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T BM 57 QuECKERS-S 0 AH (6 3% - 5 56 BT 7% (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS) [ i I 7 JL 28 Ab{Le dt v 10 Fifr 937 J6 550 (BILPS Jepi T e HH R TR . YRR iR
TR . XA R WG . AR ERHRRINEE . X RER PR TR . PRI R S N e . X R R 5
TR TP R S AR R R | YR S R L B I R BRI A AT i B R JLE ARG 48 75 5 QUEChERS
$eHUS, 1 Agilent ZORBAX SB-Cig (10 cmx4.6 mm, 3.5 pm) (4 REAE 725, 16 5 MO (15 - ER B (X 2 O
WEIRES R AT M R B AT EER 10 P I AE 0.5~500.0 pg/L Ju B LM C R RAF, LRMACREr
KF 0.999, KiHiBRA 1.5~15.0 pug/kg, FIEICEA 81.5%~106.5%, HIXIRMEMmZEE/NT 9.0%, i@ %
R . REUE R . CREE, 8T LE A o B R A .

KA QUEChERS; 0B (1% - IR ik, JLE AL Sh; BT 7
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Simultaneous determination of 10 kinds of preservatives in children’s
cosmetics by QuEChERS-high performance liquid chromatography-
tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 10 kinds of preservatives
(lodopropynyl butylcarbamate, methyl 4-hydroxybenzoate, ethyl 4-hydroxybenzoate, propyl p-hydroxybenzoate,
butyl paraben, isopropyl paraben, isobutyl 4-hydroxybenzoate, methylisothiazolinone, methyl chloroisothiazolinone,
dehydroacetic acid) in children’s cosmetics by QUEChERS-high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS). Methods After ultrasonic and QuUEChERS extraction, children’s cosmetics were
extracted with Agilent ZORBAX SB-Cg (10 cmx4.6 mm, 3.5 um) chromatographic column separation, and the
qualitative and quantitative analysis were carried out under the multiple reaction monitoring mode of high
performance liquid chromatography-tandem mass spectrometry. Results The linear relationship of 10 kinds of
preservatives was good in the range of 0.5-500.0 pg/L, the linear correlation coefficient (r) was greater than 0.999,

and limits of detection were 1.5-15.0 pg/kg, the average recoveries were 81.5%—106.5%, and the relative standard
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deviations were less than 9.0%. Conclusion This method is simple, sensitive and has good recovery. It is suitable

for the determination of preservatives in children’s cosmetics.

KEY WORDS: QuEChERS; high performance liquid chromatography-tandem mass spectrometry; children’s

cosmetics; preservatives

illlg

0 3

77 85 R AE A L G R R iR H AR EEAEA,
At S AR S B 8 0 AT LA s b U s g s (B2,
1577 5 390 an SR el FHAS 24 ] g s T 3R R SR B R 48, IR
Akl it v 5 18 751 ) ol P AT g el e A T L B e
JRFERN R B S, Ao 2B, P TE EgAe
AT SRR, TR AR B A 5 Y (Pt e
ARIAE 2015 JfO)%t FeE FeVFE TR 50 Z R0 024 1
FREFUE, ST 24 FRBEIERIRIN T, KW
T o BT SCHRARE Pt i v B 700 e o ik AR
AH €015 (gas chromatography, GC)*™® . B4 AH 033 1k
(high performance liquid chromatography, HPLC)P ' S,
% - Ji 3% B F % (gas chromatography-mass spectrometry,
GC-MS)!"* 1 s A (3% - I 3% 1 32 (high performance
liquid chromatography-mass spectrometry, HPLC-MS)!'4-1¢)
4148 B Uk B (capillary electrophoresis, CE)!'7), Hih <4
o - SO I PR 9 R €6 15 - T T 06 R s R PR i R
BINEE e VAN ER, TR BORA . 53 4h R JLAE RS
MIZERRTER, Al i B T R AR AR 2 5 S PR A A4 1Y
THEZ .

