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Effects of Soil Veterinary Antibiotics Pollution on Rice Growth

XU Qiu-tong', GU Guo-ping?, ZHANG Ming—kui"

(1.College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China; 2.Shaoxing Academy of Agricultural
Sciences, Shaoxing 312003, China )

Abstract: To understand the potential effect of soil veterinary antibiotics pollution on the growth of rice, a main food crop in China, oxytetra—
cycline which was used widely in livestock and pouliry breeding was selected to test the effects of different levels of soil antibiotics pollution
on growth and yield of rice plant at both seedling and growth periods. Relationship between oxytetracycline accumulated in different organs of
rice plant and oxytetracycline pollution levels in the soil was characterized. The results showed that the effects of soil oxytetracycline pollution
on rice growth mainly occurred at the seedling stage, and the effect on the underground part was obviously greater than the above—ground part
of rice. Significant negative effects on biomass of the underground part of rice, root activity, and chlorophyll content and oxidase activity of the
leave at the seedling stage were found when soil oxytetracycline pollution concentrations was over 30 mg *kg™. The consequence from the im—
pact of soil oxytetracycline pollution on rice seedling could be extended to the whole growth period of the plant, which could reduce the num—
ber of tiller and rice yield. Oxytetracycline accumulated in various organs of rice plant was in the sequence of root>leaf>stem>grain. Rice
roots had low capacity to uptake oxytetracycline from the soil, the transfer capacity of oxytetracycline from the roots to leaf, stem, and grain
was also weak. Considering the low oxytetracycline pollution levels in most of current actual farmland soils (less than 10 mg-kg™) and lower
accumulation character of oxytetracycline in the grain, it is thought that the direct damage of soil oxytetracycline pollution on rice production
is small.
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1.1 kA

RIS FERTVLAE G 24T AR X 2R T, 050 b Ao 7K
WS- Ji, (IR 39 R 7R DR FE kR 1 2 B K
FE ), HEAPE I 26 1, 5050 X AR 2
2516.5 C, AR EE 2 1 400 mm, A0 F BT, 12056
AR wm R . PR v+ ERX BT
WRBPUAER 2P0 R E S5 v R
Iz A5 &R A Fluka 208770, 26 =98%,

F 1 ik HEE AR
Table 1 Basic properties of the soil for experiment

Wi Hiki/ BSEb, Bk H{Eﬁm@é/ N/ AP LK
"Hogkg! grkg! gokg! P gkg!  g-kg! mg-kg” mg-kg
MSEM 232 465 303 587 1954  1.87 2412  98.56

1.2 X3 F R T4 B

AR KR SRR BRI 15, IR R K A A ik
TTIERN, FHICIG R T HEMG 1~2 d, F 3% 2 5 R 25
1212 b 35K, ERK AR I ARIR R 2 AT
[\ 3 d, 5 H FHEKEGE 3~4 . 3 d 51k
T, FEHT 55 CRZKE Rk, ARERAS AT
U, PR RR R AR R TR RSP AE 30~35 °C,24 h Rim]
TR 2F , RS 2R R 1 R B AP BRI 28 20 CAE AT PEFERD
T FEHARFE T HEE 1 JEHEFh.
1.3 iREHE

I T 2013 4F 4—8 I FEfE KA T b 47, il 5
HiE] ERE K2 730 mm, R B RS R A K
WS 2 AR

BRI IR 7 A BRI ER N TR A
I T LB R XKL AR R, a5 sk
JE Y 85 2 TR A BT Gk
1) 0~15 em R 2 TIE LB RIS YR EZ 5300 0.2.5,
10.30.60 mg-kg™ F1 100 mg-kg™, /NXEFH 1 m?,
A 3R ALFRRENLHES . /N B YA A R 5, I
o Al - SEER AR 20 em, HYEE LR S EE 25 em. D
AN R BT, AR AR BEAE )2 R (15 em) (A4 FE(1.18
grem™) M EMPUAERWE RS /N L8R
i IR AEAMIRNL/NX . RS ST 666.7 m? i
ARFHE 1500 kg %45 50 kg AL 6 kg VEEIE ., Tt
AR S LR MR G TG VR A TR B
—/NXBYFPFF R 30 go FEFP S FEII 25 10, PRI R
M2, B A AL S | & R 28 AR, RIS S B R
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IRARFET RN TR AR BR 2 5L AP 21 2 -0 OR4r
B PR 18, 2 S BRI . 7 2 M
iE R E LSRR A 7 4 D R R VB
PR EE 7E 4.5~5 MBI P0G . 20 30 d B0
FEKARERE A RSO, D AR RIS ) g R
i SOt EACEBRE T I TR R . R R
HCR 2 MH5E , F 95% L BERI, L (ki 2 215 AR
I IS IESCHR221 07 W2 , o8 % TTC B
5i8 B 5 2 SR A U TG 4 S BESCHR [ 23 7 R L SIS A
H2020

