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Rapid Screening and Confirmation of 22 Chemical Sunscreens in Cosmetics
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Abstract: A method based on direct analysis in real time (DART) ion source combined with
electrostatic field Orbitrap high resolution mass spectrometry (Orbitrap HRMS) was developed to
rapidly screen and confirm 22 chemical sunscreens in cosmetic. Chemical sunscreens in cosmetic
samples were extracted with methanol-tetrahydrofuran-water mixture (25:45:30, V/V/V), and the
extracts were diluted with 80% methanol. The aliquot (2 pL) extract solution was added to the tip of
quartz glass rod and determined by DART-Orbitrap HRMS. The sample transmission speed of the
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injection module was set at 0.5 mm/s. The DART ion source was operated under helium reaction
mode with an ionization temperature of 500 °C and a grid voltage of 400 V. The distance between the
ion source outlet and the mass spectrometry inlet was set at 3.0 cm. The HRMS was conducted using
a full-scan and data-dependent acquisition mode for both positive and negative ions simultaneously.
The primary scanning range was m/z 120-900, the resolution was 70 000, and the temperature of ion
transmission tube was 320 °C. The method validation demonstrates excellent specificity with high
sensitivity and no interference from cosmetic matrices. The limits of detection (LODs) of 22
sunscreens are 0.04-4 pg/g. In the analysis of actual samples, ethylhexyl methoxycinnamate shows the
highest detection frequency. Among 15 batches of tested sunscreen products, 3 batches fail to detect
the labeled sunscreens, while the remaining samples contain 1 to 6 chemical sunscreens. In the
analysis of 6 batches of cosmetic products, ethylhexyl methoxycinnamate is detected in 3 batches.
The detection results are consistent with those obtained by high-performance liquid chromatography
(HPLC). Firstly, the mass spectrometry conditions were optimized, including the determination of the
acquisition mode and the selection of the optimal collision energy. It was found that camphor
benzalkonium methosulfat had a different fragmentation pattern from that of other substances, of
which a methyl sulfate radical was removed, following the breaking off of a methylene group. Then,
the DART ion source parameters were optimized, including the ionization temperature, injection
transmission speed, and grid voltage, while the spotting volume was also investigated. Furthermore,
the pretreatment methods were investigated, including extracting solvent and diluting solvent. The
results showed that the addition of perchloric acid has little effect on the extraction efficiency, and the
response of dilution solvents such as methanol, ethanol, tetrahydrofuran and 80% methanol was
compared. Considering the instrument response, peak shape and environmental friendliness, 80%
methanol was selected as the dilution solvent. Finally, the LODs of this method were compared with
those of different methods such as HPLC, LC-MS/MS and GC-MS, which showed that the DART-
Orbitrap HRMS has the advantages of rapid screening of 22 sunscreens and low detection limit. In
conclusion, the established method provides easy, quick, accurate analysis of chemical sunscreens in
cosmetics with minimal environmental impact, making it ideal for rapid screening and confirmation.

Key words: direct analysis in real time (DART); electrostatic field Orbitrap high resolution mass
spectrometry (Orbitrap HRMS); sunscreens; rapid screening; cosmetics; diphenylene-3; 3-benzylidene

camphor

5 46

Wi 35 71 2 5 Rz JEk A EHL DA R B 9 6 A
8 AN T v B3 I A 38 3T 1A A R I
di, T & W T K. 2021 47, 3% [ B i fb ik
it T 7 B R 3K 165 1278, 2915 2 BRI )
12%, 3T JLAFEATS LA 23.8%H( 4F 3 35 3 R 1 2 14
R B G 71 2 s G A ohe i ) TR0 B4y, DA
V% AR H X AR B R 00, R 4l
27 875 TG 700 R 3R G700 o JFE v, b i ) 2
— R B E YT, AT BE A N R R R A B
JoR R DTN Bom | L FE RN A 3R

ALAFTE RIVE DY, R At i A R B . R
B, By I 288 Aot it s TR R R At i, TE iR 2
PSR X A0 IR B W o SR, HEH]
k27 7 8 550 % o 25 R PR 2 B 2 5 PR A SR TR A
T RFSE PR A, A5 B 0 o Bl A A 25 5 FR
(Al it T A B ) (2007 4E iR ) B4 Wic 2k 25 Fhifie i
b2 B W), 2016 4F 12 A 52t i (feofk i % 4
i ARBLIEL Y (2015 4F R (LT FR “CRE )7 )BT
T 6 Bh, MHBR T XSS IR H R ; 2021 4F 5 H
FEl 5% 24 Wi R A A I S it 1) Ak o A R IECRE B



