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Determination of 25 kinds of illegal additives in candy by dispersive solid
phase microextraction extraction-ultra performance liquid

chromatography-tandem mass spectrometry

CHEN Yang'?, YAO Xiao-Qin'?, HE Min-Heng'~*, LIN Xiao-Jia'?,
CHEN Hui-Lin'?, HUANG Jia-Le'*
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ABSTRACT: Objective To establish a method for the determination of 25 kinds of illegal additives in candy by
dispersive solid phase microextraction extraction coupled with ultra performance liquid chromatography-tandem
mass spectrometry. Methods The samples were extracted with 50% methanol water, purified by dispersive solid
phase microextraction extraction and separated by ACQUITY UPLC TSS T3 column. The samples were then eluted

with ammonium formate aqueous solution and ammonium acetonitrile as mobile phase by gradient elution. The
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samples were determined by ultra performance liquid chromatography-tandem mass spectrometry and quantified by

external standard method. Results The results showed that the 25 kinds of illegal additives had good linearity in the

range of 2.00 to 50.00 pg/L with a correlation coefficient (r?) greater than 0.99, recoveries were between 65.1% and

99.3%, relative standard deviations were 1.1% to 5.0%, and limit of detection was 0.05 mg/kg and limit of

quantification was 0.10 mg/kg. The method was applied to the detection of 105 batches of samples, in which one

batch of compressed candy was found to contain xinlisita, and two batches of candy were found to contain

dipropylphenidate. Conclusion The method is purified by dispersive solid phase microextraction extraction and

detected by ultra performance liquid chromatography-tandem mass spectrometry. The method has good accuracy and

high sensitivity, and can meet the detection requirements of 25 kinds of illegal additives in candy.

KEY WORDS: dispersive solid phase microextraction extraction; clinical/illicit drugs; ultra performance liquid

chromatography-tandem mass spectrometry; illegal additives
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1.1.1 Ak A

YA TR A(ZEE =99.0%) . DY B(4E =
99.0%)., hYRATR C(LiE =95.0%). Y4 D& =
97.0%) L MRIEERS (AHE = 99.0%) ARIP I E (4 = 95.0%) |
5L A BUAIEE = 99.0%) By ER (AL =95.0%) WU T (26
E=97.0%). FEEREEGEE=99.0%), KB &EE =
95.0%) L 58 BRI (L B = 97.0%)(3 [El Sigma-Aldrich 23 w]);
HRIR(AERE =95.0%)  SEAZRE(BERE =99.7%) | B Ath i (26
JE=95.0%), HEIEFELE =97.0%) . SellimsaifE =
95.0%). MLMEEH(LEREE =99.7%) . HiH Al (ZlE =99.0%) .
VD AT BE (4 = 95.0%) . BB T (46 =99.0%) . Taib
LEA (4l =95.0%) . KR (G =99.7%) . K&l
=99.0%)., KB k4l =95.0%)(KHt First Standrad
AT, FALABEEERE Sigma AH); LIRS WIERRT
(FeSO, * TH,0, 4liJE 99%). /KA &K (FeCl; « 6H,0,
ZRE 99%)[ VUM 3 BLTE HL = (I ) B S0 AT BR A W 1; UK
W(NH,OH, 46 25%, fEEBR VI ), LB, HER(GHT
ali, TG A R E); R, ZE(Eikal, FEERE
=R A R A A
1.12 E&MEERE

MS3 basic JEIRIEA#(FEEIRAF); Milli-Q #al
K FRGE(GE E Merk 2 B2 wl); KQ-250DV 42 A i
VAR LT &7 2 B A (U #8 A FR /A F); Sciex Qtrap 5500
o O €T - H R BT (B 1] Sciex 22 \]); SU8010 H A7
T B AR (R a4t H S HIFERT); ME2002E 431 HL
FRPGHEE 0.01 g, K MR- R 2 £ H A BR A A,
ACQUITY UPLC TSS T3 3%41:(2.1 mmx10 mm, 1.8 pm,
& [ Waters 23 Al
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10.0 mg, F 50%H EE/K (V:V, F [ 0 i 3 HoE 25 51
25.00 mL MZE BT, FHRARER G &, FiEk s
9 400 mg/L. P B DI BGE R4 4%, FH 50%
F BRI ECHI AL 10.0 mg/L HIR-BVER, HIEsLhs
R 5 A R L B v T AR
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VERRFREURE &L 2 (RS 22 0.01 @) F 50.0 mL 55045,
JILA 50.0 mL 50% H B /K B RUG TR 5D, 480 W B F i 7H 42
I 20 min, L 4000 r/min FEEZEESC 2 min, b2 B4R
A ZE O
123 HAehtshes 4 %

