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B 4 MR REYUER (WK LER BNER SER) M 6 RIS YA R (B wnE i e F R
W R R I R P SRR R e Y RS R R e ) A T 2k KRR R0 HILB VR MR AR AL R LA
C18 A/, Z B AN 0.19% T R /K TN T shAH , 2R UPLC-MS/MS £ 52137 Wil ( MRM ) B8 11 2 47 4
My 4K T T AR 5 ¥ 7K o Ak W BRG: H BR43 34 0.015—0.12 ng- L™ ,0.03—0.09 ng- L™, S35 [ 2R /35
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Determination of common antibiotics in aquatic environment by
solid-phase extraction and ultra pressure liquid chromatography-
tandem mass spectrometry ( UPLC-MS/MS)

ZHANG Jin'? ZONG Dongliang’ CHANG Aimin®  MENG Fanhua'” WANG Lu’

DENG Wubin’ GUAN Yuntao'>™
(1. Graduate School at Shenzhen, Tsinghua University, Shenzhen, 518000, China;
2. School of Environment, Tsinghua University, Beijing, 100084, China;
3. Shenzhen Water Quality Testing Center, Shenzhen, 518000, China)

Abstract; A rapid analysis method for the determination of 4 tetracycline ( TCs) antibiotics
including tetracycline, oxytetracycline, doxycycline and chlortetracycline, and 6 sulfanilamide
(Sul ) antibiotics including sulfadiazine, sulfamerazine, sulfamethazine, sulfamethoxazole,
sulfathiazole and sulfadimethoxine has been developed by using solid-phase extraction ( SPE) and
ultra-performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS). Sample were
passed through HLB cartridges in order to extract and purify the antibiotics in water, and the target
antibiotics were separated on a C18 column using acetonitrile and water with 0.1% (V : V) formic
acid as the mobile phase. The antibiotics were quantified under UPLC -MS/MS multiple reaction
monitoring( MRM) mode.The detection limits were 0.015—0.12 ng+L™" in pure water and 0.03—
0.09 ng+ L™ in sewage influent, while the recoveries were 88.7%—113.5% in pure water and
73.7%—94.5% in sewage influent and the relative standard deviations ranged 2.6%—10.6%.The

method is simple, accurate and has low detection limit. The proposed method has been applied
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successfully to the analysis of 4 tetracycline and 6 Sulfanilamide antibiotics in the effluents of sewage
treatment plant.
Keywords : tetracycline antibiotics, sulfanilamide antibiotics, solid-phase extraction (SPE) , ultra-

performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS).

UEATSke , A 2 T T 5 0 R T 2 1 B0 T 4 R BB 1l T AT B AR R 3z e
WFoE & B, NS BB A: B4 ik 85% it LUFETEAL & W1 00T Xt sh 4 i 26 PR HE R - Y BiE &
Wy 5 AN E T IR S i O E AR ES , SR R s LAY s h e R YR
FRAEAE X N ARt B DA B A 25 ZR GEAE S TR A 0 1 0, DA A 398 3] 3 0 6 48 b K r 359 2 G 0 1)
THUERTY.

H 13 [ 4 e A v 4 T AR Z R A v i T LIRS 3 R T A K 2 AR SE L R
Py I )[R A ARSI, 35 ST SR A A R B . TS50 = FH R0 A AR 7 vk A A e A e il e
P (MIT) GoBEsr M sk A0 100 Horh MIT 1k 8% 37 1R FE I K | S8R 0K 5 28 40 M 12 Ak B4 O )
M, B8 T5 1 B s 5 (LA AL = AR (3% (HPLC) UGS (GC) AU/ O (3 sk 15 (LC/
GC-MS) AR 3% ERER B (LC-MS/MS) 45, Hirf GC J5 ik e i AW B f B 8 A YA B,
o HBA JR BRAE s LC/ GC-MS X153 # 58 2% R it AN R S I A i o0 ) e PR A E o5 55 B IR JLAN O
FHEEHE , LC-MS/MS REMSARAT M fift e LA L [, LC 5 m e b | AR ) MS/MS M ZS &, Al W& 2% 1Y)
FE A TP ) AT HERR E PR i AR IE G, 0 25 46 v 15 R bl RN SR BRE . B R R R Tz A
AL AL A5 U A B (LLE ) FlEAHAE IR (SPE) , ol B 52 )7 v LLE 48R 808 BB, AL BRI ] < 57 35
FER, N Rsgmn R 2= 2, ISCREBAR B ATRUE 4 LRI 7, SPE #AERT 8L, A2 K2R /D 8tk
H I Ze

