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Abstract: To explore the potential ecological and health risks of soil antibiotic pollution, a greenhouse pot experiment on cherry
radishes was conducted from June to September 2021. Oxytetracycline (OTC) or streptomycin (STR) contaminated water was
applied to soil every 6days, and the biomass, plant uptake of antibiotics, and the antibiotic resistance characteristics of the
microbiome of cherry radish were analyzed. In addition, the potential human health risks of residual antibiotic and antibiotic-resistant
bacteria (ARB) in radish plants were evaluated by risk quotient, calculation of intake index, and the mouse feeding tests. The results
showed that continuous application of OTC significantly promoted the growth of radish plants and increased the total biomass of
radish plants by 23.1% on 74 days compared with the non-antibiotic applied control group, while continuous application of STR had
no significant effect on the growth of radish plants. Radish plants accumulated a certain amount of the applied two antibiotics, and
the residual amount of STR in tissues was higher than OTC by 1~2 orders of magnitude. Antibiotics were mainly enriched in leaves
at the early growth stage, and antibiotic residue in the neck of fleshy roots at the later growth stage was significantly increased (P <
0.05). The proportion of culturable OTC- and STR-resistant bacteria in total culturable bacteria increased by 2.48x10%%~5.05
%10 “% and 0.19%~3.32%, respectively. Consumption of the neck of fleshy roots exposed to antibiotics could increase the body's
intake of antibiotics and ARB, but the associated health risk was relatively low, as the assessed risk index HQ was less than 0.1 and
the antibiotic residue in feces of mice eating radish plants was below the detection limit.
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W LIRS 44d RIEE 74d BRI RL A AL 2UFE RN
T IERE 20 2y R T LM R — 3 R
W I A VR TR I A7 AE-80°C I T4 BT A= .
UEANEHCERS 74d SRAFHIAE AL ML A RRE . WS
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BERE IS BEAL A 1 7 4,854 10 L, — 2 A R )R],
FLAth 6 20 A3 R MR ARDAL %) ] I E L 0.6mL K B A [F 4T
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¥)% 1.5min, Jf-LL 5050g 5.0 10min J5I4E FIHH;
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246.0 0.079 98 36
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Table 2  Soil antibiotic residual rate (SRR) and biological
enrichment factor (BEF) of radish plants

B}

N TP R % ) E e ZEU(BEF)%
R AL PR IR R EEEY )L
(SRR)% - PR TR AR 290350
N OTC 0.001 0.228 0.015
% 44d
STR 0.727 1.040 0.000
N OTC 0.004 0.009 0.012
5 74d
STR 0.019 0.731 0.554

oAk FAE R AL b 1) AR P 2
PR A58 44d 0 IRAURY) ) AEE— 8 B I
STR,% 74d H STR & & KK P EKAH 44d
1 74d BHTA F AR AL IR T BUE R
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AR WP RI T AR 257 i T DR TR AR S50 % b A
PrAER AR STR FEREAN L KA ik B2 v T
OTC. P Az 2575 L RN P AL 231K 5% B AR DL AN ' 4
REURIRGER 2), P4 F A I Rk R AR, B
BB AN JE 1% 45 5 44d,0TC Kb FEZ AT STR Ab#4H
IS ZE R R OTC A1 STR S mn, B A
53900 0.23%F1 1.04%. 7656 74d,STR AbFRAL )+
e STR & &80, A A TR AR 23036+ STR (1) 75
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YLLUAEPFPPT A W8 R 8 DA R R B P Bl
A= BT 2452340 ) STR>OTC.7E [ —Fi A= 2 1 i
BN, E S AR R R T 2 R 8 T A TR AR
S B R R 25 %
2.4 PrAEFEX R AT R IR0 i PR FE P4
PRI PR 5

m P 3 Al it B A RS, R AT B R 4
PR TR RE I 2 S R A 2R P A B R A
A U] B IR ZH T OTC Hobkgn i =8k 1 T
i S M B & ,OTC ALFR AL (1) OTC ik 4 1 1= %2
Sk BT BR 6 g7 e R 4 KR B 4L STR
PUUEAN B ok B T 2R AT AR . R E . o
A VR JE A5 AT B R B PR TR, S TR Ah R 41 17)

STR HutEdl g 2k 1 T2 BT E . MR )R
RV B0 P v S E P P AR 38 i 2 LR R T
fif 5% &y STR>OTC.
2.5 B MR P R RBUAE PR A B 4
RS PEAY

