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WE. 457 QUuEChERS 4R Z[ AR ME#H- B KA HAE N RAAFET 20 K LE % 5 RBHE
MW F ik, FRR10.0 g &L 1L.0ONTEH T 10 mL AR A .6 g sRER4E.1.5 g BEBR 4 A IR & .48 k-
EBRFHBESE. R SmL EF &% 150 mg &= H-N-A\ kst (PSA) A= 900 mg LKA £ 4K, FRRAE
G 7 5 mL, 8 40 “CTF A Rk AR % . 5% & A 200 ul. TAF.800 pl RIEME ., &R0 A0 &% KRt
BMARMEBET SR EMBEX, AFFEEET, ERAW. A 0.5~100 pg/L LH W, 20 # stk £ LB L0 R
WoARKRRZHAKRT 0.99.3 ANREFmRE ek F A 67.4%~116.6% FEH A AR AT AR £ E 0.1% ~
12.8% BCEMA A THREEZEZSNER. ZH7 A RERERE. EATARSEALESRRAGENES SKT.
K QUEChERS; 2 Z ik M & - $ R 3R K Bl 3R E

MAREFSRM P ELEMMEN, — &
TR FIR ST AR A PR R EG A s A A K
SR AE B AE R R — /N i & & 2 2 W
W RS 4 B e IR YA R S A R AR it
A 28 I P 8 A T AN 5 A ) 7 S A T T G
AR ML, A AT AR 3R 23 B B AE AR b L R T 5
e N 2R X2k 2R AT 250

BRI AE R 2T E G RE . EF
K KT RE MY A AR 11 K FEME P sk E
Rl 224 il . ok A 455 R R OB 35 H
B JBT 9 ok 0 A A % RO K b A Y S E T Y
L1 FhpisE 2. R B N ST T R RBORAH 6%
125 () P 9000 5 T KL A e FEAE v 4 TR SR
A E T ST R T AR B AR BRI Uy i i AR
/b, QUEChERS Jy ik i F H A 43 7 1 i e
Y fG J32 FTORS ff 32 15 45 A 17 PR 550 22 00 L BB R
22 B R T A 25 5% B0 RN 2 R Eg O R T
. ASCH A MR B QUEChERS J5 i 45 4 Hi &
RSOV AH 0, 3% - HR I T3 AN S B T X i S 20 it
WA Bi A= R B PO A
I bR 5k
1.1 ##

A AN AR A R 5 RO R €03 E I BT 9 A (5
[E Waters), B 7 K (& 0. 01 g, #4548,

W 7% B #3:2018-03-06
YE& B A - X (1988-) , 2, W+, A 25 0, DA = 24 55 A6 Il F
%% . E-mail:y150030@126. com,

Milli-Q 5 4 7K & A= %% (36 E Millipore) , & ##%
HRE AL L SIGMA) & WAL (£ [ Organo-
mation) , % HEHR 7 # (fE E TKA) ,

M3 25 57 A5 il e 18wk (Sulfathiazole, ST) | fish
Jite B 3L w5 1 (Sulfamerazine, SMR) | fisf iz — H 3t
w2 g (Sulfamethazine, SM, ) | fitli i B 3 mh ( Sulfa-
methoxazole, SMZ) | fiff f% ( Sulfanimide, SN) | fif
iz 22 W 5 (Sulfisomidine, SM) | i i Mt I (Sulfa-
pyridine, SPY ). fiff fi¢ — W & mk ( Sulfamoxol,
SAX) Jilf i B — Mg (Sulfamethizole, SMT) | fiff i
S Wk (Sulfachlorpyridazine, SCP) . fiff Jit — F &
12 g (Sulfadimethoxine , SDM) | fiffi iz 78 My, ik (Sul-
faphenazole, SPP) . fi#f % i§ 4 ( Sulfanitran,
SNT) . fi# f& £ ¥ (Sulfadoxine, SDX) | fiff i W&
BE (Sulfadiazine, SDZ) | il it B 42 A % (Sulfame-
thoxypyridazine, SMP ). fifi iz it Bt ( Sulfacet-
amide, STD) . fi#h i Bk (Sulfaguanidine , SG) . ik -
5-CXF) H & 15 g (Sulfametoxydiazine, SMD) | fif
Bz-6-CJa] ) H 48 "% 1g ( Sulfamonomethoxine,
SMM) . fiff Jlig 48 — F 5 W WE-D3. 4l JE B >
99. 0% (= Dr Ehrenstofer) ; JG 7K i B8 41 (I 2%
gl REETOE A Mk THFSE T s O i (P94l
K B B AL 22 R A R RD s S (B 28
Z£[H Fisher Scientific) ; JC /K i FR BE (AL & 4l , K
HET OGRS A AL TSR BT 5 HH R (fa g 4l , v [l
LR s B RN (A g 2l . R e i Ak TR A1 PR
I ED s VKSR Gy Fr gl R G R 404k T 5
F) s &0 Z HE-N-TN 356 RE B (35 2, K e Tl g8 38
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1.2 A&

