+0.03 -0.11+0.17 -0.03+0.007 0.26+0.13 -0.18+0.002
sul2 -0.28+0.02 -0.17+0.17 0.22+0.06 0.08+0.03 -0.16+0.004
qnrS -1.15+0.37 0.75+0.26 -0.40+0.23 0.03+0.01 -0.76+0.04
qnrB -0.68+0.02 0.28+0.09 0.35+0.07 -0.72+0.08 -0.76+0.04
0qxB — — — — —
ermC — — — — 0.14+0.02
ermB 0.39+0.12 -0.36+0.13 -0.10+0.03 -0.06+0.05 -0.13+0.08
strA -0.37+0.06 -0.22+0.12 0.47+0.06 -0.26+0.12 -0.38+0.006
intl1 -0.35+0.02 0.01+0.002 -0.24+0.04 0.38+0.14 -0.21+0.004
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2.3.1 Wip 2 AL T 2% ARGs A 25 BRA%R

B 4(A) NG ZEE AL BE T2, 4 B0 F ARGs Y
5 Y L B R AE LA . 13 A ARGs KRR T inell
W BR TR R A R SRR RS gnrS L gnrB Fl ogx B A A
WAL, FoA H AR ARGs B K Y, FLH terO AHXS = B fie
o 2.42%107°~1.17x107, gnrB f R X =5 B B A%,
6.02x107°~1.68x107, M Ak, sull \sul2 \strA FlintI1 TEAS
[Fi] Ak 3BT r AR R S B A B A AR A

283 AL IR T 2005, 13 8 HAR ARGs LA K JE A
JUHF ined 1 B ZEBRBCR W 4, S5 LN, Ab B A9 2%
5 G ZEE A LG, 1370 HAR ARGs DL R inel 1 AR XS
R A, R rerX osull Rl sul2 I E LA
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Horp terX 18 G o BB, AT 1 1 (T =
T 1.08,1% LN H A 4 B U K I ARGs H R4
TR M B (g ) T BE T 1.57 (zetl.) ~1.93
(tetQ) , WAMZ T X 240 o R IR RS ermC Fll ermB
B £ BROR A K25, Xt ermC 25 B RCR LT
ermB, FER TTAF ined1 5k 1E 2 B (HARS F B2 (g fH)
UFRET 0.04, GUO 2% BAE 3G ZEHEAL J5 , Hodh g
IEIARGs FIERIR RS ARGs [ F= S FEAR, Ho
1etW FlermC (9 FEW /D 90% LA | TAO 2528 374
T HENE B B 9  BR, E 5 BCHE NE I Bt B 2 sl 1 N sul2
BE R (g f8) FTF1.11~2.49, ZHANG ZE21E 58 4 2%
HERERE S I A T 2RI
2.3.2 A AP T 2% ARGs [ R BRACR

LA T2 2t ARGs XS B 1Y
AL 4(B) Fis o FEANRIAR FREA TG B DS sull
Al sul2 AT B fe i, i 1.51x107°~4.42X107, ME iy
M 2 gnrS . gniB Fl ogxB 1 A X 2 BE B I, Ty 1.68 %
10°~3.21x107, [ 2K ARGs (A0 XF 3= B AF AR 38K
F 5, PUFR K 2K terX  tetW Fl terL(107~107) A A AT 2
BE & T tetO il tet() (10°~107) , K ¥ N BE 25 ermB
(107%~102) & T ermC(107°~10°) , oAb 55 55 E 2 strA
FNEE DR T ine 1 7ERE A 2S5 40 393 A8 rh AR X = B 1Y
BRI VA R, 730 107107,

A3 248 v 13 R H AR ARGs DL I KOG inel 1
B BRI AN 5 Br R o Tk e Fp AL BEF BN

R4 BIHEFERARC-ER LB ATHHERYLR (gH)
Table 4 Removal effect of ARGs in pig feces

in each treatment units(lgs)

abundance of ARGs( lgs )

