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H R TS B AR 19856 E & PCR(real-time fluorescent quantitative polymerase chain reaction, Real-time PCR) A 4351l 2 # i i )5
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Abstract; Low-temperature pyrolysis experiments were conducted to study the dynamics of antibiotics and antibi-
otic resistance genes (ARGs) in organic fertilizers. The concentrations of antibiotics and ARGs before and after py-
rolysis were determined by ultra-performance liquid chromatography-mass spectrometry and quantitative PCR tech-
nology, respectively. The results showed that low-temperature pyrolysis under 80 ~250 °C decreased the levels of

antibiotics from 11.63% to 47.32% . Pyrolysis temperature and antibiotic melting point played important roles in
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the removal of antibiotics in organic fertilizers: the higher the pyrolysis temperature, the better the removal effect of
antibiotics; the lower the melting point of the antibiotic, the more thoroughly it is removed. Meanwhile, low-tem-
perature pyrolysis under 80 ~ 250 °C had strong inhibiting effects on abundance of ARGs and horizontal gene
transfer. The removal efficiency of ARGs continuously increased up to 99% along with increasing temperature. The
average removal rate of mobile genetic elements was 90% , and almost all of them were removed at 250°C. The av-
erage removal rates of uida were all above 99% within the whole pyrolysis temperature range. In comparison with
organic fertilizers, the addition of diatomite and zeolite promoted and inhibited the removal of antibiotics and
ARGs, respectively, at 80 ~150°C, and significantly inhibited the removal of antibiotics at 250°C. The results from
this study revealed the influence of pyrolysis temperature on the behavior and removal of antibiotics and ARGs,

thus providing a theoretical basis for future application of low-temperature pyrolysis in reducing antibiotics and

ARGs in organic fertilizers.

Keywords: antibiotics; antibiotic resistance genes; organic fertilizers; low-temperature pyrolysis; reduction

Rifi 5 22 240 S5 FE L 1 24 5 R W R B LA R
Bz T IR YT sh g A fd ik sh g Ak K
FRE 2019 4EHUE RN 16.1 J7 ¢, JEfhiiH 355
WP A ZE RIS 7.4 7t 405 B E
46.0% 7, Pk F ik A Sh P N G A BEE 5 4
WA, R AR A I 0 B 2 2R 2 4 2 1 1 A
S GRHET PR RAERREE P AT Y HY . Wang
ZEET Stk AN () e DX 2 b A R TS Y T R R
9T, G5 R R B FE TR R & = AT 3k 172,90 mg
kg, PiAR R R S E & T i R R
AR I 7, R s 2 v A B T 25 1k S e S
(antibiotic resistance genes, ARGs)& L, 5 HAWIFEE
A TAH I, B B3 & ARGs 19 F BRI AGELEIE
Li 01257 10 il B R BE A I P A9 ARGs 43 Fi
FHAE 25 50 R B @ 28 b ARGs & i T HAb 2R
e B 38 K R KRR A ~3 N
B, WG, TR E AR R & EHECR T A 20 2
t, b B & 2 PP A ROk L & ARGs HI77A:
TR R Ak 2 X6 A 25 R BT 0 (R felt B 9 Bl 5 7
T R, TR B R R 2 0 b B
BN FHE A e E & & #2580l nT R4k & e B
AEEZE N, WRHEAEIE R BT E NN SR
TRAb A Pis )z AL BT 2 — | v DU R R
K5 208 P L Z AW ARGs O£ 1, Fi2k
Z M ARGs W EFBRF 7 5 BEILF 47.3% ~98.8% Fl
254% ~76.0%"" HiZfE RMAESERS
ARGs EFEA5E4S, RO AR e S ges ™, i
n w FHENE s IREEAE 70 C LAR, #43 ARGs
I S TR e o 4R TR 4, 78 B TR R R RE B A 3K
Febr, H 2 Bl 25 HE RS IR B AR [ IR 7 39