1.2.1 B RaT4®  AEMPREGE AL 10.00 g
W 2 0. 01 @ £ F 50 mL &.L08 . mA
1.ONZBRZNE 10 mL., M B BEER, M A 6 g
WM. 1.5 g Bim &, KFE % 30 min,
8 000 remin'Z.L> 5 min, ¥EH EFEWK 8 mL T3
£ 150 mg & — We-N-4 % £ B2 (PSA) Fl 900 mg
ToK B RR B 1) ¥ AL A8 s T 88 21 4k 48 30 s,
8 000 remin' B .0 5 min, &L o AL 1 WA
5mL F 40 CRFAAWRT. FR#EH 200 pL M
800 pL KU 4d 0. 22 pom JEAR B AR
1.2.2 mAE#EIHEMH O3 Waters
ACQUITY UPLC BEH C18 #, #: 3 :40 °C, 3%
A ARG B R0 1Y HR-K(v/v), Wiik:
0.30 mLemin"', #EFEIATR 5.0 pL, 6 R Pk AR
JF:0~ 2 min, 100 A ~25% A; 2 ~ 3 min,
25% A~45%A;3;3~4 min,45% A~90% A;4. 0~
5.5 min,90% A;5.5~5.6 min,90 % A~10% A,
1.2.3 oM EMH HBEEE I (ESD,
P 110 °C, IE B F A #s 2 & N W R
H(MRM) ; B HLE 3.0 KV il 7 771 0 3
750 Leh' s JB 9 5 AR E 400 °Cy HE L R
50 Leh?, Wiz 20 R e 2K P R e tE e m &

X6 Ko X I i 4 R RE .
1.2.4  Arf o &egHI4E FREC—E A 20 Fifid
e 2% 245 W) b o f s o i AR R O DO
2 mge L' MBS W, FEH 7K (228, Vi V) 43l
R 1.0.5.0,10.0,20. 0,50, 0,100. 0 pgeL*
bR e & R TAEW . # 1.2.2 F1 1. 2.3 U7
AR AT L AR B SRR TR R
T FR A1 &R
2 RS nbr
2.1 MHEBIESERIEEFENERE

H 3t 2l AH X R S 25 T B 19 B T AR R0OR AR
B I5F ) L B W 46 )y Tl A AR KR ), i DL IR 4R 22
Pl 3 AH R R X 20 Ff H bR 43 800 5 19 52
gL L WE-K L CWE-0. 1% W R, WY -k, B i
0. 120 W g 4 A sh 1k & L 45 3 R L & -
0. 1% W RVE N i sh AH . 4 B br 4 W& B K47, mi iy
{HAE 5. 09 e LA I F HoAth 0 2h AH 1 2 m 137 {8 . Jir
PIEPE 250, 1% W R AE M i sh Al . K 20 Flbs
WEdh o BIFH FEE: K =1:1(V: V) B B Hh
1 mge L' P WEE A T3 2R 40 - MU AR b e FL
JE Rl fE i R FE AR SR E T T E T
S R Y RE R R TR SR I R R R R S
BE D,

Rl 0MBERENERTEUEEEFHRNEAMESES

Table 1 The qualitative and quantitative ion pairs and corresponding collision energies of
20 sulfonamides
e PR B4 ) i) /min BT/ (mezh) THT/(mezh) AL R/ V Wi g/ eV
Sulfanilamide type Retention time Parent Daughter Cone Collision