A KIS N B R 3 AN TS YR 2 FhoR U
B R ik, LR 3 N5 YRR 0~15
em R 2 LI BH RIS YR IEZ S350 0,60 mg-kg™ Fl
100 mg-kg™ (433 HFFS5 TOT1.T2 IR ) ;2 Flok
BT i A & R S 0 mg-kg™ 1 60 mg-
kg™ 19 2 BRGS0 A5 RO A R1 K7 ).
6 AN bFE (4% TORO.T1IRO.T2RO. TOR1 . TIR1,
T2R1), H—/NX i 0.15 kg & & IE(N-P-K
PSR 15-15-15)/F A EERE . FF—/NX B Ak Rl
25 1 o AKAFAE AR R 8 M TR K B B, &2
Gy BEILER A3 BEE; KRR ILAS WKL 75 il
MEEKFFAEAARDL s FFAERE—/NX I FIHLRAE 3 Bk
FERERRAE , 20 AR (I 25 KPR 4 AN, T L8 %
T, RAEMKFES B BIE 44 A koK ZEIRK
e KW T Tt &%
14 TEBESHFHE

TR B AR TR AR R O R A R - [ A
AL WA PN iRy RORAH €35 — HR X B (HPLC-MS/MS)
SIFTEINE . R CNE-BRR4N- 2 T4 -Na,EDTA %5
AR BRI, FHAE O el — TR A B 2 L 2R ) FH o
g A4t (SAX) - 3R /K SR AR 2 Uk (HLB ) AR Ik
TTalifb M E 4 . Oasis HLB [EAHAEEUH: (3 mL-60 mg™) ;
s BH B Fag At (SAX) (3 mL+500 mg™); DA B
SAX-HLB #:X} 5 mL 31 17144k, 2305 LL 2 mL H
i 2 mL K 3G A/, BEWR LA 5 mL-min™ [ 38 B oF
FE, FRHSE LR R, 5Bk SAX AE,HLB FEAR K 5
mL 7K 5 mL FEE-7K (5:95 )bkt , 3725 400 o IR o 0k
JEHHT 5 min, H )5 5 mL 0.01 mol - L™ BEfig - H A
WVERL . BFEEi i AE40 C TR iEstze k2T, H 1 mL
Z i -0.086 mol - L~ B W& (15/85,V/V) & %, i 0.45
pm YRR, = A0 AR (3 — FR D BT (HPLC-MS/MS ) 43
Mro T & Z M EE N 81.329%~96.3% , F-31H 86.4%,
FARKEIBR A 0.13 pg ke

L5 #iEGitAE

256 B0HE % ] Microsoft Excel 2003 %4 #E 47 Ak
B, FH SPSS 19.0 #AFHEATGETT o304 o R /N 5
225 (LSD) B 722 57 B E VA K (P<0.05) o

2 HERESMH

2.1 T EBETHEINKBLHEERNZM

B 2 AT, Rl b 7 20 gk B A Y
D11 & Al B L O A S 7 B8 U 5
PR R A IR R R g RS Yk A B
B b s A A AR B R R
B+ 25 YR BE 29 30 mg-kg ™, M b EB A Wy
KA E T RER I BRI Y B2 100 mg -
ke, X EAAH T HR L BT R R E TG Yy
Uk, SRR ELAL, Y i LR RIS YRR 30,
60 mg-kg™ 1 100 mg kg™ Bf, H1 T B4 #1243 51 T B
T 29.45% 53.42%F1 70.55% ; M b IR BT
KT 3.85% .10.12%F1 15.59%, T T ¥4 Yyt 52
A KI5 Y O URR Bl e RS ek
JE 101 155 N 113 2 = 7/ B m RSV
NP ER

