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Abstract: Although they are an emerging class of pollutants, antibiotics in regional agricultural soils are rarely studied. We investigated the concentration
and distribution of four quinolone antibiotics( QNs) in the soils from 24 typical vegetable fields in 18 towns of Dongguan city using high-performance liquid
chromatography-tandem mass spectrometry ( HPLC-MS/MS) . The results showed that there were very high detection rates ( above 90% ) observed for four
compounds, dominated by ciprofloxacin ( CIP, average concentration of 24. 93pg*kg™') and enrofloxacin ( ENR, average concentration of 19. 85

pegekg ') . The total concentrations of the four compounds ranged from 0 ( below LOQ) to 554. 1 pgekg ™" and focused between 10 and 50pgekg ™", with
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an average of 50.23pg*kg~". The concentration and constituents of the quinolone compounds in the soils from different vegetable fields were various,

consisting mainly of four models, i. e. the first model dominated by both ENR and CIP, the second model dominated by CIP alone, the third model

dominated with both NOR and CIP, and the last model dominated with single LOM. However, the concentrations of QNs in different soil samples from the

same vegetable fields were in general comparative. While the concentration and constitute of quinolone compounds in soils grown different variety or

genotype of vegetable varied to some extent. It is therefore concluded that the concentrations of quinolone antibiotics in soils from vegetable fields of

Dongguan city were generally lower, But some of them were above the trigger value of ecological risk( 100ugekg ") .

Keywords: regional agriculture; vegetable field; soils; pollution; monitoring; quinolone antibiotics

1 35| &( Introduction)

WE LA 2 S5 BT A R OB I T NSRS LA
LeshWyFesE b FE LA s 1690 ~ 412 vei 1) L 1) ] 23R A2
BRSPS A R S RS R A BT A 2R AR ]
Hik 1179t ( Kools et al. ,2008) , 7T [ &5 2 & ik
6000t ( f7H5E,2003) . HiA= 28 A8 5 38 K43 LA
25 ) IR IE Bt 25 JR HE H) ( Halling-Sgrensen et al. ,
1998) . Horpr A IH0AE RICAE BN K AL B & &
EA%t pge L' ( Lishman et al. ,2006) , H H 2=
RIS A G ( Saioa et al. ,2009; Xu et al. ,2007; Peng
et al. ,2006) , B {7 Bk 32 BB A 295 0 ( Xu
et al. ,2007; Metcalfe et al. ,2003) , Ff-3 3= 4 Ml 7 1%
HEA 5. FUAR AL 57 58 3 ) 2 0 3 3l i 1 Pk
£ HEEIBECT mgokg ' LI E( Aust et al. ,2008;
Martinez-Carballo et al. ,2007; Karci et al. ,2009; 1
BRI ,2008) L I H 2 AR A HUIEEHE T 400k 4=
7 ) AR B SR R B A2 =, g A R A
W42 ( Haller et al. , 2002) . [’ , A& AR
SEEBUE R, 0T fE o & B ik 2R RO 3R
i, i N A A RIS G ((Aust e al., 2008;
Martinez-Carballo et al. ,2007; Karc1 et al. ,2009; 2=
% ,2009; Hamscher et al. ,2002) , 338 i3 T3
I WD RE T 454 5 DI RE ( Kong et al. ,2006;
Thiele et al. ,2005) 111 50 35 AE 77, B 2= PLAE I
I B Kong et al. ,2007; Redshawa et al. ,2008) Ifij
& Ko A 7= b i i e 4 i HL 3T AR R s YL ad il o
M AR AR I A ]k — 2D 3 U 2K 1R K Bt
H V5 Y ( Wu et al. ,2009; Arikana et al. , 2008;
Weiss et al. , 2008) , J1 5| & 40 B i 24 14 ( Michal
et al. ,2004) , " H FUME A iERR. R, BUAE R C L
SR % ) T L IR S5 A HLTS Y ) RN AT AR IR BT B A
5 A [ B Rt (LRI 5 TA 32 B4 P A KA T
e HAZSRN 5T ( Wu et al. ,2009; Arikana et al. ,
2008; Weiss et al. ,2008; Wollenberger et al. ,2000) ,
XS T 4 38 ¥ G N Az 283000 1 BF 58 488 /D (- Awst
et al. , 2008; Martinez-Carballo et al. , 2007;