UEAER [ N R A 2R F 5% T bl 52 B0 R R 1 B R UPLC-MS/MS 7 i, %8 %% £ 1 it ifg
AU 38 ARSI K IR H 6 R AE R Y R AT TR, K BRI ZE 0.03 ng- L7, IR
%) 60%—70% ; Bingli' " AEXHE K A 21 Rl Z Y B TAG I, K BRI ZE 0.3 ng- L7, IR 3k
60.5%—109.7% ; BRIt Z Ab BTN G0 FH I H AR N 18 Z0E T R 0 A v i B A 3Rk R
17 7T AR

A5 H SPE Fl UPLC-MS/MS #7 A, 57 T [A] B & M PY 35 % ( Tetracycline TC) |, + % &
( Oxytetracycline OTC) | 3 JJ % & ( Doxycycline DOC) | 4z B & ( Chlortetracycline CTC) | fif§ it M ig
(Sulfadiazine SD) fif i F JL W% IE ( Sulfamerazine SM) il f&2 — FF FE W& IE ( Sulfamethazine SM2) il % FH 3%
W ( Sulfamethoxazole SMZ) i BZWEME ( Sulfathiazole ST) fifi % — FH 4 W% B¢ ( Sulfadimethoxine SDM) 4§ 10 F
PR Z W BT A DRE AN T i A LU 5, 2 ek e BRE AT, TS o vy, O HoAG I Gs A7 B ) 40, o
PR W B aR R At T A A PR E R BOR T B

1B

L1 SEEANAR SR

[ Waters ACQUITY TQD 8 i SR €33 - — 5 PUM AT B i R 48 UPLC-MS/MS; %5 [E Gilson 23 )
ASPEC XL4 % [& A A5 B T /B vl ; 96 [ Zymark 23 7] TurboVap LV B3 45 4% ; 36 [ Milliore 23 & Milli-Q
Integral 3 BUH 4K R 55 ; W REAR M A A BR A F] B5200S-DT F#8 7 I 75 YE AL ; 7 [E Sorvall 23 ] Legend T
LA 32 E Waters Oasis HLB [E AHZE UM (6 ce, 500 mg, ) ; P [E Whatman B 55 £ 24 8 J5 ( B 4% .
47 mm, fL4%£:0.45 um .0.22 um).

FrAfEIRF] : TC OTC .DOC, CTC SD .SM ,SM2 SMZ ST .SDM A5 #fE i (100 wg-mL™", MV BB 4
BRI ) .

W . S F R R PR BERR (43 A2l s HUIR AR (4l >99.0% , 111 aladdin) ; Na, EDTA
(99.0% , 4t H RIEFHEARRAFA]) .
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FRUETE I B BC ] - 20 MAERR B 1 mL f9 TC ,OTC . DOC, CTC . SD SM.SM2 SMZ ST .SDM #5# fi
(100 pg-mL™") F 25 mL 2, H FH EEAR R, O BT vk BE 340 4 mg - L™ R TRPR it 25 TV T A I
W -4 CTFEE FCAAE.

1.2 BEAATAL B

B 1000 mL /K FEE e 280t 0.45 wm B RS 2F 2R8I ( 5250 ik W26 B 23 B B AR 5 ) 2ok iR 25K
WURIZR 0T, JKAE A 0.2 g+ L™" Na,EDTA DL KBR/K 48 B F A2, A 0.2 g« L™ HI0 i iR 25 Bk
ARG, Bt 0.22 wm BEESAFAEDERR , FRSAR IR ST pH =3, MILA 2% FE SRR G B B v, FRadb e,

HLB 2 BUNE AT 5 mL PR .S mL HEE 5 mlL 4iK 7364k KRR 3% 4 mL - min™' A9
HUE AT HLB /M R T A B S AE 5, 5 mL SliKksE , 528 148 5 min 5, H 6 mL VBRI, 727K
40 CHAET  HASRR A T B 208 1, HARFLE 1:9 B BEOK 2 45 2 1 mL, £F UPLC-MS/MS
G3HT.

1.3 A&

%51 . Waters ACQUITY UPLC BEH C18 B4 (1.7 wm,2.1 mmx50 mm) ; 7 shAH A :0.1% H iR
TKIET, TSR B ZHEVE, B EEREF :0—1 min A HH 90%F% 8 50% ,1—2 min A i 50% T3] 90% ,2—
3 min A 1 90%F& M 50% ,3—4 min A H1 50% Tt} 90% , AFFE1 min. i N 0.3 mL-min™", FEREARF N
10 pL.