R 2 EEAkIEH M TR RES

HETBEFRATHER

Table 2 Relationship between biomass of the underground and

above—ground parts of rice and soil oxytetracycline

pollution levels at the seedling stage

EERRI W FHER RN

J#/mg kg™ TRl MR FW /g BT FW
0 1.46+0.12a 4.94+0.21a 0.30+0.05a
2 1.38+0.08a 4.77+0.18a 0.28+0.05a
5 1.48+0.10a 5.02+0.26a 0.29+0.04a
10 1.34+0.09a 4.88+0.18a 0.26+0.02a
30 1.03+0.06b 4.75+0.22a 0.22+0.02b
60 0.68+0.05¢ 4.44£0.20ab 0.14+0.04¢
100 0.43+0.06d 4.17£0.19b 0.10+0.03¢

T RGN R R RFRAD T 22 9] 22 57 ik 31 4 27K~ (P<0.05) . [l
Note: The data of the same column followed by different small letters

indicate significant difference at 0.05 level. The same below.

R 3ATH, HbigEdh L ERTGRKRE ST 30
100 mg-kg™" B2 2 7 i Flaok AL S TS 1 0 T
B EXTRELES, Y i R TS YLl 30,60
mg -kg™ Fl 100 mg-kg™ B, MAE AR TR T
14.81% ,20.63%F1 22.22% ; 24 + 3 vh + R 25 YL ik i
M 60 mg-kg™ Fl 100 mg-kg™ i, M Fy a5 At
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Table 3 Root activity, chlorophyll content and oxidase

activity of rice at the seedling stage

LRI, R atb/ WERIES WA ARG
mg-kg™ mg-g” mg-g”+h” mg-g™ +min™
0 17.3421.12a 189+13a 25.23+1.02a
18.21+1.19a 184x11a 26.32+1.37a
5 17.650.94a 192+13a 24.71£1.08a
10 17.58+0.87a 187+11a 26.23+1.34a
30 17.23£0.88a 161:9b 26.43x1.37a
60 16.45+0.73ab 1509he 24.37+1.12a
100 15.29+0.64b 14718¢ 22.131.04b

SR RET 5.13%F1 11.82%, b Ak S 1% 143 5
TRET 3.419%F1 12.29%.,
22 T ERTEFWIKIKFER ST EE R0

2 4 M KAEAE KA 4398 1 B R 5 YK XK AR
Iy BRSO ORISRk s S P 7 B ) e i) o 25 SR 3R
BB AR TR 1 /NX 22 [0, 398 4 55 205 YK 1
/(0,60 mg-kg™ F1 100 mg-kg™) XU $K it 7K 7% 43 BE
B Rk AT R G S AR I 5 (H RO R R R AR
/NI 2 TSR B 7K R 43 BEES e e R i 4 A7 7E

F 4 SRIBKBYGRBKRSI 2

Table 4 Plant height and grain yield of rice at the harvest stage

AeER BERUAS-BRT BRfi/em A kg MR
TORO 4.1x0.3a 74.2+2.1a 0.67+0.03a
TIRO 3.9:0.1a 73.6£1.5a 0.64+0.02a
T2R0O 4.2+0.2a 75.1£2.2a 0.65+0.03a
TOR1 3.5:0.2h 71.4£2.3ab 0.59+0.02h
TIR1 3.40.2b 69.7+1.5b 0.54+0.04b
T2R1 3.3+0.3b 68.6+2.1b 0.53+0.05b

WENZESR ., WA L ERIGYKE(60 mg:
ke )AL FRAY/NX (TORT TIR1  T2R1) K A8 43 BEAL . Bk
A B AR A L AR TG (0 mg kg™ ) 52N
H AL FE (TORO . TIRO  T2RO ) (1 “F- 241K 12.8%~21.4% .
3.8%~8.9%F 11.9%~18.5% , i%—45 R0, 75 4%
TERTGPRECT 60 mg-kg™ W, 13+ 5 K755
AR AR T KRR A7 A B I A s e, (H i 19152 3]
I B F 5 Y ) i KRS AR KR AR S A
73 B R BN, R A2 A R
(Y500 AT P2 5T 5 TR A K
23 T EEFEMUFKRAKBEIR[ETLIEEZRE
0p=A|

RS AL KFROGRI A AR E R L R R R
BLZ Je WA b R RIS oK sg i, e S 1 A g
B TS YUK AR S A2 L R
[F] 75 YL A5 B A s e B CE SRR T ) - B R pk B it p
WL, ARG E SRR ENARAMNES R
WA R E S TS T HUChM A, 2
BRI RN A A LR RN
Bl SR L S R R AR A 2 ng-kg” L
T E AR i - v - R TS YK A T