BT A BT A ., E BT e i T R AL
i — AR A PRI BT EAEAE UM 2
R, AT e, FERHC . 2DBRBTRE . Rl A 15 55
[A)f, 27 @Y, QuEChERS (Quick, Easy, Cheap, Effective,
Rugged, Safe)tf inHTAb PRI AT DIAT SR A b L g K
A THRA, H b LI, SR g B RE A i A
PR, HEAERERR . POl AT, PRI W]
SEP e A AR A T4EOR, QUEChERS HARTE £ Al
SUE A2 MO, AL R B 8 7 B RS e D4R
B, AL, AF5EEST. QUEChERS BIALFRE R 45 & ERmiA
0,35 - = K BT 3% 7% (high  performance liquid chromatography-
tandem mass spectrometry, HPLC- MS/MS)[]H 2 JLFE Akt
far 10 BT AT vk, LABATHE I SE00 = RN R,
WEETRT IR T SR R S

1 MR5ERZE

1.1 #R5EF
MY BREE T R R . YAoK RR FH R . X FR 5
KHRCHE . XFRIFEHERNER . XFRFIRH R THs . X

BREFFRRZAN  WRIEFEF IR TH . L5 sEmimt
TR, FR G R R | S £ FRAT T (B = 95%, 1E
[ Dr Ehrenstorfer 2~ Fl); Z . HEE, iR, LM (EGIE
4li, 3&[E Thermo Fisher Scientific A F)o

2 mL HZE B0 . QuEChERS ZEHUAE[150 mg Bt R EE |
50 mg £, —Jii-N-N 3L bE (primary secondary amine, PSA)
50 mg Ci;g. 50 mg £ 1kfK 2 (graphitized carbon black,
GCB)][ A JBEHE (L) e A BR A .

12 UFE5EE

AB SCIEX QTRAP 5500 = #5 i AH 0 3% - #f I i)
(32 AB SCIEX 24 H); 3 [E SCILOGEX i Jigdk 7w (35 H
/Scilogex A ]); H 7. CF-16RN & B .OAL(H A H ST
23 v)); KQ-700V i 75 i e s (B2 LU T B A5 S A PR )
ME203E. XSE204 4347 K F (G - 45 -6 0 £ 2 \);
ATLANTIS T3 {4345 (15 cmx4.6 mm, 3.5 pm) ., HILIC {43
(10 cmx4.6 mm, 3.5 pm)(3EE Waters /A A]); Agilent
Eclipse Plus C8 4 i%4E(10 cmx4.6 mm, 3.5 pm). Agilent
ZORBAX SB-Cs {8434} (10 cmx4.6 mm, 3.5 pm)(Z E
Agilent Technologies 23 ]); 0.22 pm & I (R HE T B 5256
WRARAH),

1.3 LWHE
1.3.1 Hoea®

PRI 0.5 g(MERIZE 0.001 o)kl iidtih T 10 mL Ho s
B, A 0.2%H R B TR, E4S % 10 mL, %€ 2 min,
SRITT A AR P B IR HP I 20 min, MOHE S ARG
Bt R, EAA QUEChERS #HUfl, g 2 min JR2IE,
6000 r/min &> 8 min,

B .CJE 0 3 2 mL T QuEChERS #+L
I HE 2 min, 8000 r/min &0 8 min, BRI 0.22 pm Y
TERETHERE /NI, EHLIERE T
1.3.2 ARl &k ) &

S AETAREL 10 R B RIbR S 10 mgCRi il 2
0.0001 g)F 10 mL A, FAHEEHERE, €82
10 mL ZIfEZk, #2257, Bl s ik 5o 1000 me/L AR ifEfik
B, RAFAEVKFET (4 °C)o
133 BBELH

(D)W A 3 551

3% Agilent ZORBAX SB-Cig (10 cmx4.6 mm,
3.5 um); N A: 5 mmol/L ZTRERKVAWK, WshAH B: H
Pt o B B VR AR P (W22 1); JiEk: 0.6 mL/min; #13: 25 °C;
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PR 5 L.

