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Abstract: Honey has been used as a food and medicine for millennia. The free aromatic
amino groups of sulfonamides can easily react with the main components of honey (glu-

cose and fructose) to form monosaccharide-bound sulfonamides, which directly affect
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the quantitative results of sulfonamide residues in honey. This presence of bound resi-
dues should be also a matter of concern for public health since the free drugs can be
liberated by acid and enzymatic hydrolysis during the digestion in stomach. Thus, the
accurate determination of masked sulfonamides content in honey is essential to comply
with official residue control. Acid hydrolysis is currently the most popular approach to
restore the bound sulfonamides to their free forms. And spiking recovery was widely
used for the optimization of hydrolysis step. However, if binding reaction couldn’t occur
immediately and even not occurred after standard analytes spiking into blank matrix in
vitro , the spiked matrix could have specific distinctions with real contaminated matrix in
which the binding reaction had already reached dynamic balance. In this paper. recovery
in spiked honey and quantitative result in positive honey were taken as the investigation
index of hydrolysis step at the same time. To improve the accuracy of quantitative
results of sulfonamide residues in honey, three typical sample preparation methods
containing different hydrolysis steps were compared via ultra-performance liquid chro-
matography tandem mass spectrometry (UPLC-MS/MS). The results showed that sul-
fonamides could not be fully recovered from spiked honey whatever during the extraction
with 0. 7 mol/L. HCI or 0.3 mol/L citric acid in 45 °C water bath for 1 h followed by
Oasis Prime HLB cleanup or during the extraction phosphoric acid solution (pH 2) fol-
lowed by Oasis MCX and Oasis HLB column double purification. The absolute recover-
ies were 59.2%-72.2%, 27.8%-71.7% and 0.4%-48.9% ., respectively. As matrix
effect could lead to lower measurements, isotope dilution mass spectrometry (IDMS)
were used to simultaneously correct the loss of sulfonamides and the interference of
matrix effect. The relative recoveries of three sample preparation methods were between
95.4% and 104. 2%, the correction factor of IDMS is 0. 95-1. 03. Hydrolysis extraction
with 0. 7 mol/L hydrochloric acid in a water bath for 1 h followed by Oasis Prime HLB
cleanup provided the best quantitative results of 5 sulfonamides in positive honey and
therefore proved to be the optimal sample preparation method. But when 0.3 mol/L
citric acid or phosphoric acid solution was used instead for hydrolysis, even though the
relative recovery was higher than 95. 4% , the quantitative results in positive honey were
still significantly lower by 23.1%-57.3% and 73.8%-99. 6%, respectively. It surely
means the sugar bound sulfonamides cannot be completely liberated during the hydroly-
sis process. This implies the hydrolysis efficiency obtained by the use of spiking
recovery have less validity. Thus, positive samples are essential for the verification of
hydrolysis method.

Key words: honey; sulfonamides; quantitative accuracy; liquid chromatography tandem
mass spectrometry (LC-MS/MS)
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Fig. 1 Molecular structures of five sulfonamides
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Table 1 MS/MS parameters of sulfonamides and "*C, labeled sulfonamides
wan A B T ill 2 i 1 B 1 1]
. Precursor ions Product ions Collision Retention
Compounds (m/2) (m/z) energy/V time/min
il e s 251. 1 156. 1~ 12 4.0
92.1 22
ik e g 12 Cg 257.0 162. 0" 12 4.0
98. 1 28
ik Jig T B 250. 1 156. 0 16 4.9
92.0 26
it i it - 12 C 256. 1 162.0 16 4.9
98.1 26
ik fhe g e 256. 1 156.0 15 4.5
92.1 26
it i g mg-13 Cs 262. 1 162.0 15 4.5
98.2 28
ik e FFY kot g 265.0 156. 0 14 5.3
92.1 28
Tisk iz Y S g g -18 Cg 271.0 162. 1 14 5.3
98.1 26
Bl iz = g 279.0 186. 0" 16 6.5
92.0 30
i Jiie — B m g1 Cg 285.0 186.0* 16 6.5
98.1 32
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Table 2 Spiking recoveries of 5 sulfonamides using three sample pretreatment methods (n=4)