B NREAR P BT R PO AN AT
IR N AR 0 N A i it 1 70 gk b i % 3
ATALAED AR 44d I PR DTA: 25 10 B H TI00 4%
NS (EDI) AR B (HQ) 2 Ay > P SRR AR 251 855
74d I+ STR () EDI 1 HQ [RIFE A > PR T AR AR 250357,
1M OTC 1) EDI A1 HQ WA A AR AR #53> 1. h T~ L,
FAF H A FH B BRSNS T B B R I L 5, A
b P PR 375 Y IR EE 8 I 0] )L {5 1) Jak
J T N AEFTAT AR EEZE  HQ /8T 0.1/ R
B 48 SRR, BT AN A A B AL R A AR AR #5R
(17718 BRSS A Hh  A2 22 00 B AR T B AR A HA B AR
WF AR B A F o 40 o o AR R N AT T
VM R 4w EE e S E A A b i
R, A& OTC Ho i 48 v i Tl ek N =204 (1.72+
3.36)x10°~(6.47+9.06)x10* >/(kg-d),STR Hilth 40 &
(45 0000 458\ £ 4 (0.74+1.20)x10°~(1.5442.39)
10° AN/(kg-d). 5 % FE LA Eb, W R A= 22 010 it T 45 18
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Table 3 Estimated intake indexes of oxytetracycline and streptomycin antibiotics via consumption of cherry radish
BN HiEE ) a5 o gled) e
LN L A L

Control i (1.77£3.19)x10 *b (3.52£6.35)x10 b (3.10£5.60)x10 b (0.62+1.11)x10 *b
oTC TR TR AR 290350 (7.44i7.04)x10’fb (1.48+1.40)x10™b (1.31£1.24)x10”°b (2.60i2.46)x10’ib
s (5.55+3.26)x10%a (1.11£0.65)x10%a (9.74+5.72)x10™a (1.94+1.14)x10%a
o 44d ore A TARAR 3 (4.28+2.52)x10"b (8.52+5.01)x10™b (7‘51i4.41)><10”fb (1.49+0.88)x10™b
Control i (5.05+1.04)<10%b (1.00£0.21)x10™'b (5.05£1.04)x10°b (1.00£0.21)x107b

STR PR AR AR 2518 0.00£0.00¢ 0.00:£0.00c 0.00:£0.00c ’ 0.00+£0.00¢
STR - (7.50+0.95)x10%a (1.49£0.19)x10™'a (7.50+0.95)x10a (1.49+0.19)x107%a

TR AR AR B9 0.00£0.00¢ 0.00:£0.00¢ 0.00:£0.00c 0.00+£0.00¢
Control s (7.44+4.16)x10 °¢ (1.48+0.83)x10 *c (1.31£0.73)x10 *c (2.60£1.45)x10 ¢
oTe TR TAR AR 35130 (6.89+3.24)x10 °¢ (1.37£0.65)x10 *c (1.21£0.57)x10 ¢ (2.40£1.13)x10 *c
s (2.55+4.00)x10 *ab (5.07+7.95)x10 *ab (4.47£7.01)x10 *ab (0.89+1.39)x10 ab
o 74d ore R TAR AR 353 (3.32+£1.98)x10 *a (6.60+3.95)x10 *a (5.82+3.48)x10 *a (1.16£0.69)x10 *a

Control n 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.000.00b

STR A AR AR 3530 0.00+0.00b 0.00+£0.00b 0.00+0.00b 0.00+0.00b
STR - (1.94£0.99)x10 'a (3.85£1.97)x10 'a (1.94+0.99)x10 %a (3.85+1.97)x10 %a
PR AR AR 3938 (1.47£0.21)x10 'a (2.92£0.42)x10 'a (1.47£0.21)x10 %a (2.92+0.42)x10 %a

TE AL CPEEEPRE R n = 4) 5 IR VNG BRI B A TR — S AE il 35 4 22 57 (P<0.05), R 1),
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HE
Table 4 Estimated intake indexes of oxytetracycline— and

streptomycin-resistant bacteria via consumption of cherry

radish
. RBI(~/(kg-d)
T TR U e
DN JLHE
- 0.000.00a 0.00+0.00a
Control .
ore PR TR AR 25158 0.000.00a 0.00£0.00a
c - (1.7243.36)x10°a  (3.42+6.69)x10°a
PUTHUARSIE  (3.25+4.55)x10%  (6.47+9.06)x10"a
s (0.77+1.20)x10%  (1.54+2.39)x10%
Control N
STR PR AR AR 253 0.00+0.00a 0.00+£0.00a

R i (0.74£1.20)x10%  (1.48+2.38)x10%
PUBHARSE  (2.17£3.70)x107a (4.31£7.36)x107a

3 Wit

3.1 OTC # STR X & AR AW & 1 5%

FEATCHR,53d [ OTC 3ESEE P& MRk AE
K LA 25 BRI . 2 Wt o 3 20 Wk 9 B
HE e IR A A KGR 2R P R B 50mg/kg
B2 0 I S N S i N N 0 B S T A
HE AR P A [ e 25 22 B K % 4% A TR AR R (50~
100pg/L) ) Pe A2 2575 G v] B /K T AR &R AR K AR
FE )BT Pu A F AL AR ) AR K R L T REAEAE
CLR UM AT fig:— 2 A 25 16 b e AR A AR 14 484 i,
DA 2 i 4 A K AT 3 B RO B B P 2 2 e adk
20 N A T R TS R DA % e R R ) 3
T2 AR (KR AR R A TR A
A, A T 37 Bk P AR B O b 2B K P,
PR B AR SRR ) TR R 45 R, N T A R TR
wmAK.