Karc1

et al. , 2009; Z= £ W 4%, 2009; Hamscher et al. ,
2002) , 7E 3 [ i 20 UL 38 (2% = SCAF, 2009; Kong
et al. ,2006; 5K EHAE,2008) , JCHIE R T X sl
e b AR F T YRR 09 B 9 6 DL ARG ( 4F S
45,2009 fiff 4§ ,2010)

WETRIRZE = N B PR R Tz T AR
s Z G P 9 16 7 55 ( Hartmann et al.
1998; Turiel et al. ,2006) . 3 [E 2 pr 4 R A r= H1{f
PRI, £4 2 0 A7 75 W BT R IR Bk =S i
DI {75 7K FAT 7K e s 5 B 2470 AE R Y A R
( Xu et al., 2007; Peng et al., 2006; Xu et al.
2007) ,H:Z AR 7K b A HY v 3 R 2R B A R (Y
et al. ,2010) . FHUAERAEWEAK AT 3 ol -5 9, 5
TSP AE R B FENE — AR Oy R aErp St A R &
BRUE(HAMR WSS, 2008; 48 A, 2011) . AR EETH
SRR =AM — N B TR I DL
At 2 25 e U AR T L LA S AR
7RO O, AR SO B AR SE T A SR M RN A 3
FHR MR RS BT AR 2R TS 52, P 1 % X
B N ke 4 A7 Wa B Nl 0 N S R 1 TR (1
R BT AE R e 5 PR B A 77 i 2 4 e R oy
WA

2 ##l5 Fi%( Materials and methods)

2.1 U#E5RA

F 5 Hb B it FH 19 32 2230 5 R0 A 4 o RO)
AHEATEL ( Agilent1100) , HL M55 ( ESI) &5 F i 52 5k
i ( AB4000OQTRAP) ; fH il 525 ¢+ ( SHZ-82) ;
FECTE B KQ-250E) ; K &.0:HL( KDC-1042) ;
[ AH A& BUCRS B ( VisiprepTM-DL, Supelco) ; Oasis HLB
[ FH #€ B A ( 3mL/60mg, Supelco) ; %5 5 1 15 /K 14
(KI512]) .

WELATRZE( QNs) PR 4 Bk & W53 30 1 IR
TP E(NOR) FRNVP A ( CIP) %KV A (LOM)
w2 (ENR) . bR fE i 34 77 A 72 8 Ehrenstorfer
GmbH A A, 4 KT 98% . Wl 214 A (o 1 4l
( Sigma A ]) , HE ARG R 7 Hrali, SE5 K
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AR . W R 2 Ak G AR v R R T o
FREC 0. 0100g bRk ihis T/ & IR, I 17K
(20/80, IRF L) i 25 2 100mL JiE il vk B o
100 g mL ™" FARHE S K AT 78 4°C TN BB IRAT. 52
6 v 4% ol i B ) b o S T AE RIS 2 17K (207
80, IRFRLL) i — & L Ao 2. R iE 2 TR
WeBETE A 0. 001 ~0. 5 wgemlL™". 50% fily iR £ 1%
W: 50g Mg( NO,) ,»6H,0 ¥ T 100mL 7K, A $2 1 Fic
i, 2 R IR A7 KW #% 10mL 25% 27K A
100mL 7K (1) LA BC ], PERCELH].
2.2 HERXREEHAE

RSB A P S M R B Ak P AR 8
PUSE A BB FH R =5 L FE K A 1) 7K K JZE 7K S HE 7K R
157K SRR b 2 AR (5 S b O B R
FEH) AR RN R B BT ER IR 1 RN B S il A TR
FLOEBEARSET 18 N IXHY 24 MRS S D,
I BIRAERIZE L (0 ~20em) 1 ~5 RN, L4 BR
FENLRGEE L. MRPE IR WL ZEK, 2 Sk £
A O A Ik A, 2 37 MRS, TEN
KA HEE 60 F 575 4500 A% 5 AL BE 7 922 3 2% SCiik
( 4F L% ,2009; Turiel et al. ,2006) #E17 oh iE. 1
TRFRHEL 1. 00g - 484F 5 & T 10mL 2504 1, A
50% FiFf 1R Bk <2 7K ¥ W (96 /4, A B L) 4mL, Ik 3%
Smin, A FLE 15min, B0 ( 4500r'min71) 8min, Y&
W AR T EiR R R BRI 2 k. AT L
THW, PR HLB [BAHAEBU N (S )5 3 6mL I BN
6mL 7K) ZEBUE 4. B 6mL K IE Ve /INEE L BLZS T4
10min, Fj [ 3mL1% & — RS M/ IVEE. SRR e
40°CK¥ F AR 2T, FH S HE-K (20780, {4
) EAZE Tml, WG 0. 22 um BRI T4E
AR