e A SR A SRR AT, IR 5T 0 R Ak A 3
LR A A BIED 2, e 200 mg Bk S IA Rl
FREtfaimA 50 mL M4k, EERTEASH1 h L
R ILA LA IRBAE T, A5, & 0.04 mol 1Y
FeCls « 6H,0 (3.64 g)F1 0.02 mol fi¥) FeSO, « 7TH,0 (1.80 g)
T 25 mL K AR ER T RSN (40 mL/min) 51
PR U O I 2 B A SBIRTE TR, RS T
30~40 min. ZJ5, 7£ 80 °CAKWEIRY: T /SN 5 mL
25% (V:VYEIKIEW . #k&E 80 °C R /KRS 2 h, 53Ry 2
Y Ll KB TR BETRG 3 K, BIGTHEES
TR P TR 12 h, 58I REME A SR 1Y

1.2.4 HS944

AWM BRI A 45 TRoR), HERRFRIL 80.0 mg
EEAE, A 5.00 mL BAUKIEHES 3.0 min 4
RIS AT BRI o B 0.500 mL BEMEE AL AT B0 B VR I B A
HAP RIS, A 0.500 mL FEALZEEK(1.2.2))5F T
FIMPAEIRFE 10 min 438 FI R RE S 000Gk o 85 H g 1k
AAA BRI IFICH B, MR FNR R AR B IEG . B
T BT 2L 0.22 pm 2 3%, (R S AR AR (- H Bk
J ARSI
1.2.5 RAMEES B &M

WEhA A: 5.00 mmol/L HERE/KIEW; HizhtH B:
5.00 mmol/L HI &% L E; faiktl: ACQUITY UPLC TSS
T3 @3%4E(2.1 mmx10 mm, 1.8 pm); AEi&: 30 °C; #EFE{R
A5 pL; Wi 0.400 mL/min, BEEPERFLT L 1.

x1 EHER
Table 1 Gradient procedure

Fisf [11] /min Al% B/%
0.00 95 5
4.00 95 5

14.00 5 95
18.00 5 95
22.00 95 5
25.00 95 5

12.6  Jikdrt

BRI B SE L B YR I /1R B TR, SRR
JEJ1: 50 psi; AATRIE ST 45 psi; SHBYSE ST 30 psi; HL
W25 ELE: 4500 V; BURIEEE: 500 °C; 25 FhAEZESINY)
W T FEF . AR RIS SR 2,

Fz2 25 MIEERMPNRIESH

Table 2 Mass parameters of 25 kinds of illegal additives compounds

Hix8 CAS & =y B85 F (m/2) FETF(mz) EFERE/N  REERER/V
YRR A 486-84-0 Ci7H9NOs 359.1 296.0", 298.1 65 65,23
L4 HR B 467-66-7 C,-H,;sNOs 329.0 268.0", 294.1 85 85, 18
Hyatie C 2447-55-2 C,7H,9NOs 3452 282.0%,310.0 60 60, 23
YRR D 20325-40-0 Cy7H;sNOs 375.0 297.0",312.0 65 65, 43

HA TR 392973 CaoH2uN,0, 349.1 305.1%,220.1 60 60, 32

B 33967-61-8 C47Hs NOy, 852.3 525.2°,121.1 -60 -60,-19

T A Py 69-55-8 CoH,N;S 276.1 158.0°,117.0 -60 -60, -38
Rt At 132944-85-1 CoH N304 216.2 160.17, 142.5 60 60, 16
by g 54-85-3 CisH1sN;0 254.1 226.1°,197.1 60 60, 35
HHES 93479-97-1 CoH2N,O, 254.1 150.1%,133.0 -60 -60, 26
P i 123441-03-0 C7HsCLNO, 284.1 242,17, 127.0 -60 -60, 30
M s ) 21399 CxH;sN;0 313.2 203.17,174.2 60 60, 24
LG 98489-61-1 CHaeN,0; 280.2 120.3°, 143.7 60 60, 50
B ) A 28376 CaoH 14048 402.3 180.1%,178.1 60 60, 40
i3 1K 61-68-7 C,,Hy3NO, 319.0 105.0°, 225.0 100 100, 54




19

o, S50 WS BRIER A IO - 8RR (- R IR B vk I G R o 25 AR IS Iy

W

555

2%

filf A8 e /e V

EEH RNV

F BT (m/z)

BB T (m/2)