ARGs HYAHX] FE B2 (Ig {8 ) Relative

i 5% ViN=£ SN

(C) 37 Z4(F Feces of chicken farm
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Figure 4 The relative abundance of ARGs in different feces

treatment units

AR ; ey
R e A
fermentation bed fermentation effect
tetX -0.12+0.05 -0.96+0.02 -1.08+0.03
tetW 0.58+0.05 1.27+0.06 1.84+0.01
tetQ 0.85+0.003 1.08+0.06 1.93+0.07
1etO 0.70+0.05 0.98+0.01 1.68+0.03
tetl 0.93+0.06 0.63+0.02 1.57+0.04
sull -0.04+0.01 -0.20+0.03 -0.25+0.03
sul2 -0.15+0.02 -0.37+0.005 -0.53+0.03
qnrS 1.19+0.05 — —
qnrB -0.23£0.12 — —
ogxB 0.25+0.01 — —
ermC -0.18+0.06 1.42+0.06 1.24+0.11
ermB -0.94+0.03 1.34+0.002 0.41+0.03
strA -0.12+0.02 0.31+0.01 0.19+0.01
intl1 -0.17£0.06 0.21+0.05 0.04+0.01
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ARGs M L BRECR B, A 2 A 4 AR AL B
13 % ARGs H1 45 9 Al g A X 3 B (g {E) T F% 17 0.02
(0gxB) ~3.05 (tetQ) ; 4 B A AH X F & (g fH) EFH T
0.01 (sull1)~0.63(ermC) ;int1 WA F 1 (g 18) T [%
T 0.42. 1 36 7E 23 T0 T B AL B S L A S5 b
ARGs (1 SRR, AR B2 (Ig {8) TR T 0.39(tetX)
~2.52(ermB) ;7 P AHXT F BE (1g 1B BT+ T 0.06 (ermC)
~1.04(tetLL) sinel 1 FIAHXT F5E (g B FHim T 0.09, {E1F
FEM R, P2 L K5 37 ARGs H Bl
EAEIG, H R AT RS 5 T K A A R (50~60 °C) B
SRAT LATH R EB 43 B0 14, (E2 T BE 2 (i B350 40 AN 7
BemE , DA R A 2 L S T . VAT L AR
TP A P, HENE b B AT BEXT 4 25 ARGs A7 B 4119
FBRAR . BRAL e AR AR BS , 5 A H bR PR
ARGs £ MG 16 N % T 0.35~3.05, 1% 5
DIEHL S0 4= 37 MENE A e 45 R — 35, RUIMEIE &
P2 Ak BT BT R HB 43 DU K K 2 ARGs 1 80411 2 B
B s T 2 ARGs FIME T A28 ARGs 14 25 BRI AS
PR RIR G ermB R I Y 1E L BRGCR , X 23
(IgfE) FFET 0.97, 3 15 52 i S50 2 ZE HE AT J5 3R
RS ARGs AR L BT 78 45 SR A — 3, X T g 5
A HERE JFORE S HE PRI LA R SR MRV 2H i) 2
Ak,
2.3.3 HENEALFXS XS ZE T ARGs 1 L BRACR

B 18] A8 Ak , S48 8 AR S 38 26 ARG MY = i

1) 728 Ak B A K T e R R an 18 4. (C) Fir R o 7E 13 F
ARGs 1, M4 i 28 ARGs 19 7% = fe I, A X 5 h
3.72x107~5.04x107°, oAy F AR ARGs FAHXT B 78
107D |, o [ 2E ARGs B 5 mE g 22 57 B 25 1Y
AEXS 2B sul2(107~107) 15 T sull (107~107) , RIFN
fis 25 19 A0 5 =E B ermB (107%~107) & F ermC (107~
107) , eI R T AT ined 1 B AR =E 0 4.14% 107~
7.21x10™,

