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B AR MEE A EMAE X R () MK T0.993, 5k hRAE05~3.1 ng/L, £ TR
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Determination of 19 Sulfonamides Residue in Water with Combination of
Dispersive Micro Solid Phase Extraction and High Performance Liquid

Chromatography — Tandem Mass Spectrometry
SU You-zhi'?, ZHOU Jun®, YUAN Xiao-wen’, SHANG Shuang®, LI Fang’,
WANG Xing-lei'
(1. Key Laboratory of Pollutant Chemistry and Environmental Treatment, Yili Normal University ,
Yining 835000, China; 2. Yining Customs Technical Center, Yining 835000, China)

Abstract; A new method for the simultaneous determination of 19 sulfonamides residue in river
and tap water was developed, which used dispersive microsolid phase extraction ( DMSPE ) - high-
performance liquid chromatography — tandem mass spectrometry with strong cation exchange substance
(PCX) as adsorbent. For DMSPE pretreatment method, the parameters that affected the extraction
efficiency of the 19 sulfonamids, such as the amount of PCX, the adsorption time, the pH of samples,
the type and volume of eluent were optimized. The target analyte was separated on C,4 column by gradient
elution with acetonitrile-0. 1% formic acid in water as the mobile phases, and determined by multiple

reaction monitoring mode ( MRM) using electrospray positive ion source (ESI*) . The 19 sulfonamides
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showed good linearity relationships in their concentration ranges with correlation coefficients (r°) over

0.993. The limits of detection were in the range of 0.5 —=3.1 ng/L. The limits of quantification were in

the range of 1.7 —10.3 ng/L. The recoveries were from 55.1% to 102.4% at 3 spiked levels, and the

relative standard deviation was ( RSDs) from 4. 5% to 23. 0% . The method is rapid, simple and

sensitive, and is suitable for the determination of sulfonamides residues in river and tap water.
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T2 258 (sulfonamides , SAs) 25 —2% A T
GIPUR 2, BA U DU R BUR S 2 R )
R, TV R T IG RIA T A R ek e e
S R h S AR [l iR AR T APRER X A A fide B
FIZEZS PR BE A B T ™ AR S AR R, AR T
UL VT RV A KA T G B R 2 24 ), AR B
R AE ng/L ~ pg/L G0

JK R SAs 1Y 3 B 5 vk 35 A B 404 L VKR
WU WM 3 kT 3 - R
BT KRB R 2 YAk B S AR,
ARIHTAL B AR XS B AR YT 5 R AL, SAs
(R Ak B E B A AR O R MY AR R
(SPE) ™™ A3t [ AH AE Hu b A (DMSPE ) J5i 3
SR BRI IS A A OB 1 0 A Tl
YR e B0 A5 O FORF BRI BT SEORE |
11 i 30 Ao PR R A AR AT VR G s AR TR S8 1Y SPE 4
A, TCT EBRY B TR SR R B THARR
H MR ARRRE FEMRISEOLHE CAE/K A W55 i
HIZ5 5% B AT RS 2z A ), Herrera 1)
R AR RE AR Y 22 B i A K A8 Ay [ A g R S0, 3
it DMSPE AR T8 1 17Xk e 11 P e 2 254 5% B4
AT L ASHIFZE L 3 B B T 3 e EORE (PCX) £
W R A RL, SR F DMSPE AR Xl K 1 3 K
IKBEATHITAL B, 456 v OB (3 — RIS,
LT DRI R R KR R K s RS 25 Wk B )
Witk
1 SIS Ok
1.1 FE5IRHF

TR T — H BRI (Y (1260 — 6460A , Agilent
D B R B HE O L (Sigma3 - 18K, Sigma 4y
Al KB A WAL (N = EVAP — 112, Organomation 2
A)) s /K RS (Milli — Q Advangtage A10, Merck
] I ENR G s (MS3,IKA 23 7]) o

19 Fifit 2 25 AR e i ¥ B Dr. Ehrenstorfer
A EL AR T 95% s WEE i PR K 1%

river water;

tap water; HPLC-MS/MS
4fi(Merck 22 7)) 53056 7Ky Milli - Q 2K 5 iR 1
AALHT (AL = A) IERIT R 3 Agilent 23 7] 5 H BEAL
BRI/ — CITHRWNEIG R G (PEP) (80 ~ 10
pm ) 5 BB TS H IR G AL R K AR T B SRS )
(PAX) (40 ~60 pm) |55 BH 752 18 5 AL 0 7K
AR IR A ) (PCX) (40 ~ 60 wm) |55 FH & 158
IR A ALY K TR AR 5 4 (PWCX) (40 ~ 60
pm ) 5 BB T ALY AR IR (SAX) (50 pum ) B
HB BB AL #} ( PestiCarb ) (120 ~400 mesh) | ‘B fEfbL B
KM/ LR ARG P (HXN) (40 ~ 60
) SEIR BT SECRL 1 B Agela 24 w5 HoAl 150 24
JrHral,
1.2 #RifERRABIECH

