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Determination of Sunscreens in Cosmetics by QuEChERS-High
Performance Liquid Chromatography/Triple Quadrupole Mass
Spectrometry
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(Lanzhou Institutes For Food And Drug Testing, Lanzhou 730050, China)

Abstract: The high performance liquid chromatography (HPLC) /triple quadrupole mass spectrometry method for
analysis and sample pretreatment of 15 sunscreens commonly in sunscreen cosmetics was established. 1 mL of anhydrous
ethanol was added to the sample, and the volume of the sample was fixed with acetonitrile : water (volume ratio: 4 : 1).
After ultrasonic extraction, the sample was purified by a QUEChERS column, centrifuged at 0 ‘C for 10 min at 10 000
r/min. The sample was used as mobile phase with acetonitrile solution cotaining 0.1% formic acid-2 mmol/L ammonium
acetate solution containing 0.1% formic acid, and then gradient elution was performed. The separation was carried out on
a C18 (2.1 mm x 50 mm, 1.8 um) column, scanned in positive ion mode with multiple reaction monitoring (MRM) and
quantified by external standard method. The results showed that the 15 sunscreens showed good linearity in a certain
concentration range, and the correlation coefficient was greater than 0.99. The detection limits of the method were 10~50
ng/’kg. The average recoveries were 68.4%~84.2%, and the relative standard deviations (RSD) were 1.7%~9.0%. The
method has a high sensitivity, good reproducibility and good adaptability for the detection of sunscreens.
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i 9 350 2 R O P R A L R S A A
AR Bz Jik B 32 i o 0 AR BT T R ) 43 3 sl AR 4
P2 AR B A i I AR I 2 BT A A
Ln] g [ A=A b B 9 (L180E) B B JBR A 49 1)
K 280~320 nm ¥ i 5 A (B UVB), DL AT
i Bz JPAE B A 320~400 nm AR I EAMR (B UVA).
B2 NATTAE 16 KO (R 3 5, 1 9 3 X et i i 7 oK
RWEsE ™. AR RS i, B Aot i
A R 45281 790 X A AR A 22 4 P R A 855 1 o 3
FEASHIA], A, — ok [ P o ok [ i 5510 A £
T2l P ™ ) A BRI R o)

(Aot i & A AR BE ) (2015 47 ) 51 H 14 4k
27 [ PG ) B R0 T3 Sy v R A i, (RGN %%
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DA E AR, DT S B HE S T I B R
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ARG R FH = 5 DUARATIBOR 20 %- EC FH 7%, X3¢
R R YRR € 3 - B A 9 IR0 I R S 8
DL RE S AT AR BRAS T — N #h T, T 15 B IR
I P 7 3 R S T A T v R S AT 5 1
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1.1 55K

e SO A (B — F DO ARAT BT i 6 FH X : Agilent
1260+6460, “ZHERFHH AR A Al T 482 — K
MS105DU, 1+ J5 43 Z — KF: XSE205DU, #g 45 4 -
FER AR (i) A1 FR A 75 B0 AL H1850, MR
WAL 56 = I R AT PR A B et A : SCG-6, T°

W 2 AR AR A PR A 7l IKA JR3% %% : VXR,
ARG HLEF A A B/ F]; QUEChERS X7 &
5982-1010, G7750-10001, % 18 Bl 3 A FR A 7 5
HLB #3:: HLB 6cc(500 mg), IKAF RN (i) AR
7\ Al (Waters ) ; MCX #:: Oasis MCX 6¢c(150 mg),
IR B (L) A FR 2> 7] (Waters ) ; FaAEx-AD-
001 kits #1: FLAFRHE Bl A PR A H.

R (g5 al), R b a Tolk bR 24t H i
(fagkal), NG (fgkal), B & A Tl LR
B (L), REEmEUE b Tl A BR A .