TR A TE B A (EST+) 493, BAIAT B E N 2.5 kV BB E (RF) 4 0.2V, B il i1
350 °C, B8 T IR EE 120 °C, BB 700 L-h™' HEFLS N, Wi 50 L-h', fif 48 < Ar Wi
0.16 mL-min™";

R IAEE X 22 5 07 WU ( MRMD) 49445, AR AR AR 2] 10 FhboA: 276 1E B TR 19 5B B35 A6 I 2
B, 1.

R HARPUAER B $ BTGS2 8

Table 1 Tandem mass spectrometric parameters for target antibiotics

BUE BT (m/7) FET(n/2) HEAL AL/ AR/ V SERII /<

155.8" 44 20

SDM 310.97 0.025
91.95 30
185.93" 44 16

SM2 278.92 0.025
91.95 30
1.89" 38 28

SM 264.90 91.89 0.025
155.89 16
91.94" 34 26

SD 250.89 0.025
155.88 16
155.88" 34 16

SMZ 253.96 0.025
92.01 26
y 155.89" 34 16

ST 255.85 0.025
91.95 24
428.00 35 18

DOC 445.03 0.025
153.90 34
410.30 " 36 18

TC 445.09 0.025
428.20 18
426.06 34 18

oT 461.09 0.025
200.95 34
444.01 " 38 22

CTC 479.03 0.025
462.00 24

T« FoREHT

2 R 55He

2.1 [FEAHAEEEAAAL
AW A3 % pH AN NG AR I 3 R0 5 790 25 T LR ] 255 M [ FH 25 BUSCR O IR R AT T % %%
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SERB ERRMEAE T PRI BT AR 2 B 1 IR (ER SR R 2 B0 R 2 2t
A AR K = DRI, AR ST B A A AR BRI, FH B R 9 YT K RE pH (B 3.0, % KRR A
Na, EDTA W] BH1E#E7K 255 [7] B ARH AT 6877 A2 B2 G AE T OO LR A i A 24 B2 I /K b 4 SRR S il
P T BRI DR SR R 25 5 13.6%. IL AL, SEI0 0N 7 76 ARE Thofin A — 22 8 114 PP i
VWA B2 bt AR R BT [N T 1 SR I AR [ (A FE Tt VAORT ] WS 236 ) S i) S 38 %o LU 17 43 Sl A
1% 2% 3% SRR (0 Y B0 AT b 3 285 SRR WA 2% 7K R (AR 1) Y IBSE 5 R Tl 8 o8 e A 7
74.0%—114.7% 2 [a] , FXFFRIER 22 N 0.8%—6.7% , HI RGN N 1% F1 3%, B 5435 K 72.3%—
92.3% ,70.1%—101.5% , FIXTARIE R 2253 00 1.2%—7.7% ,0.9%—T7.1%. 7K B 32 A3 0 AL 135 23 5 )
BUGR, W AE 5 mL - min™" DB, X [0SR 5 0 AN K, 25 R B A8 BR8], A 52 56 48 i B I A
4 mL-min”' 47 .SPE /MEEEIUEZ Bis HE TS, HZF 5 mL 9 EERIADE H AR 52 20k
JIE, A S 56 H R R AR A 6 mL.

120
10 i
100F
0F e
s sop
% 70
= +
moor
50 —n—1%
40 2%
30__ —*—3%
20f
10
I N T T N T T I T T A B |
SDM SM2 SM ST SMZ SD CTC OT TC DOC
B 1 AFEAFR RO SR R (n=4)

Fig.1 Influence of methanol volume on recoveries(n=4)

2.2 LC-MS/MS &14k4k

DA R R s i A B H RGN T 78 PR A L S A T 0.05%.,0.1% |
0.15% .0.2% /1) F BRI WL LA B 2l /KA Ry i ARG 10 i A: 24 B SR M2 ), S5 5 601, 0. 1% W RV T
Iy BRI AE TR, VAT W 036 R B4 10 Fhi A= W 0 £ B i Wi ( MRMD) (5,33 [ T 8] 2 B
N NEL2 RETLUE 10 FiAs R YA £ B8 B [ 46 TP #E 1.87—2.19 min PN, I HLAE AR [) 0 F v 2
T B TA: R W BRI A R B AR R e R, S DR TR — U AR B B R R MER S I
b 0 SE A TRLGE AT A ) 2 0 Dy R0 R B BRI 2 A AR SR I B IS A THE B 5 min.
2.3 LMV A PR EE LN R