AN FEIHERE I E] R, 26 vp ARGs BYAR XS 2 221k
WK 6 R, 76 138 HER ARGs H, tetW . tetQ . tetO .
qnrS.oqxB .ermB Fl sirA E@*HX¢$§(lg@)TE%T 0.27
(oqu) ~2.85(tetO) , 1M tetX . tetL . sull  sul2 F ermC H
WEEME AXSFRE (g fl) FFH T 0.03(zerX)~1.52
(sul2) , X UL HENE AT BRI R 1 384 ARGs & 523G 1
M) RAF S o B EBRAN R RIS ARGs T 7, 4F FUHE
JEXS PUFR 2 38 ARGs 1Y ZLBRASCR & T H A ARGs,
W tetW tetQ Fll tetO 15 BRACR AT, ARXS F2 B2 (1g{H)
TFET 1.20~2.85; 1 Bt 25 sull A sul2 2371 E B3
J AR B (g ) EFHT 0.96 Al 1.525 K IR N R
ARGs I L BRBURA W 8 22 5, Hoh ermC & £
PG, M T2 B (g (B THir 1 1.43, 1 ermB (4 40 X
F B (g {8) FFET 1.83. LIZEPEXFHEAE 26 d )5 Y
XEFERGT I Hp & B, tetW Fll ermB ZE TR K2 5 KN
T 28 ARGs Y AH X 2 JBE B AR, B 1 28 sull 9 AH X5
FETHE T 7.54% , 5 AR ARGs AR X 3= B2 19 228 1k

RS5 HIHEFEHARCSHEZ BB THAERIR (gfl)

Table 5 Removal effect of ARGs in cattle feces in each treatment unit (lgs)

TG TR B P4k B Sterilization and dry treatment

HEAE AR B Compost treatment

Pt X = . .
ARG e K B TR AL R
Separate Sterilization Dry Total removal effect After compost Total removal effect
tetX 0.08+0.02 -0.33+0.05 0.64+0.06 0.39+0.08 0.73+0.17 0.82+0.08
tetW 0.58+0.03 0.13+0.07 0.30+0.06 1.01+0.01 0.08+0.04 0.66+0.12
1etQ 0.76+0.04 0.13+0.04 -0.02+0.008 0.87+0.04 2.29+0.17 3.05+0.21
1etO 0.56+0.08 0.32+0.06 -0.05+0.02 0.83+0.03 0.71+0.08 1.27+0.16
tetl 0.59+0.01 -0.92+0.01 -0.71+0.06 -1.04+0.04 -0.24+0.12 0.35+0.11
sull -0.47+0.01 -0.12+0.004 0.26+0.04 -0.33+0.05 0.46+0.18 -0.01+0.009
sul2 -0.26+0.04 -0.34+0.05 0.50+0.05 -0.10+0.04 0.38+0.07 0.12+0.06
qnrS -0.71£0.29 0.04+0.10 0.13+0.04 -0.53+0.05 0.48+0.37 -0.24+0.08
qnrB — — — — — -0.40+0.08
0qxB -0.78+0.09 -0.27+0.17 0.87+0.29 -0.19+0.03 0.80+0.04 0.02+0.013
ermC -0.39+0.11 -0.22+0.09 0.56+0.23 -0.06+0.04 -0.24+0.06 -0.63+0.17
ermB 2.06+0.13 -0.41+0.21 0.87+0.04 2.52+0.12 -1.08+0.13 0.97+0.000 3
strA -0.06+0.05 -0.04+0.02 -0.06+0.02 -0.16+0.002 0.32+0.02 0.26+0.07
intl1 0.11+0.03 -0.51+0.005 0.30+0.01 -0.09+0.03 0.30+0.12 0.42+0.15

1% WHART]



1, % KR ST T B PSSR AR 2029
6 WBiHZEER ARCs TEHEBALIE R X R BR (1g 18D
Table 6 Removal effect of ARGs in chicken feces during composting (lgs)