2.3 LC-MS/MS 441 5 s

% 4 4 {635 £ Ailent Eclipse Plus C18
(Sum,2. Imm X 150mm) ; £ {ig: 20°C; #: - 1 Bf [6]
30min; JiL sl AH: K- (80720, R LE: & 1% H
M%) 25 BE BRI, T 3: 0. 2mLemin ™' FEFER: Sul. &
A BT AR ESI( +) 5 546 60psi; TR
s 50psiz AT Az 20psi; B F-JHHL: 5500V K5 7
T FE: 600°C s filf 18 SR 7K P 5y Fe. 4 s 15 1R 25 47t
PER (Tpge L7 9 LCMS/MS 3% & WL 1. LA
5.0.50.0 1 500. 0pg kg ™" 3 ARk B k17 s 3
WAL AP0 00 BRI 2, IEARE 1. Opg L™ RA
Pt TAEWR (L3 Y 10 A5 508 LE ( S/N) B 2
MR GRILE L o e g e R b N AT g, IR
UEBRAE LI FRAER , B 10 AMAF 0 (R R 1 8 25 AR A
i PATRE AR SR AR, IF BLAE JE A 2 72 v (W] ek 3k
[ 2 e BEARAE AT I A . 25 3 R A 4 R
MR 28 A 5 0, 1 AT R T G R o O 22 1
<8% .

ENR

25X104

20X 104 -

1.5X10* |

VimV
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0.5X10% -
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0
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1 4 FHRERMATRER(1pg L") # LCMS/MS ik HE
Fig. 1  LC-MS/MS chromatogram of fourquinolone antibiotics ( 1

peelh)

F1 tERIMBEMERERNOERER. RNREESMR

Table 1 Recovery, limit of detection, limit of quantification ofquinolone antibiotics in soil

o Tz [l 7@7‘%5@1 %ﬁﬁﬁl

Sugrkg ! 50pgekg ! 500pg kg ! /(pgeL™) /(pgkg™")
WA 63.6% +8.3% 59.9% +7.8% 54.8% +1.1% 0.09 0.31
W R 56.8% +9.7% 55.3% +£3.9% 60.8% +2.4% 0.20 0.67
KRR 61.9% +4.3% 60.2% +3.0% 72.7% +2.2% 0.04 0.12
Rigib R 76.5% +3.1% 64.9% +4.5% 72.0% +1.4% 0.09 0.31
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3 B 54 H( Results and discussions)

3.1 BERMIEPREEREREZNSERMT
ZREET Bt o e by - v s 4 R 2R AL S W0 i
HRHIE LR 2.4 P s 2B E Y R S RE( X
QNs) 75 O(fIK /& #BR) ~554. Ipgokg ™ Z 0], F¥
H50.23pgkg ™, EFAE 10 ~50pg kg™ ZIA]( A
57%) AKT 10pgekg ™ FIfE T 100 pgkg ™' Y+ 1eFF
i 7l i 27% F113% (18 2) . AL G WK 388
TE 90% LA I, 378 /&5 TR A it H S NE - 3 s o
Fiil 2 470 A= Z 9K H R (17%) ( Martinez-Carballo
et al. ,2007) . H b LA RN TP 2 WK1 FEH
100% ,(Hi/MEMR T IR 6 & Ik T
TBRA A HERE S B A RV R 5% IR TR T A
16% & V0 5 19% BT B 19% , f5e i 7 =iy
M BIETD (424, dpgokg") > N VD AL (296. 13
ngtkg™') >R (21. 8lpgekg™) >WEEVE

