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Pollution Characteristics of the Sulfonamides, Quinolones and Macrolides in the Samples Collected from

Livestock and Poultry Feedlots

LIU Feng'?, LIAO De-run', LI Ke*, LIU Lin', LIU Chao—xiang', HUANG Xu"

(1.Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, Chi-
na;2. Key Laboratory of Agro—Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sci—
ences, Changsha 410125, China; 3. Zhejiang Entry—Exit Inspection and Quarantine Bureau, Hangzhou 310016, China )

Abstract: Five kinds of samples, including animal feces, manures, arable soils, ditch sediments and surface soils of constructed wetlands,
were collected from three livestock and poultry feedlots in Fujian Province. Eight antibiotics in these samples were investigated using liquid
chromatography—electrospray ionization tandem mass spectrometry( HPLC—MS/MS ). The concentrations of all antibiotics in manure and ani-—
mal feces were totally higher than those in other three kinds of samples. The concentration of quinolones( X, QNs) and sulfonamides( X SAs)
in manure were higher than those in animal feces, whereas the results for macrolides ( X, MLis ) were opposite. The concentrations of
quinolones were observed higher than those of sulfonamides and macrolides in all the samples, with a range of <LOD~2 967.6 pg-kg™ in all
the samples and <LLOD~579 pg-kg™ in arable soils. In addition, the quinolones in fifty percent of arable soils exceeded the trigger value of
the ecological risk (100 pg-kg™), whereas the sulfonamides and macrolides in arable soils never exceed 100 pg-kg™. The data of average
concentration and detection frequency indicated that sulfamethazine was the dominant composition of sulfonamides and roxithromycin was
the dominant composition of macrolides. In the quinolones, the concentration of ciprofloxacin was highest and enrofloxacin was most fre—
quently detected. This study suggests that more attention should be paid to antibiotics pollution in livestock and poultry feedlots.
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FAL sh s b pi AR R E 2 F Wb iR YT 80
Y AR E S K o TR R IR S P SR A T FE AL
RO Smim i NI FrEAE", iRk
YIS D5 LASIE sl AR ) & R T4
21 S8 LA b, WA A 2SR5 LAURE 51
FARH T PIREZE PR EFEHE I HE P X Le SR B
FEfErhdiAE R SR, IO A o A
PUAERGYRMELORE ., fagiit, — D I7 kg A
] PR B HEE () 2 BT A 26358 300~500 kg, BUAR AL 77
B 7 A K A B 2 B B A LR
Je it FH Sl A FE ORISR el HE NI 4 T2 RB S A —
R For bt R HIRE 80% L) i E Bk
LERAIR B B R X ek AR PR R L 5
FAAE T KRGS, T8 - e M D RPN 5 |
AL 2 AT 245 PR, 34 W] g 3E Ao £ W A 3 B AE A L B
YR e S I PNE Y (2:35

iR RGO &5 i E NN M E A 3
WA NE Rt NE 1= 8 rhh A R 0 5% B AR o g D
PR D R TR, R ] 2 R Bk — A R
FTLL AR %5 b o] it I 3 bt A= R 5 Y L & JR I
. mEE EREEGERY MR R S
% HRUE 2011 AR AR SEIR 195043 T3k, A
42329 J3, NE 138.47 71 2, A% 185023 T H,
FE 21843, HAAERE . NEMIZ S5 3H 2000
L EIEK T7389.62 T3k 40.67 J1 A1 671.23 71
Ho HET, CTFHES & SR BREY Lt
ARG PR SR AR D . ARWF SRR HUE ]
7 FIHE T A0 & & FR 8 3, X sh W 3848 ZEAE A
Yy HE . SRR A TR M - 3 R 2
AR 3 FPMETEIRZEHUA R AN 2 ORI NEREHIA R
BT5 YRHIE T T 0B, R X I AL 52 8 e A=
FV5 YUl B A R AR I A A A R A — S 3
b o