TN DR R e AR PR R e, SR
A5 HE R 7= i PN T R R Y R — I Y F
FALSS
PARFAIEZEME T F A —Fp i FHE AR Bk
AW ARSI ST R AT AR AR R AT AR Bl AT R
SR A R AN B A AR AT DL AR TR
BubRe b BRI R LA ARGs B FREE KU
CA IR, & T 600 C IR BEAS A 20 2B 2%
IRTR DUPRER B B s et i PP e 5 3R R
IR — RS 2R A R 54
1k, B LB HLIE th T AR 2 TR 32 24 300 ~
700 °C Z[a], kB AR LA B AHLUE LS A
REORFF IR AL 1y 2 0 JL I Iy, 7™ E 52 e A HLAE
AT, T5lerh 3 F Rl E RPN R R R
VR e — FR W E 1 W) b 0 i Ui BE B TE 300 °C LU
TS EBARIR R (300 °C LA R )M —E R
PR RIEHEME Y BER ARGs 4544, H.
HXFAHUACAE i i R AR X 52/, B AT, 56 TR
Pg A PR B 2 & ARGs R BRIFT i WLAR
T, A,k R H R A R R TR
HERE S5, FLR T RS A T DL R A R
B S B SR LT o R S P R AR R 4
ke T B AR R, REEE A A R T L
TN TR ST FIBEIE ARGs V15 32 45 5 55
WA RANHIHERE H ARGs 14> P gk —
A e R A R 2 R MR B R S e Y
FBRAE P ABAEAR R AR A T IX 2 Fhk R
ST HUIE 3 Az Z 1 ARGs Y 25 8500 16 A WA A
TR, AR 5T 2K FH 80 ~250 °C AR IR, IR ek
A R G HE AT AT R R ST AR B AR X
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1 ## 57 % (Materials and methods)
1.1 AR RE R

PERPAHUIER B ) R W i IR A A
S A FEXT B & IR W AT IR AL S A
AHUE EZLUREDFEHAT R S 20 578 00 |
Bl TR B8R DL S T by 3% 5 R SRk LAk
T 2R 2 A VL 74 0 i A 3 (R 5K
I3 MWRAE ) BN A B T — IR ORI A E A
A T R e A EE DL TR HE AR A SR
AN SE A ML JS #1798 VR T8 A S T 2ok 100
F i 25, BT =20 CHRudRfiAr, B AR (kA
225 pm) A EE KR R <10 wm)¥IE H _F
TEBTRL TR PR A W]

45 P A RIRAR IS W, 045 - IS 17 Fh 9
WEVERZE 12 Fl CRIFAEEZE 6 Fh DUPREE 5 FA
HAhZs 5 B, ARG EWNER 1 R Hi 2R
R ABFBRMP AR A Sigma-Aldrich(3EH),
KL R AL R % H A, HAb A R 3y
) H Dr. Ehrenstorfer GmbH (2 [H), 8 FhiHii&E N
i HAEFR R A Sigma-Aldrich (3 ) ; fif i — 1 w5
BE-"C, g H Cambridge Isotope Laboratories (3 [H);
HAA RN IE-D, WA FE R -D, (LL& K -"C-D, i
WEWE-D, WERBKIE-D, FIFRH VD E-Dy WA To-
ronto Research Chemicals(JIl & K).

DNA #£HR 5] & (DNeasy PowerSoil Pro Kit, 38
FEDW H 2 2R YRS A R 2 7], SYBR Green(TaKa-
Ra, HA)YRG [ L A 8B A A RAF] &
PSER/NARE Sy S5 N

(a3 4l i A BE XY W [ 75 E Merck 24 A, 43
Ml M A B F R s R 401k A IRA ],
SIAT Al R W T 26 [ Tedia 23 ], 43 M7 46 2, R B W
T2 Sigma-Aldrich 2w, 4r#r 4l £ — e &
M2 P45 (EDTA-4Na) ArG R A IR AN 210 A 1
BTHr T A R A |, etk A, B (B =
99% ) F T IMABFTIB A
1.2 IR AR 52 6

6] 30 g A HLAL 23 R B & 1L 1% Ak £7 5%
ke IR G35, [RE i B To AR s n ) i A HLAE
YRR, S5 E AR B 070k KA [ b B2 Y

