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Optimization of an analytical method for the simultaneous determination
of 24 antibiotics in swine wastewater

CHAI Yufeng'> FENG Yugi®.  ZHANG Yuxiu'™ CHEN Meixue®™*

WANG Rui’ LIU Mengmeng’ WEI Yuansong’

(1. School of Chemical & Environmental Engineering, China University of Mining and Technology , Beijing, 100083, China;
2. School of Energy & Environmental Engineering, Beijing University of Civil Engineering and Architecture, Beijing, 100044, China;

3. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

Abstract: An optimized method employing solid phase extraction-liquid chromatography-tandem
mass spectrometry was established for the simultaneous determination of 24 antibiotics in swine
wastewater. After adjusting pH to 3.5—4.0 by using 1 mol+L™" hydrochloric acid, the samples were
concentrated and.collected after flowing through an Oasis HLB solid-phase extraction column, and
were eluted with methanol and ethyl acetate (V:V=1:1). The gradient elution was carried out with
0.1% (V:V) formic acid solution and acetonitrile as the mobile phase by using the Agilent eclipse
plus C18 column, and the detection was performed under the monitoring mode of the electrospray

ionization source multiple reaction. The limit of detection ( S/N =3) of the 24 antibiotics was
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between 0.03—3.00 wg-L™'. Tetracyclines, macrolides, B-lactams, quinolones and sulfonamides
were all detected by this method in the swine wastewater samples. As the three main antibiotics,
oxytetracycline, tilmicosin and sulfamethoxazole were found to have a maximum concentration of
147.10, 107. 83 and 100. 20 wg - L™, respectively whereas sulfadoxadiazole and dimethyl
chlortetracycline were not detected. The rapid and accurate detection of 24 antibiotics in 5 major
classes was established.

Keywords : veterinary antibiotics, LC-MS/MS, solid phase extraction(SPE) , swine wastewater.

HRBUAERCT 2N T3 & IR P B AT DR AR TR PR RS 46
FHRAAER ]2 6000 M2 Hafhit, K2 75% B30 AE ZRA S TR | 8 i PRI D)5 24 8
A= T A HE i B A rp | OSSP 245K 7 (42 5, B BB R R AR S e, T e A
BB LN B BB K AR B E R Wik R L LR iCng - L) 776,
[5] S 4 SRS L SRS K TR DU SR R BE R 0.4—164.26 g~ L7 Bk e R v T TR 25 VR 2 43 9K 0.003—
3.470 pg-L7'F10.08—5.920 pg- L™ ;Hou %E W5 LB 8 Fl i AL E A8 3754 S A JE A 4G HH vk e
0.12—47 pg- L7 Z 1], 220 75 K b BT 4G H R B 8 1—2 D 9, SR 29 AL Tl 25 AR A 7K A ok
T A G e XTSRRI + R SRR EAE 2.11 10,96 mg kg MR B E
S AR A RV HE BRI ERSE T, AT BE XA FH A el R v 7 AR R MK A5 R B B Y5 K AR E T R G U
FIRE RS TP IR R 204 R VL EITE 0.2—41.8 pg-L 7' H10.8—4.0 wgs L™ ARIEIEFE 0 92
W BB BRI A RIRIBRIE PR AT 2 | VU R 2820 s i T e 26 210l ST P R
BB IRIIE K T 2 Fhb A R R IS I XTI 5T S AR e Al B R v AT RS AL B o E

H RT3 HT 775, K R A 20 Ak B o R P ] R ) ARG vk = B YA £33
JRSIBC L SRR K L TR %, BT & oA BN | # S 2R Al R A 4 S BT ik A
WFFEE 10535 110 B bR 5 A AE U 2 42 5 e 22 M A2 22 [R5 4G 1) T B2 454, AR BIF S A Ak T i A 2
AR I HESE T 24 Rl R E A0 A0 i, X i — 25 0 J B 8 3R K /K Z2 R A R ok FE A o
53 2552 Fe At

1 RS 77 ( Materials and methods)

11 XA 51

Agilent 1260 #8 250 W AHAC 7% . Micromass ® AB-API5000 i % B¢ FH % |, Sigma 2-16P = 3 &5 .0 #L
(Sigma 2] ) SE812 AL RWAX (AL mt BB A IRIUE 2 A ) | BAHAEEUE ( Oasis HLB,6 cc/300 mg, ¢
Waters 23 ) ) | [l AHAE S (3 [ Supelco A F]).

