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Abstract Manure-based organic fertilizers are important sources of pollution of antibiotic and
transformation products in farmland soil. To study the residues of tetracyclines and transformation
products in manure-based organic fertilizers, 55 organic fertilizer samples were collected from eight
provinces in China. Ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-

MS/MS) was used to analyze the distribution characteristics of tetracycline, doxycycline,
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chlortetracycline, oxytetracycline and their transformation products in organic fertilizers. The results
showed that tetracycline, doxycycline, chlortetracycline and oxytetracycline were detected in 55
organic fertilizer samples, and the concentrations were 1.63—4348 pg-kg™', ND—11451 pg-kg™,
ND—30300 pg-kg™, 7.11—55008 pg-kg™, respectively. Among the 10 transformation products, the
4-epimers were the main transformation products. There were significant differences in the contents
of tetracyclines and their transformation products in organic fertilizers produced from manure of
different animal species. The concentrations and detection rates of tetracyclines and their
transformation products in swine manure fertilizers were higher than those in chicken manure
fertilizers, cattle manure fertilizers and sheep manure fertilizers. The treatment model of resource
utilization of livestock manure might also affect the contents of tetracyclines in organic fertilizers.
The concentrations of tetracyclines and their transformation products in organic fertilizers produced
by the model of combination of farming and animal husbandry were significantly higher than those
produced by the mode of centralized treatment. The pollution characteristics of tetracyclines and their
transformation products in manure-based organic fertilizers and fertilized soil in typical areas were
further studied. The results showed that the 4-epimers were still the main transformation products in
the fertilized soil. Therefore, the residues of tetracyclines and their transformation products in
manure-based organic fertilizers and fertilized soil cannot be ignored.

Keywords manure-based organic fertilizer, fertilized soil, tetracyclines, transformation

products.

VU IA 2 21 A2 2K (tetracyclines, TCs) H AT 1697 FITEL s . (st s K | =& & POl =
FVERY, 2R EF &R P HE R — RS HPU AR, 494 Sl HE R 37%° 7L R [E Zh (8
FH BT F AR 10 AN [R). 6 X A v 5 B 2 B RS e ) A ), e 2 2Rl R 00 ¢ 3 2 Y SR R 2%
JFERAI, HUAE Z AR F R AR, U A R ASRE R S AL 58 2, DR AR sl A 4 T X Bl
FEIEHR . B B IO A AL AR RS S SR A A HUIES B AT A P 2 LA F AN BE
TEACF ) 207 0 AR PR m W B R L U R A E R 5 TCs 58 B Y, it H A 1L
HE B A TH 38 v TCs RER A 5% B /K-t AT ik mgekg ! KPP 5% B 40 A4 38 0T RE 20 - S 3 A= Wit
INEEE R 7, S A B 25 PR HG Ul [m] A 3 v AR R AT g Bl L A I, O RT ReE i B e
A BN, XoF (g R pl ol £ e 50 - 2,

TCs %% 5y KA K s, T3 22 1) A9 £k, K BT 3% B8 i AR08 1 22 1) S A AR L K ™= 4
ZE ) K= W S Ay e, — S IO R ZR AL Y N R T T R, T AR PR AR L A Y
KI5V B TCs BER S AL 1) AT RE 23 %7K A 2B Wy it 1 B 308 %) 7K A 8 1k XU 1), — S A 7= gy 4
KGR 2% SRR AT 24 7 b S A TR B AT B R A B R S A AR B AR R A IR R, B 4
“REACH” 5 #  BN [7] B 25 PR AT A 28R4 I Ak ™= 1y 1% 53 B R0 XU UL, DU A R 2B Ak = W e 3 8 3%
AEEUTY i A - SRS et A 8 e KO AR . B 2SR AT AT B i AT - 48 DU B ZR S A A
FR LR BE 4300 2 851 pgrkg™! I 776 pg-kg ' SR, H T OC T AN [R) 3l 49 28 B R0 9% A Ak B A A AL
JE Kt N A 3 o DU R 2R R0 A R I A FEE I AT RE R AR B X U R B H0 A R AL = i F 5247
LA BR.

AT, 4 FEH TCs(UA R L8R TR MBI ER) K 10 FE LY A s 4, X4
8 M4 () AR & & AR OfF 28 L A3 | AR 28 M 28 ) AAUIEAE b F AT RAE R &, 290 T
DA HLIE A 4 FhPO A 2204 2R K 10 Bl AL 7= 9y 09 53 A5 R AR 5 2) AN TR B ) 2 RN & & 2608 A B ARE 5
XA HUAE Hh DU R 2R 20 A: 28 SR W )5 )5 3 ) SR by DX AL AE Rt AT - 558 9 DU PR 2R 28 H A 3R
AL B RGO AR BT T i & & 508 AL FRAF T 2 v iy O B 22 28 5 Ak 7= ) 104 43 A1 FRAE
FUERTT R, & 8 2S5 0 B8 U5 AL FH RN - 58 22 4 it FH AR AL B 0 SE il
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1 M5 77 (Materials and methods)

