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Pollution Characteristics and Accumulation of Antibiotics in Typical Protected

Vegetable Soils

YIN Chun-yan'?,LUO Yong-ming' > , TENG Ying'*,ZHANG Hai-bo', CHEN Yong-shan', ZHAO Yong-gang
(1. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Sciences, Chinese Academy of Sciences, Nanjing
210008, China ; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China; 3. Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences, Yantai 264003, China; 4. Environmental Monitoring Centre of Jiangsu Province, Nanjing
210036, China)

Abstract: The occurrence and distribution of 14 selected antibiotics in soils from 20 protected vegetable fields in Shandong province
were investigated by ultrasonic extraction and UPLC-MS/MS. The results showed that antibiotics were detected in all the soil samples,
the dominant antibiotics were tetracycline, oxytetracycline, chlortetracycline and doxycycline with 100% detection rate, the
concentration of which in soil ranged from 2. 11-139. 16, 6. 06-332. 02, 1. 82-391. 31, 2. 20-248. 56 pg-kg ™', respectively. The total
concentration of four compounds Z (TCs) ranged from 26.79-1010.11 pg-kg™', with an average of 274 pg-kg™'. All the
sulfonamides (SAs), quinolones (QNs) and macrolides antibiotics (MACs) were also detected, except for chloramphenicoles. The
total concentration of QNs [ z (QNs) ] in soils ranged from 0-1 017. 06 pg-kg ™ 'and the average concentration was 73. 05 pg-kg ™'
with detection rate of 85% , and the individual concentrations of SAs and MACs were quite low in soils. The results also showed that
the distibution and concentration of antibiotics in soils grown different vegetables were quite different. Notably, the individual
concentrations of QNs (NFC, OFC) were 373. 73 pg-kg ™" and 643. 34 wg-kg ™", respectively, which far exceeded the trigger value of
the ecological risk (100 wg-kg™'). Thus, more attention should be paid to antibiotics pollution in protected vegetable soils.

Key words : protected vegetable soil; antibiotics; pollution characteristics; accumulation; manure
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Table 1  Physicochemical characteristics and the cultivate condition of the sampling soils
gia AL FHESFacHfm Fhki oH Ex) BN Gl LB A FiAEAERR PR
/g-kg™! /emol-kg™! (<2 pm) /gkg™! /gkgT! /gkgT! /mg-kg”! /mg-kg ™! /a
1 29.4 23.7 19.0 6.68 2.2 1.9 18.0 800 320 20 BN, PR fili
2 25.5 20.7 18.3 6.66 2.0 1.8 19.0 600 278 20 [LEARTINPIIN
3 29.5 18.6 10.3 7.62 2.1 1.3 16.0 720 408 19 I, B
4 19.5 20. 4 6.57 7.80 1.3 1.4 19.0 500 114 18 PHLLA, B4
5 33.0 22.7 19.5 7.30 2.2 2.2 17.8 840 318 15 (AR PIIN
6 26.5 12.2 13. 1 6.94 2.0 1.2 18.6 520 357 15 R, B
7 20. 4 9.7 11.8 7.22 1.7 1.0 16. 6 420 239 15 N, LA
8 20.4 20.3 8.3 7.78 1.4 1.3 17. 1 420 193 11 PHZLAN, R
9 19.2 15.2 8.83 7.87 1.5 1.4 18.1 700 239 11 JNEE I, PR LA
10 16. 8 18.8 10.9 7.83 1.1 0.9 18.3 470 78 8 PHELA, R4
11 20. 1 13.0 11.4 7.95 1.3 1.0 17.9 480 126 8 PULLAT, BRI, 3
12 26.2 17.5 1.2 7.46 1.8 1.2 16. 4 640 321 7 23]\
13 26.5 18.2 120 7.3 2.2 1.2 17.0 700 260 7 2K
14 34.8 18.2 20.5 7.03 2.8 1.5 17.8 1680 436 7 2K, IR
15 22.4 21.6 7.18 7.80 1.7 1.3 18.4 770 147 7 PEELA, B
16 22.9 20.9 18.4  7.40 1.8 1.0 17.1 600 256 7 23]\
17 22.0 20. 4 15.1 7.61 1.7 1.4 18.8 820 153 7 [, PG £ Al
18 13.8 19.6 12.3 7.72 1.1 0.8 18.2 260 116 6 B, B
19 17.7 22.5 18.1 7.73 1.5 0.8 19.6 370 170 4 22K, TR, FELLA
20 27.3 16.2 8.48 7.60 1.9 1.1 17.3 535 398 2 oy i FAR ]
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SR AL B K A B A5 S 5 SCER[19,20]
B TERRFRE 5.0 g T 3T 80 mL A% 3% B 55 .05
&rh A W 2/ EDTA-Mecllvaine 2% MR TR & W (14
FHEE 1:1)20 mL, #77 #2H 30 min,3 000 r-min ™' &
> 10 min, Y5 FIHHR. 25 PR By i 2
W, B I HRIBOR , e 7 75 k4w B I, - FH 8 4 K 7
%100 mL,i# i LC-SAX il HLB sRBEA: T A B
S, BECFEWISEH 10 mL HEE . 10 mL # 4K 17
Ak, BAESEEES ] 10 mL M AlAKIE UE R A,
P LC-SAX /M, AWK HLB /M, DL Z2BR7K 47