VUIRZE IS 25 %) L R DU IR (tetracyclines, TC,97% , CTX) | 4-22 [a] PU PR 2% £5 ik £ ( 4-epi-tetracycline
hydrochloride , ETC,99% ) . PU¥f £ -d6 ( tetracycline-d6, ETC,80% ) 4% % (CTC,99%) (EhHR 2% ) 4 55 K
(4-epichlortetracycline hydrochloride, ECTC, 97%) . + % & (oxytetracycline, OTC, 97%) . 4-2% In] + %5 &
(4-epioxytetracycline , EOTC,97% ,CTX) .

B-MIENE 2 25 %) . 75 B R (penicillin, PCN, 99%) | % "~ P4 #k (ampicillin, AMP, 99%) | 3k 18 W& Ji5
( cefotaxime sodium,CFX,97%).

KIFNERZE 25 W2 TE 5 EK (spiramycin, SPM ,96% ) , HTI2 i€ % & (neo spiramycin 1, NSPM,97%) . 5%,
$i%E &K ( clarithromycin, CLR,99%) . % £1. % % ( roxithromycin, ROX, 97%) . K % 2 (tilmicosin, TIL,
97%) &R & (tylosin, TYL,98%) .

MR 2 259 . v VP & (norfloxacin, NOR,97%) . AN V0 & (ciprofloxacin, CIP,97%) | &k Vb 2
(enrofloxacin , ENR,97% ) A 3> /2 (ofloxacin, OFX ,97%) .

fish e 25 25 W) . 1 Jiig WP 35 5 I ( sulfamerazine , SMZ, 97% ) . fif§ i [6] FH 420 % B¢ ( sulfamonomethoxine
sodium , SMX,97% ) i iz H 15 — 14 ( sulfamethizole , SML,99% ) fiff i W% WE ( sulfadiazine , SD,97% ) i i FH
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W IE ( sulfamerazine , SMN ,99% ) #4106 5 It T4 E Dr. Ehrenstorfer GmbH.
G, LR TR G52, Na, EDTA , R  ZUE AL, R R34 Ry o Al ali B 4l7K B Milli-Q %R
43 ( Advantage A10, Millipore ) il HX.
1.2 Bl
1.2.1 PUERRHERE & Bl
FERFREL 245 5 45 0.010 g, FH W BEVS % JF € 45 2 10 mL FR @A BT, 1R 2, 15 3 it & vk 2
1000 mg- L™ A, BT 20 C oA N REGORAF R 35 i IO R A 2 7 100 wl 2 10 mL A (L%
s, F BSR4, B A 10.0 mg - L TR Fr v rh ] .
1.2.2 Py me i
Na, EDTA-Mcllvaine 2% Mg i AOBCH B 1 L 0. 1mol - L AP FRIATR A 625 mL 0.2 mol - L™ BEFR A —
HIEST JFHIA 60.5 ¢ Nay EDTA FARIEIR A% mol L™ S5 4 pH =3.8520.1.
1.3 AR K ab 2
BEEAG AL (T —) GRS =) T (355 =) R385, 3 A9 A e
REST IR K AE BT 25 1 500 mL A7 €535 58 R B DR A8 E kL b KR BUREJS 4 SC i, 1] S 30 8 ik Ay
T2 KB AR UL AR 1.