L1 Ak e gt

AW BEFE T 4 Fh IR KP4 &K, 6145 VU IF K (tetracycline hydrochloride, 98.0%) . + & &
( oxytetracycline hydrochloride, >95%) . 4 & % ( chlortetracycline hydrochloride, 96.9%) 1 5% 71 & &
(doxycycline hyclate, 99.3%) 1 10 Fjt = 2554k ") 4-2% 1] PUIAF (4-epi-tetracycline hydrochloride, 90.0%) |
i 7K VU 2f & (anhydrotetracycline hydrochloride, 93.0%) . 4-2% [a] Jlit 7K DU 21 2 ( 4-epianhydrotetracycline
hydrochloride, 87.1%) . 4-% [n] 4 % % ( 4-epi-chlortetracycline hydrochloride, 84.9%) . & 4 % %
(isochlortetracycline, 96.0%) . i 7K 4x % % (anhydrochlortetracycline hydrochloride, 97.6%) . 4-2% [w] i 7K 45
% % (4-epi-anhydrochlortetracycline hydrochloride, 95%) . 4-2& [1] + % % ( 4-epi-oxytetracycline, >95%) .
a-apo-1 % % (alpha-apo-oxytetracycline, >95%) . S-apo-=1 % % (beta-apo-oxytetracycline, >95%) #17 T 43
Mr. 21 IR | KU R WK IR R MGG R A RN 2 S e i )m, TR, 2 L& R.
a-apo-T B K | p-apo-+E KW H FEEH Sigma A F], WWHE, FEER. ZRMAKESEZWHMELR
Toronto Research Chemical /A F], 2% 1] 4 55 K 4 [ 1 [E Bepure /A W], 5% /1% 214 [ 1% & Dr. Ehrenstorfer
GmbH 7 ). N b5 VU 3R K -dg( tetracycline-dg) . 25 H 3& 4> B & ( demeclocycline hydrochloride, 97.0%) .
U-[Cp," "N, -+ 25 ZH Ml J) % % -d;(doxycycline-ds) 43514 H il %= K Toronto Research Chemical /A F], f&
[ Dr. Ehrenstorfer GmbH /A 7] DA S L] Romerlabs 23 ] B i 78537 T H BEECH ek B4 100 mg- L
HIi & AT, T-20 °C % B R AT

H R, S AT R34 HPLC 4%, W F 283K KRB (R D A BR A AL AP ER . £ e 1R —
B (Na,EDTA) FI#E 2 — 4l (Na,HPO,) . 82 (HCL) S 4 Hr 2l W A [ 25 48 271500 A BR 2 ). e )
0.1 mol-L™" Na,EDTA-Mcllvaine 2% 1 /F by $2 I, [ AH A& HOHE 356 FH 5 BH 25 7 22 A (SAX, 500 mg,
6 mL, Agilent, USA) Fl Oasis HLB [& A%< HUH: (500 mg, 6 mL, Waters, USA).
1.2 FERCRER

M 2019 4EF) 2021 4F, ZEINAR . LI 0Rg L Wb, NS R L W ARSE 8 M (IR IX
M) RER FIMIA VM 55007 A, 12 AREFEAVIEHMS; 3 7.9 HRE LiFAHUE; K
RAPUET 12 A RE). RIS F & 8 IR A b BB AN [F], A AILAEARE fh 3222 43k 4 v b BRASE =R
Fh R AR 7 A HLIR L v 23 AN HLIERE i R 75 45 A A=A 7 A HLIE, 43R 88
HeEALPE T2 (596 10 />, L6 10 4>, B 3 4S5 32 A HUIEAE & 4 b LA P2 A HILIE, 2R
FH e R HENE AL B T2 (LAY 5 A R 88 . TE R HENE B Be 5 BT R S A HLIEFE &b 7E LR 4E 94>
it 7 & A HLIE A FA LA EY) B9 3R G ORI 2 2 A 5 2R 48 ) FI 5 /S At JIE 118 % BE LS4
A LR A R R 0] 5 2V VR T HRAL B, B, i 0.5 mm fiff, F°-20 °C B OR A7 Tl E.
1.3 FEm A ETAL

AHUIERE AR 0720 BRI T g IR AT AA FLIEAE &, A 100 pL ABRIE G (200 pg- L), i EL S
. i 5 mL Na,EDTA-Mcllvaine Z& i (pH=4.0) , % i€ 1R 215 BN A 5 mL A5 ML BUR (H B/ 216,
3:2, V/V), 1A% 1 min J5 8 $2HL 15 min, 3750 r-min” F &0 10 min, 108 E3EWR. FEZ R 2K, &
I BB WL 0.45 pm SALA HLUE . Jin 207K 56 B 2 300 mL Je PG SRR 1 pH 2= 3.0. fKUCH] 5 mL
F B, 5 mL #B 4Kl 5 mL Na,EDTA-Mcllvaine 2% i 6 £b [ AH 28 BORHE . $2 B0 L 3—5 mL-min ' A9 3
M 3 SAX-HLB 525X & A0 A U 547 5 #24rik. HLB A 5 mL B4l 7K F1 5 mL #Y 5% FF /K 35 TR0
PR TR, 2RI ] 10 mL 5 0.01 mol- L™ FE iR f4 HY B3 R BRI H AR . VEMLILAE 35 °C T AR Z it
+, 1 mL 1:9 I EORERE R, i 0.22 um A HLIEMEE, F70.