X HE e B TS ST AR (HES: 7528315 40 98.7%)
FEILIRFFDRMBEE R (HL5-: C15894540; 4[E: 93.3%) .
X & KL 2K R 5o liR(PABA 2 3L Ul ) Gt 5+
458726; ZHFE: 100%) , T 5 H 480k — O FH I B HH
(52 1124793; 4l 99.1%) . 2-F8 3k -4-H 4 3 —
R (L5 G1013005; 4L 100%) | 3-TF.F Fe A
Jiki (5. CCHM700478; 4 96.0%), LA XF BB &
A P2 #1457 7 Dr.Ehrenstorfer A 7l ; . LR H
Pk L 2K H R LR (HIE 5 G139993; 4. 99.4%) | 1]
FIMITE (5 G164621; 4. 98.8%) . —AKH-3 (it
51 14971-01; 4% 100% ) 4= 7= 87 & Accustandard;
FH 77y gl e = ik S e (AL 5 : D679410; 41 97.3%),
A P2 B3 A Toronto Research Chemicals; V.7 34
i ik R (1L 5 = 97085; 4l & : 97.0%) 4= 7= B i
SIGMA-ALORICH; X} 2 % 7% H iz (it %5 : 100017-
201704; 4 i : 99.8%) , 4-H 3 A% 3P K A% i (it 5.
800110-202001; £ ¥+ 98.4% ) A= 7= BALfv Ay v 3] £ s
24 i R IF 5 e 5 R AR R TR RE 1R S T (AL 5
GOL414; 2l : 96.9% )4 7= B A Sk 3% [ 24 L USP;
H AR R BE TR & 3 © R (AL 5 S102885; 4l i
99.8% ) A= 7 HLE N B IR BERHE A R A . 15 7 i
FEEYE Bk 1 .

R1 I5THHANLEWER

Table 1 Informations of 15 sunscreen compounds
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FE i 350 T BT AR S A AP R AR L 22 s
J BTG SE, (L& 26 28 E i, BT, fA B4R | BRORF
2, DD, B850 . FRROR . AR aE L
1.2 iKEHE
1.2.1 gk

Agilent C18(2.1 mmx50 mm, 1.8 um); i s 4
A NE 0.1% HERIY 2 mmol/L ZFRELIA, sl
B R 0.1% R S i W, 6 BE Ve 413 35
“C; PERERE 2 uL; W 0.2 mL/min. #65 PRI L FE N
7% 2 .
122 B

L 25 (ESD) B U 45t 1B it 4
W7 2 22 B g I (MRM); T4 R - 325 C;

x2 BREERIERINERG
Table 2 Mobile phase conditions of high performance
liquid chromatography

FfAEl/min + JsiHA/Y%  WshHB/%  JiE/(mL/min)
0.00 30 70 0.2
2.00 30 70 0.2
10.00 5 95 0.2
11.00 5 95 0.2
11.05 30 70 0.2
15.00 30 70 0.2

THSIA A : 6 L/min; W55 HL % 45 psi(1 psi=6.895
kPa); 85 HRE: 400 C; 85 . 12 L/min; B414E
L 4 000 V. HABS Nk 3 pral.

R3 15 BN B RIE &G

Table3 Mass spectrometer conditions of 15 sunscreens

WEY BEET(mliz) TETmiz) WRBIE/V ifEfEevV

WEY BB mliz) T8 Fi(mlz) TWRBIE/NV fifEREev

oC 362.2 232.2%/105.2 120 20/35
PBSA 275.1 193.9%/92.1 110 35/45
EHDP 249.8 138.1*/94.0 70 12/30
BMDM 311.2 135.0*%/161.1 90 25/25
4-MBC 255.2 105.0%/170.8 80 35/17

IMC 249.3 160.9%/133.2 70 15/30
PABA 138.1 65.2%/77.1 90 30/20

BP3 229.1 105.0%/151.0 86 18/20

BEC 2412 142.8%/97.4 85 15/20
BZ3 229.0 95.1*%/150.9 95 35/20
DHHB 398.2 149.0%/296.0 95 15/20
HMS 263.2 81.1%/93.0 135 30/30
DTT 503.2 146.9%/281.0 182 30/16
BCSA 321.2 196.9%/240.2 110 20/12
EHMC 291.2 179.0*/161.0 80 20/20

Ao E BT

123 FEAETALEE

HERFRBCRE AL 1.0 gORE 31 0.001 g) F 10 mL
HIEB L, A 1 mL /K 2B, ¥ 5E 1 min,
W : KA A 4: DEREZZIE, INA
QuEChERS #: 1 —41, 1827, 40 'C TR 30
min, £ 0 °C F T 3 900 r/min &5.0> 10 min. T B
DUF AR A 3 mL T QUEChERS b, 1
Ji€ 2 min, 7£ 0 °C 'K 10000 r/min &5.(> 10 min. 405
Bk, B BB, FHONE - AKURBIEE 4 0 Dt FriE
MHRE, 42 0.22 pm A HLUE R U8 IS VE D I U
1.2.4  FRAEGS W BCTH