I3 AEBRFRI 19 F SAs bRt 10 mg RS 2
0.000 1 g) T 10 mL i A, FHT B35 ik O 58 2
BRI, BT E Dy 1 000 g/ mL f 5 —pr
bt U, B AE T 4 CCoKAE o B8 IO bm v 2 9,
CIE - KWV 2 V=21 8) HMBEW, B 10
g/ mL ) PP 1T 5 v VATV 5 oK v 1R VR 5 AR ME VA TR
MBI AL 0. 5.1.2.5.,10,20 .50 ,100 ng/mL [
P 2 TARR W
1.3 HERESREF

KR A PHALA G T B, FORKCR H 52502
FERAET 2 L BRI KRR AR R, SE K
FEGEA BRI 61 2 ~ 3 W, 155 el B i /e 7 b
T, VKA 4 CHRAE DRAFI RN 7 Ko
1.4 HSETALE

FRI(S0 £5) mg PCX WEHHECKS T T 5O L 5
DEHR A 2 mL I, 3 000 t/min i i€ 30 s,
8 000 t/min B0y 1 min, B3¢ |- J2 FVRE, [ 25 005 o
HERAA 50 mL /KEE,3 000 +/min i€ 30 s,8 000
v/min B0 1 min, /NOEEFE bR KRE 2 B0 A R
RY 4 mL KA KRR EJRKFE R 2A
0.45 wm R LAY S mL 4k de b, i 08, 5 U8
TEEOE I 4 mL 20K - PEE(V: V=5:95),
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3 000 r/min JA%E 30 s,8 000 r/min Z5.0> 1 min, )} |
JREUK - MR 2 AT 0. 45 pm JE IR 5
mlL V5 A% o A U8, SRR IR T I U A 4
mL 2K — FEEE A — K, 5 F BRI , 40 “C oK
BRI T, G 0.5 mL 2 - k(V: V=
2 1 8) EA MR, it HPLC - MS/MS 73477,

1.5 LC-MS/MS &4

{4, 1%H: ; Agilent Poroshell EC — C o4 (2. 1 mm x
100 mm, 2.7 pm) ;.30 C; #AEE 10 pl, ¥
AH: A A 0. 1% YW ER KW, B AN S 5 ik
0.3 mL/min, B AP T :0 ~1.0 min(B
A 10% ),1.0 ~9.0 min(B #f 10% ~50% ),9.0 ~
9.5 min(B #{ 50% ~95% ),9.5 ~11.0 min(B A
90% ) ,11.1 ~15.0 min(B 48 10% ) .

L R A IS 25 1 g IR (ESTY ) s 23
SIS I ( MRM) 5 8 I 2 2 350 °C 5 T4 it
10 L/ming 8 <0 8. 300 °C 5 8 < 3 2. 10
L/min; BYNEHE 4 000 V,

2 “RLit#k
2.1 ISR

KT R 55 1E 2 X (ESTT ) 43350 %5 19 R
W24 Wy A7 BF B 7 4, 1 U Ay 5 Pk
(M +H] " b — PR 15 Rl pE S
ST, S BB 45 4 657/2002/EEC Peil
HOA CHLE , SRR N A5 8 R AR IS TR/ N R
NETRHE e g X, i fE S B RNE N E
HET, TG R A TSI S48, D
0.1% MR /K .10 mmol/L Z R %% /K .0. 1% H iR /K
(% 10 mmol/L Z PREZ) ¥ W . 4li /K iy TLHLAH (A
A s HEE G A DA (B AR s A A5 B AH
AR A LU A Br &3, DL - 0. 1% WERK T
WA SRR, SAs )i I H e i o 38 3 A AR A B
VEMLFEIT 19 il SAs ¥ RRAT BRI 1Y 70 3 B AN (035
T .