I #RE5FE

L1 {28705
H N 2 TG 4R (5 46 (Tedia 23 F] ) , 5256 7K
12k Milli-Q 4tk , HAth Ak 7120 S 23 Hr i
R PTE SR (SAs) JRANEMENE (Sulfadiazine
SDZ) fitf Jfie — F 15 g (Sulfamethazine , SM2 ) F1i## Jiig HY
MM (Sulfamethoxazole , SMZ) , b5 Ui it 3 H N K Bio
Basic 2 H], 4l =98% ., METAHRAEHIA R (QNs) Jy 3R

N b & (Ciprofloxacin, CIP) | Bl Vb & (Enrofloxacin,

ENR) fI 5= 35 7P & (Ofloxacin, OFL) ; K ¥ ERZEHT A
% (MLs) i % 2155 2% (Roxithromycin , ROX ) [ 25
= (Azithromycin, AZI), P Sh 2> B B in &K Bio
Basic 28wl Al AR T A TAR Oy A IR W), 21
JE=96%.

PUAz ZRBRHEVAUR  HERR RIS R BT A= ZR AR 7
FHEE, e i B 500 mg - L (IR A AR ERE 7 T, Bt
TRAFTF-20 CrkFE £ H

WL C NG FREX 31.2 g B IR — 200N, HTiE
AikGEFRZ 1L, R 6 mol-L™ (YRR AT pH=
3.0, FEINASEIRTRY SN , W B RR E £ 0 T, ik
A

[ AH 25 B B (Supelco ) , i &0 AH = 5 UM FT
AN T BB (ABI 3200 Q TRAP).

1.2 HmRE

it R A e P AR A T FH R VL X AL ) i [] 22
DA A SR B B P 8 S R A Bt o AR T A R AETR
B AR PR R P R P RS R A IR R OR A A
B RATNERE SR R AR THE3E A HUIE AR IRl
YER I 33 BRI UE AN T b AR 28 R 58 (5 7K Ak
PR ) i) 22 A eI 18 A s N R AR
TG WA A HUE AR VEY SR R 3 9
O3t o FEAHILIE 2 03, ol 24 S ) S A 2RI
S -3 14y MRIEFRARAE Y A RSN AE K 19, 5
FEZEEERL SO T A UL ; & & 208 4 03 s 1 R
U 4 03 N TR R)Z 435 3 o SRAE T IEFE A INH%
HRPREE 25K, AR R N ) — S e 4E3~6
A FALHBIR G FE  RAFRBETE 0~20 em Z[H] . A4
IE RS H T, -60 CHRURTHE, B 80 H i
o
1.3 FEminsbE

PUA RS ERFRIL 1.00 g FERYE T RO,
HIA 0.1 g Na,EDTA, FEAIA 10 mL B ER 2% whif F1 2,

GITRAWR(1:1,V/V ,pH=3.0), ¥ &0 E & THRIR
250 remin” #£¥% 20 min, FEF IS 10 min, K5
7000 g #5.0> 10 min B FIFRFERS 2 1 LGB, H
SEENYC, B IF IR B AK R B2 500 mL,
WA TR AE I . ARSI rP AR LSS A T I E o

(B A 2 HC ;[ AR 2 B A PR YT 6.0 mL
AT 6.0 mL F A 6.0 mLL 0.5% FF IR /K V4 S TRAL L
W FREEEOR L 10 mL -min™ 2245 (4 38 BF 32 Oasis
HLB(6 mL,200 mg) [EFHZEHUNME . k2 )5, F 6.0
mL 0.5% H R /K IR itk , SR J5 il B2 T4 30 min, T
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FEJE, 6.0 mL (1 EEKE H RG-S P se i 2 /g
RN R B R T, e 1.0 mL 20%
() HH K S ROE 2, B A S5 IR 0.45 wm A3 HILIE S
1,4 CIRAE

1.4 HPLC-MS/MS #7024

FF i FH 150 ASOBOR — B DUAR T 2 8 7 B
(ABI 3200 Q TRAP) 174307, €A 5544 : Inertsil ®
ODS-SP Y AH 8,341 (4.6x150 mm, 5 wm) , £ 35y 40
C; R 20 pL; 3 Al A WA EE, B WK 0.5%
FHIRK W ; A 0.8 mLemin™; &1 746 B2V 2
FE, WEhAE A PR & 15%,6.5 min (5 FTH3) 85%,
8.1 min B K& N 15%, 2247 13 min, JETESS
42 R ESTHL I, & 706 1 (GSHFNT(GS2) A,
TR 50,60 mLe-min™, HLEHL TR 5500 V4
HIm#GELEE A7 550 °C 4% B bR kG4 0 Wil 25— il
PREABFIRI L 1,