ST 2.01 256. 3 156. 1% /108. 2 37 22/15
SMR 2.26 265. 1 156. 1% /172. 1 43 18/16
SM2 2.59 279.1 186.2 % /156. 1 32 18/18
SMZ 3.38 254.1 156.2 % /108. 2 40 23/15
SN 1. 16 173.2 93.0 % /156.0 32 20/8
SM 1.62 279.3 124.2 % /186. 2 41 23/18
SPY 2.11 250. 2 156.2 % /184.3 41 19/17
SAX 2.45 268. 2 156.2 % /108. 2 35 17/22
SMT 2.63 271. 2 156.2 % /108. 2 34 13/25
SCP 3.17 285. 2 156.2 % /108. 2 34 13/29
SDM 3.76 311.2 156.3 % /108. 2 46 20/29
SPP 3.82 315.2 156.2 % /108. 2 46 21/29
SNT 4.10 336. 2 156. 1% /294. 3 32 12/14
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HFR1
(YIS ES R #4] /min BT/ (nes)  TET/(mes) WALRIE/V ARV
Sulfanilamide type Retention time Parent Daughter Cone Collision

SDX 3.33 311.1 156. 1 % /108. 2 41 17/25
SDZ 1.87 251.1 156.1 % /108. 2 41 14/25
SMP 2.66 281.2 156. 2 % /108. 2 39 18/26
STD 1.71 215.2 156. 2 % /108. 2 25 13/21
SG 1.75 215.2 156.2 % /108. 2 32 13/23
SMD 2.69 281.2 156.2 % /215.3 38 17/19
SMM 3.00 281.2 156.2 % /215.3 42 19/20

* WERET .

% means quantitative ion.
2.2 HEmryREE

HFCIERARERRZELEY. 5 T4
BT 5 6 0 TR € - R K R A A 2 4 Ak 2 AR
A A 20 BT L 2 TR 2 TR AR B )
A EN QUEChERS J7 vk i 43 180 . AR 2 0
SCHRHRIE " AR SCRERE 0. 120,102,400 =
VR BE ¥ TR N 25 5% F AR 90 1 38 BBOROR: 760
I FE S 30 pgeke KR 20 AR I 4 1) ] Ui
HAFBLILE 1, 1 1. 0% LR I VE R $2 U »
£ bR 11 B ISR A B 9 TR B R
Ve B G A A B Ak G B BCR K B 12026 L)
e BRI WY A B T B 5 AR A, B 1L
0% LR LI HE N B U

160 = 0.1% Acetic acid-acetonitrile
—®— 1.0% Acetic acid—acetonitrile
1401 A~ 4.0% Acetic acid—acetonitrile

120

1 1 i | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s, Q) A4S S &0 (<]
A SRUHESANRSISRNIO G
P E Antibiotics

1 =R R 28R 2 R BOSCR 1Y LA
Fig. 1 The comparison of three different concentrations

of acetic acid-acetonitriles in extraction effects
2.3 HmpEK
PO T AN A RN A 5 25 1k 6 0 1 368 B R4

sk, FEFAON AT L ME(Y%0) = CH bR ¥ 75 25
P 5 SBT3 YA v ) e 7 (/B B 0 A S R T R
4 M 7 AED < 100 SR PR, plr &1 2 Wl B 7
VNI PR A R TEE S R B A LA R AR R B 80 1) 1
T i RSON AT TH B L B AR B A ik 2 3RO
RE T, ARSI EZ T NS R A B (PSA) il
TG KB R B A Ry e Ak a7 i 80 b 3 R B

140 .
—u— Unpurified

120 a —e— Purified
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A FARANEIIRNOASS
P4 E& Antibiotics
B 2 efbad BT 20 Bhr AR 2 38 5RO 9 5 R
Fig. 2 The effect of purification process on the

matrix effect of 20 antibiotics

2.4 FEZFEM
AR 1. 2.4 FCHITR & bR HE W, 20 Pk e 2 24
Wy LA i 48 — AW E-D3 Sy AR 22 1 A 4
2. LLS/N=3 B X hz 19 & 4k B (LOD)
S/N=10 it i iy & & Ry =R (LOQ) . 7 5.
30,80 pgekg'3 AU BEAKSF N #E AT 25 HAE S AR
LRSS, A5 KOF A 6 Uk DL 28 A Jy ik 1 [l
WO % B . DA 25 11 556 T AR A5 1) 2 30 4K
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REEEL IR 2ok o & % H % 6