A HUIEEE A RS2 B TR AR LA 4 AR,
A S g prhnh AR AR LI TR T —
F il 72 e A DU SHE B2 kA HLAE T e g R
BT EESR 255 HENE 0 P 0 e o Ui B 5 A i oo
() B (IIRLEE |, AR PR iR B2 2R 80 °C (150 °C AT 250
C,BCERE FHZMA 0.5 h, 75 5 3 48 2 B
RS, RS R SR A AT, b — A
=20 CUKFERFPUA R 04T, TR ER T -40 C UK
FifF ARGs 20T, S AbHRLA % B 4 AT 2),
1.3 HEAHTAL
1.3.1 PrARIEIR

27 Zhou ST AR R EEHUT % FREL 0.5 ¢
AHUIET 30 mL i8S 08 A 1 mg L™
PR 100 pL, BT 4 CUKFH RIS bk, 405
M ELE A 10 mL 51 10 mL FriEE R £ 2%
MR (B4.74 g FPEEIR TN 102 g BIRERRNIA T 05 L
(B Al ), IR BETR 5, B 75 A B 15 min, SR )5 £
3000 r-min"' 3 F 2.0 10 min, ¥ FIEREER 2
THiFE 200 mL RSB, AR UL IR 2 I, FHIk
A FIEW RSB & T et 28 &AL, 755 CF
JiE e 75 K A e b A ML R & 58 45 SR 1l RIS
PRI A B SE 7K 2 7 AR TR 29 200 mL, il A 0.2
g EDTA-4Na FHUIZE & & 8 B 7, 5052 3h i 5 1l
EDTA-4Na 5E 2% f#, P85 R SAX-HLB & B
(HLB #,500 mg,6 mL, I % %52 6 RL 5 B 43
FRZAH] 3 SAX #,500 mg,6 mL, 3¢ [F Varian 2\ F])#E
fFE AEFEE, L S mL - min™" 0938 BE N E T 2% 1k
Y ERIRAE | g5 s #8 & SAX A, ] 10 mL
()78 2 7K 1k 25 W B 7E HLB K I (9 2% 5 1 EDTA-
4Na, ¥ HLB /pMEHIT,291 h A'H, F 10 mL H
FE et HARPiAE R, BT )5, L 1 mL (9 k2 H
BV A o 0.22 pm A MUAHBE R, 77 T (/N
TRAFTE-20 CUKFE ., PRI AR 25 1 5
FEREM SEBGERER] -, EALAT, B 100 WL AEdh K
T g IR AR (VE 02% H R A H ) : V(2 mmol