CAS &

105650-23-5

7]
Fe vl e
XU T
WA E T
P LA

H¥

60 60, 38

184.17, 226.1
224.17,266.1
224.17,196.1

362.1

C3sHaNO ;3
CasH37N304

120, 25

120

402.1

59986-10-6

C20H2,04 430.1 100 100, 30
60
—-60

63-92-3
518-28-5

60, 33
—60, -38

466.2 234.2°,434.3

CISHIOOS

225.0°,240.9
239.0°, 182.9

481-74-1 CisH,00s 269.0

PN EN

—60, -35

-60
—60
—60

269.0

C5HgOs
Ci5sH100s

518-82-1
471-53-4
517-38-4

—60, -19

240.9",212.9

2850
253.0

—60, —40

225.0°,182.0

CisH1206

PN
PN}

—60, -35

-60
-60

CeH 406 283.3 240.17, 183.2

76-49-3

Qi

—-60, -60

50-84-0 CyH3004 311.1 182.9", 196.8

DRI

SCHRLERALN], 25 FhAREAS Y T AR,

1.3 HIEAIE

LCN <Y K

WL RS LE 5 AMRBUAT FPERR K b R ER A R
85%LA F, M2 T, i 0.1% R KIS BAE IR BUA

I ZH S P B SR BOICRAT /N _ETHE BRI, /M

n

[
R

XA [a] B B B ) AT AN ] B B IBORICR,, s

SREL 3 UME, 45 RRIMEA A Microsoft

Excel 2013 A AT EIR ST 04T -

HZR50Hh

2

PER BT Al A B 4K PR 0.1% YRR K rh DU B AT AR B 11
AR, DI, 5 I8 R AR 5 3 R X R b EA T 4R IR,

AR

2.1

S 50%ZME7K . 50%HEEK . 70% H K A A T
WIS I A RIKCR, 25 R0 70% H /K R FH ) S

FIEFRAL

2.1.1

MR SFE R SR TOIRS LLAR 2, R RBGL R,
FEBGATRIL R SRR A — DB RN R . 254 HATSCk

5 AN 245 B2 78.3% 1 75.8%, 558 FH 0.1% H iR Ak Ftizk
Y [EIC % 75.0% 1 73.5% A B 2. X 51, T 50% At 7K .50%

it 25 RN H ARG, g T

F KA g BRI R I R BOSCR L, 3 TR 235

0.1% M BR/KIETR . 4K . 50%Z /KR . 50% B /KR

70% F R K VAR (LA _E A R RFRAS RO A B Bt 25 FleRsk s

79.6%F1 82.4%, HAH FH 50% H ik 25 FhAR: a4 Bk
FAIE 68%~97%= 8], RILLEA 25 MR mdst 6 AR

/N o

PIHRIBCICRIIETE, I 3 IRE A S P Il npe 1

F150%MH1 Bk

0.1%H fig/K 1 50% 2.5 /K 7 70%F sk

. 4k

g 31
T
il

E TILULL UL LU UL UL UL L LR UL UL UL UL UL UL R O R e

|
prEshEb R ) | 100
e
T T LIRSy

g T I

[ ITEUE I L T L L UL UL L U L L S S e

e i /W\m W& mma @@

I 11 LLULULUUUUSSSSSRSSSSSasaaGg

e £y T

L RSttt e
- - N

B L e e e e e s e T Y
Ellllllllllll il S TS S S ST Sy
e |

e G HIN
I LLLLLELEE I S
e OO T
T P P PR L P PP L PR DR b7
&

T e
. —————
lllllllllllllllllllllllllllllllllllllllll AN Z o D
T s 54
RIS B
T ———————N . ¢ st
S R e RS &

L1 L T T S SSSSS—S-———.

I 2
— .
=R T

IELII I T T S e

s T [ e 26k

EATE 1111 I LTI LI TILT LT LG TUGUUGLCUSLUUSUUSRSRRRSSYY

e S Ay

E T11LLILII LI LI LI LI LL LSSy

u-llllllllllllllllllllllllllllllll. %ﬁm ﬂ.
ATLITIITTITE LT EI TR I I E I TR IR AT RS RN Raaaassy| -
]
6 T B DM@ vm a) mm m
FXTTIETIRTIRETITIIRTIRRIRRTIRRIRTIRRTRARRNRNNRy] 7 L
e e e
R e e e e e ] T U% V‘u. @ m
TTITILIILIILIIITINRTIRR RN aRaaaacsssy

| VB

AINIHTIRHIIHIIEIUEI AR R R AR R AR

100

(= (=4 (= (=3 (=]
0 O < N

%o/ el

SRR P FR ISR E R

Comparison of extraction effect of extraction solvents

K1

Fig.1



20 B 24 iR AR I 2 4l

%16 &

VR HRIBORR, SRIBGA IR 50% H KRR BT . X ]
il DRy R Al — b 5 A 1k i A AT WAL A P, 5
AR B, T LA 2R A A =2 TR T B S
TUAEAE T S 2R o FIRA AR 1, D4R A BUSR, 25
b, AT R 50% B N IRBUAT .
2.1.2  FEBEF A A