[a] it % Recoveries/ %

N J7#E 1 Method 1 Jrik 2 Method 2 J7ik 3 Method 3
Compounds ot Hix 4 3} Hixd Zi85) i
Absolute Relative Absolute Relative Absolute Relative
SDZ 65.3+4.1 103.14+4.6 48.941.9 96.9+4.9 71.7£7.7 97.0+5.4
SPD 72.2+6.0 98.9+2.3 0.440.2 95.44+10.7 52.9£6.9 97.245.0
STZ 59.24+2.1 98.6+3.7 4.14+1.0 99.8+3.5 63.3+6.7 100. 7+4.5
SM1 60.8+3.2 100.0+2.8 20.1+3.4 102.2+3.7 34.4+2.8 104.2+2.3
SM2 60.84+1.8 101.5+2.9 1.5+0.6 100.6+13. 8 27.8+3.2 97.2+4.2

T« 240 0T ] Wi 246« SR TR Jo G ot 2 R TR A5 C AR 0 v L b 00 100 9 2 TS L HL A O 1 9 o 9k 1 5
AE XS S < SR T TDMS S J5 DG Pig % v 12 I A5 C 2R o5 o F AR 900 109 38 o B3R LA G 7 95 1 e (1
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KR R W4 % ol W AR AR T 55 40 2 Fh Oy
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4.1%.20. 126 F0 1. 5% » £ Wi 5 I A REA &L
PO B R B S T A R . R A SRR
HEAR L (HUZ R A IDMS J5 3k D & B, 3 iy Ak 2
J7 R 5 R AL A W AR R TR 35 R 4y S ol
98.6%~103.1%.95. 4% ~102. 2% F1 97. 0% ~
104. 2% , B80T 100 %, % WA B i e L) v 2%
B30 0 6 VS TIARE b o 1 &8 5% 1] e SR B2 30T L 8
A fre A 4 AT R v 458 RT LA H  [) o7
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SM2 455 Fh fif i 25 4 2 1 T = 25 2R 43 51
20.2.21.1,10.8,20.4 F1 22. 4 pg/ke; I
HiAL BT ¥6 2 W I & 45 2% 0 il O 5.3.0. 1,
1.4.2.8 F1 0.1 pg/kg; I FHHTAL 37 % 3 B,
2Rk 8. 6,16.2.5.7,10.0 F112. 7
pg/kg. UG AT UL, 5 ET R 0 AR [ i SE g A
FE s = B ET AL B 7 I g5 R 2 R B LT
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52 45 R AR
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BRERILE (n=4)
Table 3 Quantitative results of 5 sulfonamides using

three sample pretreatment methods (n=4)

%<2/ Tk 1 ik 2 Jik 3
Compounds Method 1 Method 2 Method 3
SDZ 20.2+0.1 5.340.4 8.640.2
SPD 21.14+0.6 0.140.03 16.2+0.6
STZ 10.840.1 1.4+0.3 5.740.02
SM1 20.4+0.3 2.840.1 10.040. 3
SM2 22.4%0.2 0.140.1 12.7£0. 4

i B IRES B SR T IDMS 38 5 UE Be A58 i T ik P 4k

Fb A S B A i 0 58 R S A [ i ) 45 SR T LA
S B, B SR VS N [0 00 S 6 1 6 % TR ol 3 0 AH X
[ 3 1 12 300 100 %60 o {H 52 bR £F 5 i) IDMS il
2 25 B AL B VA AN R BB B 25 R
n SDZ 875 ¥ 1 Ay 3 rp iy 4 % [a] ig 6 4y
Wk 65.3% A 71,7 % . AR R g ) N
103. 1260 98. 9% , M 22 B R 5] 7% . H 5L PRk
a0 45 R 43 i Ry 20,2 A 8.6 pg/kg. X
SEE O 1R 3 BR A i D A R AT A R
IKAFAD s FE A 52 56 5% 4 24 A T) 2 BH A 452 19 T 12
W 0 B b R 45 B IR e S B AR R 8 UK
FLAK S 03I i A0 3 7 % 1, e BRI i 45
FU AR $ 0 5 JHL K A 300 R 249 Ol R R UK R B 40 %6,
U5 BH R R S b e ST AR R R R
FORAR TN WAL R bR ic Y B8R . T
2 SR FH W TR VS VB0 TP B B2 B 1 min, U O 25 R
Eb At 2 Fh A0 DR AT B 2 K A B[R] R R
PO B R AR RSP B AR