A U BREL 1 g TERBIEE S A - AR, A 100 pL NFRTER G . P2 B0 2 5 A ML AE 5 AH
). 4R U H HLB [BAH A B ik 5 4, oAb 3 A8 5 A HLIEAE s A [R].
1.4 UPLC-ESI-MS/MS 43 #7

K Fl Waters Acquity #8 =5 ROBAH (2.35% A1 Acquity UPLC BEH RP18 {4354+ (1.7 um; 2.1 mm x 100 mm,
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Waters) SZ B 14 Fl BARPI A0 50 5. AETRA 35 °C, #ERERR 5 pul™L SR s 0.1% 9 H R 7K (A) F
F£(B), i 4 0.3 mL-min', R FH#A BE Ve A2 5 40 F : 0—1 min, 15% B; 1—4.5 min, 15%—25% B;
4.5—7.5 min, 25%—90% B; 7.5—8.5 min, 90%—100% B; 8.5—10.5 min, 100%—15% B, 3 {4
1 min, SLUEATHFE A 11.5 min.

US43 B Waters Micromass XEVO TQ Fiik, 1F 5 0, #ESEC R & F IR A 150 °C;
JI v R0 BE Ry 350 °C; B HA R AR S 600 Loh's HEAL AW 50 L-h's BN HLE N 3.20kV. Sk H]
22 F27 Wi (MIRM) #6552 46 11
1.5 J PR E AT ol

AW R 2 N BRI 8 2 4351, TC-dg™. DC-d;*, DMCP! Il U-[C,,"N,]-OTC™ 435Il {24 TC,
DC. CTC 1 OTC K HARN Ak N bR ¥, 25 B s s et 2 R? KT 0.99. AHLIE H rik B
R 7 B E PR M 0.6—5.0 pg-kg ™. 20, 100 pg L™ WA HIAR 1 BE T [l e & Ko AH 107 149 A X6 A 74 25
(RSD) WL5% 1. A HLAE PO A £E AR 5 A0 bR IR R 122%—136%, RSD /N T 3.0%. [ 22 1] i /K 4: 55 %
(12%—16%) , HAHEAL =By bR B2 R 38%—130%, RSD /INT 11.0%. A HLAE H 5 7K 7 By (8% [l )i
NG DA A AN DR IE 8230 158 7K 57 4 B 2 ) S b A B RS R A1 T BB R T I K ™ ) i A AN TR
TR, 578 HIUAE 3 5 Hh %) 65 5 5 AN 400 104 W B A AR [R]US1, AIE 9 38 el 2R FH 22 Y A 12 FE X4 42
ek B 4 JoE R B [R]85 07 0, A — 8 R 3R T A LA T K g i IR R R R
L AT R e BT R EE RN 0.7—5.0 pg-kg™, AR BICEN 83%—135%.

R EFEIA HUICA L RE bl P T ER 2R AL ™ Py b el

Table 1 The recoveries of tetracyclines and their transformation products in manure-based organic fertilizer and soil samples

. HEFEREAIL 135
At Manure-based organic fertilizer Soil
Compounds 20 pg-L™ 100 pgL™! 20 pgL? 100 pg-L™!
MU (TC) 133% (2.1%) 127% (1.9%) 135% (3.1%) 119% (0.8%)
2210 PUFRER (ETC) 113% (3.1%) 101% (2.3%) 103% (1.2%) 96% (1.2%)
MK PUAZE (ATC) 88% (13%) 71% (3.4%) — —

210 7K U ZE (EATC) 64% (3.3%) 46% (8.5%) _ _
183 (DC) 124% (3.0%) 123% (0.4%) 85% (1.6%) 83% (1.7%)
48R (CTC) 136% (2.5%) 123% (1.8%) 118% (1.3%) 103% (0.7%)

217 4x 8 R (ECTC) 130% (5.2%) 113% (3.5%) 114% (2.0%) 107% (0.8%)

4R (CTC) 113% (0.7%) 116% (2.7%) 90% (1.7%) 83% (1.5%)
K44 (ACTC) 43% (11.0%) 38% (1.5%) — —
218 K 428 R (EACTC) 16% (10.8%) 12% (11.0%) _ _

T/ E(OTC) 122% (1.3%) 129% (0.6%) 109% (2.3%) 88% (1.0%)

221 + 5K (EOTC) 129% (1.8%) 122% (4.0%) 113% (4.2%) 86% (7.2%)
a-apo-+ % # (a-apo-OTC) 96% (3.5%) 83% (4.4%) — —
p-apo- 15 F (B-apo-OTC) 54% (8.6%) 49% (1.6%) — —

TE: 5E 120, 100 pg L™ PIASINARIEE T DUBF R IEHTA R B AL Mg e, R B R M (RSD). “— IR AR 4T
Note: The recoveries of tetracyclines and transformation products at two spiked concentrations of 20 and 100 pg-L™' were determined. The
values in the table represent recovery (RSD); “— indicates that the data is not analyzed.