(4.02pg = kg™') , F & B F N HH DA
(24.93pgekg™") > Bk R (19.85pg kg ™) > it
BUPE(4.80pg kg™") >IBEVPE(0.67pg kg ™) .
PRI, 446 0 40 - SR ABR TR VD B () R vb
BRFE MDBERDRESEEYENE, XS
IR AL IR Yy i 2 s T TR 2R AL A A
BURFIEAR I (B 4, 2011) , AT GERG /< T -4 h
P R 2R R ek E . R ARG 4 43 A4
12 MMEG P R 5 70% 14% F15%
K 1AM G Y TR 8% 4 MEE WY
Tt R A I RE i o 3% , T LR R 43 1 SR
A BE [RIEAG 1Y 4 Fh s iR E 25 L B 4. (AL S
TR EEL 10pg kg™ LU, 430 5 BE A S 89%
(WU E) S51% (AN A) (100% (3% 3K 1D AL)
F78% (BHVP ) . FRAT S0pg-kg ™ H KK
TR (13%) FBETE B (8%) , i H. Wi # 7 A
5% F1 3% HIRE S S HEAE 100pgekg ™' LA (& 3) .

®2 FEMHEREMTETBERERERNS IR

Table 2 Concentrations ofquinolone antibiotics in vegetable field soils of Dongguan city

Geil{H/( ngokg ™)

fead RME H/ME FHE b 22 fix
R R 21.81 ND 4.80 5.1 95%
R A 296.13 NQ 24.93 63.5 100%
BRI E 4.02 ND 0.67 0.9 92%
B R 424. 40 ND 19.85 87.7 97%

3 QNs 554.10 0 50.23 125.6 100%

T NDAE T R, NQAIR T2 1B, 3454 0 254t

60%
50%
40%

Ed

% 30%
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10% - ’_‘
0 1 1 1 1 ]

<10 10~50 50100 =100
EB ugkg ™)

2 TEABERMERERSSES R

Fig.2 Total contentdistribution of quinolones in soil

I 56 T DX 4 98 v s 3 R 2R 0 2 R & R
TERRIF TS it DL, A /D 0)m) vf it FH 2 18 Bl
V5 VNE A A HLIE Y 4 38 v s s T S 470 4 3R 05 G
FRERYHGE. HHH o HIZEE(6 N HJe) HigEh
WD R S REE 20 ~ S0pg kg ™' Z ] ( Karer et al. ,
2009) ; WARFIWIEHIEA(1 ~2 DA R) LB R

100%
80% e
 60%
&
KT 40%
20%

<10 10~50
FREME Augke™)

50~100 >100

B3 THEPAEIEERENEMES T

Fig.3  Content distribution of quinolone compounds in soil

WU B IRV B A R 370pg < kg™ AN
450p,g'kg71( Martinez-Carballo et al. ,2007) ; % 1 jiti
5 (8 ~21 A J5) R E > B AN
TR 3 B 270 ~320pg c kg ™' Fil 270 ~ 400
peekg ™ (Golet et al. ,2002) ; & [E R )y H IR
it HZENE S b 1= e v B VD R ANV B & 1=
A3 K 140, Tpg o kg™ H1 75. 6ug = kg ™' (B4,
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2007) , i 0 it 25 A0 A0 TG 2 R S 4 7 i b
FHE 4 o g R AL AW B KT 20
pgekg ™ (AR XPEAE,2010) . AT L, AR SETH B SR S i
s R ST AR 2 AT T R AR
R APk 2RI AR =, T ELAT 1 8 5 Bk i
T HER AT VD AR U B T 2 I B
PMAZE 5122 ( VICH) X138 9 & R SR P E R
SR F ROV ik & AFL(100pg < kg ') ( Karer et al.
2009) Xt ek Wy Rk V& 28540 5 T R AL TR A O
[vi) Fsf T A S S50 200 PR T 245 2 [, R b 5 8 2 — 25
FE .
3.2 FRRHEFFEEH L E P B0 LML A D

7 6] A SRR AE

TR S 35k b A 18 v s R e b A R
AR RS ) o3 A 22 5 (BT 4) |, 545 B S b A 7
MR (RIS TR % S8 A R RO VRS R R BIR
AR TR A 5, A ) Ak JRR Y L ) 79 A4 i 23 35 b = (1)
TR i BB PR A 5 3 =2 (], 4 398 P s i R 25 b
BY e IR K. AT 4 DB (17%) +
s s T R 2540 A W B & & (X QNs) 7E 100
pgekg ™ LA b, 3 A2 G K I B S Yl T K I A