QBG4

B PR MBEZ2 B T (electron spray ionization, ESI);
PR PR T R R ER . L S e bk |,
F G S R AR Ay W B A TR B N B
BTRBEO: KA 35.0 psi; REES: 10 psi; 257
ZEHLE: 4500 V; B TIRIRE: 550 °C; 5L 60 psi;
B 65 psi; Kl 5 £ ) b Wi (multiple reaction
monitoring, MRM)X; 10 Fift 5 5 77 (9 Jot 1 2 B L 36 2.

2 FHRS5HH
2.1 REEIEZFHRNRL
2.1.1 AZhAeyikiE

ABFFEHEEE T HIEE-0.1% P IRKIFH . LIE-0.1%H R
KW . B BE-5 mmol/L ZFRE /KA Z A -5 mmol/L 2,
PR B2 K VA TR TR B VBV R R Bl AR X 10 Bl Ji 50 AT 43
BER R BOE R . AR, 23 S A A -
5 mmol/L ZFRE /KT, 7 Fi 71 A4S 4 o o (L s
3 S AH B e AR, T ELBE TR TR L 43 BT LIS

=2

FEst, REEMA R, HEREH FE-5 mmol/L Z IR
KA AR B AH o
2,12 AikehirFE

XPBAE L5 BT R UL, IR AR /NE R B, ARTHFR
ZEX T W 0.4~0.8 mL/min YN, 10 FhE 700 0 B i
N5 RS 3 B RCR S WF 5 R W AE R4 0.6 mL/min T,
10 Fh B B30 B A B ORI e L JBR e E DL R B
FERRE EAB LS BEAR, 10 FPBEFRLEA BN IERE B8, M
TSEBL T H AR B B 1 700 00 € 33 43 B R0 S i o i 04 e £
S, BAE HHCA 0.6 mL/min,

®1 RIEHEREM
Table 1 Mobile phase gradient condition
Hsf 18] /min Al%
0.0~3.0 95~80
3.0~9.0 80~10
9.0~12.0 10
12.0~13.0 10~95
13.0~15.0 95

10 MR FINFHES FRRESH

Table 2 Characteristic selection ions and mass spectrometric parameters of 10 kinds of preservatives

BET  TAT

ey BRI A/ms  KEHENV O BHERIEV REEE S O EY
(m/z) (m/z)
N 100.9 20 33 22 15
1 FE 22 7 I A AR ) 116.0 .
84.9 20 33 34 15
N 86.9" 20 30 22 15
2 PP S 57 W A ) 150.0
58.0 20 30 35 15
T 165.0" 20 35 23 15
30 WLPNBEE T AL R ER 281.6
57.0 20 35 23 15
e 92.0 20 -37 29 15
4 X R Y B 150.7 .
135.8 20 -37 20 15
e 92.0 20 -30 36 15
5 X R AR O T 165.0 .
1372 20 -30 21 15
T 92.1 20 -38 32 15
6 XA Y AR TN T 179.0 .
137.0 20 -38 19 15
e 92.1 20 -39 32 15
7 xR AR T e 193.0 .
136.1 20 -39 23 15
e 92.1 20 -38 32 15
8 XL Y R S TN T 179.2 .
137.0 20 -38 23 15
e 92.0 20 -39 36 15
9 XEFERAE AR S T TR 193.1 .
136.0 20 -39 24 15
) 83.0° 20 -35 22 15
10 A 2 166.8
41.0 20 -35 37 15

T g R T
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213 &kt

AT HHLRT 4 FpBAANFIEEEER AR, &
BAIHE ATLANTIS T3 @35A: (AR PEAb G 9 17 B BE 75,
TEK U SA TP PERERSE )« Crs LI FE (DR /N e BB
RERE . T BRI ) . Cs U (S b Bk e
SRR M HILIC (AT (1 7 O 7E SO 33 v Or B2 55
ZH B AW . Z5HRRET 10 FIBTE R4 Agilent
ZORBAX SB-C5 (10 cmx4.6 mm, 3.5 pm)f@ifitt B3R5 T
SN FRAR 3 B SO o e A E A3 A Agilent ZORBAX
SB-Cig (10 cmx4.6 mm, 3.5 um).