SR FH 3 i Ak B 3k Ak A e R o
T fre M W 1) B S T S R IR 2. A
D5 ¥ 2 Ab IS R AR i SPD Y B RE IR 1 (2. 5 X
L0 F 3 4b 2 Bl 5k A 5k 1 SPD
Wi 7 (1.7 26 A2 A s 3 A 76 A I B K 7 0
YT Ik 2 R T E AR ik GB/T18932. 17—
2003 , A MFFEHEFE 5 58 52 5 5 SR H A AL 2 5 %
LA 2 43 S0 6 A e B K S B4 B B i AT

x10°
107 5130
3.0F N :
25k AL ER 5 352 11.04
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g - 17.80
S
= 4520
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A Time/min
AIALER J5 ;3
] m/
g S AIALHL )y 352
L. AL 7]
T T T T T T T T T T T
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B2 RAIHALESFELEAEEEFRTRERENRIETFRIER
Fig.2 UPLC-MS/MS chromatograms of SPD in positive honey treated by different pretreatment methods
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Table 4 Validation results of pretreatment method 1 and method 2 in different laboratories
2 45 1 S 44
R [aex?] ik Measured value/ (ug/ke) Meiyifue/ AH XA HE AR 2
Concentration ~ Compounds Method RSD/ %
Labl Lab2 Lab3 Lab4 Labs (pg/ke)
&K SDZ k1 94.5 86.5 85. 4 86. 7 88. 8 88. 38 4011
Fik 2 4.2 52.4 18.6 14. 4 9.5 19. 82 95. 82
SPD Fk 1 100.8  94.2 97. 6 90. 1 89. 6 94. 46 5.10
k2 2.6 54.7 27.5 46.5 25.8 31.42 64.58
STZ Fik 62. 1 56. 1 55.5 61.5 52. 2 57.48 7.34
k2 3.2 27.3 12. 8 16. 5 27.7 17.5 59. 09
SM1 ikl 81.9 87.2 87.3 88.5 86. 3 86. 24 2.96
k2 1.6 65. 7 26.2 24 17 26.9 88. 22
SM2 ikl 102.6  94.6  100.2  94.4 95.7 97.5 3.79
k2 5.9 79.7 32.7 44.9 31.6 38.96 68. 89
KK - SDZ k1 19.22  21.07  20.94 21.23  19.97 20. 49 4. 20
Fik 2 0.72 2.95 0.7 1. 86 5.35 2.32 83.55
SPD Fik 1 21.72  20.12  23.51  21.25  20.94 21. 51 5. 87
Fk 2 1.51 3. 74 1.7 1. 87 0.1 1.78 72.78
STZ Fik 12.64  13.51 12.51 11.04  10.84 12.11 9.38
Jrik 2 0.75 2.51 0.8 1. 87 1. 41 1.47 50. 70
SM1 Ik 21.65 19.26 22.18 20.74 19.72 20. 71 5.96
Jk 2 1.05 5.23 1.2 1.95 2. 85 2. 46 69.51
SM2 ikl 21.41  23.37 22.72  20.93  22.76 22. 24 4. 60
Fik 2 1.92 7.31 1.8 3.01 0.1 2.83 95. 95
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JH 7 i+ DRG0 SR i i Ak B 7 35 RETE fR
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R 0 A eI B L H AR S