1.3.2 DNA 21t

PREL0.15 g A ALILHKE i, 3% B DNA 32 BRG]
AR UL I RAE , SR HUT 4 b A HLIE B DNA, A
A DNA H 8 i & 48 4b 43 % 5% B 11 (NanoDrop
One®, Termo Scientific, 3¢ [E) K Il , DNA ) ¥ B Fl
S BEN R BLOR JE AT T -40 CokFE A T e g3t
RE 1
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Table 1 Information of target antibiotics™
fhk & 2P K] L7y CAS No.
Types Chemicals Abbreviation Internal standard CAS number
TEREBAE Sulfacetamide SCT T — F g -3 - Sulfamethazine-" Cg 144-80-9
fifi i k% Sulfachlorpyridazine SCP itf i F MR -D,, Sulfamethoxazole-D, 80-32-0
TRz 5 E Sulfadiazine SDZ itk ffie — 1 Mg -1 C Sulfamethazine-" Cg 68-35-9
fifhi e 23 Sulfadoxine SDO fitf e FH WEmE-D,, Sulfamethoxazole-D, 2447-57-6
Ttk JHie — PR 42 WA 1B% - Sulfadimethoxine SDM Ttk JHig H1 R -D,, Sulfamethoxazole-D, 122-11-2
T f K Sulfaguanidine SG itk i — H 51 -13 C Sulfamethazine-" Cg 57-67-0
p— T i — P MEIE Sulfamethazine SMZ T ¥ — FH W% IE - C Sulfamethazine-" Cg 57-68-1
Sulfonamides ik Jii F Bk Sulfamethoxazole SMX il i F MR -D,, Sulfamethoxazole-D, 723-46-6
fitf e % FH 4 S BE - Sulfameter SM Ttk Jfie — 1 Mg - 13 C Sulfamethazine-" Cg 651-06-9
fisf Jlig 1] Y 48 M5 0E - Sulfamonomethoxine SMM fitf e FH WEME-D,, Sulfamethoxazole-D, 1220-83-3
T iz F JEMEE Sulfamerazine SMR T ¥ F EmE-D,, Sulfamethoxazole-D, 127-79-7
fiff B MERE Sulfapyridine SPD fitf fle — F W5 g1 C Sulfamethazine-"C, 144-83-2
fisk e s IR ML Sulfaquinoxaline SQX fifh Jii¢ FE MR -D,, Sulfamethoxazole-D, 59-40-5
fifh Jiie — W S Sulfisoxazole SX fifh Jii¢ FE MR -D,, Sulfamethoxazole-D, 127-69-5
T EME Sulfathiazole STZ T — F 8¢ -3 C Sulfamethazine-" C 72-14-0
T I 5581 B IEEHR Ormetoprim OMP % & -D; Trimethoprim-D; 6981-18-6
Sulfonamide synergist FH 4K IE Trimethoprim TMP F %K IE-D; Trimethoprim-D, 738-70-5
NP A Ciprofloxacin CFX VS A-Dy Ciprofloxacin-Dy 85721-33-1
ik b 2 Danofloxacin DAN VP RE-Dy Ciprofloxacin-Dy 112398-08-0
9P A Difloxacin DIF NP AL-Dy Ciprofloxacin-Dy 98106-17-3
BRI 2 Enrofloxacin EFX IR A£-D; Ciprofloxacin-Dy 93106-60-6
B VP B Fleroxacin FL NP KE-Dy Ciprofloxacin-Dy 79660-72-3
TR T B 2 B LY Lomefloxacin LFX NP KE-Dy Ciprofloxacin-Dy 98079-51-7
Fluoroquinolones L Vb B Marbofloxacin MAR IRRTP £-Dy Ciprofloxacin-Dy 115550-35-1
WP 2 Norfloxacin NFX TP E-Dy Ciprofloxacin-Dy 70458-96-7
FSE TP 2 Ofloxacin OFX NP AE-Dy Ciprofloxacin-Dyg 82419-36-1
B b B Pefloxacin PEF NP KE-Dy Ciprofloxacin-Dyg 70458-92-3
YA A Sarafloxacin SAR IR E-Dy Ciprofloxacin-Dyg 98105-99-8
£ Carbadox CAR BEZKIKIE-D, Thiabendazole-D, 6804-07-5
THiEE Clarithromycin CTM 41 %3 % -1 C-D; Erythromycin-" C-D, 81103-11-9
/K 4185 % Erythromycin-H, O ETM-H,0 41 % % -" C-D; Erythromycin-" C-D; 23893-13-2
KIAHNEEZE JLHEEE Leucomycin LCM £1% %-" C-D, Erythromycin-"C-D, 1392-21-8
Macrolides PHkE % Oleandomycin ODM 417 % -1 C-D; Erythromycin-"* C-D, 3922-90-5
B 415 # Roxithromycin RTM £1% #%-13 C-D; Erythromycin-"* C-D, 80214-83-1
IR E Tylosin TYL #1% %-" C-D, Erythromycin-" C-D, 1401-69-0
FAPUIE Chlortetracycline CTC FIBIFE Meclocycline 57-62-5
. i 18 % Doxycycline DC SEUFRE Meclocycline 564-25-0
PR ZE 2 - ) o )
Tetracyclines i%iﬁ & Methacycl.me MT %%:(ﬁ HE M-eclocyclme 914-00-1
A MUFRE Oxytetracycline OTC BEZKIKIE-D, Thiabendazole-D, 79-57-2
PUFRZ Tetracycline TC WEZKIKIE-D, Thiabendazole-D, 60-54-8
B 2 Monensin MON BEZRIKIKE-D, Thiabendazole-D, 55134-13-9
Tofk B4R Novobiocin NOV ”%fﬂ?‘l?“%-m Th?abendazole-D4 303-81-1
Other classes I LR R 2% Narasin NAR W%K%#-D4 Thl'abendaz'ole-D4 55134-13-9
PRATEEZE Lincomycin LIN MR EEE-D; Lincomycin-Dy 154-21-2
YHIEEZE Salinomycin SAL WEZKIWKIE-D, Thiabendazole-D, 55721-31-8
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Table 2 Experiment design of low-temperature pyrolysis
21 51 ErRes ) S/ C
Groups Number Additive Pyrolysis temperature/C
Xof IR
Control - -
Control group
80-OF -
80 CAab¥H . .
80-DIA 1%+ 1% diatomite 80
80 °C treatment group ‘
80-ZEO 1% WA 1% zeolite
150-OF -
150 °CAbFHZH - . .
150-DIA 1% k¥ + 1% diatomite 150
150 °C treatment group .
150-ZEO 1% 41 1% zeolite
250-OF -
250 °CAbEEZ - . .
250-DIA 1% fE#+ 1% diatomite 250
250 °C treatment group
250-ZEO 1% 47 1% zeolite