22 FRIEEHHIMRK

fRAEIX 10 FhBH I A S5 F RS, SIS BmE T &
FHTRTR . H L S s mpe okl 3 G S M e R 1 4 7 1E 15 1
TN =R U | P iR e S E iy G W= B o s Uil g
FNIEAT — S, B — RSB b B o W HATHE,
BRI ETEE, MRS 2 MR T
ERT T, SEEFHRE X, FXTS R, 3F

P bR EE T E 5 H R AR
" 5.94
% 1e5‘~ h
']i‘
.|=E_l' Oeo ! ! | | | | | L
123456789
A B3 B[] /min
B 5 S5 g e b i)
10000 3,27
=L
E 0 1 l | Il | ] 1 1 1
= 123456789
A B3 B 8] /min
R FEF TR T TR
6,13
% 20000( p
‘E1
= 0 I T T |
E 123456789
B8 it ] /min
XHEFR R 2.1
B Sed 574
-
‘].S 0e0 | | | | | | | |
= 1234567809
£ B4 bt ] /min
o} 3 A H e Y T
10000 5.36
=
5
= 0 | | | | | | |
= 123456789
A B4 i 8] /min

B ISF 1) S i R TR S EA T, R i R B R o
e AR Bl . 10 R IR A9 5E 2S5 MRM
FIDLIE 1,

2.3 HmETALIE AL

2.3.1 REFHeHhAL

B A [ B 2 0 390 R 4 BB () %o 5 Ay 104 Tl i
H—E R, AR T NG HEE. 0GP
(95:5, V:V). 0.2%H R B . 0.2% R Y B v 5 Fi
AN TR) A FR IR 77 A 2 22 7 % H AR AR BOSCR B 52 55
SMEZEEE TR RN [E)(10, 15, 20, 25, 30 min)X} HAR
PSR SR (6 3 ISR 4). Z5REW, 4R 0.2%H
1% 0 R A SR BB R T, 10 R 875 8 570 () 32 BB Wi 5 e 2y
(3 3), T ELTHR IR 75 8 70 %o i A P AR N, 2442
B E) 2 20 min B, BARPI BT E R A R T HoE, 3k
53 81.7%~104.1% M MM (3K 4), FILHE T HRAEREUY
BeaEH 0.2% H 2 HY B 42 B 20 min,

X FEIE H RN R
~ 6.42
= 10000L
a
= 0 L L L 1 i — it i
= 1234567289
13 B3 B[] /min
FF 5 S S o e b )
4.58
i 10000T
HH
@ 0 l l | 1 1 | | | |
= 123456789
L83 B[] /min
Xt R R R B
" 6.42
glOOOOl» A
‘E 0 l 1 1 1 1
= 123456789
£ B4 Bt ] /min
XEERF RS T R
6.13
%20000(
g 0 TN TR T B |
= 123456789
£ 83 B 8] /min
AR
# 10000 3.67
w
il
= 0 BTN S S R e

| L |
123 456 7 89
£ 8 0 8] /min

BT 10 BREEIE R MRM F
Fig. MRM chromatograms of 10 kinds of preservatives
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232 HAiEtey kA

T A i B BT B A 2 A 2R, A5 0 I [ A 2K LS
b TFB, S8 S ZERAHZERE, RYESE I — ik,
Rl vy i O AR XV, AN SR N I S e B TR,
AT RESZ AN 25 5, BT LLitE— 2548 S Aol S A 5 1 v ik
FERBEIAELE,

ABFFERRTAL BR A QUEChERS ZEHUE, X H &k B,
i ik QUEChERS b5 IURE AL R B T 48D, Wl i
A% QUEChERS 4+ fk 4b 1 9 |1 g R 22 w5, fr AR
QuEChERS ¥+t 7 = B g /2 S ik

