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IR A ARBFFERI T DART-MS/MS HiA #3571 —Fhot ot i i URA [EHMC  B-MDM s ffi
B SOE RN P R AL AT AL AT (6 Sk A PR O, MNRE G /N BT 3 ASCRT S 3 I (6 7R 2 B A , ]
R R b AR 2 Aot i T 354 4 WA AR 3838 K, 32 5 AT o B G At it P T A 7 o A T A 2
1 S
1.1 RAFFNR

T (8% 4l , 518 Fisher 24 H]) 3 SWE(A3HTAE, W /R EEA Wil 256 BRZA 7)) 5 BRPUER XS B (Ll 2R 74
WAk 2E Tl A PR R 5 HVAR R AR &k L o BEG (g st T AR A BR A W) ) 5 1 5 R A0k — R T ik
e F G T B ity (M T 3 2R A A BRA WD) 5 4l N, He U (AHJE 99.999% , KBFEEVEAS) )35
H O/W BB RR ( 5563 ) 5 B IGRR (O/W 1Y) B ih g T i v o

DART B T (35 [E Ton Sense /\ 1] ) ; Waters Purifier-RM200 # 4 7K ¥ ( K F R 1) ) 5 Agilent
6520-Q-TOF B ¥ ( 36 [E 2 HE(E 20 v ) s BT25S Hi K- (FE ZF i RL 22 A (b m0) A R | 5 KQ-500
DA BUECPE S B e (B LT (LA RA A ) ; Centrifuge 5810 R BYEL.L L (8 Eppendorf 247]) .
1.2 XWHZE
12,1 xRS il o

K5 % R URA \EHMC \B-MDM X #5445 5. 0 mg, & T 5. 0 mL 20, 235 RS | S0 | L1
RIS B FEA) LB 1. 0 g/ L A0 B AL 25T, T 4 CUKRTRAE , & o
1.2.2 brifth 4y 2 il

KRR 0. 2000 g 25 [ O/W BRI FFE &S T 10. 0 mL HFEBERE B30 o, ] 54 5 Hh 435
R AR g URA CEHMC  B-MDM Xif 8 iy 75948, P 080 2 2 531 24 0.,25,50,100,200,500,750
11000 mg/T. (iR 2 R BV 2051 3 FRAE S RN 10. 0 mL I P S, £ 5], B 75 52 I
5 min,8000 r/min B.0> 5 min K FIEWGET 0. 45 pm GLFLIERRE, ARSI, T 4 CUKF AR . LA
DA AUETEIAR () S NABAR R AR TR BT R R BE (oo, mgy/ L) S REARAR , SEATERAE T, 25 bnfE i 22
1.2.3 Al 2

AMagiedE DART &5 I8 IR AR NSO He A0, N SUVE N B 7ARGR I 45 He U5 &
FERIROBE o T WA RIS I 22 A ARSI AE AT ARE S A He /3, BT N, 88 He “URANIE, T
X LY A 25 1 TERF LA NS, 1T 3R

DART 44+ “UARIE T34 0.5 MPa, 5E & 53 SR FH i 0 A6 e 5 2 A7 A I, 28006 4% 3 3l B Oy
0.2 mm/s, & FREACREE , B ZHCR AN E

JFrig g P E m/z 50 ~ 750, 43 3%k 35000, AGC Target 1 x 10 ~° ( Automatic Gain Control ) |
IE B AR (Full scan) ,DART B 755 T A L AR 1 em, HEBHOR A BN .

2 FRHiE

2.1 ITESHHKhKL
2.1 1 AR EE Rk sE

DART i 75 % — 2 A2 SR BE A AT X R T8 43 347 22 S AR il Al T 00 =2 25 Ak, i LAAS [ 4 DU
YT BRI R B S AL, TR B AR S R R o A Y i S s R AR AL, IR AR
PR R B T AT AT (EL IR 1o 8 R 2 A AR 11 TR S AP TG 1 R s T 1k
A,

AR AR B IR B e AL, A3 I BCE 3 R Y 10 me/ L AR IR, 4% 1. 2. 2 D BRAG BT R
12,3 WA vkl , RS WA 4 A B 10. 0 L 20 R P47 5 I, 7E DART-MS 3443 31 T3l
AR H 50,100 150,200,250 300,350 400 F1 450 C , 78 & T ¥ i B 350 C . fragmentors HL Ff
175 V kg MR 350 V(4 454 ARG I oy S0z /5 28 ML RE 0 56 2, il 45 SR A FH e 1o ARG AT LU 3R . 4521
R, 3R Bt TR RE ) T e 0 TR R B RS /N e, 43 il 300,350 A1 150 °C i ey, H
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Fig. 1 Optimization of gas temperature (A), fragmentors voltage (B) and grid voltage (C)