ST g L AR W AR L KRR R 4
HENEEIFAHE, 4 TIRO,T2R0.TIR1 I
T2R1 AKX LR R EE R ORI L& R
o AT B R S ) 7E 0.039~
0.042 Z[i) (& 5), BARM & & R EUE 7T e 5 /K F T
TR WCRE 7 B L R - R A AR K AR
AR R R R TR A, ]
I LA A it — 2P e

M ZE kR LR RN SR SR L ERE

RS KBURBERENLIEZRXBENEERY

Table 5 Oxytetracycline residual and enrichment coefficient in various organs of rice plant at the harvest stage

AbFR LR AR+ R W IR REL BN
H/mg kg’ , FW  M/ug-kg' ,FW ZE/ug-kg" ,FW Fprbi/ug-kg',FW - EY A

TORO 0.00+0.00¢ 0.000.00d 0.000.00d 0.00+0.00¢ / / / /
T1RO 2.5420.17b 32.14+2.88b 13.54+3.14b 0.75+0.21b 0.042 0.013 0.0053  0.000 30
T2RO 3.87+0.25a 53.24=4.16a 30.97£2.96a 1.6520.43a 0.039 0.014 0.008 0 0.000 43
TOR1 0.0120.01c¢ 1.34£0.39¢ 0.26+0.08¢ 0.00£0.00c¢ / / / /
TIR1 2.48+0.13b 34.23+3.14b 15.66+2.38b 0.68+0.19b 0.041 0.014 0.0063  0.000 27
T2R1 3.91:0.21a 58.41+4.23a 33.87+3.14a 1.97+0.29a 0.039 0.015 0.0087  0.000 50

T B 2 R B AR 1 2 3 S I AT L e R B A LU 1A R v 2R P AR i AR LA R R A LA

Note: The enrichment factor refers to the ratio of oxytetracycline in root to that in soil at initial stage of the experiment; Transfer coefficient refers to the ra—

tio of oxytetracycline in stem, leaf, or grain to that in root.
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3 g

DL ESEREH] KR A ) A KRS B R T5 Y
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A /KRS 4% 2 B R SRR MR B BE 0 s A7
K TEHT, KFEH TR 8 5 %2 - R TG YR,
XA RE SRR A AR LA A DU R S
TEMRER IR B K o A B BT AR SO0 R A K A2
PLEEC R R A%, B4 TH R RGN IE ABA —
SR I B, B A R AT RV E Y AR KB i i
PR AR T TR B, SR S Al A e T IR
T Tl 25 T 14 2 325 D e A - ¢ 2% 55 T 2 R AL 14006
AR AT 45 R R I S R TR B 1 1%
F T REAKAE S AR RIS ) AR S AL
B T o R AR R L A 205 YK R 9 A

KSR (EK AR e 32 H0 A RIS e i i e de 2
SR B K AF A o

X T R ZHN AR T, TR A sk A —
HAE 10 mg- kg™ ) N O £ B e b= Y1/ DI 7 W = - )
W B3 T T A P S - SR rp A K AR
AU R TGRSR /IN TR [R] 75 G v BE i) K BRI 2R
KAHEYI, AR REE RARY], o122 i iid 2
AR, MR R RIGYORPRT 10 mg kg™
IF, AN 2R AR AR R B B R B2, DR AT LA
TE— M+ BRI YK T, T3 &R A K
et A AR R I, 3 BT AR A AT LA R A 1Y)
W & AR FERE I AN [R) A A i, e 2 s A )
BT B A HE A NAA, 6 SIS 0 f B 7™ A= T AE 1 XL
B 2200 ARSI P A BT PER (H A5 B 45 2Rk
AL AR A KRR S AR AR . E RS
AT RS RE 1485555 , KREA W) AR B0 b 28 AR X
ARAER , S AP X ZK AR A AR AN I

4 Hig

IR AR RN, e Ry o E R T 44 (30

mg-kg™ DL b ) AT S AR B0 AR A R R AR Y
SR K0 F3 555 XK RS B A R A
ESTPIN P Ee e e =Rt o SR e IVE ]
VR o B2 3] L2 R s Yesma i K g s — A
AIAELE R H I B BER, A i .
B RIKFESAE TR WAESH F>ZEFF>F
KL S B KRS 3 rh i) LR E R BV, -
G Nt S b W i L N AR S 2 2 (SR R
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SE k-

[E 3 JraFn. JrER M. Juat: Bl diiet, 1985: 1-50.