HEB R BOR A bR A% T 11,1050 .100,200 400,600,800, 1000 wg- L™ Y R4 TAEARR , 227
PR TAERTZR .10 Fhii Az BYITAE 1—1000 wg- L™ Y0 P 5 AR X 07 0 06 1 AR B2 LA O 4R D6 R R >
0.99.10 A AE Z MY B J5 & AHC R B 2.

R 2 HUAFAO DR B ] [ 575 AR O 2R 4K

Table 2 The retention times,regression equations and correlation coefficients of antibiotics

iR R B I 1]/ min Lt R

SDM 2.19 Y=1352.61X+62063.6 0.9991
SM2 1.99 Y=646.706X+28429.9 0.9991
SM 1.94 Y=543.204X+27328.5 0.9992
ST 1.89 Y=598.851X+23082.7 0.9983
SMZ 2.10 Y=671.78X+18812.4 0.9981
SD 1.87 Y=271.547X+1647.67 0.9969
CTC 1.94 Y=91.9038X+1647.67 0.9981
oT 1.64 Y=39.7208X+1084.73 0.9988
TC 1.73 Y=136.108X+3784.84 0.9982

DOC 1.98 Y=180.796X+4987.76 0.9990




1450 7 A A 34 %
2.19 SDM
L | L 1 L | L 1 L 1 L | 1 | L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.99
SM2
L | L lﬁi L | L | L | L | L | L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.94
SM
1 | . AI L | L | L | I | e | L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.89
ST
1 | L A | . | L | . | L | L | L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
2.10
SMZ
L | L | [\ L | L | L | L | I | I
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.87
SD
1 I L Il L L L L L | il 1 L L L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
2.00
1.96._ CTC
L | | Ul | | | | | | | | 1 | 1
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.89
oT
| | L A l L | L l L l L | L | L
1.50 2.00 2.50 3.00 3.50 4.00 4.50
1.92
1.89 TC
| | L VA | L | L | L | L | L | 1
1.50 2.00 2.50 3.00 3.50 4.00 4.50
2.02
1.92h DOC
I | L | | | | | | | | 1 | 1
1.50 2.00 2.50 3.00 3.50 4.00 4.50
t/min

210 P ZR W22 KON I (MRM) (535 4]
Fig.2 MRM chromatograms of 10 antibiotics

WA KR il 8 A FITGKAE 8 ASSHHENE, 20 AT A R brAe (BRI 54 800 ng-L7") IR E A5
RIS A B RE B KA Sy 0 B A HTARTR] 64 75 125 R 47 AL BE O3B, AR AR 5 kB2 25 IR BE TR
TR BT FRAEAACHITG /K FP -3 el 4Gt BRI X s Ef 22 (RSD) |, 55 L3 3.

R 3 AUKRITTRE S A R ISR At FR S AR X s o i 22

Table 3 The recoveries, detection limits of antibiotics and relative standard deviations in pure water and sewage effluent

- M/ % K B/ (ng-171) FERPR/ (ng-L7") AHXS AR AE D 2/ %
s gk ok gk 1k gk 7k gk Vi
SDM 99.1 90.4 0.015 0.03 0.05 0.1 3.8 6.2
SM2 102.4 94.5 0.03 0.03 0.1 0.1 2.7 4.4
SM 99.5 78.0 0.03 0.03 0.1 0.1 2.6 4.2
ST 88.7 84.9 0.03 0.06 0.1 0.2 4.3 5.9
SMZ 97.7 76.9 0.03 0.03 0.1 0.1 7.0 4.7
SD 109.6 82.8 0.03 0.06 0.1 0.2 3.5 7.8
CTC 113.5 73.7 0.09 0.09 0.3 0.3 10.1 9.7
oT 97.3 82.1 0.09 0.09 0.3 0.3 7.5 6.8
TC 98.4 83.5 0.12 0.09 0.4 0.3 9.3 10.6