2.1.2 Fragmentors Hi J& 1Y 1E#E

Fragmentors Hi He 34 R 254 g Ml B, R 38— R B W 25 G 88 Fr 7 As o R il fragmentors HE 34 31 B
TEAEL, 73 I BCE 3 RS 10 me/L A EECR A, 3% 1. 2. 2 D RAL FOF 4% 1. 2. 3 19 5 i e AT A
MW H I 10. 0 Wl G AR, -4 5 UK, 78 DART-MS #4535 T3 895 fragmentors 1 [& 4
50,100,150 ,200 ,250 ,300 #1350 V, 7£ =I5B 350 °C ZAE 250 °C AS M 350 VY 55440 A
I WE WAE 5 fragmentors L ) O 28, A0 25 SR PG TRI AR AT L AL . 45 SRR W, fragmentors H3 [T 45 FE,
s P98 o g T R S 30 2P 1 RS /N B R A, 43 3 AE 100,150 1100 Vs e T AR A K, L % i T B
(EI1B),
2.1.3  fefbsaeg s

I3 IBCE 3 BT 10 me/ L AR TR, 4 1. 2. 2 D IRAL BT 4% 1. 2. 3 Sy ikt Ar A,
FWAR A AL 10. 0 L 20 R, 47 5 W, 78 DART-MS 2485351 T 3h I8 5 A Al i[5 24 100 150
200,250,300 .,350 A1 400 V,7E & TIRIEE 350 C RS JEE 250 °C fragmentors Hg [T 150 V {954 T
0 7 {55 M R S 9 O R, ST 45 SRR P 0 T AR AEA 7 LA o 5 SRR WD Al el H Wit o i, s g 48 o e i
R IS K5 I N 3, B 23 IFE 150,250 1350 VOB AR, S LT B (K 1C0) .

2ot AL, URA Ay S A AG I 75 v 2 - 30T BE 300 °C | fragmentors HL [k 100 V A& Al ST 150 V;
EHMC (1 S AR I 75 35 J2: « 2R 350 °C (fragmentors LK 150 V A4l 250 V5 B-MDM 1) e {445
M7 2 B 150 °C (fragmentors B 100 V AAFHL S 350 V,
2.2 EMESH

AR S XF 7 PG R AR ot o VARSI SR B A O 2 I 7 P R, O T DART 8155 i
T2 AR 0 B A DX 4% 1. 2. 3 1 iR TR , ) DO AT AT I ) BT 3 A 7 5 5 M, TE
TEEF AT E S URA Y[ M+ H] "4 (m/z 139.0513) . EHMC A9[ M + H] " I6 (m/z 291. 4070 ) F1 B-MDM
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ALM +H ] " (m/z 311. 3985 ), JEIMT ELHGENE, 3 Ml A S DN 55 BB (E X LEANER 1 B o BB AR EL4E
R A5 5 BE AR, FELXT T fheote i 5 PESEARE AN o 3 ol st o0 1) ER R B3 PTG ] 2 s

x1 sMESEREE

Table 1 Comparasion of the theoretical values and measured values

Components Theoretical value [M +H] * Measured value Deviation
URA 139.050 8 139.051 3 3.60
EHMC 291.4079 291.407 0 -3.09
B-MDM 311.3979 311.3985 -1.93
100 100
A 5 URA B . g EHMC
g mig1E Cngess i g |= miz 291 CID@30.0 eV
o 80F g *Q\//\( < 80F a o o
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Fig.2 MS” spectra of URA (A) , EHMC (B) and B-MDM (C) obtained by DART-MS
2.3 EESWH
IR A i & A R BE ) (2015 4EJR) AR AE , X URA [EHMC F1 B-MDM 47 & ft I, #%

001 1001 o 1001
X & X

b b b

Q o Q

5 g g

= = =1

3 3 3

£ sof £ sof £ sof
o o o

= 2 &

= = |

L O L

& & 2

0 " L " 1 " " 1 1 " " 0 " L " 1 " " 1 1 " 1 " 0 i 1 | - ra— L L 1 h a
00 02 04 06 08 1.0 12 14 0.0 02 04 06 08 10 12 14 00 02 04 06 08 1.0 12 14
Retention time/min Retention time/min Retention time/min
¥l3 URA(A) EHMC(B)#F1 B-MDM(C) (32 B0 i &l
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12,2 YR BRAL PRI 1. 2.3 W7 ik gt ek I , 3 ik 1 B AR, 20 ) 3 s i SR B
B (B 3) EAT R e g T AR 5 o
2.3.1 PRI P i R
122 TR RAC AR A 4% 1. 2. 3 WA E AR L BN 05 B A SC RBAE S T3k 1 aT AR
ZITTEMEME R R R (r>0.99) #2108 3 AH{EME L (S/N =3) I iRARKHER N 7.5 mg/L; #2188 10 455
WELE (S/N =10) fFERR(LOQ) Jy 25 mg/L,
®2 EAFRMEXRBREHR

Table 2 Regression equation, correlation coefficient and detection limit

Components The regression equation The correlation coefficient(r)  Linear range/(mg-L™") Detection limit/(mg-L™")
URA y =33786x — 1E +06 0.99 50 ~ 1000 15
EHMC y =19359x — 78647 0.991 25 ~ 1000 7.5
B-MDM y =38257x —2E +06 0.992 50 ~ 1000 15
2.3.2 FE®mE