LR 2,06 0.5~100. 0 pge LI 20 FEAE 2SS Ar AT 20K MRy 67. 400 ~116. 625 . K
P R AP M R R F 0. 99, 0 LA B R 0.1%6~12.8%,
F2 ERAP 20 MBEREMNETNEEFTE BXEZH RURMEERKE AR FMRETH
B R FEE

Table 2 Linear equation, correlation coefficient,limit of detection,limit of quantitation in cucumbers

of 20 sulfonamides and average recoveries precision under different concentrations

R/ R et Iy HIX R I /% Recovery Wi/ % RSD
Compound (pgekg') (pgekg') Linear Correlation 5 30 80 5 30 80
LOD LQD equation coefficient perke!  pgekeg!  pecke! perke!  pgeke! pgeke!
ST 0.03 0.10 0.01181690X-+0.01021400 0.992092 85.9 80.0 91.3 1.6 1.3 1.6
SMR 0. 06 0.20 0.01318520X40.00205080 0.993545 107. 2 94.8 116. 2 2.7 2.3 1.7
SM2 0.07 0.24 0.02428460X+40.00988733 0.990623 98.9 92.7 102.6 1.0 2.6 0.9
SMZ 0.07 0.24 0.02155690X40.00719772 0.999195 87.1 92.8 79.3 2.1 2.6 1.9
SN 0.18 0.57 0.00213236X+40.00049250 0.999031 99.1 99.0 102.6 4.8 5.8 4.3
SM 0.03 0.10 0.03705980X—0.08074060 0.991832 85.3 75.1 91.0 1.7 1.4 1.5
SPY 0. 06 0.19 0.01748250X+0. 02458940 0.990465 106. 9 76.7 103.0 1.7 2.4 1.4
SAX 0. 06 0.20 0.03045090X40. 02858220 0.990856 85.6 94.3 94.7 1.2 2.1 0.8
SMT 0. 04 0.14 0.02092790X+40. 01402710 0. 996892 73.8 79.1 74.1 1.4 1.7 1.2
SCP 0. 04 0.12 0.01668350X+0.00835361 0.997735 71.4 92.3 67.4 1.8 1.3 0.8
SDM 0.03 0.10 0.04225110X+0. 04484670 0.990445 90.5 107. 7 87.1 1.9 0.9 1.3
SPP 0. 06 0.21 0.01235920X40.00102993 0.991254 87.0 89.7 81.9 2.5 2.3 1.9
SNT 0.18 0.59 0.00061642X-+0.00015800 0.997214 102. 1 108. 9 68. 4 12.8 5.3 10. 8
SDX 0.02 0.07 0.04916120X+40. 02597540 0.995116 113.0 103. 4 105.1 2.5 0.7 0.5
SDZ 0.01 0.03 0.03120910X-+0.01992720 0.993601 111.2 90. 0 94.1 2.0 0.4 2.6
SMP 0. 06 0.18 0.02488770X+40.00656679 0.991583 107. 4 92.2 94.6 2.3 2.0 0.1
STD 0.07 0.22 0.01271280X-+0.01307160 0. 996603 112.0 73.2 116. 6 8.8 3.0 0.6
SG 0.03 0.10 0.02144600X+40. 00069134 0.991364 103.0 86. 1 96. 2 7.3 6.1 3.8
SMD 0. 06 0.20 0.01424350X+0.00836088 0.991518 100. 0 94. 4 95.9 2.7 2.1 0.6
SMM 0.03 0.09 0.01493880X-40.00788516 0.993167 99.8 84.7 98. 2 4.2 1.0 1.4
[1] Economou V, Gousia P. Agriculture and food animals as a

ARSCHESE T AR Rl B S Hh 20 iR i 26 8 25
5 B 1A SR € - R B I E 9 L A T
QuEChERS J5 & B R AL B2 1F . %5k RIE (2]
7o o SRR T B L SR AR A PR L 3 T
R A ek 5 S it [] o A 00 Al g 26 09 24 2 AR B

104

source of antimicrobial-resistant bacteria[ J]. Infect Drug
Resist,2015.8(4) :49-61.

Danezis G P, Anagnostopoulos C J, Liapis K, et al. Multi-
residue analysis of pesticides, plant hormones, veterinary
drugs and mycotoxins using HILIC chromatography-MS/
MS in various food matrices[ J]. Analytica Chimica Acta,

2016,942(10):121-138.



61 R AR P 20 #EkE £4EE KB QUECKERS ik e $ Rk # e R BEE IR
[3] Chen H R,Rairat T.Loh S H,et al. Assessment of veteri- 228-234.