HLB /MEF 0. 1% W ER A H B DAL 3 -5~ A i
ATV WO B A Ve B T AR B ARk &2
<1 mL, R IMA PIARS C-HMER 10 wL J5 75 H
B 0. 1% HIR) EAZE 1 mL, IWIEIRA G 243k
LU (0. 22 pum) i 3E , ik UPLC-MS/MS 437l & .
BT EIHTAE R MS/MS MlESHLEK 2. EiEHTR
FE30°C, Jii# 0.3 mL-min~", #FE S pl. W3h
AR (0. 19% WRRAVELEK) B AH( 0. 1% H
PRI L) . SR AHBR BEBE A, BP0 T« A
B (90:10) £ 754k (0 ~ 10 min) & A: B(0:100) ,
FRFF 10 min.

F2 WSTHRERRE MS/MS MESH0>
Table 2 Analytic compounds of antibiotics and the optimized MS/MS parameters

e G , AEXF BEE T TET {021 AEER A HEFLHLE
oy ¥ (JEHZ L m/z) (JEAZ L m/z) /V /V

UE7S TC 444.45 445.3 154, 410, 427 30, 20, 10 35, 35, 30
+HER OTC 460. 44 461.3 381, 426, 443 30, 20, 10 40, 41, 41
SRR CTC 478. 89 479. 1 154, 444, 462 30, 20, 15 35, 35, 35
[IVIE S DXC 444. 45 445.1 154, 410, 428 30, 20, 15, 35,35, 35
i P s g SD 250. 28 251.1 91.9, 155.9 30, 15 30, 30

itk Jre Y e SMX 253.28 254.2 92.2,107.9 30, 20, 30, 30

itk i — P s e SM, 278.33 279. 1 91.9, 155.9, 186 30, 20, 20 35, 35, 35
R R NFC 319. 34 320.0 276. 4, 302.2 20, 20, 40, 40
AR A OFC 361. 38 362 302, 261 20, 20, 40, 40
HR ETM-H,0 733.95 734.5 158, 576.3 35,20 35, 35
BLUHR RTM 837. 07 837.6 158, 679. 4 39, 20 35, 35
AR CPC 323.13 321.1 152, 257. 1 20, 10 30, 30
HIRERE TPC 356.23 354. 1 185, 290 20, 10 35, 35
B H FFC 358.2 356. 1 185, 336 20, 10 30, 30