FERE S O AR ATER 254, 4RBUA R el 2,
RBCHCR BT . BEERESATE 1:10, 1:15, 1:20, 1:40, 1:50
(gmL, FREDRBOAFR AT 25 FhAE R 3 kEL
TR H IBORROR . LI aE W, Bl % R G 5 L A3
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PEHGRIh, DRI, SRR SE f BB 7 HE 2 1) A9 1:50,
2.1.3 A FabE it

AT FT R FHHR 75 1 7 SCHR w % H BR A5 A B BUS0RK,
AH H AU 357 5 i i3 ST IR AL B, BB 7S A T 0, A
A, A ROHUBRE S RIHARI . 7E 1.0 g FRATPIIA
45 mL 10%H FEK (V) 75 480 W T3 RS, B5E
PEIATE A 5. 10, 20, 40, 50 min ARy 3 RE K
WRBUSIR . GBI 2 BioR, FERFIAY 10 min Z N
FF ) % 4 R E B Ak A 0 16 [0 S BB 1) 1 A O 6 R,
1E 0~20 min B BE P, 280G [l e K th 4 5 i o2
R HRAEA W RN AT T e 25 4 B 18] i 1 i T —
SEHEE, TE 20~50 min PN, ZKSEHEGBFAIE], Rl
KAz #r-2, R 30 min 25, HARYIRC B
FeATERIN, SR, B EE] H bR ] A F g R, A
WFFEEFE 20 min VE S Fe UL FEEUR E] .
_ RS CRHER
LA N T
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Fig.2 Effects of ultrasonic time on the recoveries of
25 kinds of illegal additives
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Fig.3 Scanning electron microscopy images of the Fe;O4/graphene
oxide (A) and graphene oxide (B) nanocomposites
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Fig.4 Total ion chromatogram of 25 kinds of illegal additives
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24 FHEFTFN
241 RFEHEE
T HERILR P 25 AR I I L RO . R
AT b AT RE SR AT AL B, 7530 25 (1 2R A, e AL
FTUEE N 50 ng/L MFEFTFRUERS IR, 5 5 SThR e R 1Y)
D6 TR R A 7 i PP R L o 1 YR 5 s Y VAR 5 0 T B A
e, SEIHE Ko 24 K<0.8 B RFAreLmmifii g, X4
K>1.2 WRIAEREIgsm g . 45500, FRELF+
25 AR K {Eoh 0.76~1.24; Kb &9 K
{HAE 0.8~1.2 Z); MR DIIEIR D (K=0.78)F1 =1
(K=0.79) 2 JE B il B0 5, nibnds TR0 V4 7 Lo R BRI AT HH 3R
PR SRR IS, (2 K 20000k 1.14 A1 115, L, ek
35 rh A7 B AN ENBCR LT 80% M T 120% 1510,
BUCR ARG I T br el 2 g i .
242 KHXZRELEER, TEIR
el B B AR 2 T, ARWFSR B T R = W B

2. 5,10, 20, 50 pg/L Y 25 FhAEE G InY HIR-A AR e
WHEAT AT, L 25 FRER DRSS IR v 1 00 T B vk A
S ARBR(X, pg/L)XT 25 RS g AR AE o AL FR(Y)
TN BRI TAEMZR, MR MCRBEE 3 iR,
AR BUL T 0.990~0.999 Z [H], FILEMX R R, & &
SERA o

e ES BOAS B BR(SIN=3) I i HE: FR(SIN=10), &4 Hif
A FRITRR, THEEAS RNk AR R A R g 3 iR,
25 P AL A BRG H PR 5 PR S R A B TR
243 FkekE HEHE

ST R I A AT T SR, R SR T R s
P B SRR B EAT 0.1, 020 1.0 mg/kg 3 AKER9 AR A
W SET (n=6), R 4, 25 FhAEGINPE . B, & 3
AN B 2 - 35 [l U ZE T LA TR 65.1%~99.3% 2 [,
AT FR R 224 1.1%~5.0%22 18], BERE T I 25 FhARE:ds
PR 56 T 2K

R3 BSMIEERRMPNLMESE. EXRY. BRURMESR

Table 3 Linear equations, correlation cofficients, limits of detection and limits of quantitation of 25 kinds of illegal additives