YERA PR B AR R AR 4% 10 mg, BT 10 mL %
O, B O U 0T 4, 0RO R R

1 mg/mL AYFRIERE TR H AP ORI I KRt R b
VA TRAE A E 2505 R0, TS A e K 21
i H e, P G e B 205, BOh R 1 mg/mL /Y
T i 2 V. R B R RS TGS B, BT A R
L FH 2R TR, TC Tl S 5 AT il 60 SI0 S e A i i
fiR o e B 2 pg/mL, A o R U N
1 pg/mL IR AR IR, T-18 C BIRAMF T I}
T8 . R0 bR W T - U A A v VA T
) G 15 S A P ARSIV e i R S5 VA 43 AR
10, 20, 40. 80, 120, 200, 400 ng/mL, J:4s W43 i
K508 5,10, 20, 40 | 60, 100, 200 ng/mL
() 15 Fi 28 SISO 0 A o R BN, IR A1 )E, &
0.22 um A HLIER T UE, % H.
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2.1 REUEFIAIERE

AL b B v fefT T ) R B 2 U S L R
fig . HHBE ., K. o, D sk i Fn S SRR JE T = B
e R R R, X B A f AR R, [T D
WK e T ey S X A I AR T i ) 40 T AR, TR i A
I e R SR (o G R e S e 8 FR A 20
VR P& EC ), A B4 F P EERD S G 4 L, 5 i
i ANFRAE, BIFEY B L. I 1 mL 7K, i jiE 1 min,
T3 500 FH H BN I A T B b, 2 BB G 5] 7
PRI I KIGIN, 1 LG58 B A0 — 2 Y g
H H e RN B 5 ST AR AP BRI A, B S e R S -
IKCUATREE R 4 = DR, R T B i R BRI K fit
iR 9 TSR, ERE SR RSB ImL Jo/K B8, FH
ZIEKAFRLL g 4 - D) ERBZIRE.
2.2 RERSEHEIERE

764 QUEChERS #. HLB #1:. MCX #¥. FaAEx-
AD-001 kits A X5 A S EATH 0 F A, ISR = 1
5 QUEChERS #¥, {H 2 ¥ AL R AN K AT, 3G 0250
HIRIG, ZUTTE, FF I T, &8 BRI, A
Fa, IR, B BTSRRI R, i 4 Fp
HALFE AR S B g E & 1 BTR.
23 BOEGRERE

Ve URES O, 7E 0. 5. 10, 25 °C B E
T, #5343 512k 3 900, 6 000, 8 000, 10 000 r/min,
5B 5,10, 15 min, ZBLAE 0 °C, 10 000 r/min
T, B OB R, 3O= AR FLIR R

131@

S LlF

X 09}
€07}
g 05}
03}
0.1

0 1 2 3 4 5 6 7 8 9 1011 12 13 14
Acquisition time/min

5.0 H©)

S 40}

X

z 30

2

O 20}
1.0E /\ . .
01 2 3 45 6 7 8 910111213 14

Acquisition time/min

JIN, TR AT, B R, R 2 B AR AT 0
BRI 10 1 15 min B 535 P 2% S0 G A 24, ik
0 °C. 10 000 r/min, £5.> 10 min 1 48500 551,
24 REhEIERE

1 e 2N K R B K AT (i F X, 4
R i RS- /K AR B D P SR AIG, H AR
Y BRI R B, 3 B RIOR AT, [ X6 IR Al AT 44T
PR . ok i T 15 #h B AR 00 (0 2 1E B
FHE, BRI A R T H AR A S N,
WCRT LAE SR S AR FR s i R R ek R, FR TR L 2,
iz ELA T A (R e, WSk 26 PP AR Ry T s A 1)
TR B ZHE K ZNE (0.1% H R )-7K (0.1% H
iR ) PR S, 25526 Z05(0.1% HR)-7K(0.1%
R ) Ay 3t s A EL b 1 i o {8 (L O
fii-3 F1 PABA LB CLFRMIGTE T8, AHi R, i
ZNE(0.1% H R )-2 mmol/L 1Y Z PR & /K Ak (0.1%
HR ) A2 (0.1% HR )-7K (0.1% FR), & SRS n
LR S5 WIFR Lo TR T I 2 Y B8, SOk 45
ZE(0.1% HR )-2 mmol/L 1 2. Rk & 7K ¥ (0.1%
R ) AR A it st
2.5 FRIEEGMRK