2.2 DMSPE &894k
2.2.1 WGBSR Ay e

H 50 mL AR, A R RR A AR A R
% SAs BYVK JE ¥ 50 ng/mL, 43 M A 0.1 g
ALA _PEP PAX  PCX PWCX,SAX, PestiCarb , HXN
S5 8 PP BE AR, WA NE 30 s, BEAT IR FRTSEEG . 4R
H1 . PCX X 19 Fefvfit Jiie 25 245 40 1 W B 58 149 7 95 % LA
b PEP X e FH g i I IO R A R H e A

10 Fivh e 25 245 ) 9 W BFE 2R/ F 90% 5 PAX %) Tk Jie
T P R B J i 2 14 WL o 23y 87 5% i1 88. 9%
HXIN Xof il e s T s i [ P 4 W 6 o 5 b 1R 56
18 Fi oy BT i i i 32 /N 90% s PWCX X sk e i ik
W B4y 85. 6% 5 SAX i itk i P 480 Ik W6 Tk e il
R B e SRR AE 18 A BT R BfE /N 90%
PestiCarb X % fil§ 2 1) W B 22 86. 2% , iU AS B
FEHERE PCX IR A4t
2.2.2 WA A =

A3 BIFREL 25 .50 75 100,150 200 mg PCX W
FIPEA T B 2350, 25 SRR R T & 25 mg
I, ik F TS T 19 52 B 2% K 93. 8%, H A S ] T 4 4%
TFT, 19 Tl B 2540 (0 R B 2R 5 7E 95% LA b AR
WFsE ke PCX &N 50 mg,
2.2.3  WEFRINR] g

FREL 50 mg PCX WE 5, ifA 50 mL 45 SAs ¥
J& 4 50 ng/mL fIR[K, L IRTE 15 .30,60 90,120
s ANTRI I THE Ao [ XF I B R i s i), 25 SR &3, 76 |
AR ) T P, 19 i e 25 11 I BFFRRE35 7E 95 % L)
Fo HIEF 15 s FIA] G S, FR AR R A A, W 5
AR TE Y B KRR, S W R AR . ARBIESR
AR 30 s WRTE , LEIR B 70 78 2 R KR
Bt B AR o
2.2.4  JK#¥ pH {HIMEFE

B KOKRE , AR R IR 2 S A AL BN A L, KT 7K
pH (A% 4.5.8 8.5 J5 AT a5 . Z5 K0,
3 Fh pH {H AR T, 19 B SAs (10 [ 259 4E 95% LA
LR ES . AN RS KAER pH HAE
6.8 ~ 7.5, Mo #EAT pH (B VA B Al m R AT )5 &2
I3 M
2.2.5  VRBIRIA R

WHIE LA T 10 mL WL 2 L &K - H R
(V:V=5:95)1F kU ) — e M vk i i, 19 Fh
SAs [, 25 5B, B BEAN 2 1 R U R
BF,19 B SAs By R4 /N T 50% 5 LhaK - HI
VS TRVEVEBE B, 19 Ffr SAs 1y IR AE 60. 1% ~
113.0% o it —580 5 Pl i AR, 78 50 mL [ 7K
IR 245 SAs BRI R 0.5 ng/mlL, W B 5¢ 15 ,
16 mL 247K — HIEE53 4 YRV BR300 (BRI iR 4
mL) , 53 R BRI AKX =T, 0.5 mL &
G —K(V:V=2:8) @4, IR RRGEI  SAs
MR . Z5RRI, M7 3 IREEBERT , & 25
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5 SAs BYMREZ /DT 1.0 ng/mL, X 5L [FICR Y
el AR BORDT S B &1, 1 8 mL &
K = HEEI> 2 IRVERL

£ DMSPE Hij 4k B A8 R] ACIIARAF: di ) €0, 335 141

2.3 ERIM LMEE . EHRMEER
SR FHAFGH Wi IO R AR A 23 U2 19 Bl SAs 1k
T B 2R TK HP AR SR80 -

ME = Am/Ac x 100% (1)

I 1 R A ME— IR
100 Am———25 [ 5 S o 1 Ly (i
\ Ac——4l PR bR T R 1V A

8 % - CEITHE, JLIE TR A 90% ~ 105% , 39 7] 22

i /\ | \ | W K PR A A ME VAV B R AR 0. 51,25

2o J | 10,20 50 ng/mL A0 RS AER 26 T AL LIKET

N VAN L - B TR B o) A e 1,19 Fh SAs B0 A

o2 4 6 s w0 oo KFH(P) BKT 0,993, WELRENKE 1, B%

| kRS 10 0/l 10 Frgtmse  POPEPRMEVIRNGE Iy vk ORI, DA 3 G5 Ho

Y S TR i FER R (LOD) , HAEEI2 0.5 ~3. 1 ng/L; L1 10 15

Fig. 1 Total ion chromatography of 19 sulfonamides adding {5 e B 2 7 1) R LOQ) , L[l Ky 1.7 ~