Aoy LAk B/ (ng/L) LR MISERE() B /(meg/kg) A RFR/(mg/ke)
YRR A 2.00~50.00 Y=1162.48X+37957.28 0.9989 0.05 0.10
Y44 R B 2.00~50.00 Y=1407.49X-6925.69 0.9918 0.05 0.10
YR C 2.00~50.00 Y=1349.15X-11051.90 0.9980 0.05 0.10
LR D 2.00~50.00 Y=1254.96X-11349.54 0.9981 0.05 0.10

EAHR 2.00~50.00 Y=5729.91X-1241.43 0.9990 0.05 0.10
ey 2.00~50.00 Y=494.86X-3941.95 0.9914 0.05 0.10
T m sy 2.00~50.00 Y=576.4%-7451.81 0.9836 0.05 0.10
Nl {ioeics 2.00~50.00 Y=761.09X-4810.69 0.9979 0.05 0.10
SULIE 2.00~50.00 Y=1040.3X+37784.76 0.9950 0.05 0.10
HEE 2.00~50.00 Y=1407.63X-6888.80 0.9976 0.05 0.10
K 2.00~50.00 Y=1450.2X-10875.66 0.9937 0.05 0.10
M i 2.00~50.00 Y=1317.61%-11480.07 0.9938 0.05 0.10
GGk 2.00~50.00 Y=5707.67%X-1635.59 0.9976 0.05 0.10
A F b 2.00~50.00 Y=985.5X-4062.42 0.9987 0.05 0.10
13 Fik 2.00~50.00 Y=694.45%X-6991.94 0.9912 0.05 0.10
L] g 2.00~50.00 Y=1026.59%-4449.1 0.9938 0.05 0.10
U] 2.00~50.00 Y=711.83X-7459.26 0.9945 0.05 0.10
AT 2.00~50.00 Y=891.27X-4801.84 0.9970 0.05 0.10
iR ] 2.00~50.00 Y=998.94X+37791.08 0.9904 0.05 0.10
KRER 2.00~50.00 Y=1394.42X-6640.81 0.9979 0.05 0.10
FIEREER 2.00~50.00 Y=1444.58%X-11099.2 0.9970 0.05 0.10
KR 2.00~50.00 Y=5715.91X-1412.3 0.9933 0.05 0.10
KE B 2.00~50.00 Y=909.54X-7427.85 0.9909 0.05 0.10
R F H ik 2.00~50.00 Y=629.52X-4668.76 0.9915 0.05 0.10
Py 2.00~50.00 Y=948.49X-6932.69 0.9941 0.05 0.10
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Table 4 Recoveries and precisions for 25 kinds of illegal additives

wan 0.1 mg/kg 0.2 mg/kg 1.0 mg/kg

a W% AR Y% BOR% AR BIR% X RS G 22/ %
TLnEY R A 84.1 2.0 82.8 1.9 85.8 4.1
YIS TR B 84.0 3.5 84.5 23 82.9 2.5
o YIER R C 84.3 2.9 88.1 1.3 83.1 3.4
InEY R D 77.4 5.0 75.4 4.7 79.4 45
=R 73.3 3.0 69.8 2.8 68.7 25
EY 96.8 4.4 95.2 3.1 99.3 2.6
T A 4 86.4 4.7 87.6 1.6 87.1 2.8
15 e 76.7 4.0 73.7 3.9 77.8 3.8
I Y BE 69.4 1.2 65.5 23 65.1 3.4
R 69.7 1.8 67.2 3.0 723 1.8
f iy ke 83.0 4.0 79.1 3.9 82.6 43
MIpE s i) 94.1 1.7 94.2 1.7 91.9 2.8
EETES 76.5 5.0 72.4 2.8 72.0 23
B El i 83.0 4.7 78.2 23 79.2 3.9
[N 82.7 2.3 85.7 3.1 86.3 3.1
Hvb Al BE 76.9 3.1 74.5 2.1 74.4 2.1
ST T 83.5 3.5 81.7 4.9 80.6 3.5
AT 81.3 3.4 85.2 2.3 82.3 45
YD H A 89.8 3.8 91.4 2.2 85.3 2.4
Kinz 83.4 4.6 84.6 49 80.1 45
RPN 84.8 3.1 86.4 2.1 81.4 2.0
KR 77.9 2.1 80.1 1.3 79.8 23
Ky 88.9 3.1 90.2 1.4 85.1 4.9
K 2k 86.1 4.4 83.2 3.7 84.3 43
A 89.3 2.1 91.3 1.8 90.8 1.1

2.5 SERREEmRINE
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