PrbERE MR 1 d M2 d M4 d MR8 d HefE 16 d HERESE L BERRECR
ARGs Compost for 1 d Compost for 2 d Compost for 4 d Compost for 8 d Compost for 16 d ~ Compost complete Total removal effect
tetX 1.35+0.06 1.63+0.04 —-0.89+0.06 0.59+0.05 -1.03+0.004 -1.68+0.01 —-0.03+0.01
tetW 0.77+0.06 -0.02+0.002 -0.01+0.004 0.70+0.05 -0.60+0.005 0.87+0.01 1.70+0.01
tetQQ 1.32+0.06 -0.07+0.04 -0.14+0.03 0.69+0.04 -0.87+0.02 0.28+0.01 1.20+001
tetO 2.03+0.10 0.10+0.01 -0.07+0.01 0.70+0.03 -0.75+0.01 0.84+0.02 2.85+0.04
tetl, -0.76+0.05 0.57+0.04 0.13+0.05 0.24+0.05 —-0.18+0.01 -0.11+0.02 -0.09+0.01
sull -0.33+0.23 0.25+0.06 -0.19+0.05 0.45+0.04 -0.41+0.002 -0.73+0.01 -0.96+0.28
sul2 -0.09+0.04 1.07+0.03 -0.44+0.03 0.46+0.06 -0.80+0.09 -1.71+0.06 -1.52+0.01
qnrS 0.04+0.03 1.13+0.03 -0.60+0.01 0.74+0.004 -0.56+0.03 -0.33+0.07 0.43+0.02
qnrB -0.77+0.06 0.15+0.03 0.13+0.07 — — — —
0gxB -0.03+0.02 -0.91+0.04 1.25+0.04 — — 0.09+0.07 0.27+0.03
ermC -0.92+0.02 0.59+0.04 -0.53+0.06 0.37+0.06 -0.14+0.004 -0.81+0.01 -1.43+0.03
ermB 1.40+0.01 0.71+0.01 -1.11+0.02 1.08+0.003 -0.40+0.07 0.14+0.004 1.83+0.07
strA 1.56+0.04 0.56+0.04 -0.34+0.04 0.48+0.05 -0.60+0.02 -0.68+0.03 0.98+0.08
intl1 -0.65+0.05 0.07+0.05 0.04+0.01 0.52+0.06 -0.41+0.005 -0.81+0.01 -1.24+0.01

AL WEAE, B IO indd 1 BYARXS 1 (g fE) 7 sl s T4,

T 1.24,SELVAM FEP9F 5% T i i 4% 140 5 A8 28 4 e
J5 ARGs 1254k, & B ined1 W S8 38048 | 5 A 56 1) 45
F—5, (AR E RN, A [A] e A [a), 2E 40
ARGs A X £ B 2 B P sh X A4k, 56 2 d, HAR
ARGs 8K 2 N RE 256 4 d ARGs IR H
LG, Hoh ermB W AHX FE TR 2, 58 d T
A ARGs Fl inel1 I AHXT 2 B 3 F %, i %6 16 d ARGs
DL inell B A 8 (lg {) - FHT 0.14~1.03. 7
WAL L AP, ARGs AT F B0 B Rk sh i 4,
X ] BE A H TS [ 3 S 30 A AR W B VR AR A Y
Ji PR

g5 bR, 3R R S AL BT AN B A
ARGs ) L BRAFCRA B KRR (H B AXT ARGs R
R R BRRCR, 4] LA R R TUFR K2 ARGs Fl
KIFNTEZE ermB , (A ICTEA R BRI NS ARGs FIR
IR ermCo (HAHT B, e 40d 07
REERA PR , 10 7 ARGs AR ) (1g{8) P4 F
BT 1115 - 37 2B A EHE 5, 9 Fb ARGs BRI X =E i
(g )P R T 0.83, 7E K FAERHEHE , 57 ARGs
AR = B (g {5) V-3 R BT 1.12; X9 37 2% fif 3
J , 8t ARGs [ AT 42 B (1g (B P34 T B 1 1.32,

3 #ie

(1) & B IR FEME M5 K PP RPN
M AFAE(107~107) , fEAN [F] 25 & F7 58 & 6 o ARG
(75 PR FEATAE 22 5% S 8075 K ARGs 1975 ek

(2) &L AN [R5 K AL BRETT S | 38 B A A= 068
I ARGs 1Y 2 BRECR X by, HARXT T 24837,
TG KA BT 2% ARGs A W5 i 22 BRAICHR s KRR
SRR C A B G AR Y v B G AT BEXT ARG 25
R 2 RAEM .

(3) 3 Filr % 5 37 1) 2 {4k 39125 % DU 3R 3R 2K
ARGs [ 2 BRACR BT, XTRE B E ARGs 19 KBRS
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