R SIS K B8

Table 1 Water quality parameters of three swine wastewater

S Parameter ¥¥— Pig farm 1 ¥ Pig farm 2 ¥4 = Pig farm 3
COD/(mg-L™") 38120 41650 540
NH,-N/(mg-L™") 1127 1256 370
pH 7.34 7.85 7.24
SS/(g L) 2.36 4.58 2.84

500 mL A F 5000 remin~' .0 10min, B EIEWGET 0.45 pum A, HT Tmol - L™ A9 ER MR VR 15 I8V pH
{4 3.85, LA 100 wL {8 F1 Na, EDTA % . SPE [E AHAE B ( Oasis HLB #£,6 mL /500 mg) , Fi5E R H
5 mLZR TR ,5 mL HEE 5 mL pH =3.85 AizkKARK K IKPETE 1k, 78 B2 28 # i s 2 ok 3—5 ml - min™"'
Wb B R A, B SomL. b HESERUS , 8 S mL 5% HEEK 5 mL B SIK sk NV X HLB
FERH L2 T4 30 min d5%J5 4.5 mL HEEHI 4.5 mL 50% H % +50% £ /R Z B8 e , WA Ve I )T 7 %
IR N AR 0% B EE A2 1 mL, Fill.

1.4 s

O 5k A TEAE Agilent eclipse plus C18 (100 mmx2.1 mm, 1.8 wm) ; SIA M ZHE (A) F10.1% H
FRIAW (B) AR 35 °C7iik 0.3 mL-min™" ; B EE VLT :0—1 min,90% A,1—10 min,90%—80% A ;
10—20 min, 80%—50% A ;20—25 min, 50%—50% A;25—26 min, 50%—90% A;26—35 min, 90%—
90% A, #FEE 10 wL. 22 SO WA T 24 e i B (TIC) aniEl 1 iR,

1.5 JFik &

LI 25 B 1R 5 1E B T4 S5 A0 BRI AR LA RV, AR AR 5 T I R v 7R i
FE43 1R 90 °C 1 350 °C 5 i 77 el A FL A0 43 51 500 #1170 L-h™" s BANAS LN 4 kV. RN 7
o MRM 5, SR A ESI-MS/MS 1E B F R0, 7 99 38 Bk A7 =X, e B B P BB 7
TET AL REEAE | 24 Fhi AR K A BRI RIS G 45 12 I35 2.

2 R 59718 (Results and discussion)
2.1 [EAHAERCE AL

2.1.1  EmRERIAL L
Vo3 TR BESE R HARE a4 " AR SCHFsE T 2R CTE 5% 3 Fhokliia ), 45
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T HEEA R L ER o 5IxF 5 KEPUERMTEIECR S A T Wk, PR TR LR 2
i T s+ Bk 2 R LT 3 R 26 G SRR, SRS T RER A AR EORBEVEIE Tk, 43 ) FH R A
LR BEVEREIT | BICR K Z AR T 50% , 25 W EE A 218 ZBEARFR L N 101 B, %F 5 28 Hbnbod: R i [al
MR BT 50% , [MISCRIAF] 65.92%—195.30% ( DL 2) AE X 1A 28 200 P8 AR M R R A2 1%, [mTiic
FALH 34.95% , H M, 25 1Rk , AWk B H EE R O TR CBR (V V= 1) AE N VR

14000 =
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Fig.1 The total ion current chromatogram acquired under multi-reaction-monitoring mode( The numbers are shown in Table 2)

R 2 MRM BT 24 Fbish 5 e i e v 5 R RE A £ B i)

Table 2 Ion characteristics, retention time and collision energy of the selected 24 antibiotics in the MRM mode

.. (S3-NE TET EE T o PR ER B[]