WANG Huo, FANG Jin-rui. Antibiotics[M]. Beijiang: Science Press,
1985: 1-50.(in Chinese)

21 Mg, i, XVBOY, 5. SUAE R X EE N AER R H] 28k
Ak FR2#, 2005, 33(4): 606-607.

WANG Mei, TANG Hao-ru, LIU Shu-fang, et al. Inhibition of antibi—
otics on endophytic bacteria in strawberry[J]. Anhui Agricultural Sci—
ences, 2005, 33(4): 606—-607.(in Chinese )

(3] MRy, 2=, TR BT A5 PUAE TR (B0 R0 3 2 1 Bl A0 2

W] FEORBR S5HET, 1999(2): 40-42.
FENG Dong-xin, LI Bao—dong, ZHANG Ke —cheng, et al. Preliminary
study on antibiotics effect on verticillium wilt prevention of eggplant[J].
Technology and Extension of Plant Protection, 1999(2): 40-42.(in Chi-
nese )

B4R, R L, Ak, 5. JURMITAE B0 R I SRAh % 2 M s 1k

TR 2R ). fededeA 4R, 2002, 17(1): 55-59.
YANG Guang—dong, ZHU Zhen, LI Yan-e, et al. Effects of several an—
tibiotics on the germination of seed and regeneration of the cotyledon
isolated from the body of Chinese cabbage[J]. A cta A griculturae Boreal—
i—Sinica, 2002, 17(1): 55-59.(in Chinese)

[5] Batchelder A R. Chlortetracyline and oxytetracycline effects on plant
growth and development in soil systems|[J]. Journal of Environmental
Quality, 1982, 11(4): 675-678.

[6] Ziolkowska A, Piotrowicz—Cieslak A I, Margas M, et al. Accumulation of
tetracycline, oxytetracycline and chlortetracycline in pea ( Pisum sativum
L[J]. Tresenius Environmental Bulletin, 2015, 24(4A): 1386-1391.

[7] Boxall A B A, Johnson P, Smith E J, et al. Uptake of veterinary medicines
from soils into plants[J]. Journal of Agricultural Food Chemistry, 2006,
54(6): 2288-2297.

[8] Leston Sara, Nunes M, Viegas I, et al. The influence of sulfathiazole on
the macroalgae ulva lactucal[J]]. Chemosphere, 2014, 100: 105-110.

[9] Kumar K, Gupta S C, Baidoo S K, et al. Antibiotic uptake by plants from
soil fertilized with animal manure(J]. Journal of Environmental Quality,

2005, 34: 2082-2085.

http://www.aed.org.cn



TREKAR, 25« L3R B FIHTAE R T YR KRR AE K B

2016 £ 18

[10] Zhang Y J, Boyd S A, Teppen B ], et al. Role of tetracycline speciation
in the bioavailability to Escherichia coli for uptake and expression of
antibiotic resistance[]]. Environmental Science & Technology, 2014, 48
(9): 4893-4900.

[11] Migliore L, Cozzolino S, Fiori M. Phytotoxicity to and uptake of en—
rofloxacin in crop plants[J]. Chemosphere, 2003, 52: 1233—-1244.

[12] FAkAR, SRRIRE, JOT [, 45, 8 S XA [l A M0 S A K i 5

M K FEAE T St o AR R (D], vh [l e 273 4k, 2014, 30(28):
189-193.
XU Qiu-tong, BAO Chen—yan, GU Guo—ping, et al. Phytotoxicity and
accumulation of oxytetracycline from soil in Chinese cabbage (Brassica
chinensis var. chinensis ) with different growing stages|J]. Chinese A -
gricultural Science Bulletin, 2014, 30(28): 189-193.(in Chinese )

[13] Migliore L, Cozzolino S, Fiori M. Phytotoxicity to and uptake of flume—
quine used in intensive aquaculture on the aquatic weed, Lythrum sali-
caria 1]]]. Chemosphere, 2000, 40: 741-750.

[14] BUER, RS VIRAL 55 /NASRFIEE b X UER R 26 R
IS R BURRAE L], Al FREERL 2274k, 2014, 33(6): 1095-1099.
HE De—chun, WU Gen-yi, XU Zhen—cheng, et al. Uptake of selected
tetracycline antibiotics by pakchoi and radish from manure —amended
soils[J]. Journal of A gro-Environment Science, 2014, 33(6): 1095-1099.
(in Chinese)

[15] Migliore L, Civitareale C, Cozzolino S, et al. Laboratory models to eval—
uate phytotoxicity of sulphadimethoxine on terrestrial plants[J]. Chemo—
sphere, 1997, 37: 2957-2961.