BUR A AR RS 25, BLhil e B 2 10.20.,50.,100,
200,500 pg- L™ 4 8 Fhhi A= RIS AR U WL, Hil1EPR
HERNEZR , et R R2 FRRT 0.99(F 1), KM
PRI RE 8 Fhdr A 2 1) TSR FIAG I B o A5 A
dl [TISCRAE 30.8%~100.9% 22 [8], K BR7E 0.20~4.52
pg kg™ Z 0] AR S SS RN HT A IR Az fb, (H
SR IRl SR AR A e, LR IR A A o Ml 25 7
1.19%~8.8%Z i) , FEIRVEALLT

HRE5SM

2.1 AERBHmITERINITRAHE
2.1.1 Fefiee

200, Frf 27 frFEArh  SM2 & i %
100%, f5i ol 59.6 wg-kg™, HH 7.20 pg-kg™;
SMZ # H 22 96.2% , % 155 o ik 18.9 wg-kg™, Y8 2.7
pg kg™ SDZ AR REAR, 1L 29.6%, fRm & il

2

R2 3IEMERELBERPHIREBERSH
Table 2 Range ,mean value and detection frequency of SAs, QNs

and MLs antibiotics in all the samples

iR il g kg P g kg K%
TS T SAs 2.2~73.1 10.4 100
Tk fiemsng SDZ ND~4.4 0.5 29.6

T e — FH e SM2 1.7~59.6 7.2 100
i i H I SMZ ND~18.9 2.7 96.2
WIS X ONs ND~2 967.6 223.6 81.5

NP A CIP ND~1 131.2 99.4 74.1
AP R OFL ND~1 015.7 61.1 59.3
ROFTb B ENR ND~820.7 63.1 81.5
FIR S Y MLs ND~119.4 9.9 96.3
W15 % ROX ND~112.2 7.8 96.3
Wi 75452 AZI ND~7.2 2.1 74.1

T ND 7R ARAG A At AR 0 25 P

4.4 pg-ke , PIH 0.5 pe ke ToiE K H R & M F-
PIE AR TEM , 3 Rl e 2 B2k 375 Yo A i o SM2 >
SMZ > SDZ . FIi A3 i BN R R A HE B e e i AR 2
HAP BRI E R (XSAs) B, s
73.1 pg-kg (HAET 100 pg kg, SFII{E 441 pg-ke™;
BN B A IR ME 151 pg-kg s 1EY)
AR B A AL, P IIEAL 5.8 pg kg A
JIGUEFE X SAs HY-V-IH K 8.5 pg-kg™'s A LIBHIFE A
Y SAs BIEN 7.0 pg-keg (8 1),
2.1.2 METHETRZS

ZER IR 52, A5 5 A FE S A AT — i
F2AE A, Hodr 3 40 g N TR 38R 5 . Irfy 27

PyFEACH CIP (A6 238 74.1%, feim it 1 131.2 pg-
kg, BIMH 99.4 ng-kg™; OFL [k % 59.3% , i 5

B 1015.7 pg-ke™, ¥{H 61.1 pg-kg'; ENR AOKG H H
N 81.5% , He i & it 820.7 pg kg™, ¥I{H 63.1 wg kg™
(FR2)o 30 Imm o S(EYR B AU . BAR