concentration of 10 ng/L in blank river water 10.3 ng/L,
&1 k19 F SAs RIME ZHERMELE R
Tab.1 Determination conditions and results of 19 sulfonamides

e ] v [y k| 2B g S S LOD/ | LOQ/
I S R -t e A L't S e (- o
Tifk Pz 8 1k 2.87 |215.0/156.1" ;215.0/108.1| 55 |4;16 | 1.0~100 | y=1717.7x +336.4 |0.997 6| 2.5 | 8.3
i 3.17 | 251.0/92.17;251.0/156.0 | 80 [24;12|/0.5~100 | y=1011.3x+924.6 [0.998 6| 2.4 | 8.0
i Jhg i 3.99 [250.0/156.1";250.0/108.1| 93 [12;24|0.5~100 | y=1245.5x+270.1 |0.9945| 2.1 | 7.0
Tiffh e 9 1w 4.02 | 256.0/92.1";256.0/108.1 | 88 |24;24]0.5~100 | y=487.4x+213.7 [0.9936| 1.9 | 6.3
T e PR REMEIE | 4.32 | 265.0/92.17;265.0/108.1 | 72 [28;24]0.5~100 | y=1420.1x+306.1 [0.996 8| 1.2 | 4.0
fifif — W MEIE | 5.14 |279.0/185.9";279.0/124.0| 130 13521 0.5~100 | y =2 211.8x+572.1 0.997 6| 0.8 | 2.7
fifi Jlig B ARk 128 | 5.65 |281.0/156.0" ;281.0/108.1| 90 |12;24]0.5~100 | y=2099.8x +364.1 [0.9955| 1.2 | 4.0
i B e —mk | 5.66 |271.1/156.0%;271.1/108.1| 68 | 8;20 | 0.5~100 | y=769.2x +118.3 (0.999 8| 2.2 | 7.3
[fits i (1) BF A0 Mg E| 6.41 1281.0/156.0% ;281.0/108. 1| 72 [12;24]0.5~100 | y=823.8x+149.3 |0.994 8| 2.2 | 7.3
e ke | 6.68 |285.0/156.0% ;285.0/108.1| 75 |12;24]1.0~100 | y=410.8x+110.2 |0.999 7| 3.1 |10.3
e A 6.90 [311.0/156.0" ;311.0/108.1| 118 [16;24| 0.5~100 | ¥ =3 367.9x+990.2 |0.994 6| 0.5 | 1.7
fiffi Jiie FH s | 7.23 | 253.9/156.07 ;253.9/92.1 | 95 |13;25]0.5~100 | y=563.4x+341.8 (0.9994| 1.4 | 4.8
[ fle — FH S5 7.61 | 268.0/156.07 ;268.1/92.1 | 68 |8;24 | 0.5~100 | y=1158.3x+241.8 |0.9994| 2.9 | 9.7
TR EE | 8.17 |277.0/156.0% ;277.0/108.1| 73 | 8;20 [ 0.5~100 | y=1899.9x+789.2 [0.994 6| 1.6 | 5.4
fifi e @ | 8.28 |285.0/130.07 ;285.0/108.1 | 91 |20;24| 1.0 ~100 y=208.7x+85.6 ]0.9969| 1.8 | 6.2
TR R | 8.38 1310.9/156.0%;310.9/108.1| 140 |18;28 | 0.5~100 |y=3171.2x+1 102.0(0.9957| 0.6 | 2.0
fififliends k| 8.45 |301.0/156.0%;301.0/108.1| 105 |13;20] 0.5 ~100 | y=275.6x+110.2 1(0.994 5| 1.5 | 5.0
BEREARNE M | 8.62 |1315.0/158.1%;315.0/160.1 | 125 [28;20] 0.5 ~100 | y =1 647.3x +621.2 |0.9956| 0.9 | 3.1
R EES 9.91 |336.1/156.0" ;336.1/108.0| 131 | 8;24 | 1.0 ~100 y=250.4x +62.2 ]0.999 2| 2.5 | 8.3

H: TFRRERERT.