[16] Kang D H, Gupta Satish, Rosen C, et al. Antibiotic uptake by vegetable
crops from manure—applied soils[J]. Journal of Agricultural and Food
Chemistry, 2013, 61(42): 9992-10001.

[17] Kong W D, Zhu Y G, Liang Y C, et al. Uptake of oxytetracycline and its
phytotoxicity to alfafa (Medicago sativa L.)[J]. Environmental Pollution,
2007, 147: 187-193.

(18] BhFH, FAAE, EIRW, 55, =FPiA 2 X BSFF2F SRR
B A= 53 AN [T]. A BRI RL 24, 2014, 33(2): 237-242.
WEI Zi—yan, WANG Jin-hua, XIA Xiao-ming, et al. Ecotoxicity of
three antibiotics to shoots and root elongation of cucumber, rape and
Chinese cabbage[J]. Journal of Agriculiural Environmental Science,
2014, 33(2): 237-242.(in Chinese )

[19] SR 87, MRRKA, X425, 46, PIRP o 25 XS & 2 AR A5
POV, AR 224, 2009, 29(3): 619-625.

JIN Cai-xia, CHEN Qiu—ying, LIU Jun—jun, et al. The ecological toxic
effect of two common veterinary drugs on the germination of vegetables

[1]. Journal of Environmental Sciences, 2009, 29(3): 619-625.(in Chi—

http://www.aed.org.cn

nese )

[20]LiZ J, Xie X Y, Zhang S Q, et al. Wheat growth and photosysnthesis as
affected by oxytetracycline as a soil contaminant[]J]. Pedosphere, 2011,
21(2): 244-250.

RUABFM, 4 ff, 0 . AEY AR 324 SR M. DA RIS I /RY
K HBRAL, 2004: 46-49.

HAO Zai-bin, CANG Jing, XU Zhong. Experiment of plant physiology
[M]. Harbin: Harbin Institute of Technology Press, 2004: 46-49.(in Chi—

it

4

v

nese )

[22] KR, AR, 4/0NJ5. AR B S0 RHE 5 (5 4 MOM]. JE st
PR HARAL, 2009: 32-33.

ZHANG Zhi-liang, QU Wei-jing, LI Xiao—fang. Experimental guid—
ance of plant physiology (Fourth Edition )[M]. Beijing: Higher Educa—
tion Press, 2009: 32-33.(in Chinese)

(23] Axitisi, A I BB 22, 48 FORASIRI 4 4 1k S A /K A R Uk

PEB2E S TSN K A IR A BEAR 5 KB P OIS 0] A 241,
1999, 41(12): 1293-1298.
YU Di-qiu, CEN Chuan, YANG Ming-lan, et al. Differences in the
sensitivity of catalase and salicylic acid in different tissues of maize
and the improvement of maize resistance by exogenous salicylic acid[]].
Chinese Bulletin of Botany, 1999, 41(12): 1293-1298.(in Chinese )

[24] Bradel B G, Preil W, Jeske H. Remission of the free—branching pattern
of Euphorbia pulcherrima by tetracycline treatment[]]. Journal of Phy-
topathology, 2000, 148(1-2): 587-590.

[25] Halling—Sorensen B, Nielsen S N, Lansky P F, et al. Occurrence, fate,
and effects of pharmaceuticals in the environment: A review[J]. Chemo—
sphere, 1998, 36: 357-365.

[26] Thiele—Bruhn S. Pharmaceutical antibiotic compounds in soils: A re—
view|]J]. Journal of Plant Nutrition and Soil Science, 2003, 166: 145-167.

[27] 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: 101-107.

[28]Ma Y P, Li M, Wu M M, et al. Occurrences and regional distributions of
20 antibiotics in water bodies during groundwater recharge[J]. Science
of the Total Environment, 2015, 518: 498-506.

[29] Xie Y F, Li X W, Wang J F, et al. Spatial estimation of antibiotic
residues in surface soils in a typical intensive vegetable cultivation area
in China[J]. Science of the Total Environment, 2012, 430: 126-131.

[30] Kummer K, Henninger A. Promoting resistance by the emission of an—
tibiotics from hospitals and households into effluent[J]. Clinical Micro—
biology and Infection, 2003, 9(12): 1203-1214.