x| MAERHRIESTRGMEMETE

Table 1 MS conditions and equation of linear regression for antibiotics

Hbrb &4 ioalll P ] LRFE B 7] /min Gy ARG R EL

Tt e g SDZ 251/91.9 3.07 y=1830x+14 300 0.994 4
itk e — R e SM2 265/107.8 431 y=3200x+28 400 0.991 3
Tk iz R g SMZ 253.9/92.1 4.89 y=2330x+16 900 0.997 1
LA CIP 332 /314 4.63 y=290x+1720 0.990 8
AR OFL 362.2/261.0 4.35 y=1840x+1690 0.997 4
sTh AL ENR 360.1/245.1 4.73 y=2450x+11 400 0.997 1
W15 % ROX 837.4/158 6.68 y=711x+5140 0.992 1
W72 AZL 749.9/591 5.84 y=2540x+15 900 0.990 9
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[0 3 SAs Table 3 Ranges, mean values and detection frequencies of SAs,
B X ONs QNs and MLs antibiotics in arable soil samples
_ [0 X MLs
i iR TG g kgt P E g kg K%
% 1400/ fili 2k X SAs 2.2~12.2 5.8 100
g ?(5)8/_ R SDZ ND-3.2 04 28.6
Lok E T e — P SM2 1.8~7.8 3.7 100
solb E it iz PP g SMZ ND~6.6 1.6 929
olL_m I H P o - MRS X ONs ND~579.0 138.0 92.9
i% AIHLE ig g;ﬁ {jﬁ ij@ zmw; cIp ND~1383 589 85.7
. e o i T 1 AT A OFL ND~205.7 29.2 64.3
B 1 SHIRRS 3 RRERSZRINENE %P ENR ND~235.0 49.4 92.9
Figure 1 The mean value of X SAs, ¥ QNs and X MLs in SR S ML 0.9-16.7 50 100
various types of samples 4172 ROX 0.9~12.2 26 100
B 2555 2 AZI ND~4.5 1.6 57.1

ENR A% 205 55 T CIP, (BJ& HAE X & 1 CIP %
132, OFL RS tH 28 FIPF- 3 & b AR AR . A LA
FES B i ( X QNs ey, e mih®] 2 767.6 pg kg™,
BIE 15421 pg-keg'; & B FEMEHH X ONs WREE WAL,
ik F) 380.5 pg kg, YME 148.7 ng-kg ™ VEW T
BERE S 1 fe = X QNs 355 579.0 pg-kg™, M 138.0
pg kg I IENTUEAT A X QNs e imy ik F) 282.0 pg-kg™,
HIE 106.5 pg-keg ' (B 1)
2.1.3 KIFR

FITAT 27 ki, ROX RS HH K96.3% , fie i
71122 pg-ke™, HMH 7.8 pg kg AZL A H 2R R
T4.1% 5 o 7.2 wg-ke !, ¥9MH 2.1 pg-kg (2 2),
P ) B e ke [ ) — I 2 Ot o ARG HH 2R3
HATLUE HH ROX TS R EE S T AZL, & &2
FEAL ) X MLs f i, S (R 119.4 wg kg™, B{EH A
40.6 pg-kg s AHUIEFERL ) Z MLs K2, H1H 8.2 pg-
ke VEY) T 3EAY X MLs A — W T, ¥{H 5.0 pg-
ke VAR JCURAE S S MLs ¥{EH 4.4 pg-kg's AT
T - SRR A 9 X MLs B K 5.3 pg-kg (B 1),
2.2 e IR A R RIS RSME

FE 27T BFEATR A 14 A FEA RV EDI Y -3
TS 14 (VR HHERE 5L, SDZ K 2% 28.6%,
it 3.2 pg-kg™, HMH 0.4 png-kg™s SM2 (A5 H
KN 100% , freim i 7.8 pg ke PIMH 3.7 pg kg
SMZ (s 4 92.9% , i i 6.6 pg kg™, 31H 1.6
peg ke (6 3), T MK H IR MR B  AE
Wy 5 P P A 2 YL R B AR S SM2>SMZ>
SDZ. BT 285 1 X SAs Sk & it G % 1Y)
/INEISEH X SAs Feis, o 12.2 pg kg, HARIUIEY) -
R I X SAs #/NTF 10 pg-ke ' (] 2). BT %

TE:ND R AAG A AR LUEUE 0 2 5 P (EITH.