AL 2R AR 10 ) 1 5 30 2800 A7 7 25 5 5 T X 25 R
LA R D A R AR . R AR TRA
W A TP R IS T A 2R I R T A8 (MEED B[]
B DAl T R A 2 b 1 4 ) R AR L 45 R T
F 5. RAATALRE 55 1.2 F0 3 4b 3 o4 % A
dt o 5 B i 2 B 2E i ME 433 Ol 65,000 ~
93.6%.20. 6 %~96. 5%l 62. 5% ~96. 4% , ¥ 5
ARV B A L A R . 5 R M R bR R
TERGAL 3 736 1 A 3 A i BE B 25 S5 A K
A RE A X PR s B R (R 8 A A5 A 5 A
PRJT 5 2 Ab PRI AL S, SM2 5 ) Ak 4 i
JHe 26 Hi A= RO L B R 25 R W] R ME X
20. 6 %%, 3 J5 400 i &40 L X R RE S AT 2
[y B AL 27 1 BT 22 5 R A K. ik IR
SR F MCX B AH 2 B/ FE 42 B Ak 1 2% o
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Table 5 Matrix effect of different sample pretreatment methods (n=4)
Er9y VeI
[iaex?] ViR Matrix effect RIEHEF 6
Compounds Methods Correction factors
MEsrp % MEstp %

SDZ Jrikl 66.4+1.4 65.7+1.8 1.0040. 02
k2 96.5+2.8 96.5+5.7 1. 0040. 04

H: 3 62.5+2.5 62.3+3.7 1.01+0. 02

SPD FEE 1 84.9+3.6 86.3+2. 69 0.98+0. 04
ik 2 81.3+2.2 82.5+3.3 0.9840. 02

k3 76.6+6.3 77.7+5.8 0.9740.02

STZ Fikl 66.7+1.9 68. 6+ 1. 84 0.9840.03
2 95.747.0 93.94+8.7 1. 0240. 02

Jik3 92.847.7 94.0+8.9 0.98+0.03

SM1 ikl 93.643.7 93.243.6 1.01£0.06
Jiik 2 78.1+6.4 82.4+5.6 0.9540.02

JEE 3 88.9+6.7 90. 6+6.9 0.9740.02

SM2 1 65.0+E1.5 65.1+1.9 1. 00%0. 03
T 2 20.6+3.9 18.944.9 1.0340. 11

Fik 3 96.4+4.8 96.1+3.7 1. 00+0. 02

MR R K I e ny B B A 5 MCX /)
A it R 5 AT A FH A 5 0 BT ) A T O
XM B SR I UPLCYE K A= W R b 8 Fb
BA A 22 38 5T, O B i sl R TR I B e
MR 48 25 a0 AT DL 5 SO €835 A 6 B bR
G300 W B R 7 . LB R v B R L
B Py 00 X I . i I A L R MICX /N A ]
AR I A o 0 0 M 205 T 19 58 Joi % o s LA
BB 546, SDZ.SPD,STZ . SM1 F1 SM2
logP {H 4+ % & — 0.12,0.03.,0.05,0.34
0. 80, SM2 M W] &t 55 T H A 4 R e K ik
AR B e i IR 4 7 TR & 1 38 Oasis HLB
AN Rt Y S T A R M R B B R FE R
3 LK R P V80 M LA 25 R A M 45 59 1 JE o T
YW o IR T AR 5 55 1 SMIL2 32 5 S 410 ) 478 ) s
FHR A58, IDMS 4 7 5 42 38 2o 1 e 5
FL IR A7 2 A 30 0 04 e N B A AT O AR
KA IDMS & IE R F 0 %4 Hiad 5 H R 7 &
PR IC ) B R BT RN 1 22 S, 5 R SR B AR R
16 3 AT AL H 5 3% b IDMS #% 0F 1 0 i 25 51 Do o ) 4
J0.98~1.01,0.95~1.03 F1 0.97 ~1.01,
RSD 43 5l 2.3% ~5.8%.1.7% ~ 9.4% Fi
1.6%~3.0% ., FHIRHIX 3 Fiafik By 4k