Sy HIBCE 3 FALST 9 100 mg/L A HERS IR, 4% 1. 2. 2 B BRAC 4% 1. 2. 3 ik SL b e K
D, BEASFE S EE S 6 IR, IE R TRI R . 25 3R B, 3 Tl o B AR U A v f 22 ( RSD) SP S4B AE3. 59% ~
11.23% Z [i] , RSG5 B R AT o
2.3.3  [AICR RSB v I 22 % E R

H25 1 O/W T B P RE 7 T AE i e 0 2 P i 11 P 43 I AR Lo sk B (B 50% . 100% ¢ 150% )
(AR RR SR VRSV, 3¢ 1. 2. 2 2D BRAC IR IT 4 1. 2. 3 5 5 il g FL SR n = 6 SRHSE I . 25038, °F
I RNSCRTE 96. 7% ~109. 2% AN FRiEN 22 (RSD) 7E 1. 31% ~8.65% Z 1], 45 R L3 3,

F3 ALtk rp R AR TR BY B4 2R AN AR AR R =

Table 3 Spiked recoveries and RSDs of sunscreens in cosmetics

Spiked/(mg-L™")

Components Average recovery/ % RSD/ %
50% 100% 150%
URA 5.09 10.17 15.26 102.9 98.3 100.6 3.832.251.31
EHMC 5.15 10.10 15.15 96.7 109.2 104.5 4.188.654.24
B-MDM 5.03 10. 06 15.09 105.4 102.2 108.6 5.542.987.39

2.3.4 fEtE

3 HIBCE 3 Fh AT 100,200 F1 500 me/L A, 4% 1. 2. 2 D IRALFOf42¢ 1. 2.3 5 )7k
M 5E , A o> B SR IEAT 3 ARA AT o 3 PR TR A I TR 0.2 4168 12 h ifEREINE , B4
RS At P VB T AR () N 1) 2% T A E M KU s T AR 25 5R SR, (I e 12 h INRUE .
2.4 LEREFERNE

o7 AR S8 S ) D3 o T T 20 ) 7 O R EA T A , 45 R B R R B i AR L URA KA H
HAR P B A0 64 35 R AEAS 7 vk 1 R MEYE L Y, EHMC A6 S 5 20 BO7E 10% LA, B-MDM. £
JBt b 3 B FEIE 5% LA o A7 i AuAG h BR i i BRAF D7 AL TAE 4807 ik AR BIAS O ik I S wl 17

3 Qn 1b

AHIFEH ] DART FORES G o BB, dEar T — R Db 28 At i rpARE B IS il 49 07 i , 18
TN TR fragmentors HL S MRS AL T SE S HOAATILAL, 800€ T SR AESCHR 25 P o 127586 R i P A
85 ST = O R 1D LS EE R AN P Wi ST 3= R o S L B O e SR 2 N R L 2/ ok SR DG 1
P Aot it F AR R TR IR0 A URA S5, 75 LRl i 1] BRIV AT 5@ B A i A T, 083 o P I G 2 Jon 750 4
EHMC ,B-MDM 7£ 30 ~90 s BV A] 52 s 26 1 e s A , HAT By (b B S BB 1205 6 DUR
Pt it i ) WA R B 07 18 SCRr B A %, TR D 31 B DART-MS AR TE A A div bR 3 i £ 10k 24
TE T —5E AR o
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Rapid Determination of Three Components in Cosmetics by
Using Direct Real-time Analysis
Ionization Mass Spectrometry

JIANG Tao, DU Lianyun, ZHU Shuang, WANG Huan, ZHAN Yu, YU Ping,
ZHANG Zhe, WANG Enpeng“ , CHEN Changbao *
(Jilin Ginseng Academy ,Changchun University of Chinese Medicine ,Changchun 130117 ,China)

Abstract A rapid method for the determination of the contraindicated component urocanic acid ( URA) ,
approved sunscreens 2-ethylhexyl 4-methoxycinnamate ( EHMC ) and butyl-methoxydibenzoylmethane
(B-MDM) in cosmetics were developed using direct analysis in real time ( DART) of ion sources combined
with four-pole flight mass spectroscopy. For qualitative analysis by positive ions, the Full MS/Targeted MS®
mode is applied to obtain the mass spectrum and cosmetics can be directly analyzed in the ionized area. For
quantitative analysis, DART parameters are systematically optimized to achieve the best detection performance
and the module sampler is used for automatic sampling. The linear range of three kinds of components is 25 ~
1000 mg/L in the calibration curve with a good linear relationship (r >0.99). The lowest limit of detection
(S/N=3) is 7.5 mg/L and the minimum quantitative limit (S/N =10) is 25 mg/L. The method recovery is
96.7% ~109.2% and the precision RSD (n =6) is 3.59% ~ 11.23%. The method is simple, rapid,
efficient and environmentally-friend. It can be widely used in the rapid screening and quantitative detection of
banned additives in cosmetics.

Keywords direct analysis in real time mass spectrometry; sunscreens; urocanic acid; 2-ethylhexyl

4-methoxycinnamate ; butyl-methoxydibenzoylmethane
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