AT R B s A7 ,0TC 4R
AR IR e BB AR B R B IR 3K AT e T AR KA
SR MR P A EE R A Tk B b, R
WFFU A R I STR it FH X 2 MR RE I AR K B 3
SR, 2 B P AR 257 B0t AR A 119 52t B PR T e
AEEIINL.

3.2 ERMYALIH OTC Al STR 1 & HEHFFIE

AR 45 I8 R R AR 2 AR B AR AR
R — AP ERIENE LR E A 2 Fh
IR AE R W A R, S SR B R AR
J3 T, — 0 4 i N 3 b B AR 2R S R P R
M > B rh R A PO AN P Al

REPIERR B AR gt A s A I e 4 T ik R A
S8 [ AH 55 5 i AFD 5k i RN R B H A% 1 T S
# QuUEChERS JjiAEAfE5e A M 3 b i ik
% [1 0,27]'

P A F vl 3 B I8 Bk 202 i pl A AR
TSR AT, i i 30 s R 3 110 L P 3 Hi, 0 A o
1) 2 Jo Ut A A ) A4 A Az A, e R AN R B AR R
3 i 5 30T (R A 2L R P R A A R Wl
BRI AR SRS | Pt E R P A
TR I A Z5 Kb B 20 A A0 P W AR A AR AR 2538 v
PUERI S B T AL UEsE T 3 b
B AR ) AT I I 2 I R FH A R (AN [ 4 2R
)3 i I 5 4. 5 ] I ARt A B v
PRANT AR SRR FE Y & T A AR AR 390, A AR K
Ji 1 PR AR AR 3000 TR T A 2 1 AR A N
(P<0.05).3X v GE SAEHE 2 D REPE I A KIS FE A OK,
R N R AR DL S I P TR AR Ay AR,
P 2w AL R o] B T R R AR 2
A2 R 1 A LR i AR A B B AR A T R S A
JTUMRS AR 2908 B A 2% A 1 1 I %) DR DR AR A 9
B M RO STR (1) AR fig 1 =i T OTC,iX Ui W4
W H AR 2 RO AR S AR S AR G 1 B T
13 KPR R BLPUE R 5 T8 AR SR LUK
W 7K 73 e 28 B0 R PR 2 v] g e SLAE R v i) AR
O T OTC 4314546 5 W — 1 i fig 1, o
Oy 5 LB PR 4 R B T B T A T
SO BT R PO OTC A sl e R AR e
L AR A T R S R AT A AE
0.54 F1 1.34ng/g ) STR %% X ] BEJE 5 44d XTI
AIRIRRI A2 — o B &) STR IR IRL i Ak
R E YRR AL Y R FE P RE 25 74d
FLSTR 51 KK /D (1) = 2L AL.

3.3 OTC HI STR XJ T 3ERIEY | AE b 500

FEAIR IS, B0 A 25 10 3% S it FH A Al 4oy A T
B % 40 1R B N LR R T B R P AR R AN
HAPUE RPN B 1A K S B K H,0TC
HISTR #REERE P E ML AU RAZ B AR 30S WAL A
7B 8 B, 30 PR 1740 S K 32 T 5 e 4T R T B
£ PP o 4 (10 R RN A B T A
Pl P Z DL Rt AR R PR FH ) ) 55
LIS S, P4 2R A3 it FH 39 T AR A A AR
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R S R B SR 40 v A, FOLER AT HEW Ok PR 2R
BE AL HE A TR AR S50 10 25 K L AL PR LAYl
o g v 1 A K BRI B 22 (47 IR RIS A A A
B AR AR B A BUBASAE T B A
[ s IR0, R F Y ERKRRE HE
5t P 02k A B A A TR AR S (0 A e
FR T AR T e S AN B ECRE I I K.