K B T i T SCAN 4 4, &6
4y BAR P AR A BB b, R T R 2B T %A B bR
YriEAT MRM LI, w37 (B AR AT, 35 AN 36 0 1) 7
KR IE S T8 T SCAN 2494, fe4k
F BB 1, 8 3d product ion 494 7 20 AT LAFk F) 2
T DAL o M, o P O B AR Ok X 15
Ff H AR BB T T Bl T R R T RE

b
0.9_()
IS
Z 0.7 +
£ 0s
5]
© 03
0.1k N\
01 2 3 4 5 6 7 8 9 1011 1213 14
Acquisition time/min
d
2.2-()
= 1.8}t
X
Z 14}
E]
g 1.0 +
vl I\
02¢ N o N
0O 1 2 3 4 5 6 7 8 9 1011 12 13 14

Acquisition time/min

1 4 ek IR+ R B iE & (a) QUuEChERS 4%, (b) HLB #f, (¢) MCX #%, (d) FaAEx-AD-001 kits

Fig. 1

Chromatograms of samples treated with 4 kinds of purification columns
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S T S R T Ak, (R S 4 W N 3R
B de A, DA Al S Fee A A0 T % A A, 15 b B A 55
FEMCEE), Em(Ea) s X a ik EmE 2
Fi 7.
2.6 EFAFEFIAZ X RN H IR

W45 B3 Be i B 2R FUARMEVR L, 21— 2R B A
WEIZE, MR B(RY) A/ T 0.99 BHA LR &
LA e ) — o R JE ) s v U T A R,
RGN 45 5y 3 AR e LIS S SR A T PR 4% 743
i o il 2 Ak BR &5 R ange 4 o). e R,
HMS 1l EHMC 7E 10~400 ng/mL. 42 [ Wi 57 78

362.2>232.2,362.2>105.2 275.1>193.9, 275.1>92.1

© Ratio=19.6 (101.3%) (a) © Ratio=5.8 (91.8%)  (b)
D ]
% 100 % 100
< 80 < 80
£ £
2 60 2 60
< E
_ng 40 + _dé) 40
£ 20t £ 201
£ 0 £ 0
105 11.0 11.5 12.0 02 0.6 1.0 14 1.8
Acquisition time/min Acquisition time/min
255.2>105.0, 255.2>170.8 249.3>160.9, 249.3>133.2
N Ratio=85.5 (101.2%) (e) N3 Ratio=31.6 (96.2%) H
] ]
E 100 % 100
< 80 S 80}
£ £
3 60F 2 60}
< E
o 40t o 40
2 2
£ 20 £ 201
£ 0 g 0

8.0 84 88 92 9.6
Acquisition time/min

9.0 9.5 100 10.5
Acquisition time/min

241.2>97.4,241.2>142.8 229.0>150.9, 229.0>95.1

N Ratio=96.3 (113.2%) (i) N Ratio=26.2 (87.2%) 0
BN 1 N

E 100 f i g 100
< 80 S 80}
] <

2 60} 23 60+
< <

o 40 o 40
2 =

g 20¢ £ 201
£ 0 2 0

78 82 86 9.0 94
Acquisition time/min

46 50 54 58 62
Acquisition time/min

321.2>240.2,321.2>196.9

291.2>161.0, 291.2>179.0

5~200 ng/mL 5 A RAFRLME SR, R KT
0.99, 6 1 FREIA/NT 10 pg/kg, i 2 IRH 2K,
2.7 EFEBFIR S BB

PRI 22 5t 1925 FURE IR B R HETR W,
B il B, HMS A1 BCSA il A 4398 60, 120, 240
ng/mL, HAx B 7 %2 A i 43508 30, 60, 120
ng/mL [ 3 MREEKF, BDAKFAE 3 AFATHE, LA
SR DR, G5 RN S Frgil. 15 Fb i g )
FEARTRIKE T W R R 68.4%~84.2%, AHXTAR I
22 (RSD) N 1.7%~9.0%, 15 A 156 X 0] e R Ak
LR,

249.8>138.1, 249.8>94.0 311.2>161.1,311.2>135.0

© Ratio=36.2 (100.9%) (c) © Ratio=69.2 (107.8%) (d)
b 3 |

E 100 % 100

< 80 r < 80

=] )