1.6 BT
FIFH Microsoft Excel 2019, SPSS 26 % Origin 2022 #4753 53 FAEK .

2 ZEE 54718 (Results and discussion)

2.1 AHUIEHE i b DU R ISP R R AL =1 0 e 7K
TE 8 4 (1) B 7 & ZE(E I MLICRE & b 4 B0 BR 2R 285028 R BRI AT K5 . TC, DC, CTC Al
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OTC A9 B 433 A 1.63—4348 pg-kg'. ND—11450 pg-kg'. ND—30300 pg-kg™'. 7.11—55008 pg-kg ',
i R 76%—100% (55 2), R X EEHTA RAE B B IR0 )2 fd . ASHH ST i 43 DU BR 2 25470
A RV B KT 5 O A R IEAH 2 JE0E, Sh PR i i DU R 28504 3R 30%—90% LAREA AL
WAL X BE B & 2 PR RS, H AT A9 54 TCs A 4578 €5, C9 EA ARRBURIEN & F R 5%
2 TR REE R R, Kot HBE A I AT B 1 i 58 AR i 58 1 B R 03 R R U LS54
AN BR TCs s H 25 R A sl 1127, 35— AR A R MR 25%—90%, 158 J1 8 2 MR A
XAy, HE 208, A B A RR S O (R, & & FR A ] TCs Ja i ZE M8 PR [R] TCs 7T B B 25 31 v
FEWRAT 200 22 5%, (E I 52 m HLAE & 88 S8 A ALIE h A RAF 1B L. ok, B HLAE P IR R 2B
BB EROR 22 5%, FTRE S sh W2 AW | G307 =UAE A OGP, 10 Fh DU PR 28 3854 40 7 W) 7 A HUIE ih A7 7E 4
T TR B BR BR L 22 ) SEAR R G S SR BE N 1291277 pg-kg . 54 %55 bk 2N v ETC 0k i th o 43
5 HAK TC AYHE A 241, CTC B AN Al 33 A= J, ICTC, ¥ B Y5 [l 78 ND—8205 ug-kg™' 2 [d]. TC. CTC,
OTC K M2z 1] A A rf C-5a {57 1Y & RN C-6 57 1) F2 3k 5y 2% A JE /K S IOE T o8 J5E 7 7= 40 R 2 [l B K 7= 4
IR 777 A R 2 1] K 7 0 ) S 3R RN B G AR T RR A, i ATC Rl EATC 19-F- 43 B2 4311 R 59.9.
47.5 png-kg™', 5 Qiao 251 I Zhou %52 Xif 5% ZEAL NG ZEHE b PUIR K2tk B M SR~ 1075 Y OB 9T 45
A K P= ) AE s BR PR 25 A T I U, i EL A AILAE v 7 4 Xt JBE K =4 B B 5 B8 0 ik, T R
A B H BE 7K 7= fg e g 95 AIR
x 2 FBEBEVEA VLK ARG R BT Wk

Table 2 The concentrations of tetracyclines and their transformation products in manure-based organic fertilizer samples

EERY] i %R TR/ (ugkg")  F/ME (ugkg") PO/ (ug-kg™) e RAH/ (ug-kg™)
Compounds Frequency Mean Minimum Median Maximum
TC 100% 267 1.63 27.8 4348
ETC 93% 129 ND 13.6 2270
ATC 49% 59.9 ND 12.6 543
EATC 49% 47.5 ND ND 644
DC 76% 903 ND 70.7 11450
CTC 76% 1314 ND 27.7 30300
ECTC 87% 1277 ND 19.5 31310
ICTC 46% 302 ND 6.99 8205
ACTC 9% 16.8 ND ND 189
EACTC 42% 5.78 ND ND 85.0
OTC 100% 2265 7.11 53.5 55008
EOTC 95% 518 ND 64.6 12772
a-apo-OTC 27% 33.6 ND ND 672
p-apo-OTC 22% 4.63 ND ND 70.0
PURRZR A R A 100% 7143 54.6 584 104905

T A R = DU PR RS H A AR A B SRR USRS AR 3 BRI AT U PR 32 0 AR 3R M L ORI Ah ™= vk BE 22 15 ND., &
R, AR T4 B A R R,

Note: Detection rate=Number of samples with tetracyclines /Sample numbers; Sum of tetracyclines represent the total concentrations of 4
tetracyclines and 10 transformation products; ND., Not detected, less than the respective method detection limits.

W T AHUE R Z DT A R A= AL S L (] D). IR | @8R LERELY)
R JBE o5 A R TR AR SRR S B AL ™ ) R FEE 9 20%—55%. —J7 1T, 4 I DU 3R 3R A R ANES
S HLIATE I, AR AU B B 2 & 2EAEHEIR D). 55 —J7 i, & & 26 v i DU R RIS
R BHAR W) 28 N o R 2 AT AT S5 it [ I S A R B AR AR R 2 2 U AR ). Herp 22
] 5+ F & ETC, BECTC #l BOTC 2 A HLAL o = ZERY 52407 ), i T B th T IO R R R GUE R A B 1
C-4 F K A 22 18] SR AR, ARIFTE 245 0 e DL & 2O IRUAT HILIE AR P A7 A 50 v o P 1) DU R R B AL 7™
Y, F A PG A 2R A RBERZ R, B[R] I 255 FE T A 3R A R A = 1 B % B XL
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C
EACTC © 100 pB-apo-OTC
B8 actc a-apo-OTC
N 1cre so b 7/ EOTC
7 ectc [ lorc

|cte

43 %

3

(@ 100 B e ATC () 100

Percentage/%
D
L=
T
Percentage/%
D
o
T

Percentage/%

40 |80%:

53%

45%
20 - 20 20

0 ! 0 0
1 & EFMEEA VUM (n=55) P IUFRER (a) . 28R (b) FI L& R (o) KA P A K
TE: R BEH 1 1 70 LEMERRFIIR ],
The mean concentrations are used to make the percent stacked column charts.
Fig.1 The composition of tetracycline (a), chlorotetracycline (b) and oxytetracycline (c) and their transformation products

in manure-based organic fertilizer samples (7#=55)

2.2 AN[E B AR A UL b U3 R bk 2 R A = 5% B KT 5
ANTF & & SR A A HUIE T bt AR AR B K A W 22 5 (181 2) . & & 2 IEA HLIE b S g 2R

R RPUAE F (AR 10 B0 55 4k 7= 90 00 R ) B SF 35 9 BE AR IR - (15420 pg-kg™) >4 36 A
(3963 pg-kg)>FFEAC (1481 pg-kg™) >4 ZE AL (569 pg-kg™). JEFEALAE S TC, DC, CTC H1 OTC By#i
AR EERAS h FE Y TR L AR R R SR R IE, Wk B I L 43 0l O 1.63—4348 pgkg'. ND—
11451 pg-kg', ND—30300 pg-kg ', ND—30424 pg-kg ', AL, 17 7731 [X P FIH AL b [X 29 5 2 A0 B 45
A AE 21 DG FENEAE AR T, OTC. DC J2& ¥k B ¢ = 19 DU 30 38 S R, 7 359 0k 3 43 3l o 2728,
319 pg-kg™, 5 E R VG Rl 25 0 XS AL S ok BE KO AR Y. SR IEFE 5L TC. CTC 1 5% #7K-FAH
PR, TS5 43 R 333,196 pgkg ! A FEAEAE AL R TC, CTC M OTC A H 3 Ak B K - HAth
BT BT HLAE.

[ 3 ZEA HUIR(n=19)Swine fertilizers(n=19) FZEH P (n=9)Sheep fertilizers(n=9)

% 24 HUAR(n=21)Chicken fertilizers(n=21) B8 4245 HL(n=>5)Cattle fertilizers(n=>5)

F@ | ; 0!
105 3 ! I ' I

Concentration/(ug-kg™!)
Concentration/(ug-kg™!)

O L 7777

&
%08
©,
(&g V777777

S

AN

OTC DC

2 AFFE S FEIRAA HUIL PR R IEDT A R (a) B F AL 1) (b) 5% B ¥R
Fig.2 Residual concentrations of tetracyclines (a) and transformation products (b) in manure-based organic fertilizers of

different animal types

D0 B0 3% 2 B F v J3 AR, 1 S35 35 A DIUAERE i, LA AR W vk B 3 s . SRl sh A
BUIERE & S = W A AR 103 25 5 S R IR v WU P 28 R 4 85 3% R 7 2 A 7= ) VR B 2 v 0
FENE | AR FRNE AN EZEIE (P<0.05) . FEAS 6 AL ™ Wi HLIERE F v, AN ) 3 8 20 5 HILIE v DU 3R 2
W) - 4 B R /MK IR HE ZE B (503 pgkg ) > AR (287 pg-kg ') >XG AR (32.7 pg-kg ') >4 & A
(29.1 pgkg ™). FEFENEF- X FE T 2 : ETC(296 pgkg™) >ATC(115 pg-kg ™) >EATC(92.3 pgkg™).
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SRR YA NE AN b A o B, Horb o L S Y 4 B R ) ECTC 1Y% B2 43 51
3598. 113 pgkg . B R WA 4 A HUIE o B4 35 s i B p A i, FLrh g 28t h EOTC Y3k i
Ak F] 642 ug-kg .

SR L, R M RIS 2N b DU A R 280 A R BB . F T ORGS04 5 4 288 v R
R, BoAE Z AT LAGR SF S M A RN BB B, (H SR A 3 00 FH SR AR X A AR Y. e ah, B AT B4
HTESG . 2R FIRGZE0Y, W SR ZE M OCTER D, ARIF 5T 1Y F 280 2ok H AL IR Y, HIWIA R EH AR
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Fig.3 The concentrations of tetracyclines and their transformation products in organic fertilizer samples from the models of

the combination of farming and animal husbandry and centralized processing
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Fig.4 The concentrations of tetracyclines and transformation products in organic fertilizer and fertilized soil from five farms

1

in Shanghai

A HUAE Hh 5k B A DU 2R RIS AE B G A BRSO A R AR, ] BE 2o U B Bl M A
ASTEAE RURSC MRS 24 1R 47 FSRUISE , 485 Xk 3 0 05 14 £ o 2 2 1 2 3 T A A Sl J 0 0L ]I ey - 45 A A
L, it A 1 A 38 A4 DU B 3R S 5% 40 1y nT Bt BAT B0 A7 AR A — g BRBE XU . B A1 B B
1508 H 5k B O DU 3R 22 SFAL ™ ] 3 Bk AR AR ) (SR L KSR R0 288 ) HAT AR 253 PR KU 1), 5% B
BT ) o Bl A T R RERE BT A 2R 24 1 IXUR: 1. TR 2 3k — D I 5 DU B 2R S Ak 7 ) vl B R 1Y
AU

3 2512 (Conclusion)

(DABFFEXS 55 4~ F B FEME A HUILHE 5 4 Fh PO PR 2S04 R I 10 R AL 7= W) 47 R 25 A6
oAb, KB R & A A MLIE b 4 Bl UPR R ISPUE R A, 5% B il ik me-kg ™!, PUIRE | &%
ALY SR BT S5 R AU A Y, 22 1) S A (R A HIUAE Hh 2 A% 0™ 1. i 35 DU 3R 3R 2t
A= FRATHLAC A A T L HE REAG ) DU R 3 20 A SR ANER -5 AL 740, 22 1m) SR AT 2 2 2 e Ak ).