600 —

11 NOR [ CIP

400 |-

200

60

&8 ugkg )

40

20

mE LOM

o, oAy 2 A Bk 3 rh e S (RN T
BVEIEDR) M E KT 100pgkg ™" HAE 5
HWIINE T SOpg = kg™ AR (63%) i T 30
wgekg T (B 4) , UK K K TR 14 9 3 5t it 35
AR, o e i I b s R S S RS
HRURAE FEAFAE 4 P, —J2 DU T B A ER
WIS REMWAEE Y8 3, 04 A s S bt — 2
DIFRN VD B BN A5 0 R 32, B0 RV L i 6
SRR RN R RAMEEY N R
WD E SR DU DIE SR BB G £,
N SR SR (K] 4) . 4 KB (84% ) i S
by A s 4 T g R S A5 1 2 (] I ARG . [R)—
Bt S AN ] - HEARE i 22 18] s s R SR AL A WD
A B 22 AR, T RE 5 [F]— gk 25 5k i
AR Y5 ) HE K A DG, H /D08 3 e b A ] - 38
P Z 8] 5 28 SRR, AT RS 45 A SR T AR 7
FAFCHENE BRI S A AR AESE) AR G, AN A
FAF ot i S A R AR I M S R AT
AR ( Blackwell et al. ,2009) , )T A] fE S BH
i 5 2 IR Y 25 57

BEH ENR
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0

i
w =
)
ek 4 H
=1

L L L L L L IR I | — T 1 T T "1 T "T1T 1T T
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Fig.4 Contents and constituents of quinolone compounds in various vegetable field soils of Dongguan city

3.3 fREGMEXRLETLEHENLEZTNEE
5 9 AR

7] 5% 3 Ak by AN [7) 3 35 it i - 98 o e 375 R 2
PUA R S SRR A — i 25 5 (/D 5) L JA
Ve B Sk b DR IV 3 S 9 v g 3 R 2 4K A IR
TG I R e BRE , JHCA i SR v  2
AW & B SQNs(0.56 ~0.85pgekg™') R
FHZEAN K AHLL 003 - 8 v A 435 5 070 B2 R 2 0

B HE R R AL T3 VLK B 5 3 b A [R5 5
98 o s i R 2SR A ) R B i SQNs (1799 ~
31.56pgkg ") 2= FHA, MEAL A WA LR AE A
oL, BRI LA U0 B2 O =, LU i 0 B A R
VDB, B & AR Y, i 60 B Y & 1 AR
ANTRER S fit o 3 56 PR AR 1 AR B ol 2 25 5 AR B £ 38
rh s Y W i 19 AN R ( Cai et al. ,2008) , DA Kz AN
B S it e g PR R 6T A 4 ey e R i SRR AN
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[i]( Cai et al. ,2008) , A] A A [A) 55 52 i A+ 4
TS TR AR R R R R 25 5. A
T it o 35 A1 780 3 S5 %t = 4 &5 R WY IR R 11 I
WCFN R A A7 25 22 57 Cai et al. ,2008) .

1.0 -a. JEVE4 EINOR
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Fig. 5  Contents and constituents of quinolones in soils grown

different vegetables within the same field

4 Z5i8( Conclusions)

1) ZRSET B 3 3 4 39 b 4 Fhods i R 2K Ak &
YIRS S 7E 90% L |, & i 2 EAE 10 ~ 50
pigeke ™ 20, DIFRI D (P 24, g kg )
BT B (P34 19.85pg kg ™) M E.

2) AN[R) g% 28 5 2 1] Ak A 0 B i R4y
1EA B B S ) o A 22 57, 4 R v 2 f3p
WIEP NS A E RN B ANEE YN
F IR BRIV B AL A Yo I
B E YR F 4 R

3) AHIR] 5% 20 5L L - SRR S 22 TR W G o
SR 1 25 S5 ORBR B {EUA (]38 5% A g 35 R 7R A 3
HAL A 0 B SO AR AR — 8 22 5. 4) Rk
b IRSETGE S S b - rh s A S B AR
e ih AL AER o R T HU A B A AR AL
fih & AH(100pgkg ') .

EREEEN: ENEC1965—) , B, B+, #H4%, B4
B, FENELEAV T LE5BE . L HEANTLE R
2 AR TAE. E-mail: tchmo @ jnu. edu. cn.
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