24 ZMxFHR. KHRAMEEZR
B 10 R JE FR b o o5 0 W2 R AT B AR v LA
W, % 1.3.3 B SE A FRERE AT, LLAERN 5 155 5 ) g i

SRR FRRL ) B R BE (X, pg/L)Ze il bR £k, AR R 4L
¥I7E 0.999 LUL; S3AMRENZeERIA T RE . 2R PESER L 5.
ARSI R A PR IbRE:, LA 3 A5 HL A O A HH R,
PL10 f5fEMe s e BB, 32K R 1.5~15.0 pglke,
FERPRA 5~50 pg/kg, 0T LA AN T AT R
2.5 INFREISEFEEE

SRTEK . FL. T RESEAS IR TP IS IS [V B v
WU, BTSN ENSCROR % 5208, SR HPLC-MS/MS i
FEIE o ZEAC. v A 3 AN UK B N -3 i
(BRI BE AT 6 R)TE 81.5%~106.5%2 ], AHXH5R
Wi 25 (relative standard deviations, RSDs) A 4.1%~8.2%, 4
INTF9.0%, HEERPENE 6, 455 %M QUEChERS b5 i
FER AR, RS ER

®3 RIATIT R BRI RE R (%)

Table 3 Recoveries results for different extraction solvents (%)

PG HH e ZWE 2 (95:5, V:V) 0.2%H iz I 0.2% P i P it
PP 56 S5 W e b ) 78.5 78.3 76.6 81.3 84.1
FH 5 G S5 e e 80.4 81.5 80.3 83.3 84.4
TP i T L2 2 g 83.5 87.8 83.5 86.5 87.9
Xof 2 BE A R Y g 79.6 82.6 78.6 80.9 83.2
PUpE S A 84.3 88.8 86.3 94.0 94.6
P HEIR IR Y R 95.2 98.1 96.5 101.5 103.4
PR FEARH R T R 92.5 91.5 89.4 92.2 92.6
Xof 5 B R S5 N TR 96.3 95.5 94.6 101.5 104.4
YRR R S T TR 96.2 96.5 93.2 97.9 98.4
BAZm 86.3 83.2 82.3 87.1 96.9
F 4 REATE A ER A IR LE R (%)
Table 4 Recoveries results for different extraction times (%)
P H]/min 10 15 20 25 30
P 5 S5 W A b ) 74.5 78.8 81.7 80.5 80.3
FH G0 S5 1 e e 75.4 78.6 83.0 82.7 81.3
WP PR T B2 R IR 84.7 85.9 87.9 87.6 87.5
Xof ¥ R R HH i 77.8 78.7 82.5 81.8 81.9
X ¥R TR £ g 86.8 90.9 94.9 94.8 93.3
Xof 5 B YR N 1 94.2 95.5 104.1 101.5 101.2
PUPZE i NS 87.5 90.6 93.7 93.6 93.2
PR YR S I TR 94.7 97.8 101.8 101.2 101.3
X IR BRI R S T R 94.9 96.8 99.2 98.8 98.9
w7y 85.6 85.8 87.8 87.6 87.2
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Table S Linear ranges and regression equations of 10 kinds of preservatives

W55 785 751 LMEVE R/ (ng/L) S eACIVEpry
P i I e b e 5.0~500.0 Y=3.02519¢4X+4.39196¢4
FF 50 S 1 e b ) 5.0~500.0 Y=22565.57069%X+9718.30858
A2 5.0~500.0 Y=25990.01004X+24438.32909
WP R T R 21 R e 0.5~50.0 Y=19022.48302X+20299.56322
Xof 2 B8 H R F g 0.5~50.0 Y=8831.66059X+5591.71272
X BB R L 1R 0.5~50.0 Y=12942.75989X+8449.14814
Xof F2 BEA R N g 0.5~50.0 Y=16488.33938X+1.31510e5
XL R TR 0.5~50.0 Y=5100.95176X+7720.24038
X ¥ 2K R S N TR 0.5~50.0 Y=13751.36838X+4927.29950
POp=ErS ilE lT 0.5~50.0 Y=5859.10227X+8393.22752

