2014,33(6):1095-1099 Ko RO R ¢ 2 4R 2014 4E 6 H

Journal of Agro-Environment Science

INBERFMAE NI MIAFE ST AE R R R RTRGHIE

WA, AR, R, FEE!, KR!

(LIRBLOR I IR R FRETRL BTN, T M 5106555 2.8 Al 2 B IR S 3R 24 B, Kb 410128)

 E OWIIAIIE R B HUERTE TIE-BERE R T IIT RS R ARG T /NS B b XU R K hi A R AR s
SRAHDL . G5 RTINS (8 MR 4 R AR R WO, MRS b Az 28 0% Tk B B 1 98 rhoe 88 0 P vs T 1 o, R B AL Y IE
ARG, YFNE PR R EE H1 20 mg kg™ HEINH) 50 mg-kg™ B, /ISRt 4 B A 2 19 5400 N T 67%(IUHRE,TC)
105%( 155 %,0TC) 71%( 45525, CTC )1 83% (58 1852, DC) , Hist i & 43 1) 9(51.56+8.85)(TC) . (31.89+4.29) (OTC) . (37.58+
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Uptake of Selected Tetracycline Antibiotics by Pakchoi and Radish from Manure—Amended Soils

HE De-chun', WU Gen-yi*, XU Zhen—cheng', FANG Jian—-de', ZHANG Su-kun'

(1.South China Institute of Environmental Sciences, MEP, Guangzhou 510655, China; 2.College of Resource and Environment, Hunan Agri—
culture University ,Changsha 410128, China )

Abstract: Veterinary antibiotics may enter soil —plant system via soil applications of animal manure, posing risks to human health. A mi-
croplot experiment was conducted in greenhouse to investigate the uptake of selected four tetracycline antibiotics, including tetracycline (TC ),
oxytetracyline (OTC ), chlortetracycline (CTC) , and doxytetracyline (DC) by pakchoi and radish grown in a manure—amended soil. Treat—
ments were 0, 5, 20, 50 mg antibiotics kg™ of manure. The manure was applied at a rate of 20 000 kg+hm™. Both crops took up four antibiotics
during 35 d(pakchoi) and 50 d(radish) periods. Concentrations of the antibiotics in plant increased with increasing antibiotics in soils, and
they showed a significant positive correlation. When the concentrations of antibiotics in manure were increased from 20 mg kg™ to 50 mg-kg™,
the concentrations of four antibiotics in plants were increased by 67%(TC), 105%(0TC), 71%(CTC), and 83%(DC) for pakchoi and 58%
(TC), 41%(0TC), 88%(CTC ), and 24% (DC) for radish. The maximum concentration was (51.56+8.85)(TC), (31.89+4.29)(OTC),
(37.58+5.84)(CTC), and (17.73£2.39)(DC)pg kg™ in pakchoi and (13.93£1.96)(TC), (14.39+ 1.16)(OTC), (17.30+ 3.05)(CTC),
and (8.86+ 1.28)(DC )pg kg™ fresh weight in radish. Soil properties greatly affected the uptake of four tetracycline antibiotics by crops.
Compared to sandy loam soil, concentrations of antibiotics in radish and pakchoi cultivated in red soil decreased by 11%~44% and 21%~
47% , respectively. These results indicate that consuming produces from soils amended with manures containing low -levels of antibiotics
might pose potential risks to human health.
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MUV AFAE T IRFE L S B SR 35 v i vl i
RSB S T2 (IR HR R B, I B
HERS B, A AR S EREE M N SRR AT SR A BT VA
TEAERU . VUSR5 hi A R IR N T2 A &
Z—  KERE TR ZE i 5 gk
K KRS WRBE ML ng-kg™ (L) EJ LA mg-
kg (LTRSS, KT XY e sk 1 o0 A
T2 AR J5 v ) W e W L 8 T A BB g
SR T U R B H A RE LY RGP T
B, R BURAEARAEY) ik B8 B R G i 2 s A
PR SR 1 T BB AE T AUBIFI i T o0 il 2 159 AR SC AR
F & H 2 MBI 8 N SN 2R
A FIRAE T 1 BRI 52 2 fe K R R oA
TAT 2 I IR R U MR L3R IR R 1
TR SRARLAEE , Al A & 2 TR Rk R R R
Pk 20 A 2 4 ot N S A 1 T 7 A AR AL
L A LR A PREE XU A BRI