No. LR Parent ions/ Product ions/ Quantitive . .Tﬂﬂ;ﬁ e Retention

Compounds (m/2) ) ions/ (m/2) Collision energy/eV time,/min
1 TC 445.1 427.3 410.3 6,10 6.68
2 ETC 445.8 428.5 411.2 6,10 6.63
3 CTC 479.3 462.3 4443 8,12 11.36
4 ECTC 465.3 448.0 430.0 6,15 8.68
5 OTC 461.3 443.3 426.1 5,12 7.20
6 EOTC 461.5 443.3 426.1 5,12 7.82
7 PCN 335.0 217.0 91.0 5,45 15.31
8 AMP 350.0 174.0 106.0 5,10 10.84
9 CTX 456.0 324.0 167.0 5,15 5.56
10 NSPM 699.3 174.0 142.0 20,25 12.79
11 SPM 843.4 174.1 142.1 35,30 12.78
12 CLR 748.3 158.1 126.9 25,20 18.24
13 TYL 916.9 145.1 173.8 50,35 17.65
14 ROX 837.4 679.3 158.1 15,20 15.60
15 NOR 320.1 302.0 276.1 10,15 5.98
16 CIp 332.1 314.1 288.2 9,12 6.47
17 TIL 869.6 696.4 174.0 40,40 14.97
18 ENR 360.1 342.2 316.1 15,15 7.93
19 OFX 362.1 344.0 318.1 15,15 6.06
20 SMZ 265.0 108.0 92.0 25,25 4.11
21 SMX 281.1 156.0 92.0 10,25 7.90
22 SML 271.0 156.0 92.0 5,20 6.07
23 SD 251.0 156.0 108.0 9,17 2.90

24 SMN 279.1 156.0 124.0 10,25 5.45
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m 2Bk Z % Ethyl acetate
= N H # Methanol

2 Z % + B % Ethyl acetate+methanol

16 kinds of antibiotics recovery rate/%

ANNNNNNNANNY
A2,

X

TC CTC OTC SD SML CLR ROX EM SPM TLY CIP NOR OFX PCN AMP CTX

B2 A[EIVEBLA RN HARDTA: 3 ISR 52

Fig.2 Effect of different eluents on the recovery of the target.antibiotics

2.1.2 pH {HXf SPE BUR 5L 250 2 6 mL pH=8 Ethyl acetate+methanol
pH AL AR HE Venkateswarlu F1 Chiesa' > 7' % - EEH 6 mL pH=4 Ethyl acetate+methanol
0 R ZE WO 12914 Bl ok, R AR PE 25 F T
FARH B SR EL R AW 25280 5, P58 1 pH 4
FlpH 8 B, FHH B TR L g . SN T BE+ TR &
T S e i 70 ) Imise e | 45 3R 3T, 24 pH 4 iR 0
PGS R = T pH 8 B IEICR  JF H pH 4 AT
K Pt ZA LT pH 8 R APTAEZ (A s
B3) g b WA R CRRAREE A s 1, 28k 5
pH 4 Bf , XF & bt R ae B m e JfFHer ©

— o
W f=3
(=} =]
T T

[=3
(=}
T

Recovery rate/%

S Co=Er2ZnSELGE L
Ve BT R A T pH 8 I G, BT AT ceorEEomm o Ee Rl
SR pH 4 1R BUA R pi (. 3 pH fHRF S 2ehittk 2 BB AR 6
Dorival %[]3] WFSE Thf pie 2 MRt E W Fig.3 Effect of pH on the recovery of 5 classes
Ko Jy s , Kim!® LTSS T A FPRS P A 2 Y FR of antibiotics by SPE method

BN T RABIESR B PG — 2 e i T 5 28
PiAE R 8 FiMHE —DIOUE 45 R0 BT 2R A A HUA R pH (EFIVEBEA R HBOR A (WIE 4) , &3
HPUAZ pH 4, HHPEERI ZBR CEE (1:1,V V) Vet R REE ] Tix 8 FhdiA &,
2.2 AR SR