(2) A HUIE e 28 3R 5k BE 1 100 32 1) 3 & Fh R ge P A A A U s men . DU BR 3R e i A R XAk
7 ) B E RS HH R AR S AEAE i P T RGN | A= JEAE AN 2L AE M IR 28 S A - RO PLAE
I 25 i T AR P A IS A P A HLAE.

(3) AR BLHE— 2P T & DU PR 3R I Al )™ W 1 7 & S8 Ak BRANGE PAL A T i v B0 R B K- L 3058
1 0 R XU O BIF 5.



51 RPFUEATE: T B FEEIA UL U PR R PR R B AL ™ W ) 3 A AR 1453
S % ik (References)
[ 1] GABALLAH M S, GUO J B, SUN H, et al. A review targeting veterinary antibiotics removal from livestock manure management

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

systems and future outlook [J]. Bioresource Technology, 2021, 333: 125069.

KRISHNASAMY V, OTTE J, SILBERGELD E. Antimicrobial use in Chinese swine and broiler poultry production[J]. Antimicrobial
Resistance and Infection Control, 2015, 4(1): 17.

BRER, A, e T, 45 2019 4R TR [ BT 28 W T S A e 0D, b [ 2 4, 2022, 56(1): 71-76.

ZHAO Q, LI T, JIANG Z N, et al. Investigation on antimicrobial consumption in animals in China in 2019[J]. Chinese Journal of
Veterinary Drug, 2022, 56(1): 71-76 (in Chinese).

LIC,LIY, LIXY, et al. Veterinary antibiotics and estrogen hormones in manures from concentrated animal feedlots and their potential
ecological risks[J]. Environmental Research, 2021, 198: 110463.

SUKUL P, LAMSHOFT M, KUSARI S, et al. Metabolism and excretion kinetics of 14C-labeled and non-labeled difloxacin in pigs
after oral administration, and antimicrobial activity of manure containing difloxacin and its metabolites[J]. Environmental Research,
2009, 109(3): 225-231.

R, TR . F &I TR P B A - A B Rt (M. db 5w B RO R 22 4R R, 2016.

ZHU M X, YANG J X. Resource utilization technology of livestock manure-centralized treatment mode[M]. Beijing: China
Agricultural Science and Technology Press, 2016 (in Chinese).

TR, VIR, SRR X, &5 3R EDALIL 3 & SR 385 PR AL R A (3], Al %5 5 3858 24 4z, 2018, 35(2): 126-132.
XUANM, XU Z C, WU G Y, et al. Analysis of utilization of fecal resources in large-scale livestock and poultry breeding in China[J].
Journal of Agricultural Resources and Environment, 2018, 35(2): 126-132 (in Chinese).

W, KRR, 22, 55 F A HUIL IO B i it A FUIE o DU PR 3R 28 B0 A R AR 1l e B e (00 A8 97 S IDRL 31, 2021,
27(9): 1487-1495.

YANG W, DI C X, LI J, et al. Detection rate and concentration of tetracycline antibiotics in organic fertilizers raw materials and
commercial products in China[J]. Journal of Plant Nutrition and Fertilizers, 2021, 27(9): 1487-1495 (in Chinese).

HOU J, WAN W N, MAO D Q, et al. Occurrence and distribution of sulfonamides, tetracyclines, quinolones, macrolides, and
nitrofurans in livestock manure and amended soils of Northern China[J]. Environmental Science and Pollution Research, 2015, 22(6):
4545-4554.

ZHU Y G, JOHNSON T A, SU J Q, et al. Diverse and abundant antibiotic resistance genes in Chinese swine farms[J]. Proceedings of
the National Academy of Sciences of the United States of America, 2013, 110(9): 3435-3440.

KUMAR M, JAISWAL S, SODHI K K, et al. Antibiotics bioremediation: Perspectives on its ecotoxicity and resistance[J].
Environment International, 2019, 124: 448-461.

HU X G, ZHOU Q X, LUO Y. Occurrence and source analysis of typical veterinary antibiotics in manure, soil, vegetables and
groundwater from organic vegetable bases, northern China[J]. Environmental Pollution, 2010, 158(9): 2992-2998.
HALLING-SORENSEN B, SENGEL@V G, TJORNELUND J. Toxicity of tetracyclines and tetracycline degradation products to
environmentally relevant bacteria, including selected tetracycline-resistant bacteria[J]. Archives of Environmental Contamination and
Toxicology, 2002, 42(3): 263-271.

JIA A, XIAO Y, HU J Y, et al. Simultaneous determination of tetracyclines and their degradation products in environmental waters by
liquid chromatography-electrospray tandem mass spectrometry [J]. Journal of Chromatography A, 2009, 1216(22): 4655-4662.

ZHONG S F, YANG B, LEI H J, et al. Transformation products of tetracyclines in three typical municipal wastewater treatment
plants [J]. Science of the Total Environment, 2022, 830: 154647.