AW 5T B, 0 2 03 82 it P T A 4% 41
2R (i 2 %48 31X 5 K 22 B SR IE R FT 4E R —
. Zhang VR BULE R IR WP > BIIMN 8 A
16mg/L VU Z G,/ e al B g pi A =itk an
WA IN T 2~3 {5, 252 0.23%4E T} 2]
0.79%~1.23%.Yashiro 2P STR Jm 4 S
I F o BRI 25 48 TH T 30%. 0§42 )5 91
A B AN I & S AR P A B AR ST B
ARAF T G LA T B IR ) 2 2 Hp P 40 R 1 L
51 TA] Bt 470 24 22 U 3R DR 3 w3 o K Y- 6 A A )
2 T B ) R ) A 3 T, Bk 25 R T U 40 R
LG AR RIS AE ARG P R AL 2 b v 4 e =
PONHZAERE R ZEE. BOAREIR . AT
JE R0 2 AR T B S5 A A PRI e A B 6 A
Y. SR N AT SO, B 18 S R T LUK
G JUREAE L 77 A 50 PO & AR B AT B N2
A0 BT X el AR U RS S
FUNL 5998 M LLYA 180,38 1] Be i 1 W ik 0k NN,
f i N2 fit B 5 DR [ I A0t R I S Rk
STR ifif 24 41 B 1) L9 FIRp 2 2R3 K+ OTC i 2 4n
BT BEM JEL R AT BE Dl STR B2 5 e M Wi
A, DR T B ) ot A 40 1 R 24 S R 5 440 7 2 S .
FEASRIG v 5 AL 1 T A7 AE R R B2 ) STR
BB LA 1.09%11) STR i 24 41 B4 . 2 /i O A iF TR
T STR M54k 32 ¥, 191 i, Yashiro Y & BLB A
MG STR [P SR I B v B BRI 25 5% 2 = TE - 50%.
BEAR, A5 A 22 0 it P 3 i B0
PRI 2 FE NPT AE 25 P A A R S R e B8 A
/I8 LSRRI AT A AR5 BT 1) - e v A L
B, NS 80 OTC A STR (144 ay ) ] v i
NES
3.4 OTC Al STR it T ()i e XU DAy

it AL PR B N R AR Bl N A4 T G AT R
% N AA A B 3¢ o S — 7 T PR KR AR AE

PEREEE N AT £ B A (0 PR JSOAR R S35 ), w3 ok
1 EE N A8 P AR 2 R LA = T B
s g IE AR R . 2 AR E P
o N R At B3 S W) 55 — T, P AR R R R T
(8 N R A 2 o A v R Bk S R A 2
T Bl AN ARSEN, T BN b v S DR 1
T A K HLAG i AR 22 BT R 38008 T 1A HE B, I fE
AR A D) AR AR I B 45 S o, N ARAE & 3L
A2 25 Ak B A T B8 DA TR AR 0 sk R R S RN
3~4 NECE L OTC Pk an i sk 5~7 M2 STR
PrbEan .

BB B A0 FH XU i v R DAk K30 5 Bt
% S OREL7[Q 1Y€ N S A B SE SV PN (6 3
I8 1l 74O, XU 7 A H TSN B (EDD
PLAE H 5 2 3 N (ADI),ADI 2158 EA AR B 5%
mi T AR IR 2 AP R R E
WA HQ>0.1 aont A fi B e g™ ') 7 A
SO AT AR ER A AR R 1) HQ #B /N T 0.1, )5 SE1)
/N BRI N B R P PR R S IR T
ECAS: H B, 158 A T e b 2R 35 B R IR 58
o N AR P i R IR A8 /AN R o A Al 2 ] A
OTC A1 STR Ab# 1) £ WA S %5 N A Je 7= A2
™) Ahmed 25V B T 5 DU 24 25 (0 E M
(035 I 2B SR VG 20 A0 [ ) 8 FH A A DU PR 2Rk %
PITE 0.002~0.204mg/kg, 35 0 Ak e XU ; £ T 25142
7 H AT OTC AE L3 (15 2= KT 450mg/kg I,
X LT HQ W KT 0.1, Al i Bl i) HQ #/h T
0.1 B2, MR K MY T iR E L
biti 5 R 855 mp B A 20 1 08 i 3 B g LA
)R A H0 A 2 1) SR A7 AR BOK 1 2 S P A
WA T S R B P AE R A R AT K TE ek
A N A T EUPUAE 3R AR RE T BRI R A T
WK PR 2 HE R 25408, L e S e
(1 fede R X IG: IR bk, 75 B2 AR ) O 33 b B2k R ik
JE 3875 i FH AR DA S B AR 2895 e - 38 1 ok () A

PRA,
4 Zhg

4.1 53d OTC [RS8t I ay DARE gy S AR
AW (P<0.05), 111 STR 1¥93%: 852 it FH TGt 355 ).
4.2 B NPT STR 1 & HEAE 58T OTC; Pk &



14

P

RBEL DO 20 R AR U

359

FEARD) A AR AT 2 B A o i A S UIE Y
JPORRRR S0 o 1) A 8 25 1 N (P<0.05).

4.3
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