1.4 AUER5rHT
14,1 (5B - R TS b A &

FIH Agilent 1200 series = 73 H¥ B AH €233 - A G
JE AL (HPLC-MS/MS) X A MLAE bt A 2 k47 43
Ml (i 5 . 43544 Agilent Eclipse Plus-C18
(100 mmx2.1 mm, 1.8 pwm), 7& %A AY 1 lif s 2 &
FELRITUEAS , H A2 A bR O B 3t sl A v i 4t /N ot
PRI E N 40 C, UEFERIRE N S pL; i shtH
RGP ER AT 0.2% HER A1 2 mmol - L™ 2 R &%)
(A FDFZHE (B A, 3 sh A 1 i 1524 0.3 mL -
min~"; #6 EBE S0 E .0 min 90% A,5 min 85%
A,7 min 80% A,11 min 60% A,15 min 40% A,16
min 5% A,25 min 5% A, BUig s BiESE0h K
1 Optimizer(LHEE A FNFEATHAL . Frf P
FHIE S 7 B4 20 (ESI+) >R 4R B s, 2 3 0 A =X
(MRM)AG]
1.4.2 ot fRuER T i

SIS v T R A B B AR LY kg, VE VR AR AN
T A HBRIR I 24 h s H A ROKIEVETE, SR R
2B FRIEYE 3 W, BCE T 70 CUMRM, R
TES R Ll 450 CHBFE4 h, BT IEDTA RO,
St FEBIAEAF O R FREE T AT, b s e

i A B [) BoF 3 5 15 Y A R o A o AR
Ao SCIRAS FURE S FURS I I bR, 54 ML AR & 4 iR
AR 2L BREE U3 A, SR 37 TE 0] e Nl R R i
BLATRZE AR R S TP g 3 B (R S 56
FE TR R B Ll b ) AR E S (2 mg - L™ AITRAR),
576 HUIEARE i BEORE [R] 00 25 R B B3 #r , K 43 At

HArE & PR BUS R i s RS e e, AR H
FrAb A W o 45 B 530 [ Y AE 60% ~ 120% ;47 %5
JE (RSDYITE N 0.15% ~ 12.14% , <20% ; £k PE U1
A0 R BITEREIN 0990 ~0.999 , ¥17E 0.990 LA |, i
BIRE AL S EALAF A BE BT sk
1.4.3  #OGxE PCR 4r#r