EVGENIDOU E N, KONSTANTINOU I K, LAMBROPOULOU D A. Occurrence and removal of transformation products of PPCPs
and illicit drugs in wastewaters: A review [J]. Science of the Total Environment, 2015, 505: 905-926.

WU X F, WEIL' Y S, ZHENG J X, et al. The behavior of tetracyclines and their degradation products during swine manure
composting [J]. Bioresource Technology, 2011, 102(10): 5924-5931.

SOLLIEC M, ROY-LACHAPELLE A, GASSER M O, et al. Fractionation and analysis of veterinary antibiotics and their related
degradation products in agricultural soils and drainage waters following swine manure amendment[J]. Science of the Total
Environment, 2016, 543: 524-535.

QIAO M, CHEN W D, SU J Q, et al. Fate of tetracyclines in swine manure of three selected swine farms in China[J]. Journal of
Environmental Sciences, 2012, 24(6): 1047-1052.

ZHOU X, QIAO M, WANG F H, et al. Use of commercial organic fertilizer increases the abundance of antibiotic resistance genes and
antibiotics in soil [J]. Environmental Science and Pollution Research, 2017, 24(1): 701-710.

WALLACE J S, AGA D S. Enhancing extraction and detection of veterinary antibiotics in solid and liquid fractions of manure[J].
Journal of Environmental Quality, 2016, 45(2): 471-479.

A, LIRS, ZETH0, 45 R 1R S5OV 00 % - B IR S5 3 vk ] s A DU B8 7 b 13 FpBiZE & ). BAEWFSE, 2021, 50(1): 121-128.


https://doi.org/10.1016/j.biortech.2021.125069
https://doi.org/10.1186/s13756-015-0050-y
https://doi.org/10.1186/s13756-015-0050-y
https://doi.org/10.11751/ISSN.1002-1280.2022.01.10
https://doi.org/10.11751/ISSN.1002-1280.2022.01.10
https://doi.org/10.11751/ISSN.1002-1280.2022.01.10
https://doi.org/10.1016/j.envres.2020.110463
https://doi.org/10.1016/j.envres.2008.12.007
https://doi.org/10.13254/j.jare.2017.0257
https://doi.org/10.13254/j.jare.2017.0257
https://doi.org/10.11674/zwyf.2021061
https://doi.org/10.11674/zwyf.2021061
https://doi.org/10.1007/s11356-014-3632-y
https://doi.org/10.1016/j.envint.2018.12.065
https://doi.org/10.1016/j.envpol.2010.05.023
https://doi.org/10.1007/s00244-001-0017-2
https://doi.org/10.1007/s00244-001-0017-2
https://doi.org/10.1016/j.chroma.2009.03.073
https://doi.org/10.1016/j.scitotenv.2022.154647
https://doi.org/10.1016/j.scitotenv.2014.10.021
https://doi.org/10.1016/j.biortech.2011.03.007
https://doi.org/10.1016/j.scitotenv.2015.11.061
https://doi.org/10.1016/j.scitotenv.2015.11.061
https://doi.org/10.1016/S1001-0742(11)60890-5
https://doi.org/10.1016/S1001-0742(11)60890-5
https://doi.org/10.1007/s11356-016-7854-z
https://doi.org/10.2134/jeq2015.05.0246
https://doi.org/10.19813/j.cnki.weishengyanjiu.2021.01.021

1454 7N 54 1t

43 %

3

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

ZHU F, WU X S, LI F, et al. Simultaneous determination of 13 antibiotics in disinfection products by ultra-high performance liquid
chromatography-tandem mass spectrometry [J]. Journal of hygiene research, 2021, 50(1): 121-128 (in Chinese).

ARIKAN O A, SIKORA L J, MULBRY W, et al. The fate and effect of oxytetracycline during the anaerobic digestion of manure from
therapeutically treated calves[J]. Process Biochemistry, 2006, 41(7): 1637-1643.

QIAN M R, WU H Z, WANG J M, et al. Occurrence of trace elements and antibiotics in manure-based fertilizers from the Zhejiang
Province of China[J]. Science of the Total Environment, 2016, 559: 174-181.

A SC, WEIE A, 22K, A5 I R A A AL P B 4 R A 3R R 5 400 (D], SRR AR 2, 2017, 36(2): 408-419.

ZHAO W, PAN Y Z, LAN T, et al. Analysis of heavy metals and antibiotics content in Hainan commercial organic fertilizers[J].
Environmental Chemistry, 2017, 36(2): 408-419 (in Chinese).

AGWUH K N, MACGOWAN A. Pharmacokinetics and pharmacodynamics of the tetracyclines including glycylcyclines[J]. Journal
Antimicrobial Chemotherapy, 2006, 58(2): 256-265.

OB, IR, SRS, 4F. B S A v AR R0 2k pE s R (0], b E AL R, 2018, 51(17): 3335-3552.
CHENG D M, LI Z J, ZHANG X L, et al. Removal of Veterinary Antibiotics in Livestock and Poultry Manure: A Review [J]. Scientia
Agricultura Sinica, 2018, 51(17): 3335-3352 (in Chinese).

WANG H, CHU Y X, FANG C R. Occurrence of veterinary antibiotics in swine manure from large-scale feedlots in Zhejiang Province,
China[J]. Bulletin of Environmental Contamination and Toxicology, 2017, 98(4): 472-477.