2 60f 2 60F

< <

E 40 .g 40 +

£ 20 g 20

g 0 & 0

10.5 11.0 11.5 12.0
Acquisition time/min

74 78 82 86 9.0
Acquisition time/min

138.1>77.1, 138.1>65.2 229.1>151.0, 229.1>105.0

< Ratio=71.6 O1.7%) (g) < Ratio=41.9 (104.8%) (h)
g 100 g 100

%; 80 - g 80 f\

2 60f 2 60

0 40 + |4 40

E 20t £ 20

2 0 g2 o

46 50 54 58 62
Acquisition time/min

74 78 82 86 9.0
Acquisition time/min

398.2>149.0, 398.2>296.0
Ratio=7.9 (100.3%) (k)

263.2>81.1, 263.2>93.0
Ratio=20.8 (91.0%) (1)

g 100 | g 100

S 80t S 80

=] =)

2 60 2 60

< <

o 40 o 40

Z Z
EZO- §20 .
i Ry N

74 78 82 8.6 9.0
Acquisition time/min

10.0 105 11.0 11.5
Acquisition time/min

503.2>281.0, 503.2>146.9

N Ratio=8.4 (83.7%) (m) ° Ratio=0.7 (91.7%) (n) ° Ratio=68.0 (101.7%) (0)
B 5} 5} N
§100- §100- §100- \
< 80 - <5 80F < 80
£ £ £
2 60 23 601 I 2 60Ff
S L S 40l o 40}
ER
g 201 g 20} i s 20¢f
g o g of - S o
02 06 1.0 14 1.8 9.0 9.5 100 10.5 120 125 13.0 135

Acquisition time/min

Acquisition time/min

Acquisition time/min

2 15 FBGAAFI A MRM EiE
Fig.2 MRM spectra of 15 sunscreens
(a) OC, (b) PBSA, (¢) EHDP, (d) BMDM, (e) 4-MBC, (f) IMC, (g) PABA, (h) BP3, (i) BEC, (j) BZ3, (k) DHHB, (1) HMS,
(m)DTT, (n) BCSA, (0) EHMC
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Table 4 Standard curves and limits of detection of 15 sunscreens
B P 7] Lt MR RER LML/ (ng/mL) Krth B/ (pg/kg)
oC y=376.4x + 839 0.997 0 5~200 20
PBSA »=100.3x — 403 0.999 0 5~200 20
EHDP y=356.6x + 254 0.999 1 5~200 20
BMDM y=1238.5x — 745 0.999 7 5~200 20
4-MBC y=115.9x — 81 0.997 0 5~200 20
IMC y=468.6x — 112 0.9992 5~200 20
PABA y=85.1x — 47 0.998 8 5~200 20
BP3 y=332.4x—1168 0.998 8 5~200 20
BEC y=35.7x — 242 0.997 6 5~200 20
BZ3 y=332.4x—1168 0.998 8 5~200 20
DHHB y=1506.8x — 2 941 0.999 1 5~200 10
HMS y=2.9x + 507 0.993 3 10~400 50
DTT y=266.4x +5 619 0.993 8 5~200 20
BCSA y=16.7Tx — 27 0.9992 5~200 50
EHMC y=131.8x— 19 0.999 3 10~400 10
RS O15 TR A B0 R R AR X AR R =
Table 5 Recoveries and relative standard deviations of 15 sunscreens
g N s, rspg || iR O s Rspme || B N ik RSDIG
(ng/mL) (ng/mL) (ng/mL)
oC 30 70.5 5.8 IMC 30 75.2 53 DHHB 30 75.9 43
60 73.2 60 83.4 60 69.9
120 78.9 120 81.0 120 74.8
PBSA 30 75.0 5.7 PABA 30 80.1 2.7 HMS 60 77.8 4.0
60 82.1 60 82.4 120 81.9
120 83.5 120 78.1 240 84.2
EHDP 30 69.7 9.0 BP3 30 70.2 1.7 DTT 30 68.4 3.7
60 78.2 60 69.8 60 73.5
120 77.3 120 72.1 120 72.1
BMDM 30 72.1 52 BEC 30 717.5 3.0 BCSA 60 69.9 4.6
60 72.6 60 82.0 120 76.3
120 79.0 120 81.2 240 74.9
4-MBC 30 78.9 44 BZ3 30 81.0 23 EHMC 30 75.2 5.6
60 77.1 60 79.2 60 81.7
120 72.4 120 77.3 120 83.8
3 B ORI 3/ = DUARAT B IR A, 00 By e Aot
i B SE SRR SRS DR R R S5 15 Bl il 5],
AWFFEHH] QUEChERS Hi AL FEHRZE S AIAE 15 min P SE R0 B IR0 A 3 B0 i, e 126 )
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