[4]

(5]

[6]

(7]

(8]

nary drugs in plants using pharmacokinetic approaches:
The absorption, distribution and elimination of tetracycline
and sulfamethoxazole in ephemeral vegetables[]]. PLoS
One,2017,12(8) . 1-16.

Ahmed M B, Rajapaksha A U, Lim ] E, et al. Distribution
and accumulative pattern of tetracyclines and sulfonamides
in edible vegetables of cucumber, tomato, and lettuce[ ] ].
Journal of agricultural and food chemistry, 2015, 63 (2):
398-405.

TR A D B L A R ST 0 - R I BT S i
AR PTK R 11 AR R LT ] B e 4 G 2
2017,8(6):2204-2210.

JR) BB LU /INDY A S A RSO 35 0 s bR K
Lo Adirh 4 R PUAE R )] e, 2014, 42(3)
397-402.

S AL HE M, 1) &2, S B AR AE - ROR A (438 - R R BT
T R A E B b 8 Ah G M KU AE R [T AL,
2013,32(6):1038-1044.

S KR WL 2. QUEChERS- M 4 150 156 5 % 1%
[ I 00 2R i b 16 A 24 5% B [T ). (3. 2015, 33(3)

9]

[10]

[11]

[12]

[13]

[14]

M FR 4 R X024 5 L 4. QUEChERS-# 13 20 AH 3% 1R
TG T 0 R SR b 41 R 2Bk W L)L @, 2015,
33(3):235-241.
R BB, 2, 4F. R 1Y QUEChERS K A% 1 4b
B/ e ACTRUR 2 3 - B IR O 9 9 G U0 A A v O O R 2 Y
B ER B L. 43 a2 4, 2017, 36(2) - 272-275.
X Li. H Yu.R Peng, et al. Determination of 19 sulfona-
mides residues in pork samples by combining QUEChERS
with dispersive liquid-liquid microextraction followed by
UHPLC-MS/MS[J]. Journal of Separation Science,2017,
40(6) :1377-1384.
RN L e AP, 2. QuEChERS 45 4 Wk (5 33 - 55 1
A E A b 2 R R B @i, 2016,
34(9) :860-867.
REFR 22 J0F o5 R A5 R AROAH € 1% - B8 006 U 3 2k [
W5 7K 7= b oh 8 2% 38 Bl B2 gk B LT 0. 43 A I 3 2 it
2013,32(2):193-198.
WXE L B E % T QUECKERS $2 BUAY P 3 i AR
o3 - R IR S A W A M4 LA L B A R i 9 B R
FE[I]. 6i%,2014,32(2) ;:133-138.

Determination of Sulfonamides in Vegetables by QuEChERS-high
Performance Liquid Chromatography-tandem Mass Spectrometry

LIU Chang
(Harbin Examing and Inspection Center for Agricultural Products Safety and Quality, Harbin 150070, China)

Abstract; The methods of detection of 20 sulfonamides in different kinds of vegetables were established by im-
proved QUEChERS combining the ultra-high performance liquid chromatography-tandem mass spectrometer.
Samples weight in 10. 0 g were extracted by 10 mL 1. 0% acetic acid in acetonitrile,6 g magnesium sulfate and
1.5 g sodium acetate and liquid-liquid extraction was used to stand stratification. 8 mLL supernatant fluid were
purified by 150 mg ethylenediamine -N- propyl silane (PSA) and 900 mg magnesium sulfate. Then 5 mL super-
natant fluid were concentrated under 40°C with blowing nitrogen. The residues were dissolved by 200 mL ace-
tonitrile and 800 mL. water. The positive ion multi-reaction monitoring mode was used by the super high per-
formance liquid chromatography-tandem mass spectrometer and quantify was used by the internal standard
method. The results showed that the range of 0. 5-100 pg+L.",20 sulfonamides were in good linear and the cor-
relation coefficients were greater than 0. 99. Three different recovery were between 67. 4 and 116. 6,standard of
standard deviation were between 0.1 and 12. 8,all of these were met the requirements of quantitative analysis,
and the method was simply rapidly and was suitable for large quantities of vegetables samples at the same time
to test veterinary drug residues.

Keywords: QUEChERS; high performance liquid chromatography-tandem mass spectrometry;vegetables; sulfon-

amides;more residuals
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