1.4 JrikEeR 5 B4l
HR A SCHR [ 19,20 ] #9757, SR FH AR 6 XA
WREE SR AT 28 B3 M, R BRI EEJU FL R 1~ 80
pe L7 7 ANREEAL, FL R (HRT0.99, M4
PR Bl AV B2 R T L AR A SR AR RIS in [l
RIE40% ~80% = [8], 5 fil A HF 7 45 HLAH L2
7 W B 7 100 S A o e 25 7E 2.0% ~
20. 19 (8], Ui B % 77 s B R4 0 38 80 S mT
FETE.
ERE5H
2.1 SRRt b - R AR 2R AT YRR
TR S R IR 3. A LR
rn BTN [ R B A I O A R AE R, 4 FhUIR
REHARB G R Y (TCs) Fwmik1010.11
peg-kg ™I 274 pg-kg T AL 15% BIRE
KT 100 pg-kg™'; 75% MFE§L R AE 100 ~
400 pg-kg™' ZAl; 10% B9 RE A & RS T 800

2

pg-ke (). U ERPUERANLEWR T
YR 100% , HPh+t B XN RS HE&FERN

80

e 60 O YERg
=
B 40
2
t 20 -

0~100 100~400 >800
- PR S
< O mflbek
=
E=d
oE
i

0~100 100~200 >200

EHEE g kg

B 1 &Rt T AR BEmR AR
REZNEEEDHIFE
Fig. 1 Distribution of total concentrations of TCs, QNs and

SAs antibiotics in protected vegetable soils
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332.02 wg-kg ™', FHI107. 15 pg-kg ™' VUM E RS
TN 139.16 pg-kg ™', F329.30 pegrkg ' B
EhE A RN 391,31 pg-kg™, I N 71.24
pe-kg s BREE R B SN 248.56 pgkg ',
] 66.31 pg-keg ™" X Hy £ v 4 Ff PO 3A
RRPUERMWIGRFEEARICN THR > SRR >’
NEFE SN E, L HER SR RER TS L EE
FEMY, T 7E 8 & 775 il FH i KR G
LU R A Hi Ak E M L, B S b 3 P
Kb R R D& REAR, BT 100 pg-kg ™' (%
3P0 R G B Vg i P e £
KR53 3R 75% | 95% | 65% , % £ 3 il 43 5l
A ND (KPR AR ) ~8.43, 0.01 ~29.86, ND ~

PO ==y

0.5 pwg-keg ™' AP — W mERE RS B i
BIE R 2.79 wg-kg ™", H U A Bl il 15 e Fitk i FH e
e AR50 0. 75 F10. 17 pg-kg ™.

FEFTRTIN A 2 AP S Hi Ak 2= b R 2
FORS: S EEE B ND ~ 373,73 pg-kg ™' B A&
H27.97 pg-kg ' YRR H SR EEFE ND
~643.34 pg-kg ' Z I, V45 45.08 pg-kg ', #HE
FAEFIE0 ~100 pg-kg ' ZIA(F 3 ME 1), HE
PE R IR AN 1] AR i R B R B
T LIk 373,73 pg-kg ' 643,34 pg-kg .
R[ERIPUER AR I KA N BER P AER
FRA A5 SR BARE A S AR R (> 70% ) 5
SRR, W BEAETE R AR S i 1 XU

#x3 EEFMLESD 4 HMREZEEE peg-kg!

Table 3 Concentrations of 14 antibiotics in protected vegetable soils/wg-kg ™"

T ) G R (n =20 6 1 BR2) P
s FXHT 5 s B G o
DY ZE TC 2.11 ~139.16 29.30 100 0.1 17122
TEHR 0OTC 6.06 ~332. 02 107. 15 100 1.0 17122
LRE CTC 1.82 ~391.31 71.24 100 1.0 18. 5021
[V DXC 2.20 ~248.56 66.31 100 0.1 -3
PUFRER 2K > (TCs) 26.79 ~1010. 11 274. 00 100
i i e g SD NDV) ~8.43 0.75 75 0.1 991241
i i FF e SMX ND ~0. 50 0.17 65 0.1 —
Tt Jile — PP ms e SM, 0.01 ~29. 86 2.79 95 1 102. 412
T les > (SAs) 0.01 ~33.62 3.91 100
TR A NFC ND ~373.73 27.97 55 0.1 91.2%]
AR A OFC ND ~643. 34 45.08 65 0.1 —
W T > (QNs) 0~1017.06 73.05 85
AHF ETM-H, 0 ND ~0. 02 0. 003 70 0.1 200271
BLFER RTM 0.03 ~2.14 0.29 100 0.1 —
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