R 6 10 FHRGEF A T 14 B U IR FHE B LI LE R (n=6)
Table 6 Average recoveries and RSDs of 10 10 kinds preservatives (n=6)

K 2R i
EY AR /(ng/kg)
SRR /%  RSDs/%  FHEIER%  RSDs/%  FHEILE/%  RSDs/%
50 83.3 4.1 87.1 5.6 86.8 5.3
PP 5L 5 1 e bk 100 94.5 6.2 84.9 6.8 83.5 5.9
500 88.2 7.4 86.2 6.5 106.2 6.2
50 923 5.2 86.3 4.9 86.3 6.6
PP 5 G S5 A e e 100 88.9 6.0 93.5 6.5 88.5 5.7
500 923 5.6 91.2 7.1 104.2 6.3
50 88.5 5.9 85.5 7.5 92.7 7.2
BE 100 92.5 5.4 96.5 8.2 88.5 5.3
500 106.5 43 102.5 7.8 103.5 6.1
5 82.9 5.2 97.4 6.6 94.3 5.3
P e B R g 10 86.1 6.1 85.3 6.2 85.6 5.9
50 96.4 49 102.3 6.2 87.2 6.2
5 94.3 55 95.7 5.4 84.5 5.4
Xof ¥ BRI H i g 10 86.6 4.7 84.2 6.2 81.5 4.9
50 85.5 4.9 86.9 7.5 96.9 7.6
5 102.2 5.6 88.9 5.6 85.3 7.2
X B £ TG 10 95.4 6.2 93.3 7.5 96.6 5.8
50 86.3 6.5 94.8 8.2 99.2 6.6
5 95.2 5.7 86.4 7.4 86.5 42
Xof ¥ B YRR N TR 10 96.4 4.5 104.5 6.6 94.5 5.6
50 87.3 6.8 92.5 8.2 86.9 7.8
5 101.3 7.5 82.1 5.5 91.5 6.6
X R EEA R T TG 10 92.5 6.4 98.1 5.8 97.1 52
50 88.5 6.3 95.5 5.1 102.4 5.4
5 98.9 4.6 92.9 6.5 95.7 4.9
Xof ¥ B H R S T TR 10 93.6 5.6 103.3 7.6 83.7 5.3
50 88.4 5.5 102.8 6.2 85.8 6.5
5 87.2 5.9 89.5 7.3 96.5 8.0
X FRHOR R 5 T R 10 93.8 6.6 88.6 5.5 86.3 7.2

50 86.6 6.2 92.5 4.5 98.5 6.7
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2.6 SEPRFERANE

MR R KA L BRAE 30 R, SRITA
JEEATINE, R 3 BRI, 1 FLRAEA
FRAE P B HY e S R ] | P R G S R AR i, LA 0
GERNR I 5 2 BIRERL R RR SRS T BUA XR ISR R
TR, RS Rk 55 3 IR RRE A AR T I 4
IR PTG, (EAS DN ZE RO

3 5Tt

AMFFE AL T ILEE A i HR N bR T A R TR |
M FRER RS . XPERIEIE IR B . XHRIEIEH RN
i, MPERILFEFER TR, XHERIEIEP RN . XEIE
FIRR S TR . LS MR | P 35 G S e A . A &0
21 10 F 57 J5 30 i QUEChERS- e R0 MR AR €033 - 73 1 i 12,
QuEChERS &b #14E A L A% G0 0 R A 3 7 76 % T i 1)
R, BefEdufaifE, i Bk BoA REUE R . BIeRL
SR, AT LA LR bt b H B 70 S B R R
(i) S T LA A A1 2 I A, e oA A, 6 Aot it 1)
Jo AR ] LA R

S 3k
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