%551 RL4JEZ . DART-Orbitrap HRMS 325 7 A K i IE Ak M b 22 Pk 27 B il 77 639

SN 337 R R 0 A B (1Al 0 SRR B
AN 2 -2 A B 551, 7 H ARS8 [ R Ao el e,
R B A TR ] v FH 57 6 551

A2 577 8 750 A A, R S o R 3 o
T i AN B 0 1 0 4k A L, 57 W e i A7 E Y
T2 L[] R S B S %) B I ) e 2 5 AR A B R
FEMFERA —2 (HAEENE, TFE AR —
AP ol (PR B G . MK . BB AR A )
TRINT v RS Ak A4 B I AR, LS 2 A 2 B R
A, T EE XD,

AT, [ 096 50 5 FF A G 0 v AT i vk BT
R ia A B R S G L b = A (R e
B B 500 K 0 SR FH = O B R - AU A £ 1
(HPLC)- —# & 51 K5l (DAD) % 22 =, TRAH
T - B R BT 3% (LC-MS/MS) 5 8 PR IE . {H 3% 8t
D7 R AL BB R, £ 3k O S R I SRSk IR
T 7 W 0] 0 € 5 PR B AR i, LR I S A T
o FH R 2 A U 0k g, A AR A L ) 3 49 € 3 A
JE A I FR G, ME LA L Rl R A R . S
i ELF2 53 BT (DART) J&— R B i =X K AU
B, T E 2 WA Ab BRI g Ve, A
T, SR, R kEgz" 2y
AR R RN o 2 S s A A A i N, R
T AR i A5 1 1 R A

A5 HE T DART 5 L 37 08 B sy o0 98
J5t i (Orbitrap HRMS ) 15 FH 47 A, He 2 i A I #f
E 3-30 7 S A% i 45 22 Fh Ak B W), Jf 5 HPLC
TRIEAT X FL R GRAIE, A 2 A fhok b R T B
WE BB AR S HE

1 SEIEES
1.1 B 5iLH

Q-Exactive P4 1% #F L Bf 1% 1% . Vanquish
5 SO AH {0, 3% 1 . 2€ [ Thermo Fisher 2 &)
i s DART & 18 A2l B RHEWHE A L) f
PR & 7= s XP6 H J7 43 2 — K- Fii 1 Mettler
Toledo % w7 i s MSE125P-000-DU Hi, - /3 # K
-, % [ Sartorius 23 1) 77§ ; UA22MFD #7451
15 Wiggens 23 7 7 it ; Milli-Q B 4l K R 58 56
[ Millipore 23w 7™ fi; 20 A(LEEE 99.999% ):
B R IR THE A A o

3-W R AR K (FSI-1, 4lEF 97.00%) . —ZKHH-3
(FSJ-3, 4li iE 98.00%) . .\ 3 4 figi i iR (FSJ-5,
4l i 97.00%) . X H 4 5L PR RE R S5 1 I (FST-17,

4li i 99.60% ) brift fifr: E K LGC Standards 23 F)
77 dil s 4-H R AR il (FSJ-2, 41 BE 99.60%)
T4 HE O T OB M 3k = W R (FSJ-10, &b
98.40%). H 1y h me = RE 4 %e (FSI-11, 4 f&
93.60%) . X} 24 & 7K H iR (FSJ-21, 4 & 99.60%)
TR -4(FST-4, 41 98.98%) . ) 5 A Bk (FSI-
16, 21 98.80% ) . A KL 2R I WK ML i (FSJ-20, 4
& 93.60%) b1 it i : 7% [E Dr. Ehrenstorfer 2\ &) 7=
mi s W -3 O ORI B SRR S — 18 (FSJ-6, 21
99.30%) . £ 5L =B (FSJ-15, 46 99.50%)
V. 35 - - = s 35 O FE 3 T 3 /) (FST-18, 46
¥ 99.00%) . B 78 37 K (FSJ-19, 46 99.30%) b
T e b U2 AR R IR 55 A1 BR S WD
mh s T3 AR TR FH R R P e (FST-7, 4l B
98.90%) . 151 o 78 FL £ HY I it R &k (FSJ-8, 4fi &
99.60%) . — &2 52 R H Ik R W iR O 1R (FSJ-9,
4l J& 99.00%). — H A PABA Z 4 O g (FSJ-12,
4B 99.90%) . H AR A HE R < 2 O IR (FST-13,
4li B 99.00%) . 7K 4% & £ % C I (FSJ-14, 40 ff
99.50%) . — % il -2(FSJ-22, 4li B 99.50% ) bx 1
wh: % [E PANPHY-Chemicals 23 5] 77 b HE . 2
Pt DU SRR - X R R g, 1 R T R
oK. WiR. CmRE: ¥ takg, Ligkh T4
ARz B A7 BR A | 7 s o R (Dh g2t ): e
AR A BR 2 R