| MRS

1.1 X383t 54141

P 8 -V A SR TR LA 3 (D)
b (2T ) o RPHE LA BRI Tk - A BT
9.86 g-kg™; M A5 M4 Bk 0.561.0.143 5
0.533 g-ke™; BHES FACHe i A 12.17 cmol (+) <kg™; 38
Wtk mg A 0.67 ecmol (+) <kg™;pH {H (7K +=2.5:1) K
7.33, LISRMIEATALYE T R AL 0.28 g-kg™; &
A MBS RS R 0.72.0.217 g-ke 5 0.321 g-
kg™s BHES F 28 5 4 21.03 emol (+) kg™ sCHo P iR
g 2.21 emol(+) kg™ ; pH {H(7K:+=2.5:1)k 4.26,

PR R - e ICEE TR A5 2 P Y
BRSNS VUNEB IR0 E

RN EFHE WK SFR BRI ERERA
WAF Y b2 28 o i o -8R (95.3%)
PUFR 2K (93.6% ) 45 % (19.5%) i 155K (94.5%),
W R 2 F K s e, B ROR FE AR 1.0 g+ L7 1R
B

R S N 2R H BB AR i e e R
FF2EAE 5T Bl g i 00 SR A S, AR R B AT
il , R IMEAHiA &R
1.2 REHERIEIT
1.2.1 ZAkiit

FEARISAE R A T, RN K e A 42
FEEHE, UMK 1.0 mx P8 1.0 mx PR 0.80 m, it

U S K JE R P A DR A 7 5 Ak 3L o AR AR b - 458 )
1, 43BN EARIRIE 25 em Y042 (15 em IR 1,
KM ASRUTE . MRS N BOBRE 2 358 (/)
38 ) 5 BT b - 398 (2088, il O e B B BOAR AR
WA WA II5T G 50 ) e g oy , B )22
43 40 em., RIS IRV K 2T HEZAG I A5 DUBR
FKhik#.
1.2.2 T

RIGILE 3 MG YK . — A% BRARERL, 2 R
Y15 2 Fh 430 12 b P AL BRI A 3 IR PR
W32 0.5.20.50 mg- kg™ FENE, ARG 2 ke.

T rp P A R AR AR S R A S, A
N 5/NI SRR S 15~22.5 t-hm 7158, Bt
78 2 kgo 1B — AR ]y 1.0 g- L7 (1) 4 Fhi:
FRIRG WO A BB B8y, =T g
7 2 h, BRI SEAE T T 3R 2, N TRl
Z S5EHEZ 13 (0~15 em)IR S5 AL 5 B 2RIR
BFHCE 24 h SR, DABSTHE TR R E N
JR LA E A T8

TR < SR AR 4G 10y sUREVE D) , B0
B NFRIT- 40 /NSRRI 60 U, K ZE S TN
SrHIERTT 20 BRA 40 BRA K RAFIYEE N R/
1.2.3 AR50 S it 5 >R A

2010 4 6 A 10 HEFP, & 28 J5 #4702 b
TR EA 20 #k, /NFISREEHLAR B 40 Mk EEIH R
RN, N T BRI L AR 2)

AT/ (35 DA E (50 d)YR AR 4
SRRFE UK A SRR IR IE U DEARI T /K 53 o
/NS AR R (M 3543 ) 5 28 (Hb_E35843 ), 11
PE Ny Al N X s ol VSR B el A e NS
FH A8 SR AR
1.3 H#mRAESSHT
1.3.1 Ff i AL FE

Bk Z094RE: BRI 10.0 g YJ R RE AR 1 7 fef 5
SFES T HZE AP, A 20 mL 0.02 mol - L™ &
- FP R IR BRI T 45 C TR HEE 45 min,
1 AR P 20 mlL B ER A BRI 1 Wk, AR
BORT IR 2 1 =MD, Wi 78 RWan i &
BRZEFEE, H 5 mL0.02 mol- L S EE- I IRIE &
WA, SEE B IR IR BURIR & 5 fr g
fbE 4.