A 2R B R i A, AN [RIVEY) 3 3205
PR 22K

WETH IS 14 (i VEY) R 3ERE A, CIP 4G 6
KF 85.7%, frer o 1383 pg-kg”!, HIH 58.9 ug-
ke OFL (946 HH % 64.3%, fx i & & 205.7 pg-kg,
IMH 29.2 pg kg™ s ENR ARG H 200 92.8% , i i 75 it
235.0 we kg™, YIMH 49.4 pg-ke (3 3), CIP ZE/EY +
Erp i e, K AR T ENR, T OFL 4G
A E AR AT FAIG o 3 s 45 I 2 e A= 2R 9 i v
PR B D 3R 5 DR A b I 1 458
> QNs I, i85 579.0 pg-kg™o FHEA FEY) AD
HEAH FEVEIAS [ b 3, X ONs 22 504R K, 14 3
VEWy - 33ERE TR, 50%1 X QNs 1t 100 wg-kg?, 35.7%
1 Y ONs & T 10~100 pg- kg™ Z [A],21.4%F¢] Y. QNs
/NT 10 pg kg (] 2) o BB R 200 T 3ERAS AT
METE TSI R

1001
1 [ O 3 SAs
< 80f H Y QNs
I~ O X MLs
&K 60F
i
=
x| 40F
i
4
20F
E (1

0~10 pg kg’ 10~100 pg-kg" >100 pg-ke™
B2 1 tiEd 3 KMEZERSENREX B RIS
Figure 2 The distribution of X, SAs, X QNs and Y, MLs from arable

soils in three concentration ranges
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RIRNERZE 14 (319 1 HERE B, ROX 1A H
K 100% , fe e & 12.2 pg kg™, YIH 2.64 pg-ke;
AZT (IR RN 571, FeR S 4.5 pegeke, ¥ME
1.64 pg-kg™ (3 3). MK HRFT-IERTLIE H,
ROX 7EAEY) -3 b i35 Y K4 i T AZL [l A2
PULE AL, 14 0 AED) H3ERE A, 92.9% I VEY) 1
X MLs /T 10 pg-kg™, F A 7.19%40 T 10~100
weekg ! 20, R R B S A
FEEHIAR(E 2),

3 e

AW R T B BRGNS 2 AL
HE VEY) 458 W B NN T8 b 3% )2 4 358 v it i
B TSR NBRRIUAE R TG RRHE, B8
PP AE R AR KT RE S S LR S i A R
I R OO0 o ME T IS A R AE B @ 2 A ok i
B PRSI IR BRSBTS b AE R AE P
A P BRI R ARV T 1 T S R I iR
KM EZRN 2RI, B &2 AR
PV B A e R AR B mg - kg™ G A G H A M
VST 3 AR BE A B mg kg™ 0, T e S TR IR
IWERZSTAE 2 LU SCRR IR B 28, X TR S LA W &
B RR IX ZEHUAE REAA T, HEE
BATEAC I A MUE D), i 2 D FH AR TR —
PR 30T B ARSE R IRHENE RE U2 R AR S 2 v iy
PrA U EET- 2020 25551 40 d FIHERE S, AMNE TS IR 2
mg kg 472 (CTC) 10 mg kg™ [tk i — H g ng
(SM2)F01 20 mg-kg™ (A& SR 2 (TYL) (U AR T [%
STt FHZENE P AE R AR ELLT (il [ Fr o
CTC 0.8 mg-kg™ .SM2 0.2 mg-kg™ I TYL 1.0 mg-kg™)
o TYL RS, TYL J& T RIFNERE, Huk
TE 5 d Z P EPPUE R R, 1 CTC FISM2 (e B 78 4 JE
ZIGAFIRBEAL, JCHRIERGS ISR 1G0T, %
ffAR R G2EN, AWFRE T RIF N BRETEZENE i vk i
[ /N T AR B & 25 v v B SR 5 AP A:
RIS RS, ZEZE N0 A TR BT LU sh P 2S5
WA o 3K AT BEAEAE A THI A SR : — SR AE 2 e fif
YT M S P s ) A ot i 25 VAT AN I 38 P e, 38
PUAER R BRI B m e B s R A
FIFAREZAI T, 25 G HAAFEAR IR TR S
2R RAE () SIS h i Ak Uk FE 23 AR