X DNA Ff 5 i SE R b A7 4 3 e i, RAHZE
FHR B4 H ST B ARGs 6 8 O R,
SYBR Green 4%}, 78 5Z Bt 9% ) % it PCR {Y (ABI
QuantStudio™ 7 Flex System) | 7& & 43 #r HFpHE A
ASCHERERY H AR SR A5 0 B B R A9 16S rRNA 3
R BB e (inthl | imt2 , TO16) ;19 Fpd UL A i 2k
% ARGs, 705 Wi ARGs(sull | sul2) Wi i
ARGs(gnrD  gnrS) . KIFHEZE ARGs(ermA | ereA)
PUEF % 28 ARGs (tetC, tetD . tetG ., tetH ., tetO. tetW
tetB/P) A% %25 ARGs(cmlA  cfi floR ., fexA) B 5
WEH S ARGs(aadA) B-NHIEREZE ARGs(blaTEM) |
KIGHTF B8/~ FE P (uida), AR 5256 7 1 PCR Y [
E N 20 pL, HAH R4 1 7. 10 pL SYBR®
Premix Ex Taq™ Il (Tli RNaseH Plus) (2x).0.4 uL
ROX Reference Dye I (50%).0.4 wL FIE5#1(10
pmol-L™") 0.4 pL FHESI# (10 pmol-L™") 2 pL
DNA 1 6.8 WL JoE#a 4K, 443 PR In] st 5%
T PR B (A A N H A R ) DNA %380 A1 B
PEXTRR(E R 4K, SRR P s 1T 58 e,
Es /SR AR & 3 31 2 ol s VASE 72
HENEE—3, A5 R DL I w1 CT H,
FUFH AR o it Ze 31530 b FF b BL 1 E bR SR R Y
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(copies- L™ DNA), W FE K =F B 5007 460 54 i copies -
g ARSUHFHILE = PCR WBIY ¥ BEK
ANFIR IO B S 5 B S E 0T AN kP
1.5 HdlEorr

F Microsoft Excel 2016 %f(4E 247 7 2 VA K
F MR &R A R Origin 2018 #7841t
5 R4k ; R ] SPSS Statistics 19.0 H#[H % )7 22504t
(one way ANOVA)#EAT LSD #:56: | LA P<0.05 1E WA
P2 RN R A 2 (R i 25 5

2 ZR 5%t (Results and discussion)
2.1 PERSED

TE 45 Fft HAspTAE R P A PUIEHE b G I 1)

8 P A2, FEAAIEMML A F | Flr B g [] Y
S % WE (sulfamonomethoxine, SMM); K ¥ N g 25 19
P FE 1 . K 4% K (erythromycin-H, O, ETM-
H,0); IR HEZEPT A 2R 4 F, 046 B 37D B (enro-
floxacin, EFX) S %) & (ofloxacin, OFX) FAN VP &
(ciprofloxacin, CFX) A% 3 V) 2 (pefloxacin, PEF); #k
A RFPUER 1 Fh M) 5 & (lincomycin, LIN);
H2EHiA R 1 F. SHEFE % (monensin, MON) (4]
D). AHUAEFHTA 2R 4 B LAB K 218 R il e (] H
A E R SR B R Al PR R B
32.75% .9.05% £ 38.24% , & (i [ ik 80.04% ; &5
APUNEHEAT AR AL I oA 2% B i PRI, &
BRRAE 11.63% ~4732% Z I,

2500

_ OF | _ DIA | 780 |—|PEF
= = — B OFX
] —] — [_IMON
2000f g — — = (_JLIN
- = — - = — B |[[_]CFX
on — —
~7 I L EEl | BEL [Esvm
22 1 5007 || | =L =[] EJET™M-H,0
CE e LR e
B £ A |
k=g 1 000 — | s IRl ||
=] — | 1 —
Q |
O ! [ |
500f 3
"£858% EZfZ =888
s4dd 888 ENNN
O¥ 248 O83F2 0O0g2g
— -
1 RERBERERRE

Fig. 1

XA LB 2 Hp A R K LT85 3R B i (]
S LA IR U B 1 BRI T b R R (3 3),
AR b PR v i 7K 4155 R B 80-OF 4141, it A 4k
PRZH XK 2155 A 0 35 1 L BRACR(P<0.01), 25
B TE 15.80% ~ 79.40% 2 [1] ; % T A [\) b 3 21 rpr
BEAR D B R A B2 X B JL b L B Ak R
i3, Hrp 80-DIA ,80-ZEO . 150-ZEO #i1 250-OF Akt
PRA X B D B A W 1 RBRRCR(P<0.01), 5Bk
RIET720% ~34.37% Z (8], XFF A 6] b B2 o ik
Jpi ] F A s g A 250-OF Kb B 20 of sk Jiiz [7] H 48
WENEAT 25 B BRI (P<0.05), 2R 54.85% , H:
by AR Ak B 4 i i ) P R E S RIS D
Wi, 55 AR AR Hr i AR R R R BRI T AT
(3 3), KIS A7 R B, 80 °C #2514 T 5Lk
WR LR ERAF R BR N 58.52% , Hk#K