2.4 FHEHERENRSEZE

STERVERE UK E IR EAE A, AR
i 3 AR RE BRI i o 20 A W0 B8 5 o 10
50 #1500 ng/L) #EATINRE , B A /KFHE 6 Yo i

TRFN B KK A TSR AR A v i 22 (RSD) 4 2
FiR

3 2 7] i, 19 Ff' SAs [o] U R 7E 55. 1% ~
102.4% AR ENR 220 4. 5% ~23.0%
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F2 19 FhEERRZE YA K A0 B Sk sk B B9 AnAR 1 4 1625 [ Sk Kk 23 20 ANRE AT 40T, S R A H T

RERAERERE(N=6)

Tab.2 Recoveries and RSDs of 19 sulfonamides in river

water and tap water(n=6) %
i i i
W H 5 | 10 ng/L | 50 ng/L | 500 ng/L
] % RSD | % RSD | i %4 RSD
X VK 59.3 13.6] 60.3 | 9.8 70.6]16.2
itk e i ot
[ kK| 60.2 11.6| 78.4 19.5101.6]9.6
i 70.6 |7.8]85.9 [11.6] 76.4/9.5
P T R
[ kK| 89.3 11.0]75.9 13.6| 91.1|7.4
N 7k | 58.4 19.7| 81.4 9.0 88.1]5.5
T e ik g
B3kl 86.2 | 7.9/ 61.5 12.8] 86.9[6.6
o 7K | 75.6 20.4| 70.3 13.1| 79.2/8.8
i g g e
[ kK| 70.7 11.9] 60.5 | 8.1| 66.110.0
. | k| 71,7 116.2) 79.4 6.0 91.2]10.6
Titf e Y 5L s
[kl 67.2 20.1|67.7 | 7.6 85.8/6.8
- |k | 63.8 18.4[76.2 [6.1| 89.4(6.5
Tt e — F W e
H3kK 60.2 6.7 73.9 |5.3] 92.2]5.7
L 7K | 74.8 13.6| 86.7 [11.0| 102.4]6.3
Tt e HH S ik e
[ kK| 64.2 16.8| 66.4 | 6.4 84.517.0
J7K | 69.0 17.0[ 70.0 20.1| 72.3|8.9
T R
A3kl 73.6 |7.5/62.39.1| 72.710.0
N | WK [ 67.7 11.0[ 79.7 10.5| 85.3|8.9
(i i [a] HY 4
[kl 58.8 17.7/77.9 |7.6| 77.8/8.8
o 7K | 55.1 10.2] 67.5 16.9| 66.417.2
ik JHe S RE R
[ kK| 76.9 23.0| 85.5 |6.5| 61.8]4.5
e WK | 71.2 12.3] 76.6 | 8.5 74.9]10.0
T 2
Hk7K 69.9 |5.8/80.6 11.2| 72.2[11.5
o 7K | 68.3 11.6]90.6 11.7| 77.39.6
it g Y s
[ kK| 78.2 13.0] 93.7 10.4| 86.0010.6
. 7k | 67.1 10.4| 80.9 [ 7.7 70.011.9
Tk i frlg g e
[ kK| 84.8 6.7 77.5 10.9| 79.2012.4
o 7k | 66.1 18.4| 75.9 12.7| 86.2011.4
[ e — S T
[ kK| 70.0 22.1| 86.0 [11.4| 79.5|8.7
o WK | 67.7 14.2 71.6 8.7 77.6]9.6
it i S i
E kK 70.0 12.2] 81.7 | 6.4 64.313.9
o |k | 65.1 10.3]70.6 19.3| 87.6[12.0
Tk e R 3
[ okk| 82.4 12.6]92.1 10.2| 64.810.2
- 7K | 66.0 12.8| 81.0 [11.7| 84.0/8.9
it g s A o
[kl 70.1 16.4| 71.1 |9.4| 64.3]9.5
e K | 66.1 5.2/ 67.8 [5.5] 81.7/7.8
it JHe A L s
[kl 65.3 16.9| 83.3 11.8| 64.0/8.2
N W7k | 59.9 10.5| 73.6 15.7| 67.5]7.2
1:4i20sP S
Mokl 64.1 [8.8|74.7 111.4| 66.3]11.3

2.5 tFmillE

AAAT X 2017 ARBER AL 7 i B, 555
JE = AR R OO B30 L R ie T 38 ) 9T oK R s

3 it

@ ABFFEIE AL A F A7 BRI AR AR

INEHEATAUAL ST TR A KK s I Tt ik
e AR T SR R 5 19 BRI IS 25 1 A £
T~ RIS T T o TR R E R | Il
TRIRG B2 243 R IR 0 BT 19 255K, ml S K A A ok
FK FR S 1 RSt S I T S A BOAR SE 8

@ X 2017 4 B R AL G T T BO K AR T

TR IK BRI A5 SR, KR R R AG H 19 Bk
[ 259y (B 19 Phise e 28 259 19 5k B 3/ 107
IR FR) AR S g 4 A B
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