A ZE I b AR PRI LA 5 mL-min™ 2247 9 78
JE 351 25154k Oasis HLB(6 mL, 200 mg) [ AHZE UM
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Rt AU 5 mL 4tk 5 mL GALEE A5 ER T i il 1.4 #3EALTE
Yo NE AR S 28 T4 5 min. FH 12 mL 2 10% H i BRI PR FH Excel 2011 5 SPSS 15.0 525 .
1 218 BRI BE 2E BUR: | R JEE 1 =R,

) TR SRR A BORE , PE i 4T85 11 =i ) BN

TEWEEIR R R PR E 29 | mL, BAAS RS 2 T,
FHHBELE 2 mL, 28 0.22 m A5 LA S8 REFE
1.3.2 HPLC-MS/MS ZHfr 5 i 22 16l

4 . ZORBAX SB-C18 (2.1x100 mm 1.8Mi—
cron ), #E¥R ;30 °C, i :0.3 mL-min™, AL .5 uL,
FahA A /K (1 mmol - L =JH B8 ), B N HEE,
BEVEIFER . FRIRET R shAH B 5 10%,3 min B T+
F] 30%,8 min i} | 715 50% 12 min F}3] 90%,12.1
min [ E] 10% 3217 3 min, FTig A« d B IRA S
ESI(+), B BAL FAL AR ST 40 psi, TSR
#:10 Lomin™, TRAEE 350 C, Wi HIE:
3500 V., HERMEAWIE S T LbniEiZ i 1.

SR FIAREDE 4 FipiA: 209 i, R sy
AR TR 64%~ 92.7% WU R 73.7%~90.6% . 4=
B R 76.5%~113% 8 S 55 %R 75.3~89.5% , i 5245 5

21 /hEXE5EE MR AR RREHE

NS MR R LN ER 2 BF
INo 4 FHTA R IR NASE S b EIE -
WE S TP ERWE S EY iR R
B R MR P g o 2 AR RN 20 mg- kg™ SN
50 mg-kg™ B, /NFISEAR ORI ZE MU R LR
CHRVRAOERMTESIIEINT 32% .98% .
86% 31%F1 67% 105% . 71% 83%., [135 I Fz P 524
MR U R EER SR SRR SR
Y 58% .41% .88% .24% 1 19% .31% .39% 40% ,
AP BETS ORI (35 d) /N SEAR (250 4 Fif
AR A e B EE 4351 : TUFRER (51.56+8.85)
(44.83+4.47 )pg-kg™; LA R (31.89+4.29) (27.66+
3.44)ug-kg'; 4752 (37.58+5.84) (17.21+3.15)ug-

ZHUNT 10.54% ke s 3 HFEE (17.73+2.39) (11.90+ 2.13)pg ke Uk
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Table 1 The retention time and ion pair for quantitative analysis and regression equation , correlation cofficients for 4 TCs

PR LRFA I 8] /min ERET CE(V) Rt 25 7R R? LV /g - mL!
U7 7.7 445.2/410 18 y=48 491.17x~1 387.18 0.999 1 0.05~2.0
TR 7.8 461.2/426 18 y=25 971.53x-315.39 0.994 4 0.05~2.0
SEE 10.0 479.2/444 20 y=43 109.03x-990.82 0.995 5 0.05~2.0
MR 11.5 445.1/428 15 y=60 863.74x—1 654.25 0.990 2 0.05~2.0
%2 REAEAE FIEM I EERE (ug-ke B
Table 2 Average concentrations of antibiotics in pakchoi and radish in various treatment
EAIESE S AT JEE /g kg UNEE= 4y /NEFEAR B 2kt B MR
PUFRZE 5 13.78(2.48)b 52(1.28) ¢ 1.16(0.20)c 3.29(0.91)b
20 39.05(8.39)ab 26.79(8.48 )b 5.7(1.08) b 11.71(3.56 )a
50 51.56(3.85)a 44.8(4.47)a 9.02(0.47)a 13.93(1.96)a
+EE 5 7.8(1.75) b 5.34(141) ¢ 1.85(0.54)b 2.78(0.89) b
20 16.09(4.26)b 13.46(3.71)b 8.14(1.85)a 11.02(2.22)a
50 31.22(4.29)a 27.66(3.44)a 11.49(1.14)a 14.38(1.16)a
BEE 5 8.66(2.23)c 4.25(0.82)c 1.06(0.24)c 3.16(0.85)b
20 20.14(3.74)b 10.05(1.66)b 5.23(0.89)b 12.4(3.50)a
50 37.54(5.84) a 17.21(3.15)a 9.86(1.42)a 17.3(2.05)a
(PSS 5 4.72(1.30)b 2.04(0.35)c 1.19(0.26) b 1.81(0.49)b
20 13.77(3.26)a 6.47(1.34)b 2.73(0.85) a 6.34(1.21)a
50 17.73(2.39)a 11.9(2.13)a 3.4(0.62) a 8.60(1.28) a