%« MEsrn 7R 43T 49 1 56 RN s MEstn 2 7 [R] 437 28 7 8 711 1) 35 Jo 4 1

/N B
)2

e S R i N [ 2R AR 10 ) 2 R AR I A
ORI RIE e A PR (E R 5N
T e 7 o A T AR 435 R i AT S
2.3 KEFELER

BARFTAL BT 35 1 Fe O i (B AR A7
PR BE A S 0 R ST A B0 . AR LA R SRS
YL 1) e B RE O ISR AT 42 L L8 T IDMS i)
REUE D JIDMS 5 o7 D Fe A% o 1 V5 Wt 4 A 1
T PR JOT VG TE pth 2 W M 1 5 4 P e R U 1k
Xof WA R IS ke BRI o 2 SR R L 45 SR A
T 6. T A R A v v U R ) &5 R ] R
VG 35 J5 DG i p 2 A v 5 2R BH R o 0 o A%
N2 B0 25 R B 0 K 35 T DS BB A%
HRORE T AL R 15 AT RE G 0 R 2 R
IDMS ¥ W K% 1 15 . IDMS 35 J5 D 2 ¢ o v
I G i il 2 A o v A 0 A 5 R A B B 2
S L,RSD JE 439 0.7% ~2.3%.0.5% ~
2. T/ 4. 7% ~7. 8% , 3 W 3 J5i VT i il 28 ¢
P 5 R[] A7 28 4 R 7 2 AT i R Ak T B 2k T 4K
A e, >R 87 48 5 47 1) IDMS
VTR HE 3% AT LA o o e U e 2 b
KPiA: F ok B8, JC R BC 23 1 i 5T I e
FEHETE WK

M Joig
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R6 FRREFEMNAEEEERT S MEREREZTNNEL R (n=4)

Table 6 Measurements of quantitative method of 5 sulfonamides using sample preparation method 1 (n=4)

e el 73k 1 el 7% 2 Beife 7% 3 Beite 7% 4
" Calibration method 1/ Calibration method 2/ Calibration method 3/ Calibration method 4/
Compounds
(pg/kg) (ng/kg) (pg/kg) (pg/kg)
SDZ 20.440.1 20.240.1 13.340.6 18.4£0.8
SPD 20.740.5 21.1+0.6 17.0+1.3 23.9+1.3
STZ 10.5+0.1 10.8+0.1 6.7+0.4 10.4+0.5
SM1 20.340.5 20.440.3 18.7+1.5 23.0%1.3
SM2 22.540.2 22.4+0.2 14.3£0.6 23.0+1.11

VE AEUE I e 1 F% IDMS 3 RSk 7 v 5 B Oy 5 2 87 TDMS i 5 G JG0 ARG o 7 1 5 S vl 0 B 3 9 708 1 R T 44 AR o 1 5 R e

T3 i 4 IR HE BT T e il 2 A ik vk

2 4ig

oy e i 250 8, - R K T s SR TS
TIASE i R0 B 2 R & LU A AT 9 e 2 P R e R B AR
R 3 Pt A BTy 1 PR B ISR A FE B AR
R WETT S R 2 R R . 2 SRR K R
W S v T MR 25 5 W ) e A 25 R 20, 7 mol/ LR
fR/K¥ 1 h, IDMS %5 11 72 W] B R AR T B 5
TG 25K I X S0 5 445 S By B o Ao o R T AL A
D 25 WA v 58 . UL i i 5 e
VUK B 235 43 5 B 45 PE PR RE S P AR ] S B LAY
S S [l g 38 25 22 25 45 W) 1) K it S A AR AEAS
ATSEPE . 25 b X T A5 A 25 5k B A DU Oy
() 3 37, IO FH B V5 G A A 5 A Ab B
7 ¥ BEATBAIE 45 A BEE 5 YR & SR F S
i B 5 25 SRR S A L 25 M AR S
T BHE A b v 0 A TR DL e S el R i A
S T A5 0 SR v A
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