it 1A 2RI N A R 5 5 e ) 3 v i A
RGP FEORIE, Zd KufH R R, AT

FAT5 7K N T b R HE TS 7K B TR A7 BB A R
HIT5 9% o 52 A FEA SR PEAN ], VR 133 |
N T3 3 AN R e th A RWR & T K
Wi BAGS AR A A TR R E R . PR
TEFREEA P () S i AR EEA T 32 BIPT A R R+
SR AN L R FH O RS S AR S 52 Pico il
Andreu T\ R s R PT A 28 ELA B0 A B 3
FIUTRRYI ORI (A BE 12 AH L, B e 0 A= R B0k A
R HHRE 5, RERSE R HSE R KRS
B AR 5 P A BRI R BE T FE— e K
FE S L BRE A BIRE R 2 hr A R, EH LB
W% RFFRE )5 1 KO R A K A AR R O A
PISCERGE T, ME A RAE AR R P ) K (B
JUHEITE 496~61 000 L-kg™ 2[RI, itk fe S Hi Ak R 1Y
K, (HYEFEIFE 0.9~10 Lekg™ Z [, BT, & T RN
RRPUE R T NI A Z AUHZ R R
(TYL) ) K, JalE Ry 8.3~128 L-kg™™, DX I 5 5 1 41
JO 2 R R T N 2% A M A AR R AR LA IR
JREUE A T b - J8 oAyt v B v TR e 2R RN R BR
P2 ) B 2L S IR AT A 1 — Se R A ot R s iy
Tl 28370 A 2R AE 5 B 1 A 85 S e e s A 4G M e
B, BN FE TN DI SE s 3 X QNs (4G
VORI 27.8~1 527.4 pg-kg™ Z [A], 1] X SAs ()
K LR 29.0~321.4 g - kg™ 7E K H 40l 145
i, Y QNs K 0 2 ND~274.8 pg-kg', Y MLs
ARG S R ND~29.3 pg-kg™, 1 X SAs AHG: H Y0
{3k ND~5.1 pg-kg ™ 7E 1L AR i 38 b 3% X QNs
R Y D ND~1 017.1 pg-kg™, X SAs HYAL H T
F10.01~33.62 pg kg™, 1fif X MLs 46 H 5 Iy ND~
2.14 wg-kg'o AT I FIHT H M DA VEY) 45 3
FPiAE R R G LS X SE AR 25 AL (£ 3) .
2000 4, 2y E PRPMEZ B S8 R T
A A AT ROV A ik 2 (B JELSE Y 10 pg kg™ 42
= 2 100 wg-kg ", ARBFTEH 509% I VEY) - 3R it s
IR HTAE R SR T 100 pg- kg™ (] 2) , F KIH
IKF 579.0 pg-kg™, FRAFE S 2 B M S BT A
Eytaad 100 pe ke L, T A EY L3 Y
WSR2 B A R HA TR AR S AR, ST SK
7 T 4 P v s R 2 e A 2R R O A R IR 2
NE s P RSB AR 2 AR L 4R EY
- SR i T R RN A N TR 2R A 2R B AR
T 10 pg-kg”, VLIRS FIRIA N BRI RAETE
A SRR AR . (BAFRE R, - e ARk
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(T A 28 A BB i 22 R AR 2R 10 DI ) R s
B KA 25 05 A S IR B E DR HTE, —
L I R BB AR R PTYE R B 2 B A Sh )
AL GBI RGRTT

4 £ig

(D FES R E B T RN BRRAE & B 3%
R F IR R B R T PR Z A0, FE b b A R
W R A HUIES & S 28> a3 IR KR
F T i

(2) & B RHE KA - 3 T A b AE 205 ek
FEREE , MRS RS IR N BRI PUA R AR,
HE TG YL DL SM2 R, KRIFINERZELL ROX Ky
F, MsPEERZER IR B CIP £, # HH% ENR i o

)VEY) LI MPLAE R TS YL D5 B A5 Y
FAEL, LEAD, 50% B 1R + ek RS Al K E ki
e 3o R 25 [ BB 2 B 2 M ) A A R A R
100 pg-kg™, HA ELEM A SRR

TEFRFAM AR 7 e AR 2 T 2T R A R
A PR L Dl PR 2R SR ECN A S R
RO B A R A R SRS A IR
A ERIERON 7 IR R G ST T L

S
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