21 AT At SRR A 1S SR AR S Akt o
4055 577 1 75 L 157 G 2 A BT AR EL 5 6 R i 28 Akl
i, A0 BB 75 . DD FR AR .
1.2 XBHE
1.2, W FIECH] AR 25 B G 7] i i I, 45
B CHLYE ) % 0 TE ) v Fn i 3R 5, T ok Y -
DU Sk TR 2K T TR (25:45:30, VIVIV) IR & 1 5
D) IR 1-D0 Sk 7 (11, V1) GRA W
F2) . H P Sk IR -0.02 mol/L 2. R #% 1 Wik
(20:30:50, V/VIV) (IR A ) 3) . HE e P &1k g -
0.06% = SRRV R (25:45:30, VIVIV) GRE TR 4) .
122 BARAERMACH]  FRIGE & /9 22 Fhds o
mn, DAIE S 7 IO AR 1 g/L SR AR, 51 F
# 1. Hp, FSI-20 5 i A8 1 2 K 5 5
123 AR REH  BH 0.1~20 mgL
BB SRR W, LA H R 300 V., B T ALIR
& 450 °C. JEFEEE 0.6 mm/s )G DART 44
5 [ WG 751) 0 7, 35 498 &4 k) 197 58 BE AE 1% 107~
1x10° XF 137 A v B2 f /. DART S8, itk 43 B



640 BBkl etk

F1 2 MBBFRNEEER BREERETRRSINERRIRE
Table 1 Chemical information, single standard reserve solution solvents and mixed standard solution

concentrations of 22 sunscreens

*\ =73 :*:v,*vﬁq JELA *\~ LIS VIE Y *a
No. CAS number Molecular formula Structural formula &

reserve solution solvent mixed standard solution/(mg/L)

FSJ-1  15087-24-8 C,;H,0 1 0.2
FSJ-2  36861-47-9 C,sH,,0 1 0.2
FSI-3  131-57-7 C,,H,,0, 1 0.2
FSI-4  4065-45-6 C,,H,,0,S 1 1
FSJ-5  56039-58-8 C,;Hy0,S 1 0.2
-
FSJ-6 187393-00-6  CsyH,oN;O5 E 2 0.5
Q0
/\/>/\0 OHH o’\<\/\
FSJ-7  70356-09-1 CaoHaO5 O O 2 02
O/
7
FSJ-8 52793-97-2  CyH;NOsS ] > oo 1 0.2
N4
SN
FSJ-9 302776-68-7  C,H;NO, OH 1 0.1
o)
O\/\/\/
(o]
[e]
/©)LNJ<
H
FSJ-10 154702-15-5  C,HsN,05 H 0 1 2

o
APAaeSsTeasen
H H

P
~No
FSI-11 155633-54-8  C,iHy,N;O;Sis 4 _ 2 1
i =0

TN

|
o
FSJ-12 21245-02-3 C,;H,:NO, OJ\/\(\/\ 1 0.1
\N
\

[e]
FSI-13  5466-77-3 C5Hyc05 /@A\J% 2 0.5
. /\V\
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FSI-14  118-60-5 CisH,0; 2 2

FSJ-15 88122-99-0 C4Hg6N6Os 2 2

FSI-16  118-56-9 CiH10; 2 !

FSJ-17 71617-10-2 C,sH,00; 1 0.5

FSJ-18 103597-45-1 C,H;oN:O, 2 1

FSJ-19 6197-30-4 C,,H,yNO, 1 2

o]
FSJ-20 27503-81-7  C;;H,(N,O;8 //\C[@ 1 2
J
[¢]
FSJ-21  150-13-0 C,H,NO, /@/L()H 1 1
HN
o OH
FSJ-22  131-55-5 C;H,,0; 1 0.2
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Table 2 Mass spectrometric information of 22 sunscreens
%' A HPAES T RLE(H R B TSI L Aiicasin
No. Detection mode  Theoretical value of precursor ion (m/z)  Measured value of fragment ion (m/z)  Collision energy/eV
FSJ-1 + 241.1587 198.1038, 105.0710 48
FSJ-2 + 255.1743 171.1167,97.0651 45
FSI-3 + 229.0859 151.0387, 105.0336 35
FSI-4 - 307.0282 211.0392, 79.9560 55
FSJ-5 - 319.0427 265.1232, 209.0906 45
FSJ-6 + 628.3745 404.1238, 136.0393 38
FSI-7 + 311.1642 161.0959, 135.0440 35
FSI-8 + 284.2009 226.1587, 185.1198 70
FSJ-9 + 398.2326 296.1285, 149.0232 25
FSJ-10 + 766.4650 486.1520, 120.0445 40
FSJ-11 - 500.2226 338.1323, 89.0414 15
FSJ-12 + 278.2115 166.0861, 149.0422 38
FSJ-13 + 291.1955 179.0701, 161.0595 10
FSJ-14 - 249.1496 127.1115, 93.0332 60
FSJ-15 + 823.5117 599.2609, 487.1359 40
FSJ-16 - 261.1496 137.0231, 93.0332 40
FSJ-17 + 249.1485 217.1584, 161.0595 38
FSJ-18 + 659.4068 336.2068, 224.0815 20
FSJ-19 + 362.2115 250.0859, 71.0861 10
FSJ-20 + 275.0485 194.0835, 108.0445 70
FSJ-21 + 138.0550 120.0444, 94.0654 45
FSJ-22 - 245.0456 135.0074, 109.0282 35