Antibiotics content in organic fertilizer under low-temperature pyrolysis treatment

UWFPEARNVD AL S R BRF R 22.75% ;150 C 4
fiff S N RS B R BR R A A, P R BRR
3837% , HIR B AP B /R S RE TR &, T LR R N
32.60% ;250 °C M AFAF T ARAT 35 2 10 L BR AT
X EBRE R 100% , HUOE R RSB R, 7
BIRBRFE N 67.76% , XF A6 A8 i 551, T 7 5
41 SN A 2 DA RS IR e - I R B RE R R
TR A A, X O 22 B R 4 i & 60.53%
4124% Fl1 57.11% ; R ¥R FE F % P34 %
4343 Wil J2 42.39% 37.37% F148.19%

SR IR P R A HLAE B A R R 2 BR K
JRAAT 250 C XA F I bR R, X B2
R B R R, XEP AR R B o AR A
58 2 5 1ok A R 2 PG 2% 55 R AR IR SR TP G 4
Tl LRI A2 R AE 400 °C LA =i R A9 L BRRAE L 2]
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Table 3 Removal rates of antibiotics
(%)
Group mumber Main antibiotics Trace antibiotics

EFX SMM ETM-H, 0 LIN OFX PEF CFX MON
80-OF 1622 19.98 1041 19.19 -0.09 441 15.96 52.08*
80-DIA 3437** 2252 20.04* * 2340 22.63 19.08 28.67* 66.67*
80-ZEO 33.72%* 14.66 25.12% * 136 46.13* * 4727%** 23.61* 56.81*
150-OF 22.29% -8.36 15.80* * 7.00 42.78* * 32.89* 13.53 38.66*
150-DIA 18.69* 15.96 2734%* 21.18 42.73%* * 31.34* 18.50* 37.08*
150-ZEO 2325%* 545 22.02%* 10.74 29.61* 23.04 19.59* 22.05

250-OF 3303** 54 .85%* 79A40* * 100.00* * 37.64%* 42.37%* 17.59%* 90.84* *
250-DIA 13.26 -049 4333%* 100.00* * 19.52 17.83 792 67.58%*
250-ZEO 720 -10.13 22.08% * 100.00* * 15.87 2823 10.81 44 85

T FUBCRR 5 X B HUIEAE LL , BA: 3R & SN * 308 50 BRZ A HUIEA LE , HAE R & REAE P<0.05 /K7 B W28 5 o+ * R 5 0 B

AHUEA L, HrA R & HAE P<001 KV EABERES,

Note: Negative data indicate an increase in antibiotic content compared to organic fertilizer in the control group; * indicates that there was a significant

difference in antibiotic content at the P<0.05 level compared with the organic fertilizer in the control group; * * indicates that there was a significant

difference in antibiotic content at the P<0.01 level compared with the control group organic fertilizer.
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Fig. 2 Absolute abundance of antibiotic resistance genes (ARGs) and uida in organic fertilizer under different treatments
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Fig. 3 Absolute abundance of 16S rRNA (a), relative abundance of ARGs (b) and absolute abundance

of mobile gene elements (c) in organic fertilizer under different treatments

Note: * indicates that there was a significant difference in absolute abundance of 16S rRNA , relative abundance of ARGs at the P<0.05 level

compared with the organic fertilizer of the control group; * * indicates that there was a significant difference in absolute abundance of 16S rRNA , relative

abundance of ARGs at the P<0.01 level compared with the organic fertilizer of the control group; * * * indicates that there was a significant difference

in absolute abundance of 16S rRNA , relative abundance of ARGs at the P<0.001 level compared with the organic fertilizer of the control group.
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Fig. 4 Comparison of the comprehensive properties

of organic fertilizers at different temperatures
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