FRAE SCHRHRGE , 6 5 0.1% W /KRR oo i s AR Rl T 45 Ao A R 09k, 1050 e X
e Sl AR A R AT 100 45 SRR B, W LAAS 214 e A e o7 {8, (RS2 R 2280 B AR AR M N I 7 5, 43 15
BOR2E N S (a) , IR TS AR EL ], 2545 20 B S (b e d) BY RN ES T T B, S 2900 0 Hh B 32 T i A
J¥.0—min,90% A ,1—10 min,90%—80% A ;10—20 min,80%—50% A ;20—25 min,50%—50% A ;25—
26 min,50%—90% A ;26—35 min,90%—90% A W}, /3 B SR 3 | i HL@ %L 2 | F 0 X R shAr 4
FRXPUA TR M 5 B RCR AT
2.3 LM KL PR R A iR

RTINS ity v BE 1 AT 28 1 o0 A, e v BR VR BE Y Tl 2.0,5.0,10.0,50.0,100.0,250.0
500.0,1000 wg-L™" %5 8 AR L k. th TS P ARMEFR BN Z 404 RIS YL R K SE I 15 5e 5
Yestit 5 i [PDSCR A BRI TR R e AN AR R R 3 WK, TR ORI AR iR, a5 R an 3k 3
Fi7R.



36 &

ey

e

=

2152

TR as
ALNIIITIOOYE
MIIHiseey ws
LT s
A LMMITTIITTRRY zas
A NS
A
Y T
Y 1
Y #ON
Y A¥EN
Y A
A #10
A A e
A Y s
Y 2
A Y e
A Y, e
Ay ozo-a
Y 010
Mmooy oLo-a
Ay ozo
MmOy o
A Y O

150

(=3 [}
v

100

0/4/K10A000Y

4 24 FhPUAEFR AR ACIOL Y R
2500000 (b)
1500000

Fig.4 Recovery of the 24 antibiotics by SPE method

|
=3
(=3
=3
(=3
(=3
=
—_

npeA asuodsay

I

6000000 @
5000000 -
4000000}
3000000

anjeA asuodsoy

A\

3 Bl 23 WIAE ND—1.01 \ND ND—10.07 ,1.14—4.62 .6.18—25.36 ,2.65—32.67 wg-L™") , AHE i H Rk

b

WA

T Ben (T HoA T AR 3R 5 4 A0 2 RIRE AN ZR 3 A% 6 B KRR i o

SMX . SML SMN . TCN ,OTC , CTC # & ( JZ Fl 43 3 #F 1.1—20.1 ,ND—9.0 ,ND—2.5.0.8—41.2 . 3.5—

35
35

30
30

25
25

e B 3k 147.10,107.83 .

TITVE 48 H 320837 195 7K (0.009 .0.074 .0.007 .

20

t/min

20

t/min

.

15
15
=

10
10

EE SR ibN 3 U E N EIVA RSN

W IS AR EE AR R BR O 10 475

Ei

(d

N,

500000 -
1200000
1000000 [~

800000 [~

600000 [~

=

35 40
35

30

30

25

B S 24 P R RV A B TR K

Fig.5 Total ion chromatograms of the 24 antibiotics with different elution gradients
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AWIX 3 TP DU ER Z R PTA RIE H AT B & I 0E I B P A: R B R i A AR i e i, G
T A= 2oy B e S 1A 22 5

R34 FPUERALAMNCRE ZAERIH I FE AR E R ]
Table 3 Linear detection range, linear regression equation, limit of detection,