20 min(25%~20%B. 45%~40%C), 20~22 min
(20%~45%B. 40%~50%C), 22~25 min(45%~
50%B. 50%~45%C), 25~28 min(50%~ 18%B.
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Fig. 3 Variation of ion response intensity with ionization temperature under positive (a) and

negative (b) ion modes
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Fig.4 Variation of ion response intensity with sample injection transmission speed (a) and grid voltage (b)
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Table 3 Comparison of limits of detection for different methods

. HPLC P
gﬁf (R ) SCHR[15] CHk[19-20] LC-MS/MS™* g GC-MS"ng Tjﬁlﬁyng*
Standard/ng  Document [15]/ng  Document [19-20]/ng
FSJ-1 1.9 0.6 0.4 7.5x107 5.2x107° 8.0x107(0.4, 0.04)
FSJ-2 3.0 0.3 0.3 7.5x107 1.2x10° 4.0x107(2,0.2)
FSJ-3 3.1 0.6 0.7 7.5x10°7 3.6x107° 4.0x107(2,0.2)
FSJ-4 3.5 0.4 0.2 7.5x107 - 4.0x107(20,2)
FSJ-5 2.4 0.4 0.2 7.5x10°7° - 4.0x107(20,2)
FSJ-6 3.1 1 1 7.5%107 - 2.0x107(1,0.1)
FSJ-7 3.9 2.4 0.3 7.5%107 8.0x10°° 2.0x107°(1,0.1)
FSJ-8 1.9 1.1 0.3 7.5x107 2.6x107° 4.0x107(2,0.2)
FSJ-9 6.3 4 0.3 7.5x107 1.4x10°° 8.0x107*(0.4, 0.04)
FSJ-10 0.6 0.1 0.1 7.5x107 - 8.0x107(4, 0.4)
FSJ-11 1.8 1.5 1 7.5%107° 3.2x107° 2.0x107(10, 1)
FSJ-12 2.4 0.6 0.3 7.5x107 1.2x10° 2.0x107(1,0.1)
FSJ-13 2.5 0.6 0.3 7.5%107 1.0x107° 2.0x107(1,0.1)
FSJ-14 7.2 12 2 7.5x107 1.0x10°° 8.0x107°(40, 4)
FSJ-15 1.4 0.3 0.2 7.5x10°7 - 8.0x107(4,0.4)
FSI-16 12 4.1 2 7.5x107 1.4x10°° 4.0x107(20,2)
FSI-17 1.2 0.4 0.2 7.5x107 8.0x10°° 4.0x107(20,2)
FSJ-18 1.2 0.6 1 7.5%107° - 4.0x107(2,0.2)
FSI-19 5.9 1.5 0.7 7.5%107 1.2x107° 8.0x107(40, 4)
FSJ-20 22 0.6 0.1 7.5x107 - 3.2x107°(16, 1.6)
FSJ-21 2 1.5 0.1 4.0x107° - 2.0x107°(10, 1)
FSJ-22 6 0.3 0.3 8.0x107° - 4.0x10°(2,0.2)

TE: " FORFES PRI R S 43 5 hpg/L, ng/g
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Table 4 Test results of samples

HPLC% ERIEeS]
55 pikesiot i
No. Detected Consistency etection
concentration between this rate/%
range by HPLC/(ng/g) method and HPLC

FSJ-1 - N 0
FSJ-2 4.4~27 N 14.3
FSJ-3 1.9~16 N 95
FSJ-4 - N 0
FSJ-5 - N 0
FSJ-6 44~21 N 238
FSJ-7 1.9~26 N 238
FSJ-8 - N 0
FSJ-9 23.0~55 N 95
FSJ-10 - J 0
FSJ-11 — N 0
FSJ-12 - N 0
FSJ-13 0.9~99 N 61.9
FSJ-14 2.9~41 N 238
FSJ-15 8.6~22 N 19
FSI-16 44 J 48
FSJ-17 66 J 48
FSJ-18 1.5~7 N 19
FSJ-19 42~51 N 19
FSJ-20 - N 0
FSJ-21 - N 0
FSJ-22 - N 0
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