T AN 5B R ) — A R A R T 22 5% 0. 25 (P<0.05)
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FREF(50 ) D2 IR AR 4 FPhi A RN B
TR B 43501 R < YR 2R (9.02+0.47) . (13.93£1.96 ) g
kg FEFZE(11.49+1.14) (14.39+ 1.16 ) pg-ke; &5
% (9.86£1.42) . (17.30% 32.05)pg -kg™; R S E =
(3.40+2.39) .(8.86+ 1.28))ug-kg ',
2.2 TEMERIHEM IR £ R0

RIS R T /NS 8 MRV LU Fh A+
et 4 AR R RIS EREBLE 1), ASFIZE R
TR EYIXTBUAE R AR B AE ) 25 S B, B
YEY) WD B8 e e A= 3R A BB 7328 1 T DA 2138 i
Wt AE R RE ST . MFENE PP RN 50 mg-kg™!
B, 2T A B SHMEAL BREL , (188 D 2 NS ZE 4
FhAE R 3 BIBEAR T 51%(TC) 54%(0TC) |
66%(CTC) .41%(DC) 1 11%(TC) . 10%(0TC) .44%
(CTC).35%(DC); /NAZAR 522 4 Mgt E R 1
BN 25/ T 39%(TC) .35%(0TC) \45%(CTC)
11%(DC)F1 47%(TC) .28%(0TC) 41%(CTC) .21%
(DC),
23 MAERTEEYAL PSS MEHIE

BUBCGRBIR AR /N3 5 1188 MRS, /N SRAE
Sy ZE 3R TR D AR B 2R S
BBA, A3 R AR A i, A EY A O

e T o+
[ (a) B+
30} 1_ B 4 —=Ent

T - BBkt

N

()]
+

+

b R g kg™ T

R R IR 3. 4 RUE KAV A N BAy
FRAR) I3 R, A AR N B 23 A A e AT
TE/NFASEHE A 4 BhPUAE R UL S0 AT RS> 28
TEFTE S A B oA D > B> AR>S ZE> P, 1R 4
MHLA RAEA R AR IR N A AR 5% 12 28

3 1tie

3.1 HTAEE M EXTEY R B 220

WG 4 TR R AP BT N B
i H 1~52 pg kg BEH, 5 Kumer PRI & 5 £ AE
TV AN B E (2~17 pg-kg™ i B ) K Boxall S5
I 45 (3~38 pg kg™ B 5 )B4 KT
Dollirer S5 % 3 frt fief e 1 W 7 AEL 10 1A 9 1) 9 B (8~
100 pg-kg™ fifdE ), AHIITE R MEDIXTPLA R 1R
S RN FAEYI RIS ik 5 3 it e i A:
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A VUL RAEAE I S SRR BRI IE 1
O R AT X i A A5 A 2 AR
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Figure 1 Tetracycline antibiotics concentration in pakchoi (a) and radish (b) cultivated in different soil
R3 MEEEEDARFLNKES T (ng-kg' HE)
Table 3 Concentrations of antibiotics in different tissues of pakchoi and radish
3% LN
ok % — -
it % - '3 ] £ -
PUFfF 2% 57.18 37.38 45.67 11.65 6.75 10.46 15.34
+TER 35.04 24.3 27.08 15.73 8.22 12.45 17.62
LR 37.74 12.66 20.08 12.71 5.32 14.83 26.77
R R 17.56 10.22 13.1 5.14. 2.36 6.98 12.13
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