DOC 92.9 76.7 0.09 0.06 0.3 0.2 6.9 9.2
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M 3 A LAE Y, Ak rh & B A 2 2 ISR TE 88.7%—113.5% 2 |A] , AR IR 2% (RSD ) 7E
2.6%—10.1% 2 ] , FRHE 5 M b (S/N) S 3 X7 e B Ak 80 i A A6t BR 70 4 0.015—0.12 ng- L7, H:
Fh i e R S I LA v ) R O T LA AR A PR 0.015 ng - LT ARFEAE MR L (S/N) Ry 10 %)
o7 A A BT 1 B E BRI 0.05—0.4 ng - L7 75K T &40 A R A2 R IKSETE 73.7%—
94.5% Z[a] , MXF bR HEfR 22 (RSD ) 7E 4.2%—10.6% 2 [0], J5 ¥ 46 HHBR 4 0.03—0.09 ng- L', E RN
0.1—0.3 ng- L™ 55T LIE H FE4iK 10 Frdod: R 09 DR EE K o s, 2202 B i Kb & f
K BTG Y AR, R M AR BCCR. H AT, KRB A R AT5 Y R ng- L —pg - LK i ik
o 10 Ak R TR PR <0.2 ng- L7 @ /R <0.5 ng- L7, H IR K ZAE 80.0% L4 I, PSS
I, R B TR e K IR b A R S R T AT .

2.4 SBRAKEES T

T 2014 4F 4 A RAERYITERNT5 KA T 44030 T 20 KoK EE M 1.2 75 rhfliiR iy S5 86y i3 1k
4307, 10 FhiA: 2 BAR A K 05 25 50 W36 4. RN T i) 5 /K Ab BT iR 55 T AR 27.5 km®, il
N2y 54 J7 N, BANEG K& 30 T fh 3% 4 s e Rl A, 2E 75K 3K R 10 Rt R I K 1
K 100% , HiK T 10 Fpbi AR 2 1A H 2R R 90% , 33 | HK P A Rk 4300l 4.78—345.0 ng- L' I
nd—253.2 ng- L™, HA PUIR RIS HiAE R b KRR BT 20k | K IR BE AR EAIR, 10 Fldit
He RIS e R/ IMR YR . DOCSTC>SD>0T>CTC>SMZ>SM>ST>SDM >SM2. 8475 7K b Bl 2 45 %
10 P A 1 22 B R AE-36.0%—100.0% 2 1], HL 17K e B g | 25 B BAEe. F i 25 B oy B i A it [
A RE AR AL PR R | R R [ R JORE L A B A R AT B K 25 S BUKIR Rk B, R BRE
SR, B PR A KRR A B s [ ) o 17 A8, 5 SR AE B 45 T 20 KRR IR AR ] — b vk, T3 B0 K vk
TR KR .

Ra KAL) KRR S E

Table 4 Analytical results of sewaget treatment plant effuents

e SDM SM2 SM ST SMZ SD CTC oT TC DOC
BAEK/ (ng L") 5.8 4.78 99.4 12.4 1547 2697 2187 2667 2765  345.0
Wipb B K/ (ng-L") 5.1 10.6 60.3 11.8 93.8 2976  201.0 2794 3223  597.9
RIUTHL LK/ (ng L") 13.7 18.6 15.7 214 2566  347.1 1507  278.1 2370 6765
APt LK/ (nge L) 9.9 5.2 23.9 nd 1151 1955 2937 2746 3484  154.9
UK/ (ng-L7Y) 2.9 3.8 17.6 nd 67.2 2743 206.1 2774  316.8 73.2
K/ (nge L) 2.0 6.5 1.7 nd 99.1 2532 1987 2440 2172 2152

T nd R RKLH

(1) R SPE-UPLC-MS/MS Ay 7% K ¥ 4% Fh TC ,OTC .DOC ., CTC SD SM SM2 SMZ ST .SDM %5
10 PP AE W) 8% B DEA T BB A R IURN PR A I, S 56 7 2 B8R 1 B | [l 3 ey i B o5, 4l
FKANG K R ISR K 27 80.0% LA MHXIFRifERZE (RSD) KZ/NT 10.0% , 775 L5 HrZisK.

(2) S5 7 AT Atk AT A= 6 15 K thbi A R Bkt BR AT 2R 0.015 ng- L' #10.03 ng- L' #5454
IKIREE i AR FIR AT 2K

(3) T 5 KA B 3E K 10 FpiAE LT A K oK 10 B AE Rk 0 i
WeBETE 0—253.2 ng- L' 2], 2 BR A - 36.0%—100.0% Z [ , 75 7K 4b ¥ 28 Gt v E 7K i B8 bt vy 22 B o
A
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