limit of quantity and recovery for the 24 antibiotics

g U bR e S R e
Compounds Fincar r?trige/ Llnea.r regression Cnrrela'tmn detection / quantity/ Recovery/ % RSD/%
(pg-L7) equation coefficient o 4
(pg-L7) (pg-L7)
TC 10—1000 y=1.0072x-2.6452 0.999 0.10 3.30 99.59 12.3
ETC 50—1000 y=x+2><10713 0.994 0.70 2.30 79.82 25.5
CTC 10—1000 ¥=0.9959x+1.9184 0.999 0.60 2.00 61.24 13.3
ECTC 10—1000 y=1.0021x-0.7548 0.998 0.60 2.00 57:56 10.4
oTC 5—1000 y=1.0187x-6.8084 0.999 0.30 1.00 92.58 14.6
EOTC 5—1000 ¥=1.0238x-8.6947 0.996 3.00 8.50 85.84 17.6
PCN 10—1000 y=1.8033x-17.632 0.990 1.00 3.00 130.15 21.2
AMP 10—500 ¥=1.0208x—7.6455 0.999 0.23 0.75 144.10 5.2
CTX 5—1000 ¥=0.9928x+2.6356 0.990 0.5 1.50 92.96 11.9
NSPM 50—1000 ¥=0.9994x-0.6122 0.999 0.40 1.30 114.99 1.4
SPM 50—1000 y=1.0224x-2.551 0.999 0.20 0.80 97.29 8.3
CLR 5—1000 y=0.9891x+4.0051 0.999 0.03 0.10 100.91 4.3
TLY 5—1000 ¥=0.8964x-0.3166 0.990 0.15 0.40 95.00 8.0
ROX 10—1000 y=1.0025x-0.8967 0.999 0.15 0.50 99.51 3.0
NOR 10—1000 ¥=1.0368x-13.508 0.997 0.40 1.30 98.01 49.8
CIP 10—1000 y=1.0372x—13.68 0.999 0.40 1.20 101.32 41.3
TIL 50—1000 y=1.018x—-2.0408 0.990 0.80 2.67 99.53 2.5
ENR 5—1000 y=1.0323x-11.823 0.990 0.30 0.10 91.53 49.0
OFX 5—1000 ¥=1.0295x-10.767 0.998 0.20 0.70 97.58 51.0
SMZ 50—1000 y=0.8617x+50.388 0.990 0.04 0.10 83.75 10.7
SMX 50—1000 y=0.8402x+58.219 0.990 0.06 0.20 81.08 12.8
SML 50—1000 y=0.9301x+25.437 0.998 0.07 0.20 73.42 18.4
SD 50—1000. ¥=0:8536x+53.326 0.990 0.06 0.20 77.67 8.9
SMN 50—1000 ¥=0.8697x+47.476 0.990 0.30 0.90 78.76 7.8
400 —
3 %5 ( Conclusion) 10l
3001
AT A B A AR O AR A (- e 2
W e T R L e R ek £ 0T
IR NE S 71 B T R I 1 B REN L SATIo g e
6 FHIUIRZR 2L 3 A B-INBEREZE (6 BRI TR 2R é 150 |-
4 TPV ERZE AN 5 FhAE IR SR BT AE AR IITE 0.005— 0L
Ipgeml™ FT 0. 005—0. 5 pg - mL, 0. 005— T N N
1.0 pg-mL™" 0.01—1.0 wg-mL™" 0.05—1.0 pg-mL™ - o
BB R BT AR SE 2B R2>0.99,5 KKk 21 O hgfam1  Pighm2  Pigfam3
K BR>3R 0. 03—3.0 pg-L™"' 0.5—1.0 pg-L™", 6 RIFFeA R 24 B 2k

0.5—1.5 pg - L' .0.5—0.8 pg - L' Al 0. 5— Fig.6 Concentrations of the 24 antibiotics
1.0 pe- L™ , ﬁﬁ%?z}sﬂiﬁi% E]/\J pH {Ei\j 3.85 ,JEH FH in different swine farms detected by LC-MS/MS
MR BE(V V= 1:1) HEFTUENE , 5 KEHi A Z i
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WREIR T 50% , S Wi A1 B 5 HIAR [ R bg, A6  FRAEAR UE W I 77 108 & 3R 38 8K vh Z Rk i 2R
KR A I B E N 3 A7 B KRR S BEAT T 208 45 ) DUSR 6P R R =
F, Hofth 4 KEHUE R AR R B4 90K . OTC TIL Hl SMN 5§ 3 Rzl 22 8 iR Hh R g, ol
REXS PRIE 22 4 JE R
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