BIN HO Y, ZAKARIA M P, LATIF P A, et al. Occurrence of veterinary antibiotics and progesterone in broiler manure and agricultural
soil in Malaysia[J]. Science of the Total Environment, 2014, 488/489: 261-267.

ZHI S L, SHEN S Z, ZHOU ], et al. Systematic analysis of occurrence, density and ecological risks of 45 veterinary antibiotics:
Focused on family livestock farms in Erhai Lake Basin, Yunnan, China[J]. Environmental Pollution, 2020, 267: 115539.

WANG G Y, LI G X, CHANG J L, et al. Enrichment of antibiotic resistance genes after sheep manure aerobic heap composting [J].
Bioresource Technology, 2021, 323: 124620.

BAO Y Y, ZHOU Q X, GUAN L Z, et al. Depletion of chlortetracycline during composting of aged and spiked manures[J]. Waste
Management, 2009, 29(4): 1416-1423.

YU Y S, CHEN L J, FANG Y, et al. High temperatures can effectively degrade residual tetracyclines in chicken manure through
composting [J]. Journal of Hazardous Materials, 2019, 380: 120862.

KW, B FT. T IEGTIRF I EOR-Fh IR 45 580 (M. Jemt: op E Al B2 5 e, 2016.

ZHU M X, YANG J X. Resource utilization technology of livestock and poultry manure-combination mode of planting and
breeding [M]. Beijing: China Agricultural Science and Technology Press, 2016 (in Chinese).

STALEY Z R, WOODBURY B L, STROMER B S, et al. Stockpiling versus composting: Effectiveness in reducing antibiotic-resistant
bacteria and resistance genes in beef cattle manure [J]. Applied and Environmental Microbiology, 2021, 87(16): €0075021.

REHMAN M S U, RASHID N, ASHFAQ M, et al. Global risk of pharmaceutical contamination from highly populated developing
countries[J]. Chemosphere, 2015, 138: 1045-1055.

WEI R C, GE F, ZHANG L L, et al. Occurrence of 13 veterinary drugs in animal manure-amended soils in Eastern China[J].
Chemosphere, 2016, 144: 2377-2383.

JECHALKE S, HEUER H, SIEMENS J, et al. Fate and effects of veterinary antibiotics in soil[J]. Trends in Microbiology, 2014, 22(9):
536-545.

LI C, CHEN J Y, WANG J H, et al. Occurrence of antibiotics in soils and manures from greenhouse vegetable production bases of
Beijing, China and an associated risk assessment[J]. Science of the Total Environment, 2015, 521/522: 101-107.

PRUDEN A, LARSSON D G, AMEZQUITA A, et al. Management options for reducing the release of antibiotics and antibiotic
resistance genes to the environment[J]. Environmental Health Perspectives, 2013, 121(8): 878-885.

PALMER A C, ANGELINO E, KISHONY R. Chemical decay of an antibiotic inverts selection for resistance[J]. Nature Chemical
Biology, 2010, 6(2): 105-107.


https://doi.org/10.19813/j.cnki.weishengyanjiu.2021.01.021
https://doi.org/10.1016/j.procbio.2006.03.010
https://doi.org/10.1016/j.scitotenv.2016.03.123
https://doi.org/10.7524/j.issn.0254-6108.2017.02.2016051803
https://doi.org/10.7524/j.issn.0254-6108.2017.02.2016051803
https://doi.org/10.1093/jac/dkl224
https://doi.org/10.1093/jac/dkl224
https://doi.org/10.3864/j.issn.0578-1752.2018.17.009
https://doi.org/10.3864/j.issn.0578-1752.2018.17.009
https://doi.org/10.3864/j.issn.0578-1752.2018.17.009
https://doi.org/10.1007/s00128-017-2052-3
https://doi.org/10.1016/j.scitotenv.2014.04.109
https://doi.org/10.1016/j.envpol.2020.115539
https://doi.org/10.1016/j.biortech.2020.124620
https://doi.org/10.1016/j.wasman.2008.08.022
https://doi.org/10.1016/j.wasman.2008.08.022
https://doi.org/10.1016/j.jhazmat.2019.120862
https://doi.org/10.1128/AEM.00750-21
https://doi.org/10.1016/j.chemosphere.2013.02.036
https://doi.org/10.1016/j.chemosphere.2015.10.126
https://doi.org/10.1016/j.tim.2014.05.005
https://doi.org/10.1016/j.scitotenv.2015.03.070
https://doi.org/10.1289/ehp.1206446
https://doi.org/10.1038/nchembio.289
https://doi.org/10.1038/nchembio.289

	1 材料与方法（Materials and methods）
	1.1 化学品和材料
	1.2 样品采集
	1.3 样品的前处理
	1.4 UPLC-ESI-MS/MS分析
	1.5 质量保证和质量控制
	1.6 数据分析

	2 结果与讨论（Results and discussion）
	2.1 有机肥样品中四环素类抗生素及转化产物的浓度水平
	2.2 不同动物类型对有机肥中四环素类抗生素及转化产物残留水平的影响
	2.3 畜禽粪便资源化利用模式对有机肥中四环素类抗生素及转化产物残留水平的影响
	2.4 施肥土壤中四环素类抗生素及转化产物的残留

	3